Application of thermography for evaluation of the allergen provocation
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Abstract
The aim of this study was to define usability of thermography for nasal allergen provocation with own modification of infrared camera placement. A total of 10 subjects entered the study (7 males, 3 females, mean age 24). Six persons had a positive history of hay fever and four – of rhinitis vasomotorica. The provocation was used according EAACI protocol. The experiment during inspiration showed the growth of temperature of anterior nostrils in comparison to the unchallenged side (of about 1°C) and data before the antigen provocation (average +0.8°C). The difference between thermograms during inspiration and expiration phase in the region of anterior nostrils reach 4.05°C. Thermographical assessment of nasal provocation tests results is possible. Facial position for thermal measurements appears worse than proposed nasal position.

1. Introduction 

The nasal congestion which results in nasal obstruction is a clinically important component of the response to allergen [7]. The different methods of determining nasal mucosal blood flow (NMBF) have resulted in conflicting data: for instance, NMBF after a challenge with allergen has been found to be increased by the laser Doppler velocitometry technique [3] and decreased by the Xenon washout method [3] and by anterior rhinomanometry and digital video endoscope [4]. According to Seppey and co-workers [7] the blood flow trough the nose is a major contribution to the thermal state of that organ. The heat loss is particularly dependent on the blood passing thought it [2]. This thermal exchange can be measured on skin by infrared thermography [6]. The principal rule of such diagnostic procedure is continuously recorded the skin temperature of the face before and after nasal provocation tests (NPT) [7].

Among various applications of thermography, its use for scientific examination of nose and its neighbouring structures is rather uncommon. Experiments concerning a factor stimulated changes of temperature dynamics during examination are even sparser [Seppey et al. 1993].

In our opinion not only blood flow changes but the air temperature difference between inspiration and expiration phase of breathing and particularly some positions of infrared camera in front of the face and anterior nostrils had an important influence on the final thermogram's picture.

2. Aim

2.1 The aim of the work was to asses the usability of thermography for measuring the effects of allergen provocation of nasal mucosa, compared to the situation before the challenge and to the state of the side not exposed to the stimulant.

2.2 The second aim of this study was to define an own modification - infrared camera is placed in so called “nasal position“ - during an investigation of nasal thermal response to specific stimulus - in comparison to the classical” facial position”.

3. Material

The collected material covered 60 thermal measurements, taken from a group A and B. A total of 10 subjects entered the study. Group A consisted of six adult persons (3 males, mean age 25, range 20-26) with a positive history of allergic seasonal rhinitis caused by hypersensitivity to grass pollen antigens. All of them had strongly positive skin prick tests with Allergopharma /Nexter extracts of grass pollen, with various intensity of disease. Group B - four persons with rhinitis idiopathica (vasomotorica), 4 males, mean age 22, range 18-26. None of them had suffered from hay fever and all had negative skin prick tests for grass pollen. The rhinoscopic examination were typical for both mentioned kinds of rhinitis, without any appearing of infection or allergic exacerbation's, among 10 investigated subjects. None of them had taken any medication for 2 weeks before NPT.

4. Method

4.1 The patients were exposed to provocation with grass pollen extract 1:1000 BNU (Allergopharma /Nexter), pre-warmed to the 25°C. The measurements were taken during the period when natural exposition for such allergens do not occur. The provocation method used conforms to the standard EAACI protocol [6].

4.2 For the investigation, INFRAMETRC 760 thermal camera was used. All thermal images have been captured and processed through high-speed Peripheral Component Interconnect (PCI) interface. The interface links up to 4 CCD cameras and 1 thermal camera with the powerful computer, and offers the high performance of 32-bit data transfer an optional burst mode that provides accelerated throughput of data across the bus of 132 MB/s. The system presented in this work is one of the first providing enough data transfer throughput to capture and process images in real-time.

4.3 The software for thermal and visual image processing to manipulate with thermal and video images and their sequences was written on Delphi and C++ language and it is native 32-bit code. The software is Win’95 and WinNT compatible. It is dedicated for thermal and visual image processing in parallel. There are various functions available to measure temperature easy and precisely. All images, both thermal and visual ones can appear on the screen in so called life-mode. The throughput of the entire system allow to display them in real-time, to adjust distance, focus, brightness, contrast etc. Typical operations are implemented on thermal and video images. Histogram equalisation, low and high pass filtering, contour extraction, zooming is the most useful. The main part of the software is for thermal image processing, where the following functions are available: calibrated temperature measurement, thermal cross-sections, emissivity correction, histogram, overlapping thermal and video images, setting reference point, etc.

4.4 Facial position according Seppey et all. [7], The thermography camera is placed at a distance of 1 m from the subject’s face, continuously recording the infrared radiations emitted by the face.

4.5 Nasal position proposed by us: The Inframetrics 760 thermal camera is placed at a distance of 1 m from the anterior nostrils i.e. from anteroinferior part of the nose in specific position, with posterior supination of the head. Data from inspiration phase of the breath were collected strictly separable from the each expiration manoeuvre.

