Transrectal Ultrasound: Why Are Volume And Dimensional Estimations So Inaccurate?
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Objective:


	To determine the reasons for the variations in the volumes of the prostate obtained by the dimensional method and by step planimetry and assess the repeatability of  Transrectal ultrasound of the prostate(TRUS). To study the effect of angulation of the transrectal probe in the rectum, the human error in the clinical set-up and the benefit of  computer enhancement of the ultrasound images. 





Patients and Methods:


	Forty-five men with symptoms of prostatic enlargement were divided randomly into three groups. The men in the first group were scanned 3 times by the dimensional method and  step planimetry to assess repeatability of TRUS. The patients in the second group had  their prostate scanned by the dimensional method and step planimetry with the probe in the optimal axis, followed by scans  repeated by deflecting the transrectal probe 5 degrees anteriorly and posteriorly. The third group simply had TRUS by the dimensional method and step planimetry. Step planimetry was done by a specially designed  indexer firmly attached to the examination couch. All frozen images and planimetry slices were video recorded for computer enhancement. Volumes and dimensions obtained by the conventional method, step planimetry, with computer enhancement and the maximum dimensions of the prostate from planimetric contours were compared.





Results:


	Volumes obtained by step planimetry were 17% more than by the dimensional method. The reason for this was that the craniocaudal, anteroposterior and transverse diameters were significantly undersized by the dimensional method by 13%, 2% and 7% respectively.  The largest anteroposterior and transverse diameters were in the same axial scan in only 44%, while the largest craniocaudal diameter was in the midline  in only 38% of the cases. The human error in the clinic was negligible (2%) with good correlation between the dimensions and volumes obtained in the clinic and with computer enhancement (r = 0.94). No specific advantages were noted by computer enhancing the TRUS images. Volumes using the maximum dimensions obtained from planimetric contours correlated well with planimetric volumes(r =  0.93). Repeatability of TRUS showed a mean error of 8% by the dimensional method and 1% by step planimetry. Axis deviation of the transrectal probe showed that anterior deflection of the probe reduced the volume by 2% and posterior deflection increased the volume by 4% by the dimensional method while there were no significant volume changes by step planimetry.





Conclusion:


	 These findings confirm that to estimate the volume of the prostate accurately using the prolate ellipsoid formula the current methodology needs to be changed. The largest anteroposterior and transverse diameters may need to be measured in different transverse scan slices and the largest craniocaudal diameter in a sagittal scan away from the midline. If volume estimation is to be repeated, TRUS using the prolate ellipsoid formula is not reliable in contrast to step planimetry. The human error in the clinic is negligible and computer enhancement of the ultrasound images is not required..





Legends to Illustrations








Fig. 1		Specially designed manual indexer with a longitudinal calliper and an axial 		protractor to hold the transrectal probe. The indexer is firmly attached to 		the examination couch by a ball clamp that is very flexible as well as rigid to 		prevent any positional error. 
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Fig. 2		Graph showing that prostatic volumes obtained by PV are more 			repeatable than those obtained by DMV.
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Fig.3		Graph showing the different volumes of prostate by the DMV,CEV,PV 		and VMax. It can be seen that the volume difference between PV and 			DMV progressively increases with the prostatic volume.
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Table - 1


Correlation Coefficient of Volumes


	


�
DRE�
DM�
PV�
�
IPSS-S�
0.0333�
0.0619�
0.0894�
�
IPSS-L�
0.0247�
0.0562�
0.1106�
�
Digital Rectal Examination (DRE)�
�
0.5969�
0.5336�
�
PEF with Dimensional method (DM)�
0.5969�
�
0.8851�
�
PEF with Computer Enhanced dimensions�
0.6122�
0.9393�
0.8785�
�
PEF with Planimetric Dimensions (V Max)�
0.5277�
0.9293�
0.9299�
�
	Table - 2


Mean Dimensions & Volumes of Prostate





�
Craniocaudal (mms)�
Transverse


 (mms)�
Anteroposterior (mms)�
Volumes


 (ccms)�
�
Planimetric Volume�
�
�
�
PV


34.83 + 18.38�
�
 Dimensional Method�
38.03 + 8.48�
46.12 + 7.27�
29.24 + 7.98�
DMV


28.93 + 16.68�
�
Computer Enhancement�
38.42 + 7.28�
45.67 + 6.44�
29.15 + 7.55�
CEV


28.28 + 14.96�
�
 Planimetric Dimensions�
43.73 + 9.75�
49.61 + 7.24�
29.73 + 8.28�
V Max


35.66 + 21.23�
�
Table - 3


Repeatability of Dimensions & Volume by Transrectal Ultrasound





�
Craniocaudal


mms�
Anteroposterior


mms�
Transverse


mms�
PEF Volume


ccms�
Planimetry


ccms�
�
Scan A �
38.00 + 11.19


(-4 - +1)�
29.33 + 7.61


(-2 - +1)   �
48.50 + 6.63


(-2 - +1)�
30.18 + 17.24


(-7 - +1)�
46.05 + 23.53


(-2 - +4) �
�
Scan B�
36.50 + 8.64


(-3 - +4)�
27.83 + 5.71


(-1 - +3)�
47.33 + 6.53


(0 - 2)�
25.89 + 11.56


(- 1 - +7)�
48.91 + 22.57


(-4 - +2)�
�
Scan C�
38.00 + 10.95


(-2 - +1)�
28.83 + 6.37


(-2 - +2)�
48.67 + 5.99


(-1 - +1)�
29.13 + 14.50


(-4 - +1)�
47.36 + 22.57


(-1 - +1)�
�
Mean


�
37.50 + 10.13�
28.67 + 6.45�
48.17 + 6.33�
28.40 + 14.36�
47.44 + 22.81�
�
(Figures in Brackets are the range of absolute deviations from the mean) 			


Table - 4


Changes in Dimensions & Volumes of Prostate With 


Axis Deviation of The Transrectal Probe





�
Optimal Axis�
+ 5 Degrees�
-- 5 Degrees �
�
Craniocaudal 


mms�
37.80 + 6.42�
36.72 + 5.24


(-6 - +10)�
38.72 + 7.66


(-2 - +17)�
�
Transverse


mms�
41.08 + 5.50


�
39.80 + 7.10


(-7 - +16)�
39.96 + 7.15


(-9 - +11)�
�
Anteroposterior


mms�
28.12 + 5.17�
28.00 + 6.45


(-4 - +9)�
28.00 + 7.35


(-7 - +15)�
�
PEF Volume


ccms�
26.75 + 12.28�
26.24 + 12.79�
27.93 + 16.60�
�
Planimetry


ccms�
38.20 + 13.44�
38.40 + 14.60�
38.00 + 14.05�
�
(Figures in brackets are the range of absolute deviations from the optimum)


�PAGE  �3�














