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Abstract: This study examines the ability of infrared thermography (IRT) to distinguish vasculopathy
patients (VP) from healthy controls (HC) during post-occlusive reactive hyperemia (PORH). Three
VP and three HC participated in the study. The experimental procedure included a 3-min baseline, a
5-min occlusion at 50 mmHg above the systolic pressure, and a 3-min reperfusion. During PORH,
HC had a larger temperature fluctuation of the fingertips from the baseline (1.22 ± 0.97 ◦C) compared
to VP (0.53 ± 0.57 ◦C). Accordingly, color Doppler ultrasound assessed differences in the arterial
resistivity index between the two groups. These findings, albeit preliminary, could facilitate IRT
employment during POHR.

Keywords: infrared thermography (IRT); color Doppler ultrasound; vasculopathy; post-occlusive
reactive hyperemia

1. Introduction

Vasculopathy encompasses various pathological conditions of the blood vessels, and
it is typically characterized by the altered structure and function of blood vessels, leading
to disturbances in circulation [1]. The diagnostic standard for vasculopathy often involves
measuring the arterial resistivity index (RI) using color Doppler ultrasound (CDUS) during
post-occlusive reactive hyperemia (PORH) [2]. This technique provides valuable insight
into vascular reactivity and endothelial function, with the potential to diagnose vascular
abnormalities. However, this method has its limitations, particularly concerning inva-
siveness and discomfort for the patient, as well as the need for specialized personnel and
equipment. Infrared thermography (IRT) has emerged as a promising candidate with
which to overcome these limitations. IRT is already extensively used to assess peripheral
vascular disease thanks to its ability to detect skin temperature modulations [3–6]. In fact,
IRT’s non-contact and non-invasive nature, coupled with its potential for real-time imaging,
represents an attractive method for screening procedures. Despite these advantages, the
use of IRT to evaluate vasculopathy, specifically in the context of RI measured during
PORH, remains underexplored. This study aims to investigate the applicability of IRT as
a potential diagnostic tool for vasculopathy, in comparison with traditional CDUS mea-
sures. Particularly, healthy controls and patients affected by vasculopathy were monitored
through CDUS and IRT during PORH to assess the agreement of the two procedures.
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2. Materials and Methods
2.1. Experimental Procedure and Data Acquisition

Seven VP and seven HC participated in the study (age: 62.36 years; 4 M in the VP
groups and 5 M in the HC group). The experimental procedure included a 3-min baseline,
a 5-min occlusion at 50 mmHg above the systolic pressure, and a 3-min reperfusion.
The acquisitions were carried out in accordance with prescribed thermal measurement
protocols [7]. The FLIR A500-EST digital thermal infrared camera (FLIR, Wilsonville, OR,
USA) was employed to record temperature oscillations in the upper limbs. The device
is equipped with a bolometer focal plane array (FPA) that has a resolution of 640 × 480.
Additionally, it has a sensitivity/noise equivalent temperature difference of less than 30 mK
at a temperature of 30 ◦C. The thermal camera was placed at a distance of 60 cm from the
upper limb. The temperature was recorded with a sampling frequency of 10 Hz.

2.2. Data Processing and Statistical Analysis

Five regions of interest (ROIs) were placed on the fingertips, as shown in Figure 1.
The variation of the average temperature of each ROI from the ischemic phase during the
reperfusion was computed, and the mean value across them was evaluated (∆T). Moreover,
RI was computed via CDUS during the reperfusion phase. The differences between the
two groups were assessed for both IRT- and CDUS-derived metrics through a t-test for
independent samples.
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Figure 1. Thermogram of a representative participant with the ROIs’ placement on the fingertips.

3. Results

During PORH, HC had a larger temperature fluctuation of the fingertips from the
ischemic phase (3.22 ± 1.18 ◦C) compared to VP (1.43 ± 0.89 ◦C). Accordingly, CDUS
showed in HC that the RI decreased from 0.78 ± 0.04 during the baseline to 0.71 ± 0.03
during the reperfusion, whereas VP exhibited no variations in RI (0.90 ± 0.03 during
baseline; 0.89 ± 0.04 during reperfusion).

Figure 2a reports the boxplots of the RI obtained through CDUS, whereas Figure 2b
shows the mean variation of the average temperature for both VP and HC.

The statistical analysis highlighted the significant differences between the HC and VP
groups for both the RI (t = 4.912; d.f. = 12; p = 4 × 10−4) and the ∆T (t = 3.491; d.f. = 12;
p = 5 × 10−3).
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Figure 2. Distribution of the (a) RI evaluated through CDUS and (b) ∆T estimated through URT for
both the VP and HC groups.

4. Discussion

This study demonstrated the potential of IRT in the diagnosis and assessment of
vasculopathy in comparison with the traditional CDUS. Both methods revealed significant
differences between VP and HC, indicating the possibility of a comprehensive diagnostic
framework encompassing both tools. In detail, a larger temperature variation during
PORH was found in HC compared to VP. This finding could be attributed to the physi-
ological changes associated with vasculopathy, such as inflammation, impaired vascular
reactivity, and abnormal endothelial function, which can all affect heat dissipation and
thus surface temperature. This implies that IRT can provide a non-invasive measure of
these pathological modifications, potentially enhancing early detection and assessment of
vasculopathy. In agreement, CDUS showed increased RI in VP compared to HC. These
results are in line with the existing literature, suggesting an increased RI as a hallmark of
vasculopathy [8]. Importantly, the results from IRT and CDUS are not contradictory; rather,
they are complementary. In fact, IRT provides a non-invasive way to detect and monitor
surface temperature changes, which are indicative of underlying vascular alterations, while
CDUS offers in-depth insights into blood flow dynamics and vascular resistance. Taken
together, they could offer a more comprehensive view of the vascular state in patients
with vasculopathy. One implication of these findings is the potential for integrating IRT
into routine clinical assessments of vasculopathy in screening activities. In fact, it could
be employed as an initial, non-invasive screening tool, followed by CDUS for more de-
tailed evaluations when necessary. However, it is worth noting that while the results are
promising, the study has a limited sample size; hence, further studies are necessary in
order to increase the sample numerosity. Moreover, the diagnostic capabilities of IRT for
vasculopathy, including sensitivity, specificity, and predictive values, should be determined
in further investigations. Finally, standard protocols for the employment of IRT for this kind
of application should be defined, including best practices for image capture, interpretation,
and comparison to CDUS.

5. Conclusions

This study provides encouraging preliminary evidence supporting the use of IRT
in the assessment of vasculopathy. This novel, non-invasive technique could represent a
significant addition to the diagnostic procedures in clinical practice, enhancing the ability
to detect, manage, and potentially prevent the progression of vascular disease.
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