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Summary

Background. Due to the serious course of most severe vascular injuries of the brain, there is
anecessity to look for new diagnostic methods which are the least invasive for the patient. Objectives:
the evaluation of the usefulness of thermographic camera in stroke diagnostics.

Material and methods. The research included 38 patients hospitalised due to cerebrovascular
accident in the Intensive Therapy Ward and Neurology Ward. The patients were diagnosed
according to EBM (evidence based medicine) by means of CT, then a series of images were taken
by means of thermographic camera. The examinations were conducted on the first day of the
stroke, preceded by head tomography, and next on the fourth day after the stroke.

Results. The examinations showed statistically significant (p<0.05) decrease in the temperature
in the brain stroke area in relation to the healthy part both on the first and the fourth day. The
difference in the average temperature changes between the cerebral infarction and intracerebral
hemorrhage on the first and the fourth day was not statistically significant (P>0.05). The
difference in the average temperature changes in the brain stroke area (irrespective of its type)
between the first and the fourth day was statistically significant (p<0.05). The difference in
the average temperature changes between the smaller and the bigger focal areas in CT on the
first and the fourth day was not statistically significant (P>0.05). No significant correlation was
observed between the average temperature changes and the clinical state of patients evaluated
according to ESS (Epworth Sleepiness Scale) during the first day (p.0.05).

Conclusion. Thermographic camera is a useful tool in brain stroke diagnostics, however it does
not differentiate between hemorrhagic and ischemic strokes.
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Streszczenie

Wstep. W zwigzku z ciezkim przebiegiem wiekszosci ostrych naczyniowych uszkodzen mézgu
istnieje konieczno$¢ poszukiwania nowych metod diagnostycznych jak najmniej inwazyjnych dla
chorego. Cel pracy: ocena przydatnosci kamery termowizyjnej w diagnostyce udaréw mozgu.
Material i metody. Badaniem objeto 38 pacjentéw hospitalizowanych w Oddziale Intensyw-
nej Terapii i Oddziale Neurologii z powodu udaréw moézgu. Pacjentow diagnozowano zgodnie
z zasadami EBM przy uzyciu TK, a nastepnie wykonywano serie zdje¢ przy pomocy kamery
termowizyjnej FLIR E 30. Badania byly wykonywane w I dobie udaru mézgu po diagnostyce
tomograficznej gtowy, a nastepnie w IV dobie po udarze.

Wyniki. Badania wykazaty istotne statystycznie (p<0.05) obniZenie temperatury okolicy objetej
udarem mézgu w odniesieniu do strony zdrowej zaréwno w I jak i w IV dobie pomiaru. Réznica
$rednich zmian temperatur pomiedzy zawatem moézgu i krwotokiem $rédmézgowym w i IV do-
bie nie byta istotna statystycznie (P>0.05). R6znica $rednich zmian temperatur okolic objetych
udarem (niezaleznie od jego rodzaju) pomiedzy I i IV dobg badania byta istotna statystycznie
(p<0.05). Réznica Srednich zmian temperatur pomiedzy mniejszym i wiekszym ogniskiem w TK
w 111V dobie nie byta istotna statystycznie (P>0.05). Nie obserwowano istotnej korelacji Srednich
zmian temperatur ze stanem klinicznym chorych ocenianych wedtug skali ESS w [ dobie (p>0.05).
Whioski. Kamera termowizyjna jest przydatnym narzedziem w diagnostyce udaréw mozgu,
jednak nie réznicuje udaréw na krwotoczne i niedokrwienne.

Stowa kluczowe: udar moézgu, kamera termowizyjna, tomografia komputerowa, rezonans ma-
gnetyczny
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Introduction

Stroke in one of the main reasons of morbidness and mortality in the world [1]. Every year about 4.5 ml people
in the world die of cerebrovascular accident, of whom 2 /3 in non-industralised countries [2]. In Europe, every year
about 1 ml people show the symptoms of stroke, of which 1/3 die, while in 1/3 there remains a disability of various
degree [3]. Whereas in Poland, on the basis of epidemiological research conducted at the beginning of the 1990s, it
was found that every year the symptoms of stroke occur in about 60 thousand people, half of whom die during the
year, while the half who survive demonstrate permanent disability [3,4].

