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eMethods
Clinical protocols

Protocolised and graded interventions used for cerebral perfusion pressure (CPP) and intracranial pressure (ICP)
control included sedation (propofol 3-5 mg-kg?-hr? and fentanyl 1-4pg-kg™-hrt) and neuromuscular blockade,
surgery for space-occupying lesions, drainage of cerebrospinal fluid, vasoactive agents for CPP increment,
osmotic therapy, mild hyperventilation (aimed at ~35 mmHg [4-5 kPa]), mild to moderate hypothermia (33—
36°C), decompressive craniectomy, and barbiturate metabolic depression.

Healthy control participants

Blood pressure, pulse oximetry, and arterial blood gases were monitored to ensure physiologic stability during
imaging. For calculating CPP in healthy control participants (HC), we assumed an ICP of 11mm Hg when lying
supine.!

Imaging

Positron emission tomography (PET) data were acquired on a GE Advance PET scanner (GE Medical Systems,
Waukesha, USA). Data were acquired in 3D mode for the last 10 minutes of a 20-minute steady state infusion of
800 MBq of °0 water; in 3D mode for 5 minutes after a 1 minute inhalational of 750MBq of 10O carbon monoxide;
and in 2D mode for the last 10 minutes of a 20-minute steady state inhalation of 7,200 MBq of 0 oxygen.
Emission data were corrected for photon attenuation using data from a 10-minute transmission scan with rotating
germanium-68 rods and a corresponding 60-minute blank scan. Images were reconstructed into 2.34x2.34x4.25
mm voxels using the PROMIS 3D filtered back projection algorithm,? with corrections applied for randoms, dead
time, normalisation, scatter, attenuation, and sensitivity. Emission images were smoothed using an isotropic 4 mm
Gaussian filter, and subsequently, parametric maps of cerebral blood flow (CBF), blood volume (CBV), oxygen
metabolism CMRO,, and oxygen extraction fraction (OEF) were calculated by inputting image and arterial
activity concentration measurements into standard models.3* We used a blood-brain partition coefficient for 50
water of 0.95 based upon the previous in vitro data® and a small to large vessel haematocrit ratio of 0.85.5
Parametric PET images were coregistered to anatomy using structural magnetic resonance imaging (MRI)
imaging or x-ray computed tomography (CT).

Image analysis

Imaging data were analysed using custom-designed automated software (PETAN)’ incorporating elements of
several software packages, including Statistical Parametric Mapping (SPM, Wellcome Department of Imaging
Neuroscience, University College London), Matlab (MathWorks, Inc) and Analyze (AnalyzeDirect, Inc).
Structural data (CT or T1-weighted MRI) were edited to extract a mask that identified brain tissue voxels and
excluded extracranial tissue, cerebrospinal fluid, and extraaxial hematomas, and registered with PET. We used
the brain mask to calculate CBF, CMRO;, OEF, and CBV across the whole brain excluding extracranial tissue.
All imaging data were subsequently spatially normalised to a template image using SPM and a region of interest
(ROI) based analysis performed using 14 ROIs covering the whole brain with the exclusion of the brain stem
(bilateral medial frontal, lateral frontal, temporal, parietal, occipital, deep gray matter and the cerebellum) as
previously described (eFigure 2).8 The ROI template was applied to the masked CBF, CBV, CMRO,, and OEF
images and the physiologic parameters were expressed as an average for all brain tissue within each of the ROIs.
To limit regional analyses to viable brain, regions with obvious lesions were manually excluded using registered
CT and MRI.

We estimated an individualised voxel-based critical OEF threshold (OEFct),**° which equated to a cerebral
venous oxygen content (CvO,) of 3.5 mL/100mL,*12 for each subject as follows:

OEF,, - (Ca0, -3.5)
Ca0O,
where,

Ca0, =1.34Hb.Sa0, +0.0225Pa0,

© 2020 Yoann Launey et al. JAMA Neurology.



Ca0; is arterial oxygen content, Hb is the haemoglobin concentration in g/100mL, SaO; is the fractional arterial
oxygen saturation and PaOy is the arterial partial pressure of oxygen (kPa).
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eFigure 1: Flowchart of oxygen-15 positron emission tomography data

150 PET, oxygen-15 positron emission tomography; TBI, traumatic brain injury.
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eFigure 2: Region of interest map

The region of interest (ROI) map is shown using a single slice from a reference T1 weighted magnetic resonance
image. The regions shown are the right and left medial frontal, lateral frontal, temporal, parietal, occipital and
deep grey matter. Not shown on this slice are the right and left cerebellar regions.
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eFigure 3: Regional variation in physiology after traumatic brain injury

