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Objective— To determine the efficacy of a smart cooling vest 

(CV) in minimizing the expected rise in Tcore during a heat 

challenge.  

Learning Objectives— Describe the effects of heat exposure on 

core body temperature in persons with tetraplegia. Explain how 

thermoregulation is affected after spinal cord injury. Discuss 

potential bioengineering interventions to mitigate thermos-

dysregulation in persons with spinal cord injury. 

Design— Repeated measures design 

I. BACKGROUND 

pinal cord injury (SCI) interrupts motor, sensory, 

and autonomic pathways, impairing homeostasis of many 

bodily functions, including thermoregulation. After SCI, 

interruption of cutaneous vasodilation, sweating, and 

impaired mobility limit the ability to dissipate body heat during 

heat exposure or physical activity. Thermodysregulation causes 

warm seasonal temperatures to become an environmental 

barrier to persons with SCI above T6 (Hi-SCI).  

II. METHODS 

A feedback-controlled CV, that uses conduction and 

evaporation to dissipate body heat, was developed and studied 

in nine participants with Hi-SCI (NLI: C7-T4, AIS: A, B). On 

two separate, randomized visits, participants had 15-minutes of 

baseline thermoneutral exposure (27°C), donned the CV or a T-

shirt (NCV), followed by up to 120-minutes of heat challenge 

(35°C). Outcomes, Tcore, trunk skin temperature (Tsk 

Chest+Back), upper and lower extremities (U&LE) sweat rate, 

U&LE cutaneous vascular conductance (CVC), and thermal 

sensation ratings were measured at baseline and post heat 

challenge. 

 

 
Trial Registration: A4084-P 

Source of Funding: RR&D SPiRE Award 1I21RX004084 

Affiliations: 1Spinal Cord Damage Research Center, James J. Peters VA 

Medical Center, Bronx, NY, 

III. RESULTS 

The CV condition compared to the NCV condition (baseline-heat 

challenge) demonstrated no increase in Tcore (-0.1 ± 0.5°C vs. 0.9 ± 

0.4°C, respectively; p < 0.001), a decrease in Tsk Chest + Back         

(-6.9 ± 2.9°C vs. 2.0 ± 1.1°C, respectively; p < 0.001), and 

improved thermal sensation (0.4 ± 1.3 vs. 2.4 ±1.3, respectively; p 

= 0.008). U&LE sweat rates and U&LE CVC were not different 

between conditions. 

IV. CONCLUSION 

Use of the smart CV, during a heat challenge in persons with 

Hi-SCI, improved maintenance of Tcore and thermal sensation. 

REFERENCES 

[1] Price MJ, Trbovich M. Thermoregulation following spinal cord injury. 

Handb. Clin. Neurol. 2018;157:799-820. 

[2] Heinemann AW, Lai JS, Wong A, Dashner J, Magasi S, Hahn EA, 

Carlozzi NE, Tulsky DS, Jerousek S, Semik P, Miskovic A, Gray DB. 

Using the ICF's environmental factors framework to develop an item bank 

measuring built and natural environmental features affecting persons with 

disabilities. Qual. Life Res. 2016;25(11):2775-2786. 

[3] Trbovich M, Ford A, Wu Y, Koek W, Wecht J, Kellogg D, Jr. Correlation 

of neurological level and sweating level of injury in persons with spinal 

cord injury. J. Spinal Cord Med. 2020:1-8. 

[4] Smith CJ, Johnson JM. Responses to hyperthermia. Optimizing heat 

dissipation by convection and evaporation: Neural control of skin blood 

flow and sweating in humans. Auton. Neurosci. 2016;196:25-36. 

[5] Handrakis JP, Ni Guan Z, Nulty JW, Tascione O, Rosado-Rivera D, 

White D, Bang C, Spungen AM, Bauman WA. Effect of Heat Exposure 

on Cognition in Persons with Tetraplegia. J. Neurotrauma. 

2017;34(24):3372-3380. 

[6] Griggs KE, Havenith G, Price MJ, Goosey-Tolfrey VL. Evaporative heat 

loss insufficient to attain heat balance at rest in individuals with a 

spinal cord injury at high ambient temperature. J Appl Physiol 

(1985). 2019;127(4):995-1004.  

 2New York Institute of Technology, Department of Physical Therapy, 
School of Health Professions, Old Westbury, NY 

3Picasso Intelligence L.L.C., Fort Lee, NJ  
4Tandon School of Engineering, New York University, NY, 
5Department of Mechanical and Aerospace Engineering, North Carolina 

State University, NC 

S 


