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Overview of individual cerebral multimodality monitoring studies 

Supplementary Tables S5a, b, c, and d summarize the individual cerebral multimodality monitoring (MMM) studies (112 studies). The order 

of the studies is by year of publication and alphabetically by author name. Supplementary Table S5a describes the observational studies (68 

studies), Supplementary Table S5b the systemic interventional studies (24 studies), Supplementary Table S5c Cerebral interventional 

studies* (10 studies), and Supplementary Table S5d Management guided by cerebral multimodality studies* (11 studies). 
*One study was classified as both cerebral interventional and management guided by MMM.  

  Supplementary Table  S5a | Observational cerebral multimodality monitoring studies 

Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

B
o
u
za

t 
et

 a
l.

, 

2
0
1
5
 (

1
) 

TBI Detect cerebral hypoperfusion using 

multimodality monitoring compared to 

unimodal (ICP) monitoring. 

 

 

  

27 May 2010 - Nov 2013 • ICP 

• PbtO2  

• CMD 

E
sn

au
lt

 e
t 

al
.,
 

2
0

1
5

 (
2
) 

TBI (n=5) 

SAH (n=1)  

ICA dissection 

(n=1) 

ICH (n=1) 

Correlate NIRS (rSO2 ) with a third-

generation NIRS monitor and an invasive 

measure of PbtO2.  

8 Nov 2011 - Jan 2012 • ICP  

• PbtO2  

• NIRS  

H
el

b
o

k
 e

t 
al

.,
 

2
0
1
5

 (
3
) 

aSAH Relate pathophysiological events involved 

in the development of early brain injury in 

poor-grade aneurysmal SAH patients over 

time and relate these findings to clinical 

course and outcome. 

  

26 2010 - 2012 • ICP    

• PbtO2  

• TCDa  

• CMD 

  



 
3 

Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 
T

ac
k
la

 e
t 

al
.,

 

2
0
1
5
 (

4
) 

TBI Discussing the experience in calculating a 

new rCBF index (correlation rCBF and 

CPP). 

7 - • ICP   

• rCBF 

T
h
o
la

n
ce

 e
t 

al
.,

  

2
0
1
5
 (

5
) 

aSAH Describe the changes in cerebral energy 

metabolism observed with eight hourly 

updated retrograde jugular vein catheter, 

continuous PbtO2, and hourly CMD to 

compare these two approaches and to 

evaluate whether they could be 

complementary to predict the outcome of 

poor-grade aneurysmal SAH patients. 

18 2006 - 2010 • PbtO2 

• TCDa 

• SvjO2 (update 8 hours)  

• CMD 

  

B
u

d
o

h
o
sk

i 
et

 a
l.

, 
 

2
0

1
6
 (

6
) 

aSAH Analyze the relationship between various 

methods of testing cerebral autoregulation 

and their predictive value for clinical 

outcome (DCI). Including combining CA-

measures (TCD and NIRS). 

98 Jun 2010 - Jan 2012 • TCD   

• NIRS    

D
ia

s 
et

 a
l.

, 
 

2
0

1
6

 (
7
) 

TBI Describe the characteristics of plateau 

waves with MMM results. 

 

 

 

 

 

 

 

  

18 - • ICP 

• Cerebral T   

• PbtO2  

• rCBF 

• NIRS  
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

H
el

b
o
k
 e

t 
al

.,
  

2
0
1
6
 (

8
) 

ICH Describe the incidence of SDs in a cohort 

of poor-grade ICH patients in whom 

hematoma evacuation was performed; 

describe the timing of ECoG SDs relative 

to the bleeding and perihematomal edema, 

and compare the ECoG curve 

characteristics to those patients with other 

etiologies of acute brain injury. 

27 Jan 2013 - Jul 2015 • ICP 

• ECoG 

H
if

u
m

i 
et

 a
l.

, 

2
0
1
6
 (

9
) 

HIBI Associate CMD with blood lactate and 

glucose levels in relation to neurological 

outcomes after cardiac arrest, and 

associate ICP with the CMD-L/P-ratio in 

relation to clinical outcome. 

10 1 Jul 2005 - 30 Apr 2009 

 

  

• ICP 

• CMD 

H
in

zm
an

 e
t 

al
.,

 

2
0
1
6
 (

1
0
) 

TBI Examine the association of SD with 

changes in cerebral neurochemistry by 

placing a CMD probe alongside a 

subdural electrode strip (ECoG) in peri-

lesional cortex in TBI patients requiring 

neurosurgery. 

16 - • ICPa  

• CMD 

• ECoG  

M
y

er
s 

et
 a

l.
, 
 

2
0

1
6

 (
1
1

) 

TBI Evaluate an ICP and brain tissue 

oxygenation prediction model and 

compare this model with the clinical 

outcome. 

 

 

 

 

 

  

817 1989 - 2000  

and 2006 - 2013 

• ICP  

• PbtO2 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 
P

ap
ad

o
p
o
u
lo

s 
et

 a
l.

, 
 

2
0
1
6
 (

1
2
) 

SAH Correlate rCBF with CMD parameters in 

SAH patients; study the relationship with 

clinical outcome. 

21 2009 - 2013 • ICP  

• Cerebral T 

• rCBF  

• CMD   

  

P
at

et
 e

t 
al

.,
  

2
0
1
6
 (

1
3
) 

aSAH Evaluate the predictive value of CMD 

abnormalities for the diagnosis of delayed 

cerebral hypoperfusion diagnosed with 

static brain CT-perfusion. 

20 - • ICP  

• PbtO2 

• CMD 

V
an

g
a 

et
 a

l.
, 

2
0
1
6
 (

1
4
) 

TBI (n =65) 

SAH   

ICH   

Other (not 

specified) 

Examine whether PbtO2, ICP, and heart 

rate correlated with the incidence and type 

of acute arrhythmias in patients with acute 

brain injury. 

106 - • ICP 

• Cerebral Ta  

• PbtO2  

V
es

p
a 

et
 a

l.
, 
 

2
0

1
6

 (
1
5

) 

TBI Determine the incidence of electrographic 

seizures and interictal epileptiform 

activity on sEEG and dEEG and associate 

metabolic changes in CMD during 

interictal and ictal epileptiform 

discharges. 

 

 

 

 

  

34 2009 - 2013 • ICPa 

• SvjO2
a 

• CMD 

• sEEG  

• dEEG 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

W
in

k
le

r 
et

 a
l.

, 
 

2
0
1
6
 (

1
6
) 

aSAH Associate different MMM modalities with 

clinical outcome. 

33 Sep 2009 - Aug 2013 • ICP 

• PbtO2 

• Cerebral T 

• TCDa 

• ECoG  

C
ar

te
ro

n
 e

t 
al

.,
  

2
0
1
7
 (

1
7
) 

aSAH Study the relationship between CMD, 

PbtO2, and static CBF using CT-perfusion.  

  

18 Mar 2013 - Apr 2015 • ICPa 

• PbtO2   

• CMD 

  

F
o

re
m

an
 e

t 
al

.,
  

2
0

1
7

 (
1
8
) 

aSAH Describe the relationship between rCBF 

and EEG (dEEG or sEEG) in both patients 

with and without DCI. 

