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DIGITAL THERMAL MONITORING: 
NEW INDICATORS TO ASSESS 
VASCULAR HEALTH

ABSTRACT:  
Cardiovascular disease (CVD) is the world’s leading cause of death; a majority of cases include 
occlusive disorders of the coronary arteries leading to coronary artery disease (CAD) or disorders 
of the cerebral arteries leading to stroke broadly classified as atherosclerosis. In order to diagnose 
CVD in its asymptomatic stages, both structural and functional evaluations of the endothelium exist. 
While structural assessments like coronary artery calcium (CAC) scores or carotid intima-media 
thickness (cIMT) are good markers of vascular health, functional evaluation of the endothelium in 
response to factors such as occlusion, cold, and stress has been found to be a better predictor of the 
health of the endothelium. Digital Thermal Monitoring (DTM) is a noninvasive functional evaluation 
technique that assesses vascular reactivity by measuring the recovery of fingertip temperature 
after 2–5 min. of brachial occlusion. On release of occlusion, the finger temperature responds to 
the overshoot in blood flow rate referred to as reactive hyperemia (RH), which has been shown to 
correlate with vascular health.

Numerical simulations of a finger were performed to establish the relationship between DTM and 
RH. The model finger consisted of essential components including bone, tissue, skin, major blood 
vessels (macrovasculature) and the microvasculature. The macrovasculature was represented by a 
pair of arteries and veins, while the microvasculature was represented by a porous medium. The 
time-dependent Navier–Stokes and energy equations were solved numerically to describe the 
temperature distribution inside and external to the finger. Simulation results were very similar to 
measured fingertip temperature profiles in terms of basic shape, temperature variations, and time 
delays at time scales associated with both heat conduction and blood perfusion.

Using this computational framework, adjusted measures of DTM accounting for the finger size, 
thermo-physical properties, external environment and initial vascular state were developed. The 
reactive response, thus obtained, has a well-defined peak (adjusted temperature reactivity, aTR) 
and is more representative of vascular reactivity in response to occlusion. The aTR measure can be 
further scaled and is shown to collapse to a single curve as a function of the flow overshoot index for 
a range of start temperatures (initial vascular state). The scaled aTR thus reduces the dependence on 
the initial vascular state and external environment leading to a more robust and reliable measure of 
vascular reactivity. 
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