5. Results

The obtained results are presented in Table I (mean data for inspiration and expiration) and on the diagram (individual results), illustrating the phase of inspiration of the air through nose. (Fig. 1.)
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Fig. 1 Thermographic recording (individual results) in six patients with hay fever challenged with a grass pollen extract. R - right (challenged) nostril, L - left (unchallenged) nostril, a - before and b - after provocation procedure. Wide line – mean results. (Data measured during inspiration phase of breath)
Table 1
Mean of thermographic recording among patients allergic to grass pollen during nasal provocation


N
INSPIRATION (I)

(in °C)
EXPIRATION (E)

(in °C)
I / E difference



before
after
difference
before
after
difference
before
after

LEFT

(control)
6
25,3
25,1
-0,2
29,4
29,2
-0,2
4,1
4,0

RIGHT

(provocation)
6
25,4
26,2
+0,8
29,6
30,1
+0,5
4,2
3,9

DIFFERENCE

0,1
1,1
1,0
-0,2
0,9
0,7
0,1
0,2

DISPERSION



0,1 to 2,6


0,2 to 3,6
0,1-0,4
0,2-0,5

On the side exposed to provocation a uniform tendency to increase the temperature of the examined area can be observed in all cases. The compared side shows a random distribution of data.

Facial position for thermal measurements appears worse than so called nasal position.  Fig. 2 and 3 (on coloured pages in appendix) show it.

Interpretation of thermogram prepared in classical facial position needs choice of optimal points to determine changes of temperature. It is usually difficult because of wide, irregular cutaneous area above the nasal canal –the longest and the widest in this anatomical situation (Fig 2. a, b).

Our suggestion concerning thermal visualisation of anteroinferior part of the external nose (i.e. anterior nostrils) allowed easier catched the appropriate measurement point in the central part of small, oval, strictly defined surface (Fig. 2 b, c). In this position the difference between provoked (right) side (Fig. 2 d) and unprovoked (left) one (Fig. 2 c) is clearly visible even without additional measurements.

Our new, proposed, nasal position is clearly useful even in the cases of negative grass antigen challenge. Fig. 3 additionally presents constant difference of breathing through the nose. Mean difference between inspiration and expiration were 4,05  °C (dispersion 0,2 – 2,6°C). The symptoms induced by provocation with grass pollen antigen solution were limited to the nose, lasted about 1 hour and did not require any medication.

6. Discussion

There is great heterogeneity in the temperatures measured on the face. The coldest part is the nasal pyramid because of its cooling by breathing air at room temperature during inspiration, despite temporary warming of anterior nostrils in expiration phase of breathing. Because of the rapidly occurring changes in dorsal surface of external nose and nostrils temperature, it is crucial to standardise the test conditions as much as possible; working in a room with strictly controlled air condition, keeping the patients at rest before the stimulation, using pre-warmed vehicle and provoking agents are all necessary for the reliable recording of temperature during NPT [7].

Many atopics are known for an abnormal cutaneous vasoactivity to temperature with vasoconstriction on warming and vasodilatation on cooling [5]. By facial position technique we detected only skin surface temperature in the middle part of the face. The skin temperature gradient appears to vary mostly according to tissue conduction and blood convection. In tissue conduction, the skin temperature is influenced by a heat transfer from the underlying organs, and thus depends on the thermal conductivity of the subcutaneous tissues.

In our version nasal mucosa – not the skin exist in the central part of investigated field According to Bellussi and co-workers [2] distribution of Technetium – 99 - DTPA during nasal application of aqueous particles fill the entire nasal cavity, choana and rhinopharynx. The particles then travel down through the oesophagus into the stomach. No significant radioactivity is deposited either in the skin, trachea or the lungs. [2]. Different deposition is described as dependent on diameter of particles of aerosol [1].

The measurements were taken using the INFRAMETRCS 760 thermal camera, what differs this experiment form the earlier, employing the AGA22 Thermovision 680 system. (Lidiigö, Sweden) Rapidly growing conchal hyperthermia only on the side exposed to provocation may prove:

a) surprisingly high speed of vasomotor “neurogenous” reaction of nasal mucosa after stimulation with pollen allergens as irritating agent;

b) the existence of “fast path” of early inflammatory reaction after exposing to allergen at patients suffering heavy hypersensitivity;

c) specificity of nasal reaction – independent for each side;

and

d) usability of thermography in examination of pathophysiology of nose. 

7. Conclusions

Thermographical assessment of results of provocation of the nasal mucosa with allergen is possible. The experiments conducted shown the growth of temperature of anterior nostrils in comparison to both the compared side (of about + 1°C) and the results of measurements preceding the provocation (average of +0,8°C). Difference between inspiration and expiration thermograms in the region of anterior nostrils reach 4.05°C.
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Fig.  2. Thermograms before (a) and after (b,c,d) POSITIVE PROVOCATION with grass antigen.  So called facial position (a,b) and proposed nasal position (c,d) – inspiration (c) and expiration (d). Patient Joanna M.ilczrek - “hay fever” 28 y.
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Fig. 3.Thermograms before (a,b) and after (c,d) NEGATIVE PROVOCATION with grass antigen. Nasal position  – inspiration (a,c) and expiration (b,d),

Patient Andrzej O.wczarek - rhinitis idiopatica – 35 y.
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