Table 1. The success rates of transcranial insonation of different arteries and their segments
	Artery/Segment
	Right
(N)
	Left
(N)
	Total
(N - %)

	Terminal ICA
	118
	119
	237 – 98.75%

	ACA
	116
	117
	233 – 97.08%

	ACA A1
	97
	100
	197 – 82.08%

	ACA A2
	99
	99
	198 – 82.50%

	MCA
	119
	119
	238 – 99.16%

	PCA
	118
	116
	234 – 97.50%

	PCA P1
	89
	79
	168 – 70.00%

	PCA P2
	86
	84
	170 – 70.83%

	BA
	117
	117 – 97.50%

	Intracranial VA
	116
	117
	233 – 97,08%

	Total
	721
	833
	1554 – 86.33%
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	Artery/Segment
	Angle ≤ 30°
(%)
	Angle > 30°
(%)

	TICA
	17
	83

	ACA A1
	53
	47

	ACA A2
	2
	98

	MCA
	21
	79

	PCA P1
	13
	87

	PCA P2
	49
	51

	Total
	25
	75


Table 2: Proportions of arteries and their segments insonated at angles below or above 30 degrees.






Discussion
This study examined a group of 120 patients without any cerebral pathologies to measure the angles of insonation while evaluating blood flow through cerebral blood vessels. Out of 1800 potential insonations, 1554 were successful, and the angles, ranging from 1 to 80 degrees, were obtained.
The average value was about 42 degrees. The literature generally considers the values of the angle of insonation to be less than 30˚, which was presented by Eicke et al. [1]. The range in their results, which was 0-70 degrees, is similar to the results of this study. The basic assumption of the authors that spoke in favour of these results was that the angle of insonation was usually less than 30˚ thereby the error in measuring the velocity does not exceed the value of around 15%. According to the presented results: cos42˚=0.74, which makes the error of about 25% in measuring the velocity without corrections. The results of measurements of the angles of insonation of intracranial arteries showed that they were greater than 30˚ in 75% of examined segments.
Only in 17% of cases, the angle of insonation of the terminal segment of the internal carotid artery was smaller than 30˚ and higher than 60˚ in the same percentage. It is a short arcuate segment of the internal carotid artery syphon in which the flow direction was toward the probe in one part, and away from the probe in another. No data on angles of insonation in these segment was found in the literature.
Anterior cerebral artery was insonated under different circumstances depending on the segment. Proximal A1 segment, which has excellent insonation conditions, was insonated the angle lower than 30 degrees in 53% of patients. According to our results, this segment had the most favourable insonation conditions. Our results are similar to those presented by E.Bartels et al. and Martin et al., and differ significantly from the results of Baumgartner et al. [2-4]. Postcommunicant segment A2 was examined under very unsatisfying angle in most cases. In 98% of cases the angle of insonation higher than 30˚. In the literature, no data on the insonation conditions of this segment through temporal window was found. More favorable conditions could be reached through the frontal acoustic window that has been described previously [5].
Middle cerebral artery is the artery that is the most studied, using both conventional transcranial Doppler, as well as more contemporary TCCD sonography. Results which were obtained by measuring the angles of insonation using this method can vary depending on the author. The most favorable results were measured by Baumgartner et al., while Krejza et al. and Tsuchiya et al. received significantly higher values [4, 6, 7]. About 20% of the examined segments of the middle cerebral artery were lower than 30 degrees, and other 80% were greater, although in only 5% the angle was higher than 60 degrees. Posterior cerebral artery’s insonation conditions differ significantly in proximal and distal segments, which is consistant with its anatomical course. Precommunicant segment (P1), anterior and posterior mesencephalic segments (P2a and P2P) and postmesencephalic segment (P3) in part are accessible to Doppler sonographyc examination. In Doppler sonographyc terminology two segments of posterior cerebral arteries are present: proximal segment (P1) in which the blood flow is directed towards the probe and distal (P2) where the flow direction is away from the probe. Segment P1 corresponds to precommunicant and anterior mesencephalic segments. It is usually insonated in more distal part, close to the point where the flow of blood changes direction in relation to the probe. The result obtained by Bartels was close to this while the angles received by Baumgartner et al. and Martin et al. were significantly lower [2, 4, 8]. Results of the two authors are close to those obtained in the distal P2 segment, which has a much more favorable insonation conditions, in about 49% of the segments the angle was lower than 30 degrees. Authors whose results can be found in available literature did not specifically analyse the insonation conditions of segments P1 and P2.
Conclusions
Presented results of angles of insonation measurements for anterior, middle and posterior cerebral arteries and their segments, as well as the terminal portion of the internal carotid artery clearly show values which are very often higher than 30 degrees. This situation can cause an error in the blood flow velocity measurement that should not be ignored. The results confirm the necessity of correcting flow velocity values on the basis of angle of insonation in TCCD sonography.
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