20 Jun 2006 - Mar 2012 • ICP 

• PbtO2 
a 

• rCBF  

• sEEG 

• dEEG 

N
y

h
o

lm
 e

t 
al

.,
  

2
0

1
7

 (
1
9

) 

TBI Evaluate the relationship between 

hyperthermia and ICP and the influence of 

intracranial compliance and CBF pressure 

autoregulation;  study the relationship 

between hyperthermia and PbtO2 and 

CMD. 

87 Jan 2008 - Dec 2010 • ICP  

• PbtO2 

• Cerebral T a  

• CMD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

P
in

cz
o
li

ts
 e

t 
al

.,
  

2
0
1
7
 (

2
0
) 

AIS Investigate whether SDs in patients with 

AIS are associated with altered CMD of 

glutamate, lactate, pyruvate, or L/P-ratio. 

18 May 2009 – Apr 2011 • CMD 

• EcoG 

S
ch

ie
fe

ck
er

 e
t 

al
.,

  

2
0
1
7
 (

2
1
) 

ICH Investigate the dynamics of Cerebral T 

relative to the occurrence of SDs and core 

temperature in patients with ICH.  

20 Jan 2013 – Jan 2016 • ICP a  

• Cerebral T 

• EcoG 

  

W
it

sc
h
 e

t 
al

.,
  

2
0

1
7
 (

2
2
) 

SAH Relate periodic discharges (using a 

change-point analysis to characterize 

electrophysiological changes) on sEEG 

with other MMM (PbtO2 and rCBF) 

variables. 

90 Jun 2006 – Sep 2014 • ICP a 

• PbtO2 

• rCBF 

• sEEG 

• dEEG 

  

C
h

en
 e

t 
al

.,
  

2
0

1
8

 (
2
3

) 

ICH Comprehensively evaluate brain function 

by administering TCD combined with 

qEEG in patients with severe acute 

supratentorial-ICH; assess outcome at the 

90-day follow-up; explore a new basis for 

pathophysiological changes in severe 

ICH. 

47 Jun 2015 – Dec 2016 • TCD  

• sEEG 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

D
el

la
zi

zz
o
 e

t 
al

.,
  

2
0
1
8
 (

2
4
) 

TBI Describe the association between PaO2 

and PbtO2 to determine the minimal PaO2 

required to maintain PbtO2; investigate the 

relationship with clinical outcome. 

  

38 2013 - 2016 • ICP 

• PbtO2 

D
re

ie
r 

et
 a

l.
, 
 

2
0
1
8
  

(2
5
) 

TBI (n=5) 

aSAH (n=3) 

AIS (n=1)  

Analyze pathological events in patients 

during abrupt hypoxia-ischemia after 

withdrawal from life-sustaining 

treatments. 

9 - • ICP (n=9) 

• PbtO2 (n=6) 

• rCBF (LDF) (n=2) 

• Cerebral T (n= 4) 

• ECoG  (n=4) 

• dEEG (n=5) 

• sEEG (n=1) 

F
o

re
m

an
 e

t 
al

.,
  

2
0

1
8
 (

2
6
) 

TBI Describe the safety and the reliability of a 

single burr hole access for invasive MMM 

monitoring application. 

43 Mar 2015 - Mar 2017 • ICP 

• PbtO2 

• Cerebral T  

• rCBF 

• dEEG 

L
ü

ck
l 

et
 a

l.
, 

2
0

1
8

 (
2
7

) 

aSAH Characterize negative ultraslow potential 

(NUP). First party of the study is an 

animal study. Second part was a clinical 

study using simultaneous DC/AC-ECoG, 

PbtO2, rCBF, ICP, and ABP recordings; 

serial neuroimaging scans were used to 

determine whether electrodes displaying 

the NUP are more likely to overlie a 

newly developing ischaemic lesion than 

electrodes not displaying the NUP. 

11 - • ICP  (n=1) 

• PbtO2 (n=8) 

• Cerebral Ta 

• rCBF a (LDF) (n=4) 

• ECoG (n=1) 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 
M

o
rr

is
 e

t 
al

.,
  

2
0
1
8
 (

2
8
) 

aSAH + HIBI 

(n=31) 

aSAH (n=146) 

  

Describe the differences in MMM results 

between SAH with and without additional 

cerebral hypoxia at presentation. Three 

hypotheses were tested: (1) clinical 

phenotypes between the groups differ and 

may suggest the cause of arrest, (2) brain 

physiology measures would demonstrate 

cerebrovascular decompensation in the 

HIBI patients despite identical CPP and 

management targets, (3) outcomes of 

aggressively treated HIBI patients should 

not significantly differ from those of non-

HIBI patients. 

177 Jul 1996 - Jun 2016 • ICP 

• PbtO2 

• rCBF  

• CMD 

• sEEG   

  

A
lk

h
ac

h
ro

u
m

 e
t 

al
.,

 

2
0
1
9
 (

2
9
) 

SAH Evaluate the relationship between CPP, 

CPPopt, deltaCPP (calculated as CPP-

CPPopt), and PRx during seizures and 

ictal-interictal continuum. 

73 Jun 2006 - Jun 2013 • ICP 

• PbtO2 

• dEEG   

B
ai

le
y

 e
t 

al
.,
  

2
0

1
9

 (
3
0

) 

• TBI (n=286) 

• SAH (n=133) 

• ICH  (n=25) 

• Penetrating TBI 

(n=20) 

• Other (n=37)b 

 

 

 

 

 

 
 

Describe the safety of a triple-lumen bolt 

placement by reporting the number of 

placed devices and the post-insertion 

complications. 

 

 

 

 

  

501 8 year 

 

 

 

 

 

 

 

  

• ICP                                          

• PbtO2 

• Cerebral T 



  Supplementary Material 

 10 

Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

C
al

v
ie

ll
o
 e

t 
al

.,
  

2
0
1
9
 (

3
1
) 

TBI Study the feasibility of methods most 

suitable for describing patient cerebral 

hemodynamics; build a function to 

monitor changes in intracranial 

compliance, compare invasive and non-

invasive calculations, and compare data-

driven trend charts. 

52 1992 – 2012 • ICP  

• TCD 

D
av

ie
 e

t 
al

.,
  

2
0
1
9
 (

3
2
) 

TBI Determine the incidence and severity of 

rSO2 desaturation in patients with TBI and 

determine the feasibility of monitoring 

rSO2 in the ICU; examine the correlation 

between rSO2 and ICP and rSO2 and 

MAP. 

20 Jul 2016 – Sep 2017 • ICP 

• NIRS 

D
o

n
n
el

ly
 e

t 
al

.,
 

2
0
1
9
  

(3
3
) 

TBI Describe cerebral oxygenation and 

cerebral autoregulation indices PRx, and 

relate AMP (ICP amplitude) response to 

severe and sustained intracranial 

hypertension. 

33 1992 – 2017 • ICP   

• PbtO2 

F
o

rs
se

 e
t 

al
.,
  

2
0

1
9

 (
3
4

) 

aSAH Describe the association between CMD 

and jugular bulb microdialysis (JBMD); 

correlate CMD abnormalities with clinical 

outcome. 