Box and whisker plots of physiology across left and right cerebellar (Cer), deep grey matter (d/GM), lateral frontal
(LF), medial frontal (MF), occipital (Occ), parietal (Par) and temporal (Temp) regions. Data shown are left
followed by right region of interest (ROI) for each region from healthy control participants (white), and in patients
after traumatic brain injury within 24 hours (Early; red), days 2 — 5 (Intermediate; green) and days 6 — 10 (Late,
blue) post injury. The horizontal line within each box denotes the median value, the lower and upper boundaries
the 25" and 75™ centile, the vertical lines the 10" and 90" centile, and the closed circles outlying data points.
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eFigure 4: Spatial and temporal pattern of regional physiological derangements in serial data obtained in

patients after traumatic brain injury

Individual regional values for cerebral blood flow (CBF), blood volume (CBYV), oxygen metabolism (CMRO3)
and oxygen extraction fraction (OEF) in 17 patients with traumatic brain injury plotted against time post injury
(red, within 24 hours (n = 12, early); green, day 2 — 5 (n = 15, intermediate); blue, day 6 — 10 (n = 10, late)). The
fitted light blue lines represent modelling of the relationship between each parameter and hours post injury using
locally weighted scatterplot smoothing (LOWESS), with the 95% confidence interval shown in grey. The solid
and dashed black lines represent the median and the full range of values for healthy control participants,

respectively.
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eFigure 5: Flow metabolism coupling

A. Scatterplot of association between cerebral blood flow (CBF) and cerebral oxygen metabolism (CMRO) for
patients with traumatic brain injury (red circles) and healthy control participants (blue circles).

B. To illustrate the relationship within participants, region of interest (ROI) data from each individual subject
are fitted with a linear regression line and shown for healthy control participants (Control), and in patients after
traumatic brain injury within 24 hours (Early), days 2 — 5 (Intermediate) and days 6 — 10 (Late) post injury.
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eFigure 6: Scatterplots of association between oxygen extraction fraction and cerebral blood flow in
patients after traumatic brain injury

The association between regional oxygen extraction fraction (OEF) and cerebral blood flow (CBF) for the entire
traumatic brain injury cohort is shown in the main panel. The regions from patients with intracranial pressure
(ICP) > 20mmHg are shown in red, while those with ICP < 20mmHg are shown in blue. The fitted blue line is the
non-linear LOWESS regression model with 95% confidence interval shown in grey. The solid and dashed black
lines represent the median and maximum OEF in healthy control participants, respectively. The solid and dashed
red lines represent the median and minimum CBF in healthy control participants, respectively. Insert: Non-linear
association between OEF and CBF within 24 hours of injury; the fitted blue line is the LOWESS regression model
with 95% confidence interval shown in grey.
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eFigure 7: Association between cerebral blood flow and blood volume

A. Scatterplot of the association between cerebral blood flow (CBF) and cerebral blood volume (CBV) for
patients with traumatic brain injury (red circles) and healthy control participants (blue circles).

B. To illustrate the relationship within participants, the region of interest (ROI) data from each subject are fitted
with a linear regression line and shown for healthy control participants (Control), and in patients after traumatic
brain injury within 24 hours (Early), days 1 — 5 (Intermediate) and days 5 — 10 (Late) post injury.
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eFigure 8: Intracranial hypertension and cerebral blood volume

Scatterplot of the association between cerebral blood volume (CBV) and intracranial pressure (ICP) for patients
with traumatic brain injury across all time points. The solid and dashed black lines represent the median and full
range of CBV values in healthy control participants, respectively. The dashed red line marks the threshold for
raised ICP at 20mmHg.
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eFigure 9: Intracranial hypertension and hyperventilation

Control  TBI with ICP>20mmHg

A. Scatterplot of the association between partial pressure of arterial carbon dioxide (PaCO;) and intracranial
pressure (ICP) for patients after traumatic brain injury during Soxygen positron emission tomography. Patients
with ICP < 20 and > 20mmHg are shown in blue and red respectively, with the data for the two groups also
displayed as box and whisker plots. The horizontal line within each box denotes the median value, the lower and
upper boundaries the 25" and 75™ centile and the vertical lines the 10" and 90™ centile.

B. Box and whisker plots of cerebral blood volume (CBV) for healthy control participants (blue) and patients

after traumatic brain injury with ICP > 20mmHg, shown in (red).

*p-value = 0-002, **p-value = 0.001, Mann-Whitney test.

© 2020 Yoann Launey et al. JAMA Neurology.



