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Computerized Determination Of Velocity Time                
Integral In Normal Subjects.

Noori Y. Kattami * 
  الخلاصة

موجѧة الѧدوبلر   إن تكامل المساحة لموجة جریان الدم یمكن اشتقاقھ من تحلیل صѧورة  :المقدمة 
  .ویمكن استعمالھ في إیجاد معلومات دینامیكیة تخص أمراض قلبیة معینة 

إنجاز نافذة باستخدام برنامج البیسك المرئي لتحلیѧل موجѧة الѧدوبلر لإیجѧاد     :الھدف من الدراسة
  . تكامل المساحة تحت موجة الدوبلر عند الأشخاص الطبیعیین

عشѧرین شѧѧخص طبیعѧي باسѧѧتخدام برنѧامج حاسѧѧوبي    تѧم تحلیѧѧل صѧور موجѧѧة الѧدوبلر ل   : الطریقѧة 
مناسѧѧب و نافѧѧذة البیسѧѧك المرئѧѧي لإیجѧѧاد تكامѧѧل المسѧѧاحة تحѧѧت موجѧѧة الѧѧدوبلر عنѧѧد الأشѧѧخاص    

  . الطبیعیین 
و )     ET(العوامل التي تم الحصول علیھا من تحلیل موجة الѧدوبلر ھѧي زمѧن الضѧخ     : النتائج

, المعѧدل ( اسѧتخدمت ھѧذه العوامѧل لإیجѧاد      وقѧد , )Vm(معدل سرعة الѧدم خѧلال الصѧمام الأبھѧر     
للأشѧخاص  ) VTI(لتكامل المساحة تحت موجѧة الѧدوبلر   ) الانحراف المعیاري والخطأ القیاسي 

  . الطبیعیین في ھذه الدراسة
تѧѧم إیجѧѧاد تكامѧѧل المسѧѧاحة تحѧѧت موجѧѧة الѧѧدوبلر للأشѧѧخاص الطبیعیѧѧین مѧѧن تحلیѧѧل   :الاسѧѧتنتاجات

ام برنѧѧامج حاسѧѧوبي لنافѧѧذة البیسѧѧك المرئѧѧي حیѧѧث یمكѧѧن     موجѧѧة الѧѧدوبلر الخاصѧѧة بھѧѧم باسѧѧتخد   
!!   .استخدام ھذه الطریقة في تشخیص ومتابعة حالات معینة من الأمراض القلبیة

Abstract
Background:Velocity time integral (VTI) of the blood flow wave is 
derived from the analysis of the image of the Doppler wave. VTI can 
be utilized to determine hemodynamic information in certain 
cardiac disorders.
Objective:To establish visual basic form for analysis of Doppler 
wave to determine velocity time integral (VTI) in normal subjects.
Method:Doppler waves in twenty normal subjects were analyzed to 
determine VTI utilizing suitable computer program and visual basic 
form.
Results:The parameters obtained from the analysis of Doppler wave 
(Ejection time (ET) and Mean blood velocity across aortic valve 
(Vm)) were utilized to determine VTI of the normal subjects studied 
as Mean, ±SD, ±SDE.  
Conclusion:The (VTI) was determined in normal subjects from their 
Doppler waves using a computer program of visual basic form that 
can be useful in diagnosing and following certain cardiac disorders.
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Introduction
      In the main Doppler modalities (continuous and pulsed Doppler), 
the velocity information is derived from the frequency shift that 
occurs between transmitted and reflected ultrasound. By convention, 
a velocity towards the transducer is displayed above the base line of 
Doppler wave, and away from it bellows the base line. To record a 
Doppler spectrum across aortic valve, the sample volume is 
positioned in the aorta directly behind the valve (1). 
VTI is the integral of the spectral trace or the area under the 
Doppler waveform (it can be determined by planimetric analysis) (1, 

2). 
    VTI is utilized in the calculation of stroke volume, assessment of 
aortic valve diseases (aortic valve stenosis and regurgitation) (3,4,5),

and in the predict of cardiac output  (6).
        In the present study new visual basic form was established 
using suitable computer programe for the analysis of the images of 
the aortic Doppler waves to determine VTI .