 

 

 

 

 

 

  

12 Sep 2017 – Mar 2018 

 

 

 

 

 

  

• ICP 

• PbtO2 

• CMD 

• JBMD a   
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

L
au

n
ey

 e
t 

al
.,

  

2
0
1
9
 (

3
5
) 

TBI (n=68) 

Healthy control 

(n=27) 

Characterize cerebrovascular physiology 

within brain regions that initially appear 

structurally normal; describing temporal 

changes in physiology, changes in flow-

metabolism, local microvascular flow-

volume association, disentangle ischemia 

from coupled hypoperfusion and assess 

the contribution of vascular engorgement 

to ICP elevation. 

68 Feb 1998 - 2014 • ICP   

• PbtO2  

• SvjO2  

R
aj

ag
o
p
al

an
 e

t 

al
.,

 2
0
1
9
 (

3
6
) 

HIBI (n=6) 

TBI (n=3) 

SAH (n=2) 

Identify and describe trends in ICP, CPP, 

PRx, PbtO2, rCBF, Cerebral T, and CMD 

that occur during progression to and at the 

time of brain death. 

 

 

  

11 Oct 2015 - Jun 2018 • ICP     

• PbtO2   

• Cerebral T  

• rCBF   

• CMD    

S
il

v
er

m
an

 e
t 

al
.,

 

2
0

1
9

 (
3
7

) 

aSAH Describe the feasibility of invasive (ICP, 

PRx, CPPopt) and non-invasive (NIRS, 

TOx, ABPopt) CA measures; correlate 

invasive and non-invasive results, 

including the autoregulation limits; relate 

deviation from CPPopt/ABPopt with 

radiographic and clinical outcome. 

31 - • ICP  

• TCD a 

• NIRS   

W
et

te
rv

ik
 e

t 
al

.,
 

2
0

1
9

 (
3
8

) 

TBI Investigate the association between 

arterial glucose, PRx, and CMD 

 

 

 

 

  

120 2008 - 2018 • ICP   

• CMD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

A
d
d
is

 e
t 

al
.,

 

2
0
2
0
 (

3
9
) 

aSAH Describe the relationship between delta T 

(cerebral T – T systemic) and (preserved) 

brain metabolic activity; describe the 

relationship between delta T and clinical 

outcome. 

  

46 2010 - 2016 • ICP  

• Cerebral T  

• rCBF  

• CMD   

G
ag

n
o
n
 e

t 
al

.,
 

2
0
2
0
 (

4
0
) 

TBI (n=20) 

ICH (n=5) 

Describe the frequency of hypoxic 

episodes and their characteristics. 

25 Jun 2017 - Aug 2018 • ICP   

• PbtO2 

• Cerebral T  

M
ar

in
i 

et
 a

l.
, 

2
0
2
0
 (

4
1
) 

TBI Evaluate the relationship between CPP 

and estimates of cerebral oxygenation 

(NIRS, PbtO2) and CMD. 

 

 

  

20 - • ICP  

• PbtO2 

• CMD 

• NIRS 

R
as

s 
et

 a
l.

, 
 

2
0

2
0

 (
4
2

) 

TBI Quantify changes in PbtO2 during 

temperature increases in severe TBI to 

explore simultaneous changes of 

hemodynamic parameters and the CA 

state; compare periods of temperature 

increases identified through visual plot 

analysis and by algorithm-supported 

detection. 

 

 

 

  

33 Jan 2015 - Dec 2017 

 

 

 

 

 

 

 

 

 

 

 

  

• ICP   

• PbtO2   

 • Cerebral T (n=16) 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

R
o
b
b
a 

et
 a

l.
, 
 

2
0
2
0
 (

4
3
) 

TBI Indicating the threshold of cerebral 

hypoxia and parameters that are 

determinants of cerebral hypoxia; assess 

whether any of these indices (PbtO2, 

PaO2, PbtO2/PaO2, ratio of PbtO2 to FiO2, 

and PaO2/FiO2) based on the relationship 

between cerebral tissue oxygenation and 

systemic arterial oxygenation and the 

fraction of inspired oxygen, can be helpful 

for prognostication of mortality in TBI 

patients. 

  

70 Nov 2014 – Oct 2018 • ICP 

• PbtO2 

S
ek

h
o
n
 e

t 
al

.,
  

2
0
2
0
 (

4
4
) 

HIBI Characterizes the difference in the 

diffusion gradient (Pvo2 – PbtO2 ) of 

cellular oxygen delivery and the presence 

of diffusion limitation physiology (the 

relationship between the Pvo2 – Pbto2 

gradient and CPP) in hypoxic-ischemic 

brain injury patients with brain hypoxia 

(PbtO2 < 20 mm Hg) versus normoxia 

(PbtO2 > 20 mm Hg). 

14 Nov 2016 – Jan 2019 • ICP 

• PbtO2 

• SvjO2  

W
et

te
rv

ik
 e

t 
al

.,
  

2
0

2
0

 (
4
5

) 

TBI Clarify the association on endogenous 

arterial lactate in relation to intracranial 

pressure dynamics, pressure CBF 

autoregulation, cerebral energy 

metabolism, systemic injuries, and clinical 

outcome following severe TBI. 

 

 

 

  

115 2008 – 2018 • ICP   

• CMD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

Z
ei

le
r 

et
 a

l.
, 
 

2
0
2
0
 (

4
6
) 

TBI Explore the relationship between insults in 

ICP, PbtO2, and PRx and investigate 

preliminary associations with outcome. 

Insults in the variables were studied by: 

(1) % of time with ICP > 20 mmHg (2) % 

of time with PbtO2 < 20 mmHg (3) % of 

time with ICP PRx > threshold (0.25, 0.35 

were used) (4) % of time with normal or 

abnormal ICP PRx and normal or 

abnormal PbtO2 (<20 or >20 mmHg). 

43 Jan 2015 - Dec 2017 • ICP 

• PbtO2 

Z
ei

le
r 

et
 a

l.
, 

2
0
2
0
 (

4
7
) 

TBI Study the physiological consequences of 

high versus normal ICP periods by 

comparing % of time (and dose) above or 

below thresholds for ICP, PbtO2, and CA 

index PRx. 

185 Jan. 2015 - Dec 2017 • ICP 

• PbtO2 

Z
ei

le
r 

et
 a

l.
, 

2
0

2
0

 (
4
8

) 

TBI Explore the relationship between slow-

wave fluctuations in ICP, MAP, and 

PbtO2 over time. 

47 Jan 2015 - Dec 2017 • ICP  

• PbtO2 

B
al

u
 e

t 
al

.,
  

2
0

2
1

 (
4
9

) 

HIBI 

 

Other (hypoxic 

injury without 

cardiac arrest) 

Describe the clinical characteristics of 

monitored patients; evaluate the feasibility 

and complication rate of invasive 

neuromonitoring; assess the association of 

intracranial neuromonitoring parameters 

with neurological outcome. 

 

 

  

36 Oct 2015 - Jun 2018 • ICP   

• PbtO2 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

B
ar

aj
ra

ji
 e

t 
al

.,
 

 2
0
2
1
 (

5
0
) 

SAH (n=56) 

TBI (n=35) 

ICH (n=200) 

Medical, not 

specified (n=2) 

 

  

Evaluate a single-center experience of an 

intracranial multimodal monitoring bolt 

system regarding surgical placement and 

related complications, management, 

technical malfunctions, and adverse 

events. 

 

  

113 Jul 2016 - Jan 2020 • ICP   

• PbtO2 

• CMD  

• dEEG  

B
ir

g
 e

t 
al

.,
  

2
0
2
1
 (

5
1
) 

TBI Describe Cerebral T, ICP, and CPP; 

clarify the relationship between Cerebral 

T, ICP, and CPP during Cerebral T 

changes. 

21 Jan 2015 - Dec 2017 • ICP   

• Cerebral T 

• PbtO2
a 

G
u

il
fo

y
le

 e
t 

al
.,

  

2
0

2
1
 (

5
2
) 

TBI Quantify the independent effect of L/P- 

ratio and cerebral glucose on neurological 

outcome; characterize the temporal course 

of these parameters following TBI; assess 

the functional relationship between energy 

metabolism and other monitoring 

variables to inform an outline clinical 

protocol for managing traumatic, 

metabolic function. 

619 1997 - 2016 • ICP 

• PbtO2 

• CMD 

H
o
il

an
d

 e
t 

al
.,
  

2
0
2

1
 (

5
3

) 

HIBI (n=18) 

Healthy (n=14) 

Assess brain hypoxia (PbtO2<20) versus 

no brain hypoxia (PbtO2>20) regarding 

elevated biomarkers (neuronal, astroglial, 

endothelial injury) and inflammation; 

assess if brain hypoxia is related to a 

diffusion limitation of O2 and that 

hyperosmolar therapy reduces brain 

hypoxia. 

18 2016 - 2019 • ICP 

• PbtO2 

• JVP a 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

K
ie

n
in

g
er

 e
t 

al
.,
  

2
0
2
1
 (

5
4
) 

aSAH (n=22) 

 

Carotid artery  

aneurysm (n=4) 

Describe complications related to MMM; 

describe therapeutic measures derived in 

cases of pathological values in MMM. 

26 Jan 2012 - Dec 2017 • ICP   

• PbtO2   

• rCBF   

• TCD a  

• CMD   

• NIRS  

K
u
o
 e

t 
al

.,
 

2
0
2
1
 (

5
5
) 

TBI Characterize the cerebral T rhythm and 

investigate its prognostic value in terms of 

postoperative mortality and functional 

outcome in patients with moderate to 

severe TBI. 

108 May 2011 - Dec 2017 • ICP  

• Cerebral T 

L
in

d
n
er

 e
t 

al
.,

 

2
0
2
1
 (

5
6
) 

ICH Define ABP targets in poor-grade ICH 

patients during postoperative care after 

hematoma evacuation based on the lowest 

prevalence of brain tissue hypoxia and 

metabolic distress. 

40 2011 - 2018 • ICP 

• PbtO2 

• CMD 

M
u

el
le

r 
et

 a
l.

, 

2
0

2
1

 (
5
7

) 

SAH Compare the ability of qEEG and 

TCD/TCCS to provide early identification 

of cerebral infarction on imaging. 

 

 

  

34 Nov 2011 - Feb 2013 

and  

Nov 2014 - May 2016 

• TCD or TCCS 

• sEEG 

Q
i 

et
 a

l.
, 
 

2
0
2

1
 (

5
8

) 

AIS Explore the possibility of obtaining more 

accurate and comprehensive prognostic 

predictors for patients with large 

hemispheric infarction by TCD-qEEG. 

 

  

59 Jul 2018 - Dec 2019 • TCD  

• sEEG 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 
R

aj
ag

o
p
al

an
 e

t 

al
.,

  

2
0
2
1
 (

5
9
) 

TBI (n=6) 

 

aSAH (n=14) 

Explore a data-driven approach to group 

invasive MMM measurements to identify 

distinct physiological states that inform 

brain injury mechanisms and outcome 

prediction. 

 

  

20 Mar 2005 - Sep 2009 • ICP 

• PbtO2 

• CMD 

  

S
ch

u
m

m
 e

t 

al
.,

 2
0
2
1
 (

6
0
) AIS Investigate the effect of physiological 

variables (body temperature, MAP, CPP, 

and ICP) on the incidence and features of 

SD in the postoperative monitoring period 

following hemicraniectomy. 

  

60 Aug 2008 - Mar 2017 • ICP   

• ECoG 

  

W
et

te
rv

ik
 e

t 

al
.,

  

2
0
2
1
 (

6
1
) 

TBI Investigate the impact of CPP insults 

(according to CPPopt thresholds and 

Brain Trauma Foundation thresholds) on 

CMD results and clinical outcome. 

  

98 2008 – 2018 

 

 

  

• ICP   

• CMD 

  

W
et

te
rv

ik
 e

t 

al
.,
  

2
0

2
1

 (
6
2

) 

TBI Elucidate the role of arterial oxygenation, 

the incidence of hypoxia, hyperoxia, and 

the relation to cerebral metabolism, 

cerebrovascular reactivity, and clinical 

outcome.  

115 2008 – 2018 

  

• ICP  

• CMD  

W
et

te
rv

ik
 e

t 
al

.,
  

2
0

2
1

 (
6
3

) 

TBI Determine the incidence and temporal 

course of hyperthermia after TBI and its 

relation to ICP dynamics and cerebral 

energy metabolism; determine whether 

hyperthermia was associated with clinical 

outcomes following TBI.  

  

115 2008 - 2018 • ICP   

• CMD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

D
re

ie
r 

et
 a

l.
, 
 

2
0
2
2
 (

6
4
) 

aSAH Investigate whether the peak total SD-

induced depression duration of a 

recording day during delayed 

neuromonitoring (delayed SD duration) 

indicates delayed ipsilateral infarction. 

Secondary outcome measures: occurrence 

of delayed neurological deficit in 

clinically assessable, non-sedated patients; 

manually segmented volumes of 

ipsilateral damage due to ICH, ECI, and 

DCI alone or in combination; MRI 

segmentation analysis; clinical outcome 

analysis; multivariate analysis including 

neuromonitoring data and digital 

subtraction angiography. 

180 Sep 2009 - Apr 2018 • ICP (n=150) 

• PbtO2 (n=71) a 

• rCBF (LDF) (n=22) a  

• TCD (n=157) 

• ECoG 

O
w

en
 e

t 
al

.,
  

2
0
2
2
 (

6
5
) 

aSAH Elucidate the relationship between various 

CA measures and assess how they relate 

to both clinical outcomes and SD 

incidence. 

  

19 - • ICP  

• PbtO2 

• rCBF  

• NIRS  

• ECoG  

W
et

te
rv

ik
 e

t 
al

.,
  

2
0

2
2

 (
6
6

) 

aSAH Investigate the association among the 

arterial metabolic content variables PaO2, 

PaCO2, glucose, and lactate with the PRx 

and energy metabolism; study the 

relationship between delayed ischemic 

neurological deficits (DIND) and clinical 

outcome. 

 

 

  

60 Nov 2016 - May 2021 • ICP  

• CMD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

 

Enrollment period 
Modalities 

W
et

te
rv

ik
 e

t 

al
.,

 2
0
2
2
 (

6
7
) aSAH Determine the association between ICP- 

and CPP threshold insults and cerebral 

energy metabolism; determine the 

association of these insults with clinical 

outcome. 

75 2008 - 2018 • ICP  

• CMD 

Y
an

g
 e

t 
al

.,
 

2
0
2
2
 (

6
8
) 

TBI (n =102) 

 

Healthy (n=55) 

Evaluate the effect of the apolipoprotein E 

(APOE) ε4 allele on rSO2 and qEEG at the 

early stage of TBI and explore the 

relationship between APOE and cerebral 

oxygen saturation and brain electrical 

activity. 

102 Sep 2018 - Sep 2020 • sEEG 

• NIRS 

a Other modalities. Modalities described in the study but not part of the study aim or objective(s). These modalities were either used for 

clinical management or not part of our included modalities, but continuous or daily updated monitoring. 
b Other diseases included: cerebral arteriovenous malformation, intracranial infections, hepatic encephalopathy, and cerebral edema from 

ornithine transcarbamylase deficiency. 

ABP = arterial blood pressure; ABPopt = optimal arterial blood pressure; AIS = acute ischemic stroke; CA = cerebral autoregulation;  

Cerebral T = cerebral temperature; CMD = cerebral microdialysis; CPP = cerebral perfusion pressure; CPPopt  = optimal cerebral perfusion 

pressure; CT = computer tomography; DC/AC = Direct current /alternate current (AC)-electrocorticography; DCI = diffuse cerebral ischemia; 

dEEG = depth electroencephalography; DIND = delayed ischemic neurological deficits; ECI = early cerebral ischaemia; 

ECoG = electrocorticography; FiO2 = fraction of inspired oxygen; HIBI: hypoxic ischemic brain injury following cardiac arrest; ICA = 

internal carotid artery; ICH = intracerebral hemorrhage; ICP = intracranial pressure; ICU = intensive care unit; JBMD = jugular bulb 

microdialysis; JVP = jugular venous pressure; L/P-ratio = lactate/pyruvate ratio; LDF = Laser Doppler flowmetry; MAP = mean arterial 

blood pressure; MRI =  magnetic Resonance Imaging;  NIRS = near-infrared spectroscopy; No. = number; PaO2  = partial arterial 

oxygenation pressure; PaO2  = partial pressure of oxygen; PbtO2 = partial pressure of brain tissue oxygenation; PRx = pressure reactivity 

index; rCBF = regional cerebral blood flow; (a)SAH = (aneurysmal)subarachnoid hemorrhage; SD = spreading depolarisation; sEEG = 

surface electroencephalography; SvjO2 = jugular bulb venous oximetry; TBI = traumatic brain injury; TCCS = transcranial colour doppler 

sonography;  TCD = transcranial Doppler; TOx = tissue oxygenation index. 
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Supplementary Table S5b | Systemic interventions - cerebral multimodality monitoring studies  

 

Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Intervention Modalities 

F
ly

n
n
 e

t 
al

. 

2
0
1
5
 (

6
9
) 

TBI Examine the effect of induction of 

therapeutic hypothermia on ICP and 

PbtO2. 

17 - Hypothermia • ICP 

• PbtO2 

• Cerebral Ta  

K
u
rt

z 
et

 a
l.

 

2
0
1
5
 (

7
0
) 

aSAH Investigate the effect of packed red 

blood cell (RBC) transfusion on cerebral 

oxygenation and metabolism. 

 

  

15 Jan 2008 - Jun 2009 RBC transfusion • ICP a  

• PbtO2  

• CMD   

S
ek

h
o

n
 e

t 
al

. 

2
0

1
5

 (
7
1

) 

TBI Study the effect of packed RBC-

transfusion on the CA index PRx.  

Primary outcome was the change in CA, 

as measured by PRx, after RBC 

transfusion. Secondary outcomes: the 

change in hemoglobin concentration and 

PbtO2 after RBC transfusion.  

 

 

 

 

 

 

  

28 Jan 2007 - 30 Jun 2014 RBC transfusion • ICP  

• PbtO2 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Intervention Modalities 
G

h
o
sh

 e
t 

al
. 

2
0
1
6
 (

7
2
) 

TBI  

 n=7) 

 

SAH 

(n=8) 

 

ICH 

(n=1) 

Investigate the oxygen dependence 

(NIRS, PbtO2, TCD) of mitochondrial 

metabolism (CMD L/P-ratio) in vivo 

following acute brain injury.  

16 - Hyperoxia • PbtO2 

• TCD 

• CMD 

• NIRS 

 

  

M
cC

re
d
ie

 e
t 

al
. 

2
0
1
6
 (

7
3
) 

TBI Study the effect of packed RBC 

transfusion on NIRS rSO2; correlate 

rSO2 changes to other systemic- and 

cerebral variables; study the dependence 

of  rSO2 on baseline hemoglobin level; 

study the effect on fractional tissue 

oxygen extraction. 

19 Nov 2012 - Mar 2014 RBC transfusion • ICP 

• NIRS  

S
ah

o
o

 e
t 

al
. 

2
0

1
6

 (
7
4
) 

TBI Evaluate the effect of normobaric 

hyperoxia on CBF velocity (TCD) and 

NIRS in operated TBI patients. In 

addition, study the effect on CA status. 

  

50 - Hyperoxia • TCD 

• NIRS   

W
es

te
rm

ai
er

 e
t 

al
. 

2
0

1
6

 (
7
5

) 

SAH Investigate changes in rCBF during 

hypercapnia, and compare rCBF with 

TCD mean CBFV and NIRS rSO2 

results. 

 

 

 

  

12 Jan 2013 - Feb 2014 Hypercapnia • ICP  

• Cerebral T a 

• rCBF 

• NIRS  

• TCD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Intervention Modalities 

Z
h
an

g
 e

t 
al

. 

2
0
1
6
 (

7
6
) 

TBI Correlate cerebral autoregulation indices 

(TCD-based) ARI and Mx with carbon 

dioxide reactivity during transient mild 

hypocapnia (hyperventilation period of 

60 min). 

31 - Hypocapnia • ICP 

• TCD 

K
o
fl

er
 e

t 
al

. 

2
0
1
7
 (

7
7
) 

SAH Investigate the effect of enteral nutrition 

on CMD and ICP. 

 

 

  

17 2010 - 2012 Enteral nutrition • ICP 

• Cerebral Ta 

• CMD 

C
ar

te
ro

n
 e

t 
al

. 

2
0
1
8
 (

7
8
) 

TBI 

(n=13) 

 

aSAH 

(n=10) 

Analyze changes - compared with 

baseline TCD-derived indexes of 

cerebral perfusion and brain 

extracellular concentrations of energy 

metabolites (CMD lactate and glucose) 

during a 3-hour intravenous infusion of 

hypertonic lactate, administered as a 

resuscitation fluid during the early post-

injury phase + clinical outcome. 

23 Mar 2012 - Dec 2017 Hypertonic lactate • ICPa 

• TCD  

• CMD   

Ja
k

k
u
la

 e
t 

al
. 

2
0

1
8

 (
7
9

) 

HIBI Compare results between patients 

treated with low (65-75 mmHg) or high 

(80-100 mmHg) MAP values: evaluate 

serum biomarkers (like NSE) at 48 hr 

after cardiac arrest to study the regional 

differences in frontal NIRS-based 

rSO2% and compare sEEG findings. 

  

120 22 Mar 2016 -  

3 Nov 2017 

ABP-management • NIRS   

• sEEG  



 
23 

Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Intervention Modalities 
B

ra
n
d
i 

et
 a

l.
 

2
0
1
9
 (

8
0
) 

TBI Study the (adverse) effects of moderate 

short-term hyperventilation during the 

acute phase on cerebral hemodynamics 

(ICP/CPP), oxygenation (PbtO2), and 

metabolism (CMD). 

11 May 2014 - May 2017 Hyperventilation • ICP   

• PbtO2 

• TCD 

(TCCD) 

• CMD   

S
ek

h
o
n
 e

t 
al

. 

2
0
1
9
 (

8
1
) 

HIBI Describe the relationship between PbtO2 

and MAP over time using a tier-based 

clinical protocol to manage increased 

ICP in combination with low PbtO2. 

Other endpoints included the observed 

PRx, SvjO2, and rSO2 values over time. 

10 Nov 2016 - Jan 2018 ABP-management • ICP  

• PbtO2   

• SvjO2  

• NIRS 

W
et

te
rv

ik
 e

t 
al

. 

2
0
2
0
 (

8
2
) 

TBI Evaluate the safety and treatment  

effect of mild hyperventilation (4.0 - 4.5 

kPa/30-34 mm Hg) in TBI; evaluate 

mild hyperventilation and its effect on 

ICP and CMD, pressure autoregulation, 

and clinical outcome. 

120 2008 - 2018 Hyperventilation • ICP 

• CMD 

B
u

rn
o

l 
et

 a
l.

 

2
0

2
1

 (
8
3

) 

TBI 

(n=16)  

 

SAH 

(n=3) 

 

AIS (n=3) 

 

Other, not 

specified 

(n=1) 

Study the effect of a 30° upright posture 

versus 15° versus 0° on brain 

oxygenation and circulation; sub-

analysis of patients who underwent a 

decompressive craniectomy to 

investigate whether changes in brain 

compliance could affect these potential 

effects. 

 

 

  

23 Feb 2012 - Sep 2015 Head-bed posture • ICP 

• PbtO2 

• TCD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Intervention Modalities 

D
ag

o
d
 e

t 
al

. 

2
0
2
1
 (

8
4
) 

TBI Assess the impact of the temporary 

changeover from the half-seated position 

to the lying position on CPP and 

oxygenation parameters during the first 

week of management of patients 

admitted for severe TBI. 

24 Sep 2014 - Oct 2016 Head-bed posture • ICP 

• TCD 

• SvJO2 

• NIRS 

H
o
sm

an
n
 e

t 
al

. 

2
0
2
1
 (

8
5
) 

aSAH Study the impact of intrahospital 

transport to the CT-scanner on MMM in 

patients suffering SAH, with a particular 

focus on cerebral metabolism. 

 

  

20 - Intrahospital 

transport 

• ICP   

• PbtO2 

• Cerebral T  

• TCD  

• CMD 

K
o

v
ac

s 
et

 a
l.

 

2
0

2
1
 (

8
6
) 

TBI 

(n=20) 

 

SAH 

(n=29) 

 

ICH 

(n=4) 

Evaluate which level of CPP 

corresponds to an adequate PbtO2 in a 

heterogeneous population of brain-

injured patients; assess whether this 

level of CPP changes over time and 

characterize patients requiring higher 

than recommended CPP targets to have 

optimal brain oxygenation values. 

53 Jan 2016 - Dec 2020 ABP- 

management 

• ICP 

• PbtO2 

• TCD 

• NeurOptics a 

(neurological 

pupil index) 

R
as

s 
et

 a
l.

 

2
0

2
1

 (
8
7

) 

SAH Investigate the effect of fluid 

management and cardiac function on 

PbtO2 by integrating advanced 

hemodynamic and invasive 

neuromonitoring tools. 

  

60 2010 - 2019 Fluid 

management 

• ICP 

• PbtO2 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Intervention Modalities 

S
te

tt
er

 e
t 

al
. 

2
0
2
1
 (

8
8
) 

aSAH Investigate the course of rCBF (primary) 

and rSO2 (secondary) during longer-

term hypercapnia and determine the time 

point at which physiologic adaptation 

mechanisms start to mitigate the CBF-

increasing effect in order to locate the 

optimum duration of controlled 

hypercapnia in poor-grade SAH patients. 

12 Jan 2015 - Jun 2017 Hypercapnia • ICP 

• rCBF 

• TCD  

• NIRS  

B
er

n
in

i 
et

 a
l.

 

2
0
2
2
 (

8
9
) 

TBI 

(n=13) 

 

SAH 

(n=4) 

Study patients who received sequential 

osmotherapy with hypertonic saline 

(HS) followed by hypertonic lactate 

(HL) and compare HL with HS by 

studying the effect on ICP, PbtO2 and 

CMD, ABP, pH, and chloride. 

17 Nov 2016 - Dec 2019 Hypertonic saline 

and hypertonic 

lactate 

• ICP  

• PbtO2 

• CMD  

B
o

g
o

ss
ia

n
 e

t 
al

. 

2
0

2
2

 (
9
0

) 

TBI 

(n=21) 

 

SAH 

(n=42) 

 

ICH 

(n=6) 

Identify factors associated with PbtO2  

changes after RBC transfusion in a 

heterogeneous population of brain-

injured patients. 

 

 

 

 

 

 

 

 

 

  

69 2012 - 2020 RBC transfusion • ICP 

• PbtO2 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Intervention Modalities 

G
ar

g
ad

en
n
ec

 e
t 

al
. 

2
0
2
2
 (

9
1
) 

TBI  

(n= 17) 

 

SAH  

(n = 29) 

 

ICH   

(n= 7) 

Compare the accuracy of ICP, PbtO2, or 

oxygen ratio (OxR) and their 

combinations to detect cerebral 

hypoperfusion in brain-injured patients; 

the accuracy to detect cerebral 

hypoperfusion of all these variables 

according to the underlying brain 

disease. 

53 Jan 2016 - Aug 2019 Hyperoxia • ICP 

• PbtO2 

• CMD 

• dEEG 

H
o
sm

an
n
 e

t 
al

. 

2
0
2
2
 (

9
2
) 

SAH Evaluate whether a quick and easy-to-

perform hyperoxic challenge of 3-

minutes can identify patients at risk for 

cerebral ischemia detected by CMD. 

 

  

20 Feb 2016 - Jan 2019 Hyperoxia • ICP   

• PbtO2 

• TCD  

• CMD  

a Other modalities. Modalities described in the study but not part of the study aim/objective(s). These modalities were either used for clinical 

management or not part of our included modalities, but continuous or daily updated monitoring. 

