. | Noninvasive Optical Detection of Metabolic Distress and Hyperosmolar
Children’s Hospital

of Philadelphia Treatment Efficacy after Traumatic Brain Injury in Swine

P Rodrigo M. Fortit, L. J. Hobson?!, S. L. Morton?, A. Hurlock?, R. Goto!, D. Anderson?, J. Starr!, M. Mason?!, M. K. Weeks?, T. S. Ko?, K. Senthil?,
enn B. R. White'?, S. P. Karandikar?3, K. D. Browne?#, D. K. Cullen?3, A. G. Yodh3, T. J. Kilbaugh', W. B. Baker?

UNIVERSITY 0f PENNSYLVANIA

Presenting Author email address:
IChildren’s Hospital of Philadelphia, Philadelphia, PA; °Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA; 3University of

Pennsylvania, Philadelphia, PA; “Corporal Michael J. Crescenz Department of Veterans Affairs Medical Center, Philadelphia, PA menezes OrChO, edu
Introduction Cerebral physiology and treatment response Mitochondrial respirometry at 6 h post-TBI
Hyperosmolar Thera | Cortex b - — White Matter
* Traumatic brain injury (TBI) remains a major threat to Service Member a YP Y p C o~ j e j _ High IcP
. . . ; : % cn 7t
health, operational readiness, and long-term function. = 60 60¢ __ 60j S+ 6 p-0.083 P 007 S g TlowlcP ]
50} = @b 50} 6o 50} g€ s 2 5t -
L — 0T L E“' P=0.025 £ ]'
* Following the primary injury, evolving secondary injury mechanisms can g ;‘8' = ;‘8' ~ S gg' §;N§ e - 5; N é |
: . . . : - — ] - S S - -
worsen neurological outcomes (e.g., intracranial hypertension, cerebral =~ S0l — Low ICP £ S ICP = 20 mmHg -E— ol _ ég 2é H H é ;E 2-"1-" BB EH EQ _
. . . . . 1 1H e T
edema, hemorrhage, impaired perfusion, and metabolic dysfunction). <§E 10} —Highice { O 10| 85 10 T 2 .l E I E s | . - sa -
Of---------F----------oo R Of---mm - S O & & & S & & & & L
. . . ° ° . l I I S X Q,v X ) ,\4\ S X ((,v X ) \4
* During prolonged field care, medics must rely on indirect or surrogate 0 2 4 6 L LY O & F L L YV L& S
L : . . . : Time since Injury (hours) > L & S > L & S
measures of cerebral status, limiting real-time clinical decision making 9 & &
: : : o . . 407 e High- ' ' ' ' irati
* Noninvasive optical neuromonitoring can assess cerebral hemodynamics, ol High-ICP animals showed more impaired cortical respiration
oxygen metabolism, and tissue water, with the potential to identify S ol * Group differences were most evident in cortical tissues
secondary injury mechanisms and inform care decisions. w0t , , ————
O 40| Optical assessment of mitochondrial injury
STUDY OBJECTIVES: Characterize cerebral physiological changes after 60!
. . o . . . | | a Cortex b White Matter
TBI and determine whether optical neuromonitoring can identify -80; 5 1 .
.. .. : . . o . . . XPHOS ClI -0.14 XPHOS Cl 0.10 | -0.22
clinically relevant secondary injury mechanisms Time since Injury (hours) Time since Injury (hours) Time since Injury (hours) OXPHOS OXPHOS
g f : :
110 | | 6o Acromyms: OXPHOS CI+ClI 0.23 OXPHOS CI+ClI 0.06 & -0.28
: : : 90 (a) MAP: Mean Arterial Pressure
Neurometa bOIIC Optlcal Monltor (NOM) — ’i‘; 10t 1 (b)ICP: lntracrania/Pre:fsure LEAK -0.33 LEAK
