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1  | INTRODUC TION

General anesthesia for surgical procedures has become safer and 
anesthesia-related mortality has decreased over the past decades.1,2 

However, arterial hypotension is common during induction of gen-
eral anesthesia. Hypotension is associated with increased risk of 
myocardial infarction, acute kidney injury, and 1-year mortality.3-5 
Furthermore, arterial hypotension may decrease cerebral perfusion 
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Introduction: During anesthesia, decreases in mean arterial pressure (MAP) are com-
mon but the impact on possible cerebral hypoperfusion remains a matter of debate. 
We evaluated cerebral perfusion in patients with or without cardiovascular comor-
bidities (Hi-risk vs Lo-risk) during induction of general anesthesia and during hypo-
tensive episodes.
Methods: Patients scheduled for neuroradiology procedure using standardized 
target-controlled Propofol-Remifentanil infusion were prospectively included. 
Monitoring included Transcranial Doppler (TCD) measuring mean blood velocity of 
the middle cerebral artery (Vm), Bispectral Index with burst suppression ratio (SR) 
and cerebral Near-Infrared Spectroscopy (NIRS). Hypotensive episodes were treated 
with a 10 µg bolus of Norepinephrine.
Results: Eighty-one patients were included, 37 Hi-risk and 44 Lo-risk. During induc-
tion of anesthesia, MAP and Vm decreased in all patients, with greater changes ob-
served in Hi-risk patients compared to Lo-risk patients (−34 [38-29]% vs −17 [25-8]%, 
P < .001 and −39 [45-29]% vs −28 [34-19]%, P < .01 respectively). In Hi-risk patients, 
the MAP-decrease correlated with the Vm-decrease (r = .48, P < .01), and was associ-
ated with more frequent occurrences of SR (21 vs 5 patients, P < .01 for Hi-risk vs Lo-
risk). For the MAP-increase induced by norepinephrine, the Vm-increase was greater 
in Hi-risk than in Lo-risk patients (+15 [8-21]% vs +4 [1-11]%, P < .01). During induc-
tion and norepinephrine boluses, NIRS values did not follow acute changes of Vm.
Conclusion: Our results showed that Hi-risk patients had a higher decrease in MAP 
and Vm, and a higher occurrence of SR during induction of anesthesia than Lo-risk 
patients. Correction of MAP with norepinephrine increased Vm mainly in Hi-rik 
patients.
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and contribute to worse neurological outcome.6,7 The optimal blood 
pressure target during general anesthesia remains uncertain and is 
related to patient characteristics and comorbidities.8 Thus, there is a 
clinical impetus to monitor cerebral perfusion during a hypotensive 
episode.

Monitoring middle cerebral artery (MCA) blood flow velocity by 
transcranial Doppler (TCD) allows the assessment of cerebral per-
fusion during induction and maintenance of general anesthesia, and 
several studies have reported the hemodynamic impact on cerebral 
blood flow during induction.9,10 However, continuous monitoring by 
TCD during general anesthesia is limited by the ability to obtain an 
adequate temporal bone window and the need for frequent read-
justments of the probe.11,12 Alternatively, cerebral perfusion can be 
assessed by Near Infrared Spectroscopy (NIRS) which continuously 
measures cerebral tissue oxygen saturation. Previous studies have 
reported a correlation between cerebral perfusion and cerebral 
oxygen saturation.13,14 A third method, the Bispectral Index (BIS) 
monitor, uses a simplified form of continuous electroencephalogram 
monitoring to assess the depth of anesthesia in routine care and may 
also indicate cerebral hypoperfusion. Small studies and case reports 
have indicated an association between the burst suppression ratio 
(SR) and cerebral hypoperfusion.6,15,16

The primary aim of this study was to describe the change in blood 
pressure and cerebral perfusion measured by TCD in adult patients 
with or without cardiovascular risk factors during a standardized 
Propofol-Remifentanil anesthesia induction. The secondary aim was 
to determine if BIS and NIRS changes would reflect TCD changes. 
Measures were also performed during treatment of arterial hypo-
tension throughout maintenance of GA in patients with or without 
cardiovascular comorbidities.