 

ABP = arterial blood pressure; ABPopt = optimal arterial blood pressure; AIS = acute ischemic stroke; ARI = autoregulation index; CA = 

cerebral autoregulation; CBFV = cerebral blood flow velocity; Cerebral T = cerebral temperature; CMD = cerebral microdialysis; CPP = 

cerebral perfusion pressure; CPPopt  = optimal cerebral perfusion pressure; CSF = cerebral spinal fluid; CT = computer tomography; DCI = 

diffuse cerebral ischemia; dEEG = depth electroencephalography; ECoG = electrocorticography; FiO2 = fraction of inspired oxygen; HL = 

hypertonic lactate; HS =  hypertonic saline; HIBI: hypoxic ischemic brain injury following cardiac arrest; ICH = intracerebral hemorrhage; 

ICP = intracranial pressure; L/P-ratio = lactate/pyruvate ratio; MAP = mean arterial blood pressure; Mx = correlation between CPP and 

cerebral blood flow velocity; NIRS = near-infrared spectroscopy; No. = number; OxR = oxygen ratio; PaO2  = partial arterial oxygenation 

pressure; PaO2  = partial pressure of oxygen; PbtO2 = partial pressure of brain tissue oxygenation; PRx = pressure reactivity index; RBC = 

red blood cell; rCBF = regional cerebral blood flow; (a)SAH = (aneurysmal) subarachnoid hemorrhage; SD = spreading depolarization; 

sEEG = surface electroencephalography; SvjO2 = jugular bulb venous oximetry; TBI = traumatic brain injury; TCD = transcranial Doppler. 
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Supplementary Table S5c | Cerebral intervention - cerebral multimodality monitoring studies  

Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment 

period 
Intervention Modalities 

H
o
ck

el
 e

t 
al

.,
  

2
0
1
5
 (

9
3
) 

aSAH Evaluate the feasibility and safety of long-

term continuous intra-arterial nimodipine 

(CIAN) therapy; test the effects on 

macrovascular vasospasm, PbtO2, and 

cerebrovascular autoregulation indices, 

including PRx and ORx; evaluate 3-months 

clinical outcome. 

13 10 months Nimodipine • ICP   

• PbtO2 

• Cerebral Ta 

• TCD  

A
k
b
ik

 e
t 

al
.,

 

2
0
1
7
 (

9
4
) 

TBI Study the effect of CSF drainage on PbtO2 

and parenchymal ICP. 

 

 

  

40 2014 - 2016 CSF drainage • ICP    

• PbtO2 

A
lb

an
n
a 

et
 a

l.
, 
 

2
0

1
7
 (

9
5
) 

aSAH Investigate the effect of endovascular rescue 

therapy (angioplasty /intraarterial lysis) for 

refractory vasospasm by PbtO2 and CMD 

results. 

 

  

13 Dec 2014 - 2015 Endovascular 

rescue therapies 

• PbtO2 

• CMD 

• TCD a 

H
o

ck
el

 e
t 

al
.,
  

2
0

1
7

 (
9
6

) 

aSAH Determine the effect of different modes of 

nimodipine application on vasoreactivity as 

assessed by PRx, with particular focus on 

the temporal profile after intra-arterial bolus 

application and continuous infusion and 

concomitant changes in cerebral oxygen 

pressure as a surrogate marker of CBF. 

  

105 2009 - Jul 2015 Nimodipine • ICP   

• PbtO2 

• Cerebral T a 

• TCD  
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment 

period 
Intervention Modalities 

L
u
b
il

lo
 e

t 
al

.,
 

2
0
1
8
 (

9
7
) 

TBI Investigate changes in PbtO2 both before- 

and after decompressive craniectomy; and 

determine whether these changes could be 

used as an independent prognostic factor in 

patients with severe TBI and refractory ICH 

without an indication for intracranial mass 

lesion evacuation. 

42 2002 - 2014 Decompressive 

craniectomy 

• ICP 

• PbtO2 

D
in

g
 e

t 
al

.,
 

2
0
1
9
 (

9
8
) 

aSAH Study the relationship between neuroglobin 

on CMD and PbtO2 and clinical outcome at 

12 months. 

 

  

36 Jan 2017 - 2018 Neuroglobin • ICP a  

• PbtO2   

• TCD a  

• CMD  

H
o

sm
an

n
 e

t 
al

.,
  

2
0

1
9
 (

9
9
) 

aSAH Investigate whether papaverine-

hydrochloride mediated resolution of 

angiographic vasospasm translates into 

improved measures of CMD and 

oxygenations. 

 

  

10 - Papaverine-

Hydrochloride 

• ICP a 

• PbtO2 

• TCD  

• CMD  

Ia
n

o
si

 e
t 

al
.,
  

2
0

1
9

 (
1
0

0
) 

aSAH Describe the effects of intravenous 

paracetamol, metamizole, and diclofenac 

during febrile and nonfebrile episodes on 

brain and systemic temperature and 

hemodynamics. 

 

  

77 Apr 2010 - Jul 

2017 

Analgesia • ICP 

• PbtO2  

• Cerebral T 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment 

period 
Intervention Modalities 

K
o
sk

in
en

 e
t 

al
.,

  

2
0
1
9
 (

1
0
1
) 

TBI Study the effect of prostacyclin or placebo 

treatment on the cerebrovascular pressure 

reactivity and CMD glycerol marker; study 

the relationship between glycerol and the 

cerebrovascular pressure reactivity. 

  

45 Jan 2002 - Dec 

2005 

Prostacyclin • ICP  

• CMD-glycerol 

K
h
el

la
f 

et
 a

l.
, 
 

2
0
2
1
 (

1
0
2
) 

TBI Assess the feasibility and utility of a 

systematic protocol to identify, characterize 

and treat derangements of cerebral 

microdialysis-derived L/P-ratio >25 within 

MMM; target a novel focally administered 

intervention, succinate in patients identified 

as having mitochondrial derangement based 

on MMM parameters. 

33 Sep 2017 - Jun 

2019 

Succinate • ICP 

• PbtO2 

• CMD 

a Other modalities. Modalities described in the study but not part of the study aim/objective(s). These modalities were either used for 

clinical management or not part of our included modalities, but continuous or daily updated monitor. 

 

ABP = arterial blood pressure; ABPopt = optimal arterial blood pressure; AIS = acute ischemic stroke; CA = cerebral autoregulation; 

CBFV = cerebral blood flow velocity; Cerebral T = cerebral temperature; CIAN = Continuous intra-arterial nimodipine; CMD = cerebral 

microdialysis; CPP = cerebral perfusion pressure; CPPopt  = optimal cerebral perfusion pressure; CSF = cerebral spinal fluid; CT = 

computer tomography; DCI = diffuse cerebral ischemia; dEEG = depth electroencephalography; ECoG = electrocorticography; FiO2 = 

fraction of inspired oxygen; HIBI: hypoxic ischemic brain injury following cardiac arrest; ICH = intracerebral hemorrhage; ICP = 

intracranial pressure; L/P-ratio = lactate/pyruvate ratio; MAP = mean arterial blood pressure; NIRS = near-infrared spectroscopy; NSE = 

Neuron-Specific Enolase; No. = number; OxR = oxygen ratio; PaO2  = partial arterial oxygenation pressure; PaO2  = partial pressure of 

oxygen; PbtO2 = partial pressure of brain tissue oxygenation; PRx = pressure reactivity index; RBC = red blood cell; rCBF = regional 

cerebral blood flow; (a) SAH = (aneurysmal) subarachnoid hemorrhage; SD = spreading depolarization; sEEG = surface 

electroencephalography; SvjO2 = jugular bulb venous oximetry; TBI = traumatic brain injury; TCD = transcranial Doppler. 
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Supplementary Table S5d | Management-guided - cerebral multimodality monitoring studies 

Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

B
el

e 
et

 a
l.