Materials and Methods  
  Twenty Doppler waves were analyzed to determine the derived 
Doppler parameters in twenty normal subjects who underwent 
echocardiography and Doppler study (across aortic valve in the 
apical five chamber view), their average values of some physical 
parameters and left ventricular dimensions at end systole and end 
diastole (LVESD and LVEDD) are shown in Table (1) and Table(2).

Table -1: Some physical parameters of the subjects studied.                

± SDE  ± SD  Mean  Parameters
2.219.8929.1Age (year)  
2.109.39168.7HT (cm)  
2.8412.7172.75WT (kg)  
2.44  10.89  82.05  HR (beat/min)  
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Table -2: LV dimensions at ES and ED with %EF of the subjects 
studied.

± SDE± SDMeanParameters
0.070.323.34LVESD (cm)
0.070.325.10LVEDD (cm)
1.024.5771.82%EF

       
The analysis of the Doppler wave is done according to the following 
steps:

1. Establishment of visual basic form to analyze the Doppler waves in 
apical five-chamber view of the subjects studied (Fig.1), to determine 
the derived Doppler parameters (ET, Vm) of the blood flow across 
aortic valve of the patients studied.

Figure- 1: The image of the Doppler wave of the blood flow across 
aortic valve in apical five-chamber view.  

Computerized determination of the area (in cm²) within the curve of 
the Doppler wave ( Ad ), Vm  (in cm/sec) ,  ejection time distance   
(ETd  = the distance in cm between the crossing points of the basal 
line and the Doppler wave), and ET (in sec) to compute VTI (in cm)  
as demonstrated in flow chart one     (Fig. 2).VTI  is the integral of 
the spectral trace of all velocities during ET and equal to the actual 
area under the image  of the Doppler signal  (2).
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Figure- 2 : Flow chart one of the visual basic program  used in the 
present study to compute VTI .

Results
          All subjects studied fulfilled the criteria of normal LV 

dimensions and %EF in the present study (table 2). The readings 
of LV dimensions are within normal ranges (LVESD =3.34 ± 0.32 
cm and LVEDD = 5.1 ± 0.32 cm) (7). Also,  (%EF =71.82 ± 4.57  )
are more than 55%   (8)  .

       The results obtained from the analysis of the Doppler waves of the 
normal subjects studied (ET = 0.27 ± 0.04 sec, Vm = 68.05 ± 16.22 
cm/sec, and VTI = 18.54 ± 4.4 cm), are listed in Table (3) as mean, 
± SD and ± SDE.

Analysis of the Doppler wave to obtain data 
"required" to compute VTI

Determination of X-Y coordinates of the 
outline of the Doppler wave

Determination of  ETd   ( in cm)

Determination of ET (in sec)
ET= ETd / R

R= 10 cm/ sec (the rate of the sweeping of the 
Doppler wave on the screen)

Determination of Ad of the Doppler wave (in 
cm²)

Determination of Vm (in cm /sec)
Vm = Ad / ETd

PRINT
ET, Vm, VTI

Computation of VTI (in cm)
VTI = Vm (cm/sec) × ET (sec)

START
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Table -3 : Doppler –derived parameters of the subjects   studied.    

  

                                                                                                             

Discussion
     VTI is utilized in the determination of cardiac output and stroke 
volume (6). Cardiac output has been measured from the pulmonary 
artery (9,10) and left outflow tract (11) with the use VTI obtained by 
pulsed – wave Doppler and continuos – wave Doppler (12). Doppler 
stroke volume determination is based on the principle (stroke 
volume equal to VTI multiplied by the cross-sectional area of the 
aortic valve) (2).   
      Generally Doppler echocardiography provides accurate 
hemodynamic information for the diagnosis, assessment of severity 
and follow –up of patients with aortic stenosis and aortic 
regurgitation (3,13).  Also Doppler echocardiography may provide a 
reliable noninvasive method to determine pulmonary vascular 
resistance depending on the peak tricuspid regurgitant velocity and 
VTI of the right ventricular outflow tract (14).
      In the present studies VTI is determined (computerized 
calculations) using personal computer and visual basic form. The 
method used is better than manual calculations using planimeter 
(which is time consuming). Also the present study can be applied to 
analyze the images of the Doppler waves  of the patients that were 
previously studied (off-line method), while the Doppler wave 
analysis is on-line using the new echocardiography system.
VTI determined of the normal subjects studied in the present study 
is (18.54 ± 4.4 cm for the aorta), which is comparable with the VTI 
that previously determined by another investigators (18 to 20 cm for 
the aorta)   (15, 16). 
      In conclusion the clinical application of the present method is to 
determine VTI   of the Doppler waves of the blood velocity across 
aortic valve, which can be used as reference in the evaluation of the 
blood flow across aortic valve. VTI is a convenient guide to 
determine the severity of aortic valve diseases, stroke volume, 
cardiac output and vascular resistance in certain cardiac disorders.