2  | METHODS

2.1 | Patients

This prospective observational study included patients undergoing 
elective interventional neuroradiology procedures requiring gen-
eral anesthesia at Lariboisière University Hospital (Paris, France). 
This study was approved by the Institutional Review Board of 
the Société de Réanimation de Langue Française (CE SRLF 11-356). 
Patients < 18 years or undergoing emergency procedures were ex-
cluded from the study. Patients were provided an information letter 
and verbal consent was obtained from each patient before anesthe-
sia. The study was recorded a posteriori on www.Clini calTr ials.gov 
(Clinical Trial Registration NCT 03769142).

Patients were assigned to one of two groups according to car-
diovascular risk factors, based on the concept of “early vascular 
aging” used in cardiology, related to the structural and functional 
state of the arterial system.17,18 The non-modifiable risk factors were 
age >50 and history of a cardiovascular event. Modifiable risk factors 
included current smoking, diabetes mellitus, dyslipidemia, and arte-
rial hypertension.19

Patients were classified as high-risk (Hi-risk) if they had a 
non-modifiable risk factor or at least two modifiable risk factors, and 
as low-risk (Lo-risk) if they presented with no or only one modifiable 
risk factor.

2.2 | Anesthesia protocol

All patients had standard care monitoring comprising an electro-
cardiogram, pulse oximetry, end-tidal capnometry, respiratory rate, 
tidal volume, and monitoring of neuromuscular transmission.

For all patients, regardless of the comorbidities, anesthesia was 
induced and maintained using a target-controlled infusion for in-
duction and maintenance of general anesthesia (Orchestra® Base 
Primea—Fresenius Kabi France). All patients received a 250 ml be-
fore induction followed by 4 ml kg−1 h−1 of 0.9% sodium chloride. The 
Propofol concentration was calculated using the pharmacokinetic 
model of Schnider20 and was set to 5 μg ml−1, while the Remifentanil 
concentration was set at 5 ng ml−1 using the pharmacokinetic model 
of Minto21 for anesthesia-induction. Tracheal intubation was facili-
tated with an Atracurium bolus of 0.5 mg kg−1.

After induction and before starting neuroradiological procedure, 
general anesthesia was maintained using target-controlled infusions 
of Propofol and Remifentanil (target concentrations 3.5 μg ml−1 and 
3.5 ng ml−1, respectively for all patients). The anesthetist in charge 
of the patient could change the anesthetic drug concentrations at 
any time, though doing so excluded that patient from the final anal-
ysis. According to our standard care protocol for neuroradiological 
procedure, intra-operative episodes of anesthesia-induced hypo-
tension without evidence of hypovolemia (mean arterial pressure 
(MAP) <65 mm Hg or <80% baseline) were treated by a norepineph-
rine bolus of 10 µg.22

2.3 | Study collected parameters

• TCD was performed using the temporal bone window to assess mid-
dle cerebral artery blood flow velocity with a duplex imaging device 
with a 2 MHz transcranial hand-held ultrasound probe (Looki, Atys 
Medical, Soucieu en Jarrest, France). As we recently demonstrated 
that MCA diameters do not vary significantly during Propofol/
Remifentanil anesthesia,23 the mean velocity of the middle cerebral 

Editorial Comment

Anesthetic drug effects, mean arterial pressure, and cer-
ebral perfusion are presumed to have dynamic interac-
tions. In this clinical series, this complex interaction at and 
after anesthetic induction is described and compared be-
tween participants with cardiovascular disease and those 
without.

http://www.ClinicalTrials.gov
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artery (Vm) was considered as the reference to estimate cerebral 
blood flow changes in the present work. Systolic velocity (Vs), dia-
stolic velocity (Vd), and Pulsatility Index ([Vs − Vd]/Vm) were also re-
corded. TCD was performed by trained junior and senior anesthesia 
staff. To minimize inter-examiner differences, the same investigator 
assessed one patient from induction to end of surgery.

• For BIS monitoring, both the BIS index and the Burst Suppression 
Ratio (SR) were obtained using the sensor BIS™ Quatro 
(Medtronic). The occurrence of SR was defined as a SR value >10% 
for at least 1 minutes.16

• Cerebral tissues oxygen saturation was measured using the 
Cerebral/Somatic Oximetry Adult Sensors from INVOS™ 5100C 
(Medtronic).