Ischemic strokes (cerebral infarctions) account for 80-85% of all strokes, the remaining 15-20% are hemorrhagic
strokes [5]. The clinical picture differs depending on the location of the stroke and its size. The most frequent reason
of ischemic strokes is thrombosis appearing locally or in consequence of an arterial embolism or heart embolism.
Ischemic stroke may also be caused chemodynamically [6]. Intracerebral hemorrhage is a result of vessel damage, its
rupture and bleeding into the brain tissue. It can appear due to hypertension, injury, coagulability disorder, venous
malformation, amyloid angiopathy, cocaine or amphetamine abuse. Brain function becomes disturbed when the
blood flow in the brain decreases below 50ml/100g/min. Irreversible damage happens when this flow is lower than
30ml/100g/min. When the blood flow through the brain tissue is blocked, the metabolism of this organ becomes
disturbed already after 30 seconds. After 1 min. the function of neurons may cease. After a 5-minute blockage in the
blood flow anoxy starts a chain reaction which may finally lead to cerebral infarction of the brain [7].

Stroke recognition is based on head CT. CT is a method allowing us to diagnose a hemorrhage and determine its
location because, in CT, freshly extravasated blood has significantly higher density than the tissue surrounding it. In
case of ischemic stroke more precise seems the examination by means of echo polar imaging technique of diffusion
MR], since early ischemic changes appear with the increased water content; then, the stroke focal area becomes
well isolated in Fluid Light Attenuation Inversion Recovery (FLAIR) and in T2-weighted images [7]. Diffusion MRI
is a more reliable method of early brain ischemia detection. This examination allows us to distinguish severe
ischemic stroke from other pathological processes. Moreover, it provides additional information on the brain tissue
micro-structure [8].

Visual thermography is totally non-invasive method of imaging. It consists of the evaluation of the intensity
of infrared radiation in an examined body area and indicating the distribution of temperatures on its surface. In
medicine thermograpgy is used to assess heat variations in living organisms during physiological life processes and
in pathological states. Because the energy of heat radiation of tissues results from the disorder in blood circulation,
it carries a lot of information which can contribute to achieving better therapeutic results. Slight variations in
tissue heat may precede the appearance of clinical symptoms and may signal pathologies in various organs and
systems. Most pathological states are accompanied by local disturbances in blood circulation in the affected area
and changes in the cell metabolism [9,10,11].

Objectives

The aim of the work is to evaluate the usefulness of thermographic camera in the diagnostics of hemorrhagic
and ischemic strokes, using the temperature difference between the healthy brain tissue area and the damage-
affected area.

Material and methods

The research included 38 patients (9 women and 29 men) hospitalised due to cerebrovascular accident in the
Intensive Therapy Ward and Neurology Ward in Tarnobrzeg. Of all the patients included in the study, 28 patients
were diagnosed with ischemic stroke (cerebral infarction) while 10 patients with intracerebral hemorrhage. The
age of patients ranged from 51 to 78, the average age was 66.5. The patients were diagnosed according to EBM by
means of CT, then a series of images were taken by means of the thermographic camera FLIR E 30.

Following their admission to the wards the patients were also examined by a neurologist using the ESS
(European Stroke Scale). According to the above scale, the patients were assessed as 0-70 points.

The patients were divided into 2 groups: those whose CT showed a smaller stroke area - up to 5 cm (16 patients)
and those with the stroke area larger than 5 cm (22 patients).

Heat was measured by means of thermographic camera in two places: the right temporal area and the left
temporal area from the distance of 30 cm. The selected distance was optimal and, simultaneously, minimal to
register precise temperatures of the selected surface. These examinations followed the CT diagnostics of the head
on the first day of the stroke, and then on the fourth day of the stroke. An hour before the thermographic test the
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patients were put in a lying position so that the areas examined did not touch the bedding, and two hours before
the examination the head was not physically cooled. These actions were performed in order to achieve reliable
temperature measurements.

The results of the examinations were presented as average and standard deviations. The results were developed
statistically using the t-Student test for independent variables. The correlation was calculated using the Pearson’s
test. P<0.05 was assumed as the level of statistical significance.

The research received a positive recommendation of the Board of Bioethics of Medical University in Lublin
(KE-0254/84/2013)

Results

The research showed statistically significant (p<0.005) temperature decrease in the stroke area in relation to
the healthy area both on the first and the fourth day.