± SDE± SDMeanParameters
0.010.040.27ET              (sec)
3.6316.2268.05Vm      (cm/sec)
0.984.4018.54VT            (cm)
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Computerized Determination Of Velocity Time                Integral In Normal Subjects.



Noori Y. Kattami * 

الخلاصة

المقدمة :إن تكامل المساحة لموجة جريان الدم يمكن اشتقاقه من تحليل صورة موجة الدوبلر ويمكن استعماله في إيجاد معلومات ديناميكية تخص أمراض قلبية معينة .

الهدف من الدراسة:إنجاز نافذة باستخدام برنامج البيسك المرئي لتحليل موجة الدوبلر لإيجاد تكامل المساحة تحت موجة الدوبلر عند الأشخاص الطبيعيين. 

الطريقة :تم تحليل صور موجة الدوبلر لعشرين شخص طبيعي باستخدام برنامج حاسوبي مناسب و نافذة البيسك المرئي لإيجاد تكامل المساحة تحت موجة الدوبلر عند الأشخاص الطبيعيين . 

النتائج :العوامل التي تم الحصول عليها من تحليل موجة الدوبلر هي زمن الضخ (ET )    و معدل سرعة الدم خلال الصمام الأبهر (Vm), وقد استخدمت هذه العوامل لإيجاد ( المعدل, الانحراف المعياري والخطأ القياسي ) لتكامل المساحة تحت موجة الدوبلر (VTI) للأشخاص الطبيعيين في هذه الدراسة. 

الاستنتاجات: تم إيجاد تكامل المساحة تحت موجة الدوبلر للأشخاص الطبيعيين من تحليل موجة الدوبلر الخاصة بهم باستخدام برنامج حاسوبي لنافذة البيسك المرئي حيث يمكن استخدام هذه الطريقة في تشخيص ومتابعة حالات معينة من الأمراض القلبية.   



Abstract

Background:Velocity time integral (VTI) of the blood flow wave is derived from the analysis of the image of the Doppler wave. VTI can be utilized to determine hemodynamic information in certain cardiac disorders.

Objective:To establish visual basic form for analysis of Doppler wave to determine velocity time integral (VTI) in normal subjects.

Method:Doppler waves in twenty normal subjects were analyzed to determine VTI utilizing suitable computer program and visual basic form.

Results:The parameters obtained from the analysis of Doppler wave (Ejection time (ET) and Mean blood velocity across aortic valve (Vm)) were utilized to determine VTI of the normal subjects studied as Mean, ±SD, ±SDE.  

Conclusion:The (VTI) was determined in normal subjects from their Doppler waves using a computer program of visual basic form that can be useful in diagnosing and following certain cardiac disorders.
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Introduction

      In the main Doppler modalities (continuous and pulsed Doppler), the velocity information is derived from the frequency shift that occurs between transmitted and reflected ultrasound. By convention, a velocity towards the transducer is displayed above the base line of Doppler wave, and away from it bellows the base line. To record a Doppler spectrum across aortic valve, the sample volume is positioned in the aorta directly behind the valve (1). 

VTI is the integral of the spectral trace or the area under the Doppler waveform (it can be determined by planimetric analysis) (1, 2). 

    VTI is utilized in the calculation of stroke volume, assessment of aortic valve diseases (aortic valve stenosis and regurgitation) (3,4,5), and in the predict of cardiac output  (6).

        In the present study new visual basic form was established using suitable computer programe for the analysis of the images of the aortic Doppler waves to determine VTI .