• Continuous, uncalibrated cardiac output and continuous, non-in-
vasive, blood pressure measurements were recorded for every 
patient (Clearsight, Edwards Lifesciences).

All monitoring (TCD, BIS, NIRS) was performed on the cerebral 
hemisphere contralateral to the interventional site. BIS, NIRS, and con-
tinuous non-invasive blood pressure outputs were collected from the 
main monitor (MP70, Philips) using Intellibridge Modules (Philips). We 
extracted signals using iXTrend software (ixellence), allowing us to ob-
tain synchronized trends with one value every 1 second. As the TCD 
values were averaged during assessment over 10 seconds, we also av-
eraged hemodynamic parameters over the same 10 seconds.

2.4 | Study protocol

For all patients, data from TCD, NIRS, BIS, and hemodynamic data 
were collected at three distinct points: (a) before pre-oxygenation at 
21% FiO2 levels in awake patients in supine position on the examina-
tion table, (b) before Orotracheal Intubation, and (c) five min after 
starting mechanical ventilation.

In patients presenting a hypotensive episode (mean arterial pres-
sure <65 mm Hg or <80% baseline), all parameters were collected 
before and at the peak response (peak MAP in the 5 minutes follow-
ing administration) following a 10 µg bolus of norepinephrine. The 
analysis of the responses to vasopressor boluses were performed 
according to the time of the administration: boluses which were 
given immediately after induction of anesthesia and boluses given 
during a constant intra-venous target anesthesia for at least 30 min-
utes (Early versus Late boluses).

An additional NIRS reading was also recorded after pre-oxygen-
ation at 100% FiO2.

2.5 | Statistical analysis

Patients' characteristics in the Lo and Hi-risk groups and changes 
of variables over time were compared using a Student-t test or 
non-parametric tests after testing the normality of distribution. 
The correlation between changes in MAP and Vm during induction 

was analysed using the Spearman test. Data are expressed as the 
median (interquartile range [IQR]) or as count and percentage. A 
two-sided P value of .05 was considered significant. All analyses 
were performed with R statistical software (version 3.6.1, The 
R Foundation for Statistical Computing). The sample size calcu-
lation was based on the following assumptions: a 50% incidence 
of Hi-risk patients, as previously reported in our institution,22,24 
a 20% incidence of burst suppression during induction in Lo-risk 
patients, a threefold higher incidence of burst suppression in Hi-
risk compared to Lo-risk patients,16 using power at 80% and type 
I error at 5%. Accordingly, the calculated sample size was 76 pa-
tients for the entire population.

3  | RESULTS

3.1 | Patients

Ninety-two patients were screened between February 2014 and 
December 2016. Eight patients were excluded from the analysis be-
cause of the anesthetist's decision to deepen anesthesia (all belong-
ing to the Lo-risk group) and three patients were excluded because 
of low quality of the transcranial Doppler recordings. Eighty-one pa-
tients were included in the final analyses (Figure 1).

The characteristics of the patients are described in Table 1. Forty-
four patients (54%) were classified as Lo-risk whereas the remaining 
37 (46%) were classified as Hi-risk. The most prevalent comorbidities 
were active smoking, dyslipidemia, and a history of treated hyper-
tension. The interventional neuroradiology procedures consisted 
of embolization of an intracranial aneurysm (48%), embolization of 
an intracranial arteriovenous malformation (14%), embolization of 
a dural arteriovenous fistula (14%), venous stenting (11%), arterial 
stenting (5%), pre-operative embolization of a meningioma (4%), and 
diagnostic arteriography (4%).

F I G U R E  1   Flow chart. Hi-risk group one major criterion 
(age >50 y) or two minor criteria (history of congestive heart failure, 
history of cardiovascular event, current smoking, diabetes mellitus, 
dyslipidemia, arterial hypertension). GA, general anesthesia; SR, 
burst suppression ratio; TCD, transcranial Doppler
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3.2 | Induction

From baseline to mechanical ventilation, the general anesthesia in-
duction duration time for both groups was similar. Lo-risk patients 
required higher doses of Propofol and Remifentanil than Hi-risk pa-
tients (Table 1).