, 

2
0
1
5
 (

1
0
3
) aSAH  Feasibility, patient selection, and overall 

outcome by applying a treatment protocol for 

CIAN in patients with refractory cerebral 

vasospasm. 

41 Jan 2008 - Aug 2014 • ICP  

• PbtO2 

• rCBF  

• TCD   

M
in

 L
in

 e
t 

al
.,

 

2
0
1
5
 (

1
0
4
) 

TBI Study the effect of PbtO2-guided therapy 

compared to ICP-guided therapy on the 

management of cerebral variables, therapeutic 

interventions, survival rates, and neurological 

outcome. 

  

50 Jan 2009 - Dec 2010 • ICP  

• PbtO2 

O
k
o
n
k
w

o
 e

t 
al

.,
 

2
0
1
7
 (

1
0
5
) 

TBI Study the efficacy and safety of an ICP + 

PbtO2 treatment protocol. Differences in 

outcome between ICP+PbtO2 protocol 

compared to the ICP-only treatment protocol. 

 

 

  

119 Oct 2009 - Mar 2014 • ICP 

• PbtO2 

R
as

s 
et

 a
l.

, 
 

2
0

1
9

 (
1
0

6
) 

SAH Describe the incidence of brain tissue hypoxia 

burden (% of the time with PbtO2 < 20 mmHg) 

when a strict PbtO2-guided protocol is applied 

and describe which factors are related to brain 

tissue hypoxia. 

 

 

 

 

 

 

 

100 2010 - 2017 • ICP   

• PbtO2 

• CMD a 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 
S

ek
h
o
n
 e

t 
al

.,
 

2
0
1
7
 (

1
0
7
) 

TBI 

  

Examine the impact of implementing a 

dedicated NICU program, consisting of a 

collaborative model of care amongst the 

consulting neurosurgeon and neurointensivist 

with a primary care attending intensivist in a 

general mixed medical-surgical ICU on the 

long-term outcome; assessing the effect of 

NICU on the process of care metrics, i.e., 

neurophysiological and temperature 

management. 

113 Feb 2010 - May 2016 • ICP  

• PbtO2 

• SvjO2 a 

  

V
el

d
em

an
 e

t 
al

.,
 

2
0
2
0
 (

1
0
8
) 

aSAH 

  

Assess the impact of invasive neuromonitoring 

on the clinical course and clinical outcome of 

good-grade SAH patients who experience 

secondary deterioration. 

 

 

  

54 2010 - 2018 • ICP 

• PbtO2 

• TCD  

• CMD   

V
el

d
em

an
 e

t 
al

.,
  

2
0

2
0

 (
1
0

9
) 

aSAH Assess the impact of invasive neuromonitoring 

on the detection rate of DCI and its influence 

on patient outcome. 

 

 

 

 

 

 

 

 

 

 

 

  

190 2010 - 2018 • ICP   

• PbtO2 

• TCD  

• CMD 
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Ref. Dx. Aim or objective(s) 

No. of 

patients 

(N) 

Enrollment period Modalities 

B
o
g
o
ss

ia
n
 e

t 
al

.,
 

2
0
2
1
 (

1
1
0
) 

SAH Assessed the impact of ICP/PbtO2-guided 

therapy on neurological outcome in SAH 

patients; a subgroup analysis including only 

patients receiving therapies driven by 

neuromonitoring (ICP-guided vs. ICP/PbtO2 -

guided); the impact of ICP/ PbtO2 -guided 

therapy on hospital mortality; subgroup 

analysis of aneurysmal SAH patients. 

  

163 Jun 2014 - Mar 2020 • ICP 

• PbtO2 

F
er

g
u
ss

o
n
 e

t 

al
.,

 2
0
2
1
 (

1
1
1
) HIBI Evaluating whether goal-directed therapy 

using invasive neuromonitoring is associated 

with improved neurological outcome in 

hypoxic ischemic brain injury patients after 

cardiac arrest. 

  

65 Jul 2016 - Nov 2019 • ICP  

• Cerebral T 

• PbtO2 

• SvjO2  

• sEEG a 

K
h

el
la

f 
et

 a
l.

, 

2
0

2
1

 (
1
0
2
) 

TBI Assess the feasibility and utility of a 

systematic protocol to identify, characterize 

and treat derangements of CMD-derived L/P-

ratio>25 within MMM; target a novel focally 

administered intervention, succinate in patients 

identified as having mitochondrial 

derangement based on MMM parameters. 

33 Sep 2017 - Jun 2019 • ICP 

• PbtO2 

• CMD 

W
in

b
er

g
 e

t 
al

.,
 

2
0

2
2

 (
1
1

2
) 

aSAH  Evaluate the use and clinical efficacy of CMD-

based interventions in the NICU of patients 

with SAH and to assess the prevalence of DCI-

related infarction.  

 

 

  

49 Jan 2018 - Dec 2020 • ICP  

• CMD 

• TCD  
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a Other modalities. Modalities described in the study but not part of the study aim/objective(s). These modalities were 

either used for clinical management or not part of our included modalities, but continuous or daily updated monitor. 

 

ABP = arterial blood pressure; AIS = acute ischemic stroke; CA = cerebral autoregulation; Cerebral T = cerebral 

temperature; CIAN = Continuous intra-arterial nimodipine; CMD = cerebral microdialysis; CPP = cerebral perfusion 

pressure; CT = computer tomography; DCI = diffuse cerebral ischemia; dEEG = depth electroencephalography; ECoG = 

electrocorticography; FiO2 = fraction of inspired oxygen; HIBI: hypoxic ischemic brain injury following cardiac arrest; ICH 

= intracerebral hemorrhage;  ICP = intracranial pressure; ICU = intensive care unit; L/P-ratio = lactate/pyruvate ratio; 

MRI =  magnetic Resonance Imaging; NICU = neuroscience intensive care unit; NIRS = near-infrared spectroscopy; No. 

= number; PaO2 = partial arterial oxygenation pressure; PaO2  = partial pressure of oxygen; PbtO2 = partial pressure of 

brain tissue oxygenation; PRx = pressure reactivity index; rCBF = regional cerebral blood flow; (a)SAH = (aneurysmal) 

subarachnoid hemorrhage; sEEG = surface electroencephalography; SvjO2 = jugular bulb venous oximetry; TBI = 

traumatic brain injury; TCD = transcranial Doppler.  
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