Materials and Methods  

  Twenty Doppler waves were analyzed to determine the derived Doppler parameters in twenty normal subjects who underwent echocardiography and Doppler study (across aortic valve in the apical five chamber view), their average values of some physical parameters and left ventricular dimensions at end systole and end diastole (LVESD and LVEDD) are shown in Table (1) and Table(2).



Table -1: Some physical parameters of the subjects studied.                

		± SDE

		± SD

		Mean

		Parameters



		2.21

		9.89

		29.1

		Age (year)



		2.10

		9.39

		168.7

		HT (cm)



		2.84

		12.71

		72.75

		WT (kg)



		2.44

		10.89

		82.05

		HR (beat/min)





















Table -2: LV dimensions at ES and ED with %EF of the subjects studied.



		± SDE

		± SD

		Mean

		Parameters



		0.07

		0.32

		3.34

		LVESD (cm)



		0.07

		0.32

		5.10

		LVEDD (cm)



		1.02

		4.57

		71.82

		%EF





       

The analysis of the Doppler wave is done according to the following steps:

1. Establishment of visual basic form to analyze the Doppler waves in apical five-chamber view of the subjects studied (Fig.1), to determine the derived Doppler parameters (ET, Vm) of the blood flow across aortic valve of the patients studied.



[image: ] 











Figure- 1: The image of the Doppler wave of the blood flow across aortic valve in apical five-chamber view.  

 

Computerized determination of the area (in cm²) within the curve of the Doppler wave ( Ad ), Vm  (in cm/sec) ,  ejection time distance   (ETd  = the distance in cm between the crossing points of the basal line and the Doppler wave), and ET (in sec) to compute VTI (in cm)  as demonstrated in flow chart one     (Fig. 2).VTI  is the integral of the spectral trace of all velocities during ET and equal to the actual area under the image  of the Doppler signal  (2).













 (
PRINT
ET, Vm, VTI
Computation of VTI (in cm)
VTI = Vm (cm/sec) × ET (sec)
START
ET , Vm , VTI
)





 (
Analysis of the Doppler wave to obtain data "required" to compute VTI
Determination of X-Y coordinates of the outline of the Doppler wave
Determination of  ETd   ( in cm)
Determination of ET (in sec)
ET= ETd / R
R= 10 cm/ sec (the rate of the sweeping of the Doppler wave on the screen)
Determination of Ad of the Doppler wave (in cm²)
Determination of Vm (in cm /sec)
Vm = Ad / ETd
)









	





		



Figure- 2 : Flow chart one of the visual basic program  used in the present study to compute VTI .



Results

          All subjects studied fulfilled the criteria of normal LV dimensions and %EF in the present study (table 2). The readings of LV dimensions are within normal ranges (LVESD =3.34 ± 0.32 cm and LVEDD = 5.1 ± 0.32 cm) (7). Also,  (%EF =71.82 ± 4.57  ) are more than 55%   (8)  .

       The results obtained from the analysis of the Doppler waves of the normal subjects studied (ET = 0.27 ± 0.04 sec, Vm = 68.05 ± 16.22 cm/sec, and VTI = 18.54 ± 4.4 cm), are listed in Table (3) as mean, ± SD and ± SDE.



Table -3 : Doppler –derived parameters of the subjects   studied.    

		± SDE

		± SD

		Mean

		Parameters



		0.01

		0.04

		0.27

		 ET              (sec)



		3.63

		16.22

		68.05

		 Vm      (cm/sec)



		0.98

		4.40

		18.54

		 VT            (cm)







                                                                                                             





Discussion

     VTI is utilized in the determination of cardiac output and stroke volume (6). Cardiac output has been measured from the pulmonary artery (9,10) and left outflow tract (11) with the use VTI obtained by pulsed – wave Doppler and continuos – wave Doppler (12). Doppler stroke volume determination is based on the principle (stroke volume equal to VTI multiplied by the cross-sectional area of the aortic valve) (2).   

      Generally Doppler echocardiography provides accurate hemodynamic information for the diagnosis, assessment of severity and follow –up of patients with aortic stenosis and aortic regurgitation (3,13).  Also Doppler echocardiography may provide a reliable noninvasive method to determine pulmonary vascular resistance depending on the peak tricuspid regurgitant velocity and VTI of the right ventricular outflow tract (14).