During induction, MAP and Vm decreased in all patients (Table 
S1), (−26 [35-12]% and −33 [42-23]% respectively, P < .0001) but 
were more pronounced in Hi-risk compared to Lo-risk patients (−34 
[38-29]% vs −17 [25-8]%, P < .001 and −39 [45-29]% vs −28 [34-
19]%, P < .01 for MAP and Vm respectively). However, MAP after 
induction was similar in both groups (Table 2). We found a posi-
tive correlation between MAP and Vm decreases during induction 
only in Hi-risk patients (r = .48 [0.15-0.72], P < .01) (Figure 2). Hi-
risk patients also demonstrated lower BIS values (27 [25-34] vs 32 
[27-41], P < .05). In the entire population 32% (26/81) of patients 
demonstrated SR. However, the occurrence of SR was 4-fold greater 

in Hi-risk patients compared to Lo-risk patients (21 vs 5 patients, 
P < .01). (Table 2; Figure 3).

3.3 | Arterial hypotension

A total of 116 anesthesia-induced arterial hypotension episodes 
were recorded following induction and during maintenance of gen-
eral anesthesia and were treated by norepinephrine boluses. Sixty-
seven boluses administered after intubation (Early) and 49 after a 
stabilization period of at least 30 minutes (Late). In average every 
patient received 1.4 boluses of norepinephrine (for a minimum of 0 
and a maximum of 2 per patient), without any difference between 
groups. MAP and Vm increased after the bolus of norepinephrine 
(+24 [15-38]% and +8 [2-16]%, P < .0001 respectively). (Table S2). 
The norepinephrine-induced Vm increase was more pronounced 
in Hi-risk compared to Lo-risk patients (+15 [8-21]% vs +4 [1-11]%, 

Patient characteristics
All subjects 
(n = 81) Lo-risk (n = 44) Hi-risk (n = 37) P-value

Gender: male, n (%) 28 (35) 11 (25) 17 (45) .06

Age (years) 47 [39-58] 40 [29-44] 58 [52-66] .004

ASA score, n (%)

I 21 (26) 19 (43) 2 (5) <.001

II 58 (72) 25 (57) 33 (90) .001

III 2 (2) 0 (0) 2 (5) .12

IV — — —  

Comorbidities, n (%)

History of hypertension 27 (33) 1 (2) 26 (70) <.001

Diabetes mellitus 1 (1) 0 (0) 1 (3) .27

Chronic renal failure 1 (1) 0 (0) 1 (3) .27

History of stroke 1 (1) 0 (0) 1 (3) .27

Dyslipidemia 9 (11) 1 (2) 8 (22) .006

Tobacco use 26 (32) 10 (22) 16 (43) .05

Duration of 
neuroradiology 
procedure (min)

180 
[150-240]

180 [150-225] 180 [150-240] .20

Duration of induction 
(min)

13 [11-19] 13 [11-18] 14 [11-20] .73

Total Propofol received 
during Induction (mg/
kg)

3.3 [2.9-3.6] 3.6 [3.2-4.1] 2.9 [2.6-3.3] <.001

Total Remifentanil 
received during 
Induction (mcg/kg)

3.2 [2.8-3.6] 3.4 [3.0-3.8] 2.9 [2.5-3.2] <.001

Note: Hi-risk group one major criterion (age >50 y) or two minor criteria (history of congestive heart 
failure, history of cardiovascular event, current smoking, diabetes mellitus, dyslipidemia, arterial 
hypertension).
ASA Physical Status classification system: ASA I: normal healthy patient, II: patient with mild systemic 
disease, III: patient with severe systemic disease, IV: patient with severe systemic disease that is a 
constant threat to life; ASA: American Society of Anesthesiology.
Data are median [25-75] percentile.

TA B L E  1   Characteristics of patients
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P < .01) for a similar increase in MAP (Table 3; Figure 4). The oc-
currence of SR decreased after administration of norepinephrine in 
Hi-risk patients (Table 3). Those results were similar when split for 
early and late boluses.