Table 1. Average temperatures of the healthy area and the stroke area and the statistical significance of temperature difference on
the first and the fourth day since the onset of the illness

Temperature (°C) Temperature (°C) . o
Day . . Statistical significance (p)
Healthy hemisphere Stroke hemisphere
[ 35.55+0.76 35.06+0.77 P=0.007*
IV 35.58+0.75 35.20+0.77 P=0.03*

* Statistical significance
Source: own elaboration

The difference in average temperature changes between cerebral infarction and intracerebral hemorrhage on
the first and fourth day was not statistically significant (P>0.05). The data was presented in Table 2.

Table 2. Average temperature changes between cerebral infarction and intracerebral hemorrhage on the first and the fourth day

Average temperature change (°C) | Average temperature change (°C) L. L
Day i i Statistical significance (p)
Cerebral infarction Intracerebral hemorrhage
[ 0.46+0.17 0.54+0.25 P=0.33
I\Y% 0.37+0.15 0.42+0.16 P=0.41

Source: own elaboration

The difference in average temperature changes in the stroke area (irrespective of its type) between the first
and the fourth day of examination was statistically significant (0.48+0.19, 0.38+0.16, p=0.01). Significantly lower
average temperature change was observed on the fourth day of the stroke.

The difference in the average temperature changes in cerebral infarction between the first and the fourth
day was statistically significant (p<0.05), however the difference in the average temperature changes in the
intracerebral hemorrhage between the first and the fourth day was statistically insignificant (p>0.05). The data
was presented in Table 3.

Table 3. Difference in average temperature changes between cerebral infarction and intracerebral hemorrhage between the first

and the fourth day

Average temperature change (°C) | Average temperature change (°C) L. L
Type of stroke Statistical significance (p)
Day I Day IV
Cerebral
) . 0.46+0.17 0.37+0.15 P=0.03*
infarction
Intracerebral
0.54+0.25 0.42+0.16 P=0.23
hemorrhage

*Statistical significance
Source: own elaboration

The difference in average temperature changes between the smaller and the bigger focal area in CT on the first
and the fourth day was not statistically significant (P>0.05). The data was presented in Table 4.

-16 -



Health Problems of Civilization 2016, Volume 10, Issue 1 The use of thermographic camera in stroke diagnostics...

Table 4. Difference in average temperature changes between the smaller and the bigger focal area in CT on the first and the

fourth day

Average temperature change (°C)

Average temperature change (°C)

Day Smaller focal area Bigger focal area Statistical significance (p)
(<5 cm) (>5 cm)
[ 0.41+0.09 0.53+0.24 P=0.07
1\% 0.34+0.12 0.41+0.17 P=0.15

Source: own elaboration

The difference in average temperature changes of the smaller focal area in CT between the first and the fourth
day was statistically significant (p<0.05), however the difference in average temperature changes of the bigger focal
area in CT between the first and the fourth day was statistically insignificant (p>0.05). The data was presented in
Table 5.

Table 5. Difference in average temperature changes of the smaller focal area and the bigger focal area in CT between the first day
and the fourth day

Type of Average temperature change (°C) | Average temperature change (°C) L. L
Statistical significance (p)
focal area Day I Day IV
Smaller focal
0.41+0.09 0.34+0.12 P=0.04*
area (<5cm)
Bigger focal
0.53+0.24 0.41+0.17 P=0.06
area (>5cm)

*Statistical significance
Source: own elaboration

No significant correlation was observed between the average temperature changes and the clinical state of
patients in accordance with ESS on the first day (p=0.53).

Discussion

The temperature variations between the healthy and the damaged brain areas were analysed in the course of
examinations conducted with the use of thermographic camera. These changes were due to disorders in blood
perfusion, as a result of which a chain reaction started on the level of neurons, leading to cell function disturbance
and, consequently, their death. The examinations showed statistically significant decrease in the temperature in
the stroke affected area (irrespective of its type) in relation to the healthy part, both on the first and the fourth
day of measurement. Unfortunately, this method appeared non-specific for strokes, since it does not allow us
to differentiate between ischemic strokes and hemorrhagic strokes. It can be used for screening evaluation of
disturbances in brain perfusion. The difference in average temperature changes in stroke areas (irrespective of
its type) between the first and the fourth day of examination was statistically significant. This difference was
significantly smaller on the fourth day. Probably on the fourth day of the stroke onset there appear some initial
changes connected with the reorganization of the near-stroke zone, as a result of which there appears an almost
30% increase in the heat lost earlier due to brain perfusion disturbances in relation to the first day of stroke onset.
The evolution of these changes refers both to disturbances connected with the damage caused by the lack of flow
in brain vessels and to the damage connected with vessel rupture and intracerebral hemorrhage [12].

