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Independent o region, coling was aster ('p < 00) during NP-PEC vs WBS. During Ne-PFC,
brain > rectal cooling rates (**p < 0.001), brain to sys dients.
wers mlntsines e the bein THE we reached in 2015 1:10 SE win. In o
there were no differer ooling rates wi o brain and tho nasepharyngeal epithelial
suriace appeared ntact, During WBS, brain va wslemlc cooling rates were not significantly
different and the brain THZ could not be reached by 2 hrs. Arterial blood pressure and cardiac
output remained stable during NP-PFC but decreased during WBS cooling. Gas exchange was
stable with both methods. PFC uptake in blood reached a maximum of 23.5-ng/mL and
elimination half-life of less than 15 min. These values are orders of magnitude lower than
reported with diroct intravascular exposure of PFG blood substiutes (mg/mL) or ntrapuimanary
posure during PFC liquid
rapidly induces selective and Telativly momognous brin-ceo ing as com
reported procedures. Using this non-invasive clinical nppmch it is possible to reach a
therapeutic hypathermic brain temperature within minutes of treatment using a relatvely simple
device. A proach may be the most effective means and achieve
hypothermic brain neuroprotection.

INTRODUCTION

the

Cerebral

hypoxic-ischemic events are leading cause of acute

rth, and, cause of long-term disability across age worldwide.
2-5°C reduction in brain temperature after this event can improve
cerebral energetic, and electrophysiological outcomes. The

neurop:mologlcal
pro ficacy of cerebral hypothermia has been linked to how rapidly
fted, now quickly the brain is cooled, and the extent of tissue that
reaches the therapeutic hypothermic zone. Whole body surface (WBS) or
intravascular methods for brain cooling are encumbered by e
hypothermia, slow response, and concomitant systemic instabili
cooling by circulating cold water cap shows promise, though regional gradients in
brain_temperature remain. Due to proximity to the cerebral circulation, the
nasopharynx is uniquely suited for selective and homogenous b
however, nasopharyngeal (NP) cooling with oxygen or liquid is limit
upmcy andior respiratory compromise. As an alternative, the favorable distribution
and r: roperties
(PFC) fncreases. the heat capacity of respired gas, thus should facilitate rapid
induction and maintenance of global brain cooling without substantial compromise in
systemic temperature.

cooling;

Theoretical Basis for PFC Nasopharyngeal Cooling

1. Latent Heat of Vaporization
- Phase Change of PFC liquid to PFC vapor
- Endothermic reaction
- AHeat «(Qprc X CP x Surface Area )

»

Hematogenous Cooling
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. Conductive Cooling

HYPOTHESIS

PFC nasopharyngeal cooling will rapidly induce global cerebral hypothermia

* Characterize brain cooling rates as a function of PFC/Gas flow ratio and catheter
design

+ Compare brain and systemic cooling rates and Iemperalure gradients during PFC

nasopharyngeal cooling to whole body surface coolint

* Characterize PFC blood uptake and elimination
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METHODS RESULTS

+ Animal Model
Normal Weanling Sheep (n = 30; 21 25 kg)
Ketamine (10 mg/kg) and hulnrphanol tartrate (1 mg/kg) pre-anesthesia (IM)
ital (12.5 mg/kg) infusion (1.25 mg/kg/hr)

odium
+ Instrumentation
Carotid Artery, bilateral external jugular and pedal veins, trachea cannulation
Pulmonary Artery (Thermodilution Catheter)
ECG leads and Pulse Oximeter Probe
Temperature Probes
Brain (Inferior Frontal: 5 cm; 31 Ventricle: 5 cm; Superficial Parietal: 3 cm)
placement confirmed by fluoroscopy and Evans Blue
Ear (approximating tympanic membrane)
Vascular (High: external jugular into thoracic cavity; Low: pedal vein into abdominal cavity)
Subcutaneous
Intramuscular
Rectal

+ Management

n ( with 100% O, )
Target PAO; 300 mmHg: PaCO; = 35 - 45 mim H: pH = 7.35 - 745
Skeletal Muscle Paralysis (Pancuronium Bromide: 0.10/ mg/kg/hr)
Maintenance Fluids (Ds @ 7.5 mL/kg/hr)
+ Protocols
Whole Body Surface Cooling induced and maintained by circumferential, cold water (0°C) circul
blankets

Nasopharyngeal Cooling induced and maintained by PFC/ Oxygen spray cannula devices.
(Perfluorohexane (PFH); F2, Ltd)