3.4 | NIRS

Baseline median NIRS was 68 [60-71]% for all patients with no dif-
ference between Hi-risk and Lo-risk groups. Both groups exhibited 

TA B L E  2   Changes of all parameters during induction (n = 81)

 

Induction in Lo-risk patients (n = 44) Induction in Hi-risk patients (n = 37)

Baseline
FiO2 21%

Before OTI
FiO2 100%

After MV
FiO2 40%

Baseline
FiO2 21%

Before OTI
FiO2 100%

After MV
FiO2 40%

MAP (mm Hg) 80 [75-88] 63 [55-69] 67 [58-72] 95 [89-101]*** 64 [58-70] 63 [59-69]

HR (bpm) 71 [65-84] 61 [53-66] 62 [56-69] 69 [62-84] 62 [57-69] 63 [59-69]

CO (l/min) 4.8 [4.2-6.0] 4.5 [3.8-5.1] 4.6 [3.8-5.4] 4.9 [4.4-5.8] 4.2 [3.6-4.8] 4.6 [4.1-5.2]

Vs (cm/s) 81 [69-94] 61 [49-75] 58 [49-71] 78 [66-97] 61 [46-69] 58 [47-67]

Vd (cm/s) 39 [34-47] 24 [22-28] 27 [22-30] 40 [33-46] 20 [19-25]*** 18 [15-23]***

Vm (cm/s) 53 [45-61] 37 [31-43] 38 [31-43] 52 [42-65] 33 [28-39]* 30 [27-39]**

PI 0.7 [0.6-0.9] 0.9 [0.8-1.1] 0.8 [0.7-1.0] 0.8 [0.7-1.0] 1.2 [1.0-1.3]** 1.3 [1.0-1.4]***

BIS 96 [92-97] 32 [27-41] 30 [26-32] 95 [91-97] 27 [25-34]* 25 [22-29]*

Patients with SR n (%) 0 (0) 2 (5) 5 (11) 0 (0) 19 (51)*** 21 (57)***

NIRS (%) 65 [60-71] 73 [66-82] 69 [62-77] 69 [62-72] 74 [70-80] 68 [62-77]

Note: Baseline: after preoxygenation und induction of general anesthesia. OTI. Orotracheal intubation. After MV: after induction of general 
anesthesia and start of mechanical ventilation.
Hi-risk group one major criterion (age >50 y) or two minor criteria (history of congestive heart failure, history of cardiovascular event, current 
smoking, diabetes mellitus, dyslipidemia, arterial hypertension).
Data are median [25-75] percentiles.
Abbreviations: BIS, bispectral index; CO, cardiac output; HR, heart rate; MAP, mean arterial pressure; NIRS, cerebral near infrared spectroscopy; PI, 
pulsatility index; SR, ratio of burst suppression; Vd, diastolic velocity of the middle cerebral artery; Vm, mean velocity of the middle cerebral artery; 
Vs, systolic velocity of the middle cerebral artery.
*P < .05; **P < .01; ***P < .001 compared to Lo-risk at the same time.

F I G U R E  2   Correlation between 
decrease in MAP and decrease in Vm in 
Lo-risk (black) vs Hi-risk (blue) patients 
during anesthesia induction. Hi-risk 
group one major criterion (age >50 y) or 
two minor criteria (history of congestive 
heart failure, history of cardiovascular 
event, current smoking, diabetes mellitus, 
dyslipidemia, arterial hypertension). MAP, 
mean arterial pressure; Vm, mean velocity 
of the middle cerebral artery [Colour 
figure can be viewed at wileyonlinelibrary.
com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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increased NIRS during pre-oxygenation (absolute values median vari-
ation +5 [0-7]%), stable NIRS during the induction phase compared to 
the values under 100% FiO2, and a decreased level after a reduction 
of FiO2 to 40% (Figure 5). During vasopressor boluses, absolute values 
of NIRS decreased in both groups (−4 [5-2]%). During maintenance of 
general anesthesia, and after a stabilization period without changing 
anesthetics infusion rate or FiO2, NIRS values before administration 
of norepinephrine were significantly lower in Hi-risk compared to Lo-
risk patients (64 [58-70]% vs 69 [62-75]%, P < .05). Lo-risk patients had 
higher absolute NIRS values during maintenance of general anesthesia 
compared to the baseline values (69 [62-75]% vs. 65 [60-70]%) whereas 
Hi-risk patients had lower absolute NIRS values compared to the base-
line values (64 [58-70]% vs. 69 [62-72]%, P < .05) (Figure 5).

An illustrative recording of MAP, BIS, SR, and Vm in a 66-year old 
female patient in the Hi-risk group is shown in Figure 6.