CBF cBvV CMRO, OEF
HC TBI p-value HC TBI p-value HC TBI p-value HC TBI p-value
CerebL 48(40-63) 32(27-39) <10 3.3(2.8-3.8) 4.5(4.0-4.9) <10 162 (122-197) 71 (62-83) <10 41 (38-43) 35 (29-40) 0.005
CerebR 47 (38-62) 33(28-41) <10 3.3(3.0-3.7) 4.0(3.6-4.5) <1073 161 (119-203) 72 (63-83) <10 41 (39-45) 34 (30-40) 0.001
DGM L 39 (30-48) 26 (24-29) <10 2.6(2.2-3.0) 2.7(2.4-3.1) 0.267 124 (99-148) 60 (53-68) <10 40 (38-42) 38(32-42) 0.074
DGMR 37 (30-46) 25(22-29) <10 2.7(2.4-3.2) 3.1(2.9-3.5) 0.002 121 (95-149) 55 (49-64) <10 39 (37-43) 36 (31-40) 0.020
LFL 37 (28-45) 25(23-29) <10 2.7(2.3-3.1) 3.0(2.8-3.4) 0.010 124 (100-157) 66 (61-79) <10 44 (40-45) 43 (38-46) 0.770
LFR 38 (29-47) 25(22-29) <10 2.5(2.2-3.2) 2.7(2.5-3.1) 0.231 125 (99-167) 67 (61-77) <10 43 (40-46) 42 (39-46) 0.873
MFL 37 (28-47) 25(22-29) <10 2.7(2.3-3.8) 3.1(2.7-3.5) 0.155 122 (93-167) 64 (55-74) <10 43 (40-46) 42 (36-48) 0.630
MFR 36 (28-43) 25(22-29) <10 29(2.6-3.4) 3.5(3.1-3.9) 0.003 115 (95-152) 65 (59-75) <10 43 (39-45) 42 (38-46) 1
OccipL  39(29-50) 26 (24-31) <10 3.9(3.6-4.4) 4.4(4.0-5.0) 0.013 148 (109-181) 64 (54-74) <10 46 (43-48) 38 (33-46) 0.001
OccipR  38(30-49) 26(23-31) <10 4.5(4.0-4.9) 5.9(5.1-6.6) <10 145 (110-177) 63 (53-72) <10 47 (44-49) 39 (32-44) <1073
ParL 35(27-47) 24 (22-28) <10 2.9(2.5-3.5) 3.4(3.1-3.7) 0.005 129 (92-163) 63 (57-71) <10 45 (40-47) 41 (36-47) 0.103
ParR 35(27-47) 24 (21-30) <10 29(2.7-3.4) 3.6(3.3-4.0) <10 125 (94-165) 64 (55-70) <10 45 (41-47) 42 (35-45) 0.064
TemplL 37(29-46) 25(23-30) <10 3.0(2.6-4.1) 3.7(3.4-3.9) 0.116 128 (99-157) 64 (57-75) <10 43 (40-46) 40 (34-44) 0.105
TempR 38(30-48) 26(22-31) <10 3.4(3.0-4.0) 3.9(3.5-4.3) 0.017 130 (100-164) 64 (56-71) <10 44 (40-45) 41 (35-45) 0.136
CBF/CMRO; ratio CBF/CBV ratio CBF/CBV/CPP
HC TBI p-value HC TBI p value HC TBI p-value

Cereb L 0.32(0.29-0.36) 0.45 (0.37-0.55) <10 15.6 (13.7-17.9) 7.4 (6.5-7.4) <10 0.23 (0.19-0.26) 0.10 (0.08-0.12) <10~

Cereb R 0.31(0.30-0.34) 0.47 (0.37-0.57) <10 14.7 (12.1-17.8) 8.8 (7.2-8.8) <10 0.23(0.17-0.25) 0.11 (0.10-0.13) <10~

DGM L 0.33 (0.30-0.35) 0.43 (0.37-0.53) <10 15.2 (13.3-18.0) 10.0 (8.7-10.0) <10 0.23 (0.18-0.25) 0.13 (0.12-0.15) <10~

DGMR 0.33(0.31-0.35) 0.44 (0.38-0.54) <10 14.3 (11.4-16.8) 8.1(7.1-8.1) <10 0.21(0.18-0.23) 0.11 (0.09-0.13) <10~

LFL 0.29 (0.28-0.33) 0.38 (0.32-0.45) <1073 14.0 (12.1-15.1) 8.5(7.8-8.5) <10 0.20 (0.18-0.22) 0.11 (0.10-0.13) <10~

LFR 0.30(0.28-0.33) 0.37 (0.32-0.45) <1073 14.8 (13.0-15.8) 9.5 (8.2-9.5) <10 0.21(0.18-0.23) 0.13 (0.11-0.14) <10~

MF L 0.30(0.27-0.34) 0.38 (0.32-0.47) <1073 12.6 (11.2-14.6) 8.1(6.9-8.1) <10 0.18 (0.16-0.21) 0.11 (0.09-0.13) <10~

MFR 0.31(0.28-0.33)  0.38 (0.33-0.45) <1073 11.8 (10.5-14.8) 7.2(6.2-7.2) <10~ 0.18(0.15-0.21)  0.10 (0.08-0.11) <10~

Occip L 0.28 (0.26-0.31) 0.42 (0.33-0.52) <10 9.8 (8.8-12.5) 5.9 (5.0-5.9) <10 0.15(0.12-0.16) 0.08 (0.06-0.09) <10

Occip R 0.28 (0.25-0.31) 0.43 (0.34-0.50) <10 8.6 (6.9-11.7) 4.5 (3.3-4.5) <10 0.12 (0.10-0.16) 0.06 (0.04-0.08) <10