Low PFC Flow
—————
High Oxygen y . )
Flow Multilumen Catheter Multilumen Flow Directed Catheter
PFC (room and Oxygen flow: i regulated by mass flow meters at

predetermined rates

Nasal Temperature =2 - 5 °C

Continuous spray to target -3.5 °C change from baseline
Intermittent spray: restart @ 0.5 °C above target;
terminate when target temperature was restored

Induction:
Maintenance:

External warming blanket applied if rectal temperature <37 °C

+ Measurements
Temperature, systemic and pulmonary arterial blood pressure, heart rate: continuous recordings
Arterial Blood Chemistry and Cardiac Output: Baseline, mid and final induction, serially throughout maintenance;
PFC blood concentration by headspace gas chromotography

+ Calculations and Analyses
Brain cooling rates as a function of PFC/Gas Flow, Regional Cooling Rates as a function of method, Time to
Therapeutic Brain Hypothermic Zone, histology, PFC blood uptake and elimination
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Fig 2: The therapeutic hypothermic zone was reached within 15
te.  mins. with PFC nasopharyngeal cooling but not achieved with the
whole body surface cooling blanket during the 2h protocol

Fig 1: Interrlationship betuween PFC flow rate,
gas flow rate, n brain_cooling
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Fig 3: Absolute cooling rates (X & SE) during blanket and
perfluorochemical (PFC) nasopharyngeal (NP) cooling (PFC/O2 Flow: 1
mUmin/kg: 1 Limin/kg) protocols. ANOVA demonstrated significant
difference (p < 0.001) in brain and vascular cooling rates between
techniques with PFC NP by either catheter > blanket. During PFC NP by
either catheter, cooling rates for brain > vascular > rectal (p< 0.001);
brain and vascular cooling rates were greatest with flow-directed
catheter.
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Fig 5: Reglonal brain and systemic temperature changes guring induction and 4 b

protocol with P} cooling. jeen
brain regions demonslranng ammy to rapidly nduce. and aintain hypomermva in
deep and more superficial brain structures with minimal differences in cooling rates.
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Fig 6: Histomicrographs of sections of
the nasal passage following 2 h of PFC
nasopharyngeal cooling. Note: intact
epithelial surface.
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Fig 7: Perfluorohexane (PFH) uptake and elimination shown as blood concentrations

(X £ SE) during (ON) and following (OFF) exposure to PFC NP cooling at double PFC

flow rate (2 mL/min/kg). As a point of reference and comparison, PFH is the active

ingredient in the clinically approved ultrasound imaging agent, Imagent, wherein

microbubbles of PFH gas are injected directly into the blood stream. When healthy

human volunteers were exposed to 4 mL/kg Imagent containing 20 pg/kg PFH, this

technique resulted in mean maximum PFH blood uptake of 28 ng/ml with 75%

by 3 h ; Imagent ADME). With PFC NP

cooling at 107x PFH exposure as compared to IV Imagent (200 gm/kg vs 20 pg/kg)

comparable peak blood levels were found and 75% elimination occurred more
quickly, by 28 mins. vs 3 h.

CONCLUSIONS

= With PFC nasopharyngeal cooling,

100 120

* PFC/ Gas flow ratio directly influenced brain cooling rates.
* the therapeutic hypothermic zone in the brain was reached within 15 mins;
whole body surface cooling did not obtain this zone within 2 h.

absolute compartmental cooling rates and brain to systemic temperature
aradients were signifcantly greater than with whole body surface cooling.

* brain to systemic gradients brain
cooling relative to vascular and rectal temperature profiles. Vascular and
rectal cooling rates were approximately one-half and one-third of brain
cooling rate, respectively.

= a multilumen flow
temperature gradi

irected catheter further amplified the brain to systemic
nts.

* the nasopharyngeal epithelial surface remained intact.

* PFC uptake and elimination were orders of magnitude lower and faster,
than exposure.

* global cerebral hypothermia was rapidly induced and maintained

SUMMARY

The principle findings of this study are that the therapeutic hypothermic zone
targeted for global brain neuroprotection can be rapidly reached and maintained by
PFC nasopharyngeal cooling. This approach maintains brain to systemic temperature
gradients with preferential brain cooling relative to vascular or rectal temperatures,
and requires relatively little instrumentation. PFC uptake is minimal and rapidly
eliminated. On-going studies are focused at increasing the systemic
temperature gradient by modulating | me PFC/gas flow ratio and incorporating external
warming blankets PFC cooling. Studies are
planned to evaluate the neumprolecnve e"ecl of this approach in models of cerebral
compromise.
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