4  | DISCUSSION

Our results demonstrate that: (a) in Hi-risk patients, the occur-
rence of hypotension during anesthesia-induction was correlated 

with decrease in Vm, and was associated with occurrence of SR, (b) 
restoring MAP with a bolus of norepinephrine increased cerebral 
blood flow as measured by an increase in Vm only in Hi-risk patients, 
that may indicate a state of latent cerebral hypoperfusion, (c) NIRS 
values did not reflect acute changes in Vm.

The impact of arterial hypotension, following the administration 
of fixed calculated concentrations of Propofol20 and Remifentanil21 
on cerebral perfusion was related to the patient comorbidities 
while MAP values after induction was similar in both groups. The 
decrease in cerebral perfusion measured by the Vm in the MCA 
was associated with the combination of greater MAP decrease, 
lower BIS, and the occurrence of burst suppression in Hi-risk pa-
tients. Due to flow-metabolism coupling, the decrease in cerebral 
blood flow during general anesthesia is not surprising.25 However, 
a positive correlation was found between the decrease in MAP and 
Vm, although MAP changes within the range of cerebral autoregu-
lation should not affect cerebral blood flow.26 Yet, in anesthetized 
patients, the assessment of the metabolic demand of the brain or 
the lower limit of autoregulation is difficult to evaluate and varies 
considerably.14 Particularly in elderly and hypertensive patients 
a rightward shift of the lower limit of cerebral autoregulation has 

F I G U R E  3   Parameters during induction for Lo-risk (white) and Hi-risk patients (grey). For all patients, data were collected at three points 
during induction: Baseline or during pre-oxygenation at FiO2 21% in awake patients, Before Orotracheal Intubation (Before OTI) and after starting 
mechanical ventilation (Start of MV). Hi-risk group one major criterion (age >50 y) or two minor criteria (history of congestive heart failure, history 
of cardiovascular event, current smoking, diabetes mellitus, dyslipidemia, arterial hypertension). *P < .05. BIS, bispectral index; PAM, mean arterial 
pressure; RS, ratio of burst suppression; Vm, mean velocity of the middle cerebral artery
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been observed.8 Furthermore, restoring MAP with boluses of nor-
epinephrine increased cerebral perfusion evaluated with TCD in 
our study. Indeed, Vm increased after raising MAP in all patients 
but it was more pronounced in Hi-risk patients, although the MAP 

increase was similar in both groups (+25%), suggesting that Hi-risk 
patients may have been below their cerebral autoregulation range 
and therefore could possibly suffer from cerebral hypoperfusion, 
which was also suggested by lower BIS values and the occurrence 

 

Norepinephrine in Lo-Risk Patients Norepinephrine in Hi-Risk Patients

P
Before 
Norepinephrine

Peak 
Norepinephrine

Before 
Norepinephrine

Peak 
Norepinephrine

MAP (mm Hg) 64 [57-70] 78 [73-84]* 62 [60-66]$  77 [76-81]*  

∆ (%) +25 [14-40] +24 [17-30] .45

HR (bpm) 60 [57-67] 57 [53-60]* 59 [58-64] 55 [51-61]*  

∆ (%) -6 [−10--2] -7 [−13--3] .29

CO (l/min) 5.0 [4.6-5.4] 4.5 [3.8-5.0]* 4.7 [4.4-5.2] 4.2 [3.6-4.8]*  

∆ (%) -8 [−15-0] -9 [−20--4] .78

Vs (cm/s) 59 [50-71] 55 [47-67]* 56 [46-67] 60 [49-70]*  

∆ (%) -4 [−12-0] +5 [1-13] <.01

Vd (cm/s) 23 [19-29] 27 [23-34]* 19 [15-21]$  23 [19-28]*  

∆ (%) +17 [13-26] +29 [16-37] .02

Vm (cm/s) 36 [30-41] 37 [32-45]* 31 [26-38]$  35 [30-42]*  

∆ (%) +4 [1-11] +15 [8-21] <.01

PI 1.1 [0.8-1.2] 0.7 [0.6-0.9]* 1.2 [1.1-1.4]$  1.0 [0.9-1.1]*  

∆ (%) -28 [−35--17] -18 [−24--7] <.01

BIS 28 [24-35] 29 [26-38]* 26 [23-32] 29 [25-35]*  

 +5 [−1-18] +10 [4-16] .34

Patients with 
SR n (%)

