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By measuring pulse wave velocity (PWV) via an arterial route, one can 
determine the stiffness of the artery. The duration between the ECG R-
wave climax and a reference point on the digital pulse wave (DPW) in 
the same cardiac cycle must be determined in order to determine the 
pulse transit time (PTT). The time it takes for a pulse wave to travel 
from the heart to a peripheral artery location is known as the PTT. To 
find out the best reference point on the DPW that is associated with 
the least beat-beat coefficient of variation (CV) of PWV. The study was 
carried out on 10 healthy young males aged 19 years. A two-minute 
recording of the left middle fingertip DPW signals (through 
piezoelectric Finger Pulse Transducer) and lead II ECG (through three 
surface electrodes) were carried out. PTT was calculated as follows: 
from the climax of the electrocardiogram R wave to the onset (foot) of 
the DPW (PTT1); from the apex to the onset points of the DPW at 10% 
of its amplitude (PTT2); and from the apex to the onset points of the 
DPW at 50% of its amplitude (PTT3). PTT1, PTT, and PTT3 were 
measured on each volunteer and on the same cardiac cycles. 
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Introduction 

Measurements of vascular aging are thought to be an informative tool for determining 

cardiovascular risk. Cardiovascular disease has been linked to increased arterial stiffness [1]. 

The inability of an artery to expand and contract in response to pressure changes is known as 

arterial stiffness [2].  Techniques like the measurement PWV [3] are non-invasive, repeatable, 

and reasonably priced for measuring arterial stiffness. PTT is a physiological metric based on 

precisely specified properties of the pulse wave shape and is frequently generated from 

computations on ECG and PWD signals [4]. PTT is often computed as the interval between the 

R-climax of the ECG and a reference point on the pulse wave during the same cardiac cycle. It 

is defined as the amount of time it takes for a pulse wave to travel from the heart to the 

peripheral arteries. When calculating the PWV (PWV = PTT/D, where "D" is the artery length 

separating the heart from the point where the pulse wave arrives), pulse transit time (PTT) is 

a significant factor [5].  
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Various DPW reference points were selected [5, 6]. Among these reference points, the foot 

of the DPW is the one that was commonly used [7]. Other reference points that can be 

localized accurately are the climax of the second derivative [8, 9, 10] and the climax of the first 

derivative of the DPW [11], which correspond to 10% and 50% of the DPW amplitude, 

respectively. Very limited studies assessed the possibility of variation of PTT from beat-to-

beat of cardiac cycle by using different reference points on the DPW. 

The objective of the current research is to assess the possibility that beat-to-beat PWV 

dispersion is affected by the chosen reference point of PTT on the DPW. 

Methods 

The present cross-sectional study was conducted in the Department of Physiology, Al-

Mustansiriyah University from November 1, 2022 to May 31, 2023. Ten healthy young males 

with an age of 19 years (first-year medical students) were recruited in the current study from. 

All were non-smokers, free from any medical illness, and were not taking any medications. 

Every participant was given a thorough explanation of the study before providing their 

written informed permission. All procedures and protocols were approved by the ethical 

committee in the Department of Physiology and the study followed the standard principles in 

the Declaration of Helsinki. Gender and other anthropometric measurements were registered.  

 

Experimental setup 

An automated sphygmomanometer was used to measure heart rate (HR) and right 

brachial artery blood pressure (BP) in the semi-prone posture following 10 minutes of full 

rest (Rossmax Swiss GmbH, Tramstrasse 16, CH-9442 Berneck, Switzerland). Up until stable 

values were attained, repeated HR and BP measurements were made. Throughout the 

technique, the individuals were instructed to maintain spontaneous breathing, and they were 

also advised to keep quiet while the data was being recorded.  A hardware data acquisition 

unit 26T (Power Lab, AD Instruments Pty Ltd, New South Wales, Australia) was used to 

convert analog signals obtained from finger pulse transducer to digital computer signals 

(figure 1). A two-minute recording of the left middle fingertip DPW signals (through Finger 

Pulse Transducer) and lead II ECG (through three surface electrodes) were carried out. The 

LabChart Pro version 7.2 software was used for offline DPW analysis and computation. 

 

Pulse Transit Time (PTT) 

Three main methods were used to measure the PTT (figure 1). First method (PTT1) 

consisted in measuring the latency in time between the R climax of the ECG and a reference 

point of the DPW (the foot or the onset of the DPW. The second method (PTT2) was to 

measure the period of time between the peak of R of the ECG and a reference point of the 

DPW that corresponds to the “A” wave of the second derivative of DPW (SDDPW) (at which 

the DPW signal reaches 10% of the amplitude between the apex and the onset points of DPW). 

The third method (PTT3) for determining the PTT involved measuring the time latency 

between the R climax of the ECG and a reference point of the DPW such as the point that 

corresponds to the maximum positive wave of first derivative of DPW (FDDPW) (at which the 

DPW signal reaches 50% of the amplitude between the apex and the onset points of DPW). 

The LabChart software’s “peak detection” module was used to identify ECG “R” wave peaks, 
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SDDPW peaks, and FDDPW peaks. PTT1, PTT, and PTT3 were measured on each volunteer 

and on the same cardiac cycles. PWV is calculated as follow: PWV = PTT/D, where “D” is the 

artery length between the heart and the tip of the left middle finger (in meters) and is 

calculated as 0.5 x body height in meters [12] and PTT (in sec). We calculated the average of 

30 to 40 successive cardiac cycles and the CV of these cardiac cycles for each volunteer for 

each specific method of PTT measurement.  