Clinical symptoms are not hemorrhagic stroke specific or ischemic stroke specific, therefore, the imaging
examination is necessary in case of each individual patient . High attenuation blood image make possible to
clinically differentiate between hemorrhage and cerebral infarction and, therefore, CT is generally used as an initial
imaging examination in the ad hoc evaluation of the patient with brain stroke, particularly, if thrombolitic treatment
is planned [13]. Kidwell et al. [14] prove in their research that MR can also successfully exclude the presence
of acute hemorrhage, and certain sequences, e.g. DWI, are sensitive in imaging the earliest ischemic changes.
However, Han et al. [15] report that the DWI sequence in diffusion MRI is often unreliable and the frequency range
of false negative diffusion is from 3.5% to 25% . Because of the easier access to CT in most emergency wards,
this examination still continues to be the method selected in the initial evaluation of the patient, whereas the MR
examination, performed later, may provide additional information. Thanks to MR, it is possible to discover small,
permanent changes which would not be noticed earlier. In clinical practice, it is also of significant importance to
differentiate between the stroke and a temporary ischemic attack (TIA). Traditional definition of TIA as a focal
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deficit lasting up to 24 hours assumes a much longer time period than it is necessary in the MRI to appear as
a stroke. It was reported that 50% of patients demonstrating a less than 24-hour neurological deficit show the
symptoms of ischemia in diffusion MRI, while 50% of these patients show the symptoms of fixed infarction in
the next T2-weighted images [16]. Johnston et al. [17] state that the risk of stroke and other vascular incidents is
higher after the appearance of TIA than after the stroke (CVA). It contradicts the validity of the slower approach
to diagnostics and treatment of patients with TIA. The risk of stroke following TIA after 90 days is about 10%, half
of which happens on the first two days. 25% of patients with TIA have a stroke or other vascular incidents within
the next three months. Allmendinger et al [18] describe in their work the benefits of perfusion CT as the most
frequently used diagnostic tool in acute ischemic stroke evaluation. It can be performed quickly and is generally
accessible. Kontas et al. [19] list the benefits of perfusion CT as the most advanced method providing important
information on chemodynamics of capillaries in brain parenchyma. However, they highlight the X-ray radiation
doses which the patient receives during the examination. Amar [20] also points out to the early use of CT and MR in
brain perfusion evaluation and determination of the ischemic focal area. Proper, fast and correct diagnostics allows
selecting patients to thrombolitic treatment. Merino and Warach [21] emphasise that diffusion MRI is more precise
than CT in detecting ischemic strokes. MR defines a wider range of acute and chronic vascular brain disorders than
CT. Moreover, it is more sensitive in detecting acute ischemic incidents of the brain and, consequently, it can assist
in taking decision on initiating correct treatment.

Using thermographic camera in early detection of brain flow pathologies may be beneficial for patients with
less specific symptoms of brain strokes, yet, it does not prove itself as a diagnostic tool in differentiating between
them. Therefore, it is necessary to conduct imaging examinations, such as CT, in order to determine precisely the
brain pathology, even though this technique is connected with harmful effects of radiation on living organisms.
Perfusion examinations carry even greater risk for the patient since they are connected with increased radiation
dose and an additional intravenous injection of the contrast agent. Theromgraphic camera is a measuring tool
which does not emit any radiation, therefore it does not pose a threat to human life. Conducting examinations using
the infrared radiation is totally harmless for patients however, unfortunately, this method is characterised by very
low sensitivity. Hopefully, the advance of technology will increase the sensitivity of detectors in thermographic
cameras, which will improve their diagnostic possibilities.

Conclusions

1. Thermographic camera is a useful and safe tool in brain stroke diagnosis. However, this method does not
offer a possibility to differentiate between hemorrhagic and ischemic strokes, which is its defect.

2. Temperature change in the stroke area does not depend on the size of the focal area in CT.

3. Temperature change in the stroke area does not correlate with the clinical state of patients.
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