6 (14%) 4 (10%) 19 (51%) 10 (27%)*  

NIRS (%) 69 [62-75] 65 [58-72] 64 [58-71] 60 [55-67]  

 -4 [−2-5] -4 [−2-5] .60

Note: Hi-risk group one major criterion (age >50 y) or two minor criteria (history of congestive heart 
failure, history of cardiovascular event, current smoking, diabetes mellitus, dyslipidemia, arterial 
hypertension).
Abbreviations: BIS, bispectral index; CO, cardiac output; HR, heart rate; MAP, mean arterial 
pressure; NIRS, cerebral near infrared spectroscopy; PI, pulsatility index; SR, ratio of burst 
suppression; Vd, diastolic velocity of the middle cerebral artery; Vm, mean velocity of the middle 
cerebral artery; Vs, systolic velocity of the middle cerebral artery.
*P < .05 for variations in the same group in paired student test. Data are median [25-75] 
percentiles. 
$P < .05 for comparisons between groups in student t test for baseline values before 
Norepinephrine. 

TA B L E  3   Changes of all parameters 
during boluses of vasopressors

F I G U R E  4   MAP and Vm during bolus 
of vasopressors for Lo-risk (white box) and 
Hi-risk patients (grey box). MAP, mean 
arterial pressure; Vm, mean velocity of the 
middle cerebral artery
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F I G U R E  5   NIRS during induction 
and during boluses of vasopressors for 
Lo-risk (white box) and Hi-risk patients 
(grey box). For all patients, data were 
collected at three points during induction: 
Before pre-oxygenation (Before O2) at 
FiO2 21% in awake patients, Baseline 
during pre-oxygenation with FiO2 100% 
Before Orotracheal Intubation and after 
starting mechanical ventilation. In patients 
presenting a hypotensive episode, all 
parameters were collected before and at 
the peak effect (after) of a 10 µg bolus 
of Norepinephrine (Before vasoP/After 
vasoP). Hi-risk group one major criterion 
(age >50 y) or two minor criteria (history 
of congestive heart failure, history of 
cardiovascular event, current smoking, 
diabetes mellitus, dyslipidemia, arterial 
hypertension). *P < .05. NIRS, near 
infrared spectroscopy

F I G U R E  6   Illustrative case. Cerebral perfusion and hemodynamics changes following Propofol-Remifentanil induction and 
Norepinephrine administration. A 66-year-old female patient with comorbidities scheduled for the embolization of an aneurysm from the 
right middle cerebral artery. Point A: baseline. Point B: After induction of general anesthesia, an episode of hypotension was recorded, 
simultaneously Vm decreased, SR appeared while NIRS increased. Point C: Norepinephrine bolus (10 µg) was administered and the target 
of propofol was decreased, which permitted to increase MAP, Vm and BIS value but also diminished SR. Point D: during maintenance of 
general anesthesia a new episode of hypotension with a decrease in Vm and BIS and the occurrence of SR. Point E: continuous infusion 
of Norepinephrine allowing to raise MAP, Vm, and BIS value more over the SR disappeared. A: Baseline; B: Start of mechanical ventilation 
before Norepinephrine; C: Peak of Norepinephrine; D: Maintenance of general anesthesia before Norepinephrine; E: Maintenance of general 
anesthesia, peak or Norepinephrine. BIS, bispectral index; MAP, mean arterial pressure; NIRS, near infrared spectroscopy; PROP, Propofol 
calculated target concentration; REMI, Remifentanil calculated target concentration; SR, ratio of burst suppression; TCD, trans cranial 
Doppler; TCD, transcranial Doppler; Vm, mean velocity of the middle cerebral artery [Colour figure can be viewed at wileyonlinelibrary.com]
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of burst suppression. This is consistent with a case report where 
a very low BIS value was simultaneously reported to a 40% MAP 
decrease compared to baseline.6 Increasing MAP by norepinephrine 
improved cerebral perfusion, as assessed by increased Vm, espe-
cially in Hi-risk patients.