      In the present studies VTI is determined (computerized calculations) using personal computer and visual basic form. The method used is better than manual calculations using planimeter (which is time consuming). Also the present study can be applied to analyze the images of the Doppler waves  of the patients that were previously studied (off-line method), while the Doppler wave analysis is on-line using the new echocardiography system.

VTI determined of the normal subjects studied in the present study is (18.54 ± 4.4 cm for the aorta), which is comparable with the VTI that previously determined by another investigators (18 to 20 cm for the aorta)   (15, 16). 

      In conclusion the clinical application of the present method is to determine VTI   of the Doppler waves of the blood velocity across aortic valve, which can be used as reference in the evaluation of the blood flow across aortic valve. VTI is a convenient guide to determine the severity of aortic valve diseases, stroke volume, cardiac output and vascular resistance in certain cardiac disorders.

References

 1. Matthia Hofer. Basic physical and technical principles.               Ultrasound Teaching Manual for color duplex echo-cardiography (CDS) 2001: 8-16.

 2. Shiller NB, Foster E. Hemodynamics derived from tras-esophageal echocardiography. UpToDate patient information, 2007. 

3. Mehta Y, and Singh R. Echo tutorials: Quantification of AS and AR. E-ACA, 2009; 12(2): 173.

4. Joao I, Cotrim C, Duarte JA, Fazendas P, Catarino C, Pereira H, et al . Valve orifice area in aortic stenosis evaluation by planimetry, Gorlin and continuity equations: a prospective study. Rev Port Cardiol 2002; 21(4):421-34.

5. Eisaku  H, Takanori  H, HIDEKI  D, Ikuo  M, EitokuI   K,  Rumi M, et al. Assessment of aortic valve area by echocardiography using continuity equation is useful in the assessment of the severity of aortic stenosis. Amakusa Medical Journal, 2002; 16: 21-24.

6. Joao I, Cotrim C, Duarte JA, Fazendas P, Catarino C, Pereira H, et al . Valve orifice area in aortic stenosis evaluation by planimetry, Gorlin and continuity equations: a prospective study. Rev Port Cardiol 2002;21(4):421-34 .

7. Hagen-Ansert SL, (ed). Textbook of diagnostic ultrasono-graphy. Mosby company; USA, 1989:227-647.

8. Lavine SJ, Krishnaswami V., Shreiner DP et al: Left ventricular diastolic filling in patients with coronary artery disease and normal left ventricular function. Am Heart J 1985; 110:318. 

9.  Muhiudeen IA, Kuecherer HF, Lee E, et al.  Intraoperative estimation of cardiac out put by transesophageal pulsed Doppler echocardiography. Anesthesiology 1991: 74:9. 

10.  Izzat M, Regragui LA, Wilde P, et al. Transesophageal echocardiographic measurements of cardiac out put in cardiac surgical patients . Ann Thorac surg 1994; 58:1486. 

11.  Stoddard MF, Prince CR, Ammash M, et al. Pulse Doppler echocardiographic determination of cardiac output in human beings. comparison with thermal dilution technique. Am Heart J 1993; 126:956.

12.  Kaji S, Yang PC, Kerr AB, et al. Rapid evaluation of left ventricular volume and mass without breath-holding using real-time interactive cardiac magnetic resonance imaging system. J Am Coll Cardiol 2001; 38:527-533. 

13. Alipour MS, Shah PM,. Diagnosis of Aortic Stenosis in the Elderly: Role of Echocardiography Am J Gardiol 2003; 12(3):201-206.

14.  Scapellato F, Temporelli PL, Eleuteri E, Corra U, Imparato A, Giannuzzi P. Accurate noninvasive estimation of pulmonary vascular resistance by Doppler echocardiography in patients with chronic failure heart failure. J Am Coll Cardiol 2001; 1:37(7):1813-9. 

15. Bouchard A, Blumlein S, Schiller NB. Measurement of left Ventricular stroke volume using continuos wave Doppler echocardiography of the ascending aorta and M-mode echocardiography of the aortic valve.  J Am Coll Cardiol 1987; 9(1):75-83.

16.   Haites NE, McLennan FM, Mowat DH, Rawles JM.       How far is the cardiac out put? Lancet 1984 Nov 3:2(8410):1025-7.

	



 (
168
)

 (
169
)

image1.png