ParL 0.29 (0.27-0.32) 0.38 (0.33-0.48) <10 12.6 (10.6-13.5) 7.2 (6.3-7.2) <10 0.18 (0.14-0.20) 0.09 (0.08-0.11) <10

Par R 0.29 (0.27-0.32) 0.38 (0.34-0.48) <10 11.7 (9.8-14.8) 6.8 (5.9-6.8) <10 0.17 (0.14-0.20) 0.09 (0.08-0.11) <10

Temp L 0.30(0.27-0.33) 0.42 (0.35-0.46) <10 11.0(10.6-13.1) 7.0 (6.2-7.0) <10 0.17 (0.14-0.20) 0.09 (0.08-0.11) <10

TempR 0.30(0.28-0.33) 0.40 (0.34-0.48) <10 11.0 (9.8-13.4) 6.8 (5.9-6.8) <10 0.17 (0.14-0.19) 0.09 (0.08-0.11) <10

© 2020 Yoann



eTable 1: Regional physiological derangements

Data shown are median (interquartile range) for healthy control participants (HC) and patients after traumatic
brain injury (TBI) acquired at all time points from 14 regions of interest (ROI) covering the whole brain excluding
the brain stem. Regional cerebral blood flow (CBF, ml/100ml/min), cerebral blood volume (CBV, ml/100ml),
cerebral oxygen metabolism (CMRO2, umol/100ml/min) and oxygen extraction fraction (OEF, %) are shown in
A, while CBF/ICMRO,, CBF/CBYV and the cerebral perfusion pressure (CPP) indexed CBF/CBV are shown in B.
Mann-Whitney tests were used for comparisons between all TBI patients and healthy control participants.
Significant p-values that survive correction for multiple comparisons are highlighted in bold. Cereb: cerebellum.
DGM: deep grey matter. LF: lateral frontal. MF: medial frontal. Occip: occipital. Par: parietal. Temp: temporal.
L: left. Right: right.

© 2020 Yoann Launey et al. JAMA Neurology.



CBF CBV CMRO, OEF
HC Early Inter Late  p-value HC Early Inter Late p-value HC Early Inter Late p-value HC Early Inter Late p-value
A A A A A A B A
Cereb L (43—863) (22?31) (23?41) (22?34) <10 (2.:2.8) (4.3131.5) (4.‘:1'-65.0) (3.2131.8) <10 (1212?597) (75—791) (62?79) (5;(-)81) <107 (3;&13) (3‘7‘-150) (2:?38) (3:32) <10
A A A A A B A
Cereb R (3:—762) (2?-)35) (33—544) (2:?35) <10 (3.312.7) (3.;‘:2.2) (3.‘;'-24.5) (3.431:2.4) <10 (1119?2103) (7:-894) (6;(-)81) (5;(-)84) <107 (3;-15) (32?50) (2?;?38) (332.2) <10
bem L (33-948) (z_zf;s) (ziil) (1?;7) <10 (2.;:2.0) (2.;3.7) (2.;:2) (2;:;9) 0.099 (9;—2118) (677-180) (53?26) (455,?21) <10 (3;212) (3:-5215) (313-5210) (323313) <107
A A A A
bem R (33—16) (222-628) (23529) (152:29) <10 (z.iiz.z) (2.2:;.3) (2.3:;6) (2.2:;.4) 0.006 (951-2119) (636-576) (4:?59) (42?55) <10 (3733;3) (374-‘16) (33—539) (313-29) <10°
A
LFL (25-15) (225?207) (22335-500) (22—629) 0.001 (2;:;.1) (2.212.2) (z;:g.a) (3;:2.6) 0.044 (1031157) (7:—596) (63?70) (617-138) <10 (43-3;5) (42-851) (353-3;4) (4;3.9) 0.009
A A A
LFR (z:-i7) (222-629) (25-632) (12?27) <10 (2.;3.2) (2.1212.0) (2_;2_2) (2;2.1) 0.258 (991-21567) (727-993) (siis) (42?69) <10 (4:—?:16) (435-%0) (3;1-245) (3:-315) 0.026
A A
MFL (25—17) (232-17) (222-530) (19237) <10” (2;:;.8) (2.3:2.5) (2.3:;3) (2.3:2.7) 0.475 (931-21267) (717-2;2) (sg-ln) (si?n) <10 (43—16) (4:-851) (3;3;3) (3;1-317) 0.004
A A
MF R (2533) (222—528) (222-529) (182-329) <10” (2.2:2.4) (2.::;.5) (3.;5,.8) (3.?1.2) 0.006 (951-11552) (75?-792) (sf:es) (si(-)ee) <10 (3:-?;15) (425—[;8) (3:-14) (3;115) 0.010
A A A A
Occiol o0 (a3 (ass) o2 00 (et (4046 (154 Goss O ooasy (sssa (o700 (era <00 ads) (esy (osn Gesy <O
A A A A A A
Occip R (33319) (232-631) (2:?32) (23?27) <10 (4.3:451.9) (5.?2.3) (5.%-27.0) (5.3:2.9) <10 (11%;-1577) (65—378) (52?68) (42?66) <107 (4:-19) (32—151) (331?43) (353313) <107
A A
Parl (23—217) (212-‘;7) (222-530) (202-527) <10” (2;3.5) (3.3;;.4) (3.3;3.7) (3.3;‘;.8) 0.012 (921—21963) (697—684) (5(;?67) (4:?71) <10 (4:-547) (425-(;,4) (33—314) (3:-17) 0.001
A A A A
Par R (273317) (222-28) (222-5:«;1) (1;?27) <10 (2;12.4) (3;12.1) (3.3421.0) (3.312.0) <10° (9:—21565) (677-584) (5?68) (42?64) <10 (4f-547) (4?-%5) (3:215) (3:-&14) 0.004
A A
Temp L (2:—16) (25-20) (25-533) (222-426) <10” (2.2:?1.1) (3.212.9) (3.2:?1.0) (3.:;?1.0) 0.467 (9;-21857) (687-681) (55?71) (452’?79) <10 (43-?;16) (455) (323312) (3:—18) 0.090
A A A
Temp R (303318) (222-530) (2:-24) (12?27) <10 (3.3;2.0) (3.2;?1.4) (3.2;?1.4) (3.;?1.0) 0.028 (10:5?64) (75—132) (5?70) (42?67) <10 (43—125) (4?—%2) (3;315) (3:514) 0.069
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CBF/CMRO; ratio CBF/CBV ratio CBF/CBV/CPP