We observed very low BIS values after induction of general 
anesthesia, lower than the recommended range during mainte-
nance of general anesthesia.27 We also noticed that after induc-
tion with standardized fixed calculated concentration of opioids 
and hypnotics, even using pharmacokinetic models based on age, 
gender, height, and weight,20,21 90% of hi-risk patients decreased 
in MAP by more than 20%. Indeed, the pharmacokinetic models 
for the calculated concentration of Propofol and Remifentanil have 
been determined in limited number of healthy volunteers without 
comorbidities and this could explain a potential overdosing of an-
esthetic agents when target-controlled infusion is used without 
brain monitoring. Low BIS values associated with occurrence of SR 
might not only be related to drug overdosing or too deep anes-
thesia but can also be observed after metabolic or hemodynamic 
disorders.16 This study suggests that the occurrence of burst sup-
pression could be related to hemodynamic compromise as restor-
ing sufficient MAP reversed the SR. However, it is possible that 
the higher occurrence of SR after induction in Hi-risk patients was 
a result of greater metabolic suppression and not to ischemia and 
that the decrease in SR after increasing MAP reflected recovery 
from metabolic suppression. However, the persistence of SR with 
hypotension after late boluses of norepinephrine seems to support 
the concept of latent cerebral hypoperfusion in Hi-risk patients. 
In the perioperative setting, occurrence of SR could be a marker 
of patient frailty.28 Our results are consistent with previous stud-
ies highlighting that the main independent factors associated with 
SR are advanced age, history of coronary artery disease, and male 
gender.16,28

4.1 | Cerebral oximetry

During induction of general anesthesia, the FiO2 levels varied 
between 21% and 100% before tracheal intubation and 40% 
under mechanical ventilation. Cerebral oximetry values meas-
ured with NIRS probably lack sensitivity or specificity to detect 
acute changes of cerebral perfusion measured with TCD when 
the FiO2 levels are not constant. However, our results show that 
NIRS may reflect latent cerebral hypoperfusion by observing the 
NIRS variation from a calibrated value before the onset of anes-
thesia and pre-oxygenation. The decrease in NIRS values after 
the administration of norepinephrine could be related to extrac-
ranial contamination secondary to vasoconstriction of superficial 
vessels as reported previously.29,30 However, we cannot rule out 
that the absence of change in NIRS values may be attributed to 
intact cerebral autoregulation and to a preserved match between 
cerebral supply and demand14 especially in patients without 
comorbidities.

4.2 | Limitations of the study

Because our study was conducted with a monocentric, non-rand-
omized design, with a purely observational primary aim, and with the 
sample size calculated based on a secondary objective, we cannot ex-
clude selection bias. Furthermore, the study was restricted to patients 
undergoing an interventional neuroradiology procedure. As a result, 
though we conducted the observation only in patients having a sched-
uled non-emergency intervention and recorded unilateral measure-
ments (TCD, BIS, NIRS) on the contralateral side we cannot exclude 
that the patients had an impaired cerebral autoregulation. We focused 
on cerebral perfusion monitoring especially with the TCD. However, 
due to the difficulty of performing continuous TCD, we collected data 
at discrete time points and therefore have no information about the 
cumulative duration of decreased cerebral perfusion episodes. Yet, it 
has been shown that not only the occurrence of hypotension or low 
BIS is crucial for post-operative outcome but also their duration.31,32 
Furthermore, we did not correlate MAP and NIRS signals as previously 
reported,13,33 which would have been more accurate to assess the 
lower limit of cerebral autoregulation. In addition, we chose to focus 
on induction of general anesthesia, which is often an instable phase 
of general anesthesia and with several cofounders, eg uncontrolled 
increase of end-tidal CO2 during intubation. Furthermore, since we 
used a purely observational study design, maintenance of anesthesia 
was left at the discretion of the anesthetist in charge, and we observed 
greater MAP decreases beyond our definition of hypotensive episodes.

5  | CONCLUSION

During Propofol-Remifentanil induction of general anesthesia, the 
decrease in MAP was associated with decreased cerebral perfusion 
measured with TCD and associated with more frequent occurrence 
of SR in patients with cardiovascular comorbidities. Increasing MAP 
with a bolus of norepinephrine increased cerebral perfusion as meas-
ured by an increase in Vm in patients presenting cardiovascular mor-
bidities, consistent with cerebral hypoperfusion below the range of 
cerebral autoregulation in those patients under general anesthesia.
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