3\, 70} |1 o (c) CPP: Cerebral perfusion pressure
> @) 5'\ |  (d) OEF: Oxygen extraction fraction ETS CI+ClII -0.24 ETS CI+ClI -0.01 | -0.33
0.7 — , M 50 / ) o (e) CBF: Cerebral blood flow
Broadband Diffuse Optical 0.6} Tissue Spectra O E e h (f) CMRO,: Cerebral metabolic rate of oxygen
=~ 30l 1 £ ) CBY: Cerebral blood volume ETS ClI -0.32 ETS ClI 0.08 | -0.21
Spectroscopy (bDOS) __05¢ -5t g ' .
ke (f) fu,o0: Cerebral water fraction
£ 04 105 5 A 5 0 5 A 6 CIV activity | -5:8<0.050.32 CIV activity 0.08 | -0.29
=73 Diffuse Correlation 03[ FpDOp wavelengths Time since Injury (hours) Time since Injury (hours)
- Spectroscopy (DCS) = 02| i . rOEF rCMRO, rCBF rOEF rCMRO, rCBF
3 : W - 0.1 bo | X e
/ HbR — . =
Frequency-Domain Diffuse 0.0 - : ——— o . . . . -1.0 -0.8 -0.6 '-0.4 -0.2 0.0 Q.Z 0.4 06 0.8 1.0
Ootical Spectroscopy (FD-DOS) 0 avelength (nm) 1000 * ~50% of animals developed intracranial hypertension (a) and CPP (c) Spearman's Rank Correlation Coefficient (p)
e Optical monitoring identified reduced CBF/CMRO, (e and f) and increased CBV (g) a g White Matter (p=-0.78, @=0.004) b  ,  Cortex(p=-0.68, Q=0.04)
Bott ' . . < i o o I ¢
: Og’ — - Fiber holder gl * Hyperosmolar therapy lowered ICP transiently (a), with no other clear changes (a-f) § ¢ ZZ . § jé 0:
e . M oo U.Or G oo V.or
- £ - £
Q.H Q‘H
SDS: Source detector separation Detector/Source § ” 0.5 § ” 0.6f
HbO: Oxyhemoglobin B ® bDOS (SDS: 3 cm) I - £ e : v O 04} v O 04}
HBR: Doosyhemoglobin B® FO-005 (50515, 3, %5iamd 3cim) - Optics identified ex vivo-confirmed cerebral edema 3 S 3 S
[JO DCS (SDS: 2.5 cm) — g 03] — 5 027 j®LlowiCP %
® High ICP
d b %20 60 80 100 120 %40 60 80 100 120
: . rOEF (% rOEF (%
Experimental Protocol 15 Optimal %) %)
_ _ * rOEF showed the strongest associations with LEAK respiration.
""" > ) R : : : : : e
4§ 06 Cutoff - _ Diffuse optics may provide a noninvasive marker of mitochondrial injury.
Invasive Hyperosmglar = |
IcP Therapy Euthanasia % 04l Conclusions & Next Steps
I ® /’
e V) /
Baseline Post-TBI Post-Treatment 0.2 § - * Optical biomarkers reflect hemodynamic and mitochondrial dysfunction
10 min ! 2 hours 4 hours g _ _ . . ,
. : - y ,-AUC: 0.92 [0.75, 1.00] * Diffuse optics has the potential to noninvasively detect cerebral edema
Optics & MAP <o ! SRR ' ' 0se ' ' ' ' _ _ _ o
! | " <81 > 81 0O 02 04 06 08 1 * Noninvasive optical neuromonitoring may support treatment and
I Continuous p g y pp
ICP | % Ex-vivo brain water (%) 1 - Specificity evacuation decisions during prolonged field care.
Blood gas ¢ ¢ 0" e ¢ o o /e -9 . _ o
. , , , , , , NEXT STEPS: Validate biomarkers in field-relevant TBl/polytrauma models
Ex vivo Water : // o * Brain water content was greater in animals with ex vivo-confirmed edema. . : :
Vitochondrial : and develop brain-focused treatment guidance algorithms.
R;sgfm%’e{;g § | | / . * Optical monitoring can separate edema-related changes from blood-volume effects.
Funding: Traumatic Brain Injury and Psychological Health Research Program (W81XWH2210887) and NIH (P41EB029460)




	Slide 1