HC Early Inter Late p-value HC Early Inter Late p-value HC Early Inter Late p-value
B A A A A A A A
Cereb L 0.32 0.35 0.50 0.41 <10 15.6 7.0 8.0 6.8 <10 0.23 0.09 0.11 0.09 <10
(0.29-0.36)  (0.29-0.42) (0.41-0.61) (0.33-0.51) (13.7-17.9) (5.7-7.6) (6.6-8.9) (6.1-7.9) (0.19-0.26)  (0.08-0.10) (0.09-0.13) (0.08-0.11)
0.31 0.36 0.50* 0.42 " 14.7 7.92 8.84 7.2A " 0.23 0.11* 0.12% 0.10% "
Cereb R (0.30-0.34) (0.30-0.42) (0.41-0.60)  (0.34-0.53) <10 (12.1-17.8)  (7.1-9.4) (7.8-10.0)  (6.2-8.9) <10 (0.17-0.25)  (0.10-0.12)  (0.10-0.14) (0.08-0.11) <10
DGM L 0.33 0.33 0.45* 0.43 <10 15.2 10.2 9.9~ 8.3~ <10~ 0.23 0.13* 0.14* 0.094 <107
(0.30-0.35)  (0.30-0.42) (0.40-0.54) (0.33-0.54) (13.3-18.0) (9.2-10.8) (8.9-11.2) (7.0-10.1) (0.18-0.25)  (0.12-0.14) (0.12-0.16) (0.08-0.11)
A A A A A A A
DGM R 0.33 0.36 0.46 0.43 <10 14.3 7.9 8.1 8.2 <10 0.21 0.11 0.11 0.10 <10
(0.31-0.35)  (0.33-0.45)  (0.41-0.54)  (0.39-0.54) (11.4-16.8)  (7.6-8.8)  (7.0-9.0)  (6.4-9.2) (0.18-0.23) (0.10-0.12) (0.09-0.13) (0.08-0.12)
LFL 0.29 0.31 0.394 0.38 <102 14.0 8.6 8.64 7.7 <10 0.20 0.12 0.11* 0.11 <10~
(0.28-0.33)  (0.28-0.34) (0.34-0.50)  (0.31-0.45) (12.1-15.1)  (8.4-8.8)  (7.9-9.5)  (7.5-8.5) (0.18-0.22) (0.11-0.12) (0.10-0.14) (0.10-0.11)
LFR 0.30 0.30 0.38* 0.41 <102 14.8 10.2 9.6% 7.77 <10 0.21 0.13 0.13* 0.10* <10~
(0.28-0.33)  (0.25-0.43) (0.35-0.45) (0.31-0.46) (13.0-15.8)  (9.5-10.7)  (8.5-10.3) (6.5-8.5) (0.18-0.23) (0.13-0.15) (0.11-0.14) (0.08-0.11)
MFL 0.30 0.32 0.40* 0.35 <102 12.6 8.3A 8.2A 6.8% <10 0.18 0.11 0.11* 0.094 <10~
(0.27-0.34)  (0.28-0.39) (0.35-0.48) (0.30-0.46) (11.2-14.6) (7.3-8.8) (7.4-9.4) (6.0-8.2) (0.16-0.21)  (0.10-0.13)  (0.09-0.13) (0.07-0.10)
MER 0.31 0.32 0.40* 0.38 <10° 11.8 8.1 7.1 6.0% <10~ 0.18 0.10 0.09* 0.074 <10~
(0.28-0.33)  (0.26-0.38)  (0.35-0.45) (0.32-0.47) (10.5-14.8) (7.5-8.5) (6.2-8.2) (5.7-7.1) (0.15-0.21)  (0.10-0.12) (0.08-0.12) (0.07-0.09)
. 0.28 0.32 0.45* 0.44 ~ 9.8 5.94 5.94 5.8% . 0.15 0.08 0.08* 0.07 ~
Occip L <10 <10 <10
(0.26-0.31)  (0.29-0.41) (0.36-0.61) (0.32-0.47) (8.8-12.5) (5.3-6.6) (4.6-7.5) (5.0-7.0) (0.12-0.16)  (0.07-0.09) (0.06-0.10) (0.06-0.08)
. 0.28 0.36 0.43* 0.44* " 8.6 4.4° 4.4* 4.8° 4 0.12 0.06* 0.06* 0.06* 4
Occip R <10 <10 <10
(0.25-0.31)  (0.29-0.47) (0.36-0.57)  (0.34-0.47) (6.9-11.7) (3.5-6.2) (3.3-5.5) (3.4-5.9) (0.10-0.16)  (0.05-0.09) (0.04-0.08) (0.04-0.07)
ParlL 0.29 0.29 0.417 0.45 <10~ 12.6 7.2A 7.52 6.8% <104 0.18 0.10 0.10* 0.08* <10
(0.27-0.32)  (0.27-0.35)  (0.35-0.47) (0.31-0.50) (10.6-13.5) (7.1-8.1) (6.4-8.4) (5.8-7.5) (0.14-0.20)  (0.09-0.11) (0.09-0.12) (0.08-0.10)
Par R 0.29 0.31 0.38* 0.45 <10~ 11.7 7.2A 7.04 6.6% <10~ 0.17 0.09* 0.09* 0.074 <10~
(0.27-0.32)  (0.27-0.41) (0.35-0.48) (0.32-0.47) (9.8-14.8) (6.5-7.6) (5.9-8.0) (5.3-7.6) (0.14-0.20) (0.08-0.11) (0.08-0.11) (0.06-0.09)
0.30 0.35 0.44* 0.42 _ 11.0 7.0 7.3~ 6.2% ~ 0.17 0.10 0.10* 0.074 ~
Temp L <1073 <10 <10
(0.27-0.33)  (0.31-0.41) (0.35-0.47) (0.32-0.46) (10.6-13.1) (6.7-7.5) (6.5-7.9) (5.6-6.5) (0.14-0.20)  (0.09-0.11) (0.09-0.12) (0.07-0.09)
Temp R 0.30 0.31 0.42* 0.36 <10~ 11.0 7.0 6.92 5.7A <10~ 0.17 0.09 0.09* 0.074 <10~
p (0.28-0.33)  (0.29-0.43) (0.36-0.50) (0.34-0.45) (9.8-13.4) (6.4-8.2) (6.1-8.0) (5.3-6.9) (0.14-0.19)  (0.09-0.11) (0.08-0.11) (0.06-0.09)

