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Computerized Determination Of Velocity Time                

Integral In Normal Subjects. 
 

Noori Y. Kattami *  

 انخلاظة
ظوٕة  يٕجوة انوذٔ هر إٌ جكايم انًساحة نًٕجة جرياٌ انذو يًكٍ اشحقاقّ يٍ جحهيم :انًقذية 

 ٔيًكٍ اسحعًانّ في إيجاد يعهٕيات ديُاييكية جخط أيراغ قهبية يعيُة .

إَجاز َافذ   اسحخذاو  رَايج انبيسك انًرئي نححهيوم يٕجوة انوذٔ هر ايجواد :انٓذف يٍ انذةاسة

 جكايم انًساحة جحث يٕجة انذٔ هر عُذ الأشخاض انطبيعييٍ. 

جوى جحهيووم ظوٕة يٕجووة انوذٔ هر نعصوريٍ شووخط خبيعوي  اسووحخذاو  رَوايج حاسووٕ ي : انطريقوة

يُاسووو ٔ َافووذ  انبيسووك انًرئووي ايجوواد جكايووم انًسوواحة جحووث يٕجووة انووذٔ هر عُووذ الأشووخاض 

 انطبيعييٍ . 

(    ٔ  ETانعٕايم انحي جى انحعٕل عهيٓا يٍ جحهيم يٕجة انوذٔ هر ْوي زيوٍ ان)و   : انُحائج

(, ٔقوذ اسوحخذيث ْوذِ انعٕايوم ايجواد   انًعوذل, Vmلال انعوًاو الأ ٓور  يعذل سرعة انوذو  و

( نلأشوخاض VTIالاَحراف انًعياةي ٔانخطأ انقياسي ( نحكايم انًساحة جحث يٕجوة انوذٔ هر  

 انطبيعييٍ في ْذِ انذةاسة. 

جووى إيجوواد جكايووم انًسوواحة جحووث يٕجووة انووذٔ هر نلأشووخاض انطبيعيوويٍ يووٍ جحهيووم  :الاسووحُحاجات

ة انووذٔ هر انخاظووة  ٓووى  اسووحخذاو  رَووايج حاسووٕ ي نُافووذ  انبيسووك انًرئووي حيوو  يًكووٍ يٕجوو

    اسحخذاو ْذِ انطريقة في جصخيط ٔيحا عة حالات يعيُة يٍ الأيراغ انقهبية.
 
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) 
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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. 

 

  

 

 

 

 

 
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 

ET , Vm , VTI 
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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 ± 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) 
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