eTable 2: Temporal pattern of regional physiological derangements

Data shown are median (interquartile range) for healthy control participants (HC) and patients after traumatic brain injury (TBI) acquired within 24 hours (Early), between day
2 — 5 (Inter) and day 6 — 10 (Late) post injury from 14 regions of interest (ROI) covering the whole brain excluding the brain stem. Regional cerebral blood flow (CBF,
ml/100ml/min), cerebral blood volume (CBV, ml/100ml), cerebral oxygen metabolism (CMRO2, umol/100ml/min) and oxygen extraction fraction (OEF, %) are shown in A,
while CBF/CMRO,, CBF/CBV and the cerebral perfusion pressure (CPP) indexed CBF/CBV are shown in B. The p-values for Kruskal-Wallis tests between all groups are
shown with subsequent pairwise comparisons (Dunn’s test) surviving correction for multiple comparisons (p<0.0005) between each TBI group and healthy control participants?,
and between early and intermediate time points post TBI® are shown in bold. Comparisons that did not meet this threshold are not shown. Cereb: cerebellum. DGM: deep grey
matter. LF: lateral frontal. MF: medial frontal. Occip: occipital. Par: parietal. Temp: temporal. L: left. Right: right.
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TBI

Early (n=17) Intermediate (n=54) Late (n=19)
CBF -0-39, p<10* -0.34, p<10* -0.51, p<10*
CBV 0.12, p=0.05 0.19, p<10* 0.12, p=0.04
CMRO; -0.53, p<10* -0.73, p<10* -0.78, p<10*
OEF 0.07, p=0.14 -0.16, p=0.001 -0.09, p=0.05

eTable 3: Linear mixed effects model for comparison of regional physiological derangements

Using a linear mixed effects regression of log transformed data whilst adjusting for region of interest as a factor and stratifying by subject (random intercept), we compared
models using data from healthy control participants and patients after traumatic brain injury (TBI) using chi square tests. Data shown are log transformed covariate effect
estimates for cerebral blood flow (CBF), cerebral blood volume (CBV), cerebral oxygen metabolism (CMRO2) and oxygen extraction fraction (OEF). Significant differences
between patients after TBI at early, intermediate and late time points and healthy controls that survive correction for multiple comparisons are highlighted in bold.
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CBF BV CMRO; OEF

Early Inter Late p-value Early Inter Late p-value Early Inter Late p-value Early Inter Late p-value
Cereb L (27232) (23—337) (2:-932) 0-223 (3.351.6) (3.3:2.1) (3.:31:2.9) 0-607 (73?—22) (606-879) (586-678) 0-223 (373-852) (3310) (333312) 0-223
Cereb R (2:-135) (33—11) (22—%3) 0-223 (3.2:2.2) (3.‘51?11.3) (3.431?51.0) 0-607 (7:-24) (61?—981) (577—076) 0-607 (3:-(;0) (2:—‘;8) (3312) 0-223
bemL (222-628) (222-627) (2;-[;6) 0.368 (2.53.7) (z.gi;z) (2.?2.0) 0.441 (sﬁm (535-554) (455-161) 0.097 (3:-14) (32-30) (3233.0) 0.097
bGMR (232-629) (222-527) (192—228) 0.097 (2.32;.4) (2.32;.7) (2.32;.4) 0.441 (616—579) (515-558) (45—456) 0.097 (337) (33—30) (323-739) 0.264
IFL 28 27 28 ) 3.4 2.9 3.6 ) 98 81 77 ) 49 49 49 )

(26:30) (27-27) (27-28) (3.2-36) (2929) (3.537) (94-101) (81-81)  (70-83) (46-52)  (49-49)  (47-51)
LFR (232-21) (2:—528) (171-921) 0.097 (z.iig.m (2.530) (2.23.0) 0.264 (742)2) (ef-zza7) (455-971) 0.050 (45-(:31) (43-15) (43-17) 0.097
ML oyan aran (s %P pran @rae (035 O gren sren ey %% uase peds @) O
MF R (232-(;9) (222-‘;7) (162—128) 0.223 (2.;’:;.4) (3.?3.4) (3.32.3) 0.223 (75?-792) (596-267) (55-365) 0135 (4:-(;7) (43&3) (43&6) 0.223
Occip L (222-530) (23230) (232-628) 0264 (4.12.8) (3.;1;;0) (4.3#11.5) 0717 (628-183) (526-169) (536-477) 0717 (3:—658) (3:35) (363-14) 0368
Occip R (2:-731) (232-729) (202-527) 0097 (5.?2.3) (s.%.s) (5.3:2.7) ! (6(?—582) (556-%7) (445-(;4) 0717 (363—851) (33&3) (3:-%14) 0717
Parl (212-523) (252-627) (212-26) 0264 (3.33.6) (3;;.8) (3.;;.7) 0717 (767-887) (586-[:58) (4:—%8) 0.097 (425-%2) (3:3‘-14) (3?—16) 0097
Par R (222-529) (222-426) (192-226) 0.097 (3;#71.1) (3.:;?1.2) (3.;51.0) 0.717 (687-584) (5:—%6) (42-?34) 0.097 (4:-657) (43-15) (32-13) 0.097
TempL % (ags) (ise) O%P  pedn) (ase (oan  O%F  asy o7y (070 O (eur @ran ses O3
Temp R (222-423) (232-527) (172-022) 0135 (3.:#71.5) (3.:#61.4) (3;;;7) 0223 (717-683) (586-162) (42-855) 0135 (4;1-653) (3;1-16) (3:-14) 0.607
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CBF/CMRO; ratio CBF/CBV ratio CBF/CBV/CPP
Early Inter Late p-value Early Inter Late p-value Early Inter Late p-value
Cereb L (0.2%-?.43) (0.400'?(;:,.56) (0.3?02.53) 0.135 (s.x.s) (6.;;4) (6.2;3.3) 0.223 (o.ooé-l(;).lo) (0.007'?(?12) (0.005?509) 0.368
Cereb R (0.2%—3(?.46) (0.4%1558) (0.3?05.57) 0135 (7.3:2.7) (8.?57;.7) (6.;:52).4) 0.223 (o.o%-l()l.lz) (o.ooé-l(iB) (0.005-1(211) 0.368
bGmL (0.2(25-301.42) (0.3%?(?.49) (0.303;?554) 0.717 (10.12(?.130.8) (8.39-.100.8) (7.33.8) 0.097 (0.1()2-1:14) (o.ooel-l(im) (o.ooé?c?n) 0.223
beM R (0.3()2?(147) (0.3%?552) (0.3%23.55) 0.717 (7.2;.9) (7.;:.5) (6.?523.0) 0.097 (o.1oi-1<)1.12) (o.ooi-lg.n) (o.ooé-lé).lz) 0.223
IFL 0.29 033 0.38 ) 8.4 9.3 7.6 ) 0.12 0.09 0.11 )
(0.28-0.30) (0.33-0.33) (0.33-0.42) (8.4-84)  (9.393) (7.5-7.7) (0.11-0.12)  (0.09-0.09) (0.11-0.11)

LFR (o.z%ii%) (0.3%?.43) (o.z%-302.40) 0.368 (9.33.7) (8.69-i20.2) (6.2;;.4) 0.097 (0.1%-151.15) (o.106-1o3.14) (0.005?509) 0.135
MFL (o.z%iizu) (0.3%?545) (0.3%-3341) 0.368 (6.;2.5) (e.;gA) (6.;2.0) 0.368 (o.o%—lol.n) (o.ooé-lgn) (o.ooi?sos) -

MFR (o.z(;;'-arian (0.3%-35.41) (0.3%-3546) 0.135 (7.2?3.6) (6.1;4) (s.gi:.g) 0.223 (0.1%-1812) (0.005?09.10) (0.007.?07.08) 0368
Occip L (0.2%?538) (0.305;?.50) (0.3%?(;1.48) 0.368 (5.;2.1) (4.2;3.1) (s.iig.o) 0.097 (o.o(;?;os») (o.ooé?g.og) (0.006?07.09) 0.223
Occip R (0.2%—3(?.48) (0.3%—3347) (0.3%1)3.51) 0.717 (3.3:2.2) (3.‘5‘:2.9) (4.1?.7) 0.097 (0.0%?(?.08) (o.ocifg).o7) (o.o%?c?.m) 0.135
Parl (0,205'_209,33) (0.307'?.44) (0.3%?3.50) 0.368 (6.135.2) (G.Z;g.l) (5.;;3) 0.097 (o.o%-lcglo) (o.ooé?:n) (0.00%?509) 0.135
Par R (0.208.:3’01.46) (0.3%—3543) (0.3(215:’.47) 0.717 (6.;;?7’.6) (s.gjz) (5.32.7) 0.097 (o.o%?cin) (0_007'?309) (o.ooé?;os) 0.135
Temp L (0.3%—3545) (0.3%—3540) (0.3%?(;1.51) 0.368 (6.;:(7).6) (6.673:3.4) (5.2:2.1) 0.368 (0_0%_1310) (0.007'-0(?10) (0.007'?(107) 0.368
Temp R (0.2(2-3(?.40) (0.305'?;.45) (0.3(2-3(?.42) 0.607 (6.2;3.9) (6.3;;1) (s.ig.s) 0.223 (o.o%?cin) (o.ooé?c? 10) (0.006?507) 0.135

eTable 4: Temporal pattern of regional physiological derangements from serial data within patients

Data shown are median (interquartile range) for 17 patients after traumatic brain injury who underwent serial imaging on two or more occasions within 24 hours (Early),
between day 2 — 5 (Inter) and day 6 — 10 (Late) post injury from 14 regions of interest (ROI) covering the whole brain excluding the brain stem. Regional cerebral blood flow
(CBF, ml/100ml/min), cerebral blood volume (CBV, ml/100ml), cerebral oxygen metabolism (CMRO,, umol/100ml/min) and oxygen extraction fraction (OEF, %) are
shown in A, while CBF/CMRO_, CBF/CBV and the cerebral perfusion pressure (CPP) indexed CBF/CBYV are shown in B. The p-values for the Friedman’s test between
serial data obtained within the same patient at different time points are shown. Cereb: cerebellum. DGM: deep grey matter. LF: lateral frontal. MF: medial frontal. Occip:
occipital. Par: parietal. Temp: temporal. L: left. Right: right.
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HC TBI TBI
Correlation
Early Intermediate Late
n=20 Total (n=90) p-value® p-value®
(n=17) (n=54) (n=19)
0-75 0-44 0-56© 0-39P 0-60
CBF/CMRO, <10* <10*
(0-67-0-86) (0-25-0-64) (0:19-0-72) (0-23-0-55) (0-29-0-82)
0-36 0-35 0-13 0-34 0-43
CBF/CBV 0-70 0-53
(0-08-0-56) (0-11-0-61) (0-04-0-51) (0-12-0-62) (0-15-0-60)

eTable 5: Flow metabolism coupling and the association between cerebral blood flow and volume

The correlation coefficients between cerebral blood flow and cerebral oxygen metabolism (CBF/CMRO?) and
CBF and cerebral blood volume (CBF/CBV) were calculated using the Spearman rank correlation test and are
expressed as Rho (interquartile range) for healthy control participants (HC) and patients after traumatic brain
injury (TBI). AMann-Whitney test between all patients after TBI and healthy controls. BKruskal-Wallis test
between all groups, with subsequent post hoc Dunn’s tests surviving correction for multiple comparisons within

the group are shown in bold. ®p<0-01; Pp<10* for comparison with healthy controls.
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