 

Statistics 

 All of the results were expressed using the mean and standard deviation (SD). To 

compare data between variables, paired Student’s t-test was used. 

Result 

The characteristics of the recruited volunteers are shown in table 1. It is clear that the 

PWV varied according to the reference point and was at its maximum value when the 

reference point was at the foot of the DPW (table 2). The shortest registered PWV in the 

present research was when the reference point was at 50% of the upstroke height of the DPW. 

PWV, which was measured with its reference point at 50% of the DPW height, was 

significantly lower than those PWVs whose reference points were at the wave foot or at 10% 

of the upstroke height of the DPW (by 17% and 16% respectively). The CV of the PWV 

extracted from PTT3 was significantly lower, by 57% and 23% relative to those PWVs 

calculated from PTT1 and PTT2, respectively. 

 

 
Fig. 1 Demonstrative representation of calculation of the pulse transit time (PTT). PTT1, 

PTT2, and PTT3 refer to methods used for measurement. DPW = Digital pulse wave. ECG = 
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Electrocardiograph. FDDPW = First derivative of digital pulse wave. SDDPW = Second 

derivative of digital pulse wave.  

 

Table 1: The characteristics of the volunteers recruited in the study. N = 10. 

Body mass index (BMI) (kg/m2) 23.0 ± 3.9 

Systolic BP (mm Hg) 120.2 ± 5.7 

Diastolic BP (mm Hg) 74.4 ± 8.3 

Mean BP (mm Hg) 89.6 ± 6.6 

Heart rate (HR) (beat/min) 76.4 ± 7.7 

 

Table 2: Pulse wave velocity (PWV) determined by three different methods for calculating 

pulse transit time (PTT) using three reference points on the digital pulse wave (DPW). N = 10. 

 

Methods of PTT measurement PWV(m/sec) Within subject CV% 

PTT1 (0.212 ± 0.011 sec)  R-ECG wave to the 

foot of DPW  
4.2 ± 0.4 4.7 ± 2.2 

PTT2 (0.211 ± 0.013 sec)  R-ECG wave to the 

maximum positive wave (“A” wave) of the 

SDDPW  

4.1 ± 0.3 2.6 ± 0.6* 

PTT3 (0.248 ± 0.014 sec)  R-ECG wave to the 

maximum positive wave of the FDDPE  
3.5 ± 0.2! 2.0 ± 0.4+$ 

! P<0.0002 relative to PTT1 &PTT2.  

* P<0.02 relative to method PTT1. 

+ P<0.003 relative to PTT1.  

$ = P<0.009 relative to method PTT2. 

 

Discussion 

The PWV extracted from PTT1 was in very good agreement with the values reported by 

others [13]. A CV similar to that reported in the current research was also recorded by 

Madhura and Sandhya (2014) [14] when the foot of DPW was used as a reference point for 

calculating the PWV. The variability coefficient was found to be higher when PTT measured 

with the reference point was at 10% of the DPW height compared to PTT measurement with 

the reference point defined at 50% and 90% of the DPW height, respectively [15]. The data of 

the latter authors correspond those reported by the present research. These findings imply a 

greater degree of variation in the PTT calculated from the position closest to the foot. The fast 

ascent of the systolic period may be the cause of this, resulting in a lower liability to sensor 

error at the top than at the foot [15]. 

Conclusion: 

The least CV reported for PWV was when the time latency between the peak of R wave of 

the ECG and a reference point of the DPW is at 50% of the amplitude between the apex and 

the onset point of DPW (such point corresponds to the maximum positive wave of FDDPW). 

The measurement of PTT and CV is affected by the identification of the reference points on the 
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DPW, with points at higher levels on the upstroke of the DPW being less vulnerable to beat-to-

beat CV. 
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 تأثير النقطة المرجعية لموجة النبضة الرقمية على قياس وتغير وقت عبور النبض

  عدنان*، فزع شلال نده، بسام طالب الكيلاني سوزان كاميران
 ، العراققسم الفسلجة، كلية الطب، الجامعة المستنصرية

 :معلومات البحث  الخلاصة:
( عبر مسار شرياني، يمكن للمرء أن PWVعن طريق قياس سرعة موجة النبض )

ونقطة مرجعية  R ECGيحدد صلابة الشريان. يجب تحديد المدة بين ذروة الموجة 

( في نفس الدورة القلبية من أجل تحديد وقت عبور DPWعلى موجة النبض الرقمية )

(. يعُرف الوقت الذي تستغرقه الموجة النبضية للانتقال من القلب إلى PTTالنبض )

والتي  DPW. لمعرفة أفضل نقطة مرجعية في PTTموقع الشريان المحيطي باسم 

. أجريت الدراسة PWV( لـ CVعلى معامل التباين )ترتبط بأقل قدر من الضربات 

عامًا. تم إجراء تسجيل لمدة دقيقتين  19ذكور أصحاء تتراوح أعمارهم بين  10على 

من طرف الإصبع الأوسط الأيسر )من خلال محول نبض الإصبع  DPWلإشارات 

الكهرضغطية( وتخطيط القلب الثاني )من خلال ثلاثة أقطاب سطحية(. تم حساب 

PTT  على النحو التالي: من ذروة موجة مخطط القلب الكهربائيR  )إلى بداية )قدم

DPW (PTT1)من القمة إلى نقاط بداية  ؛DPW  من اتساعها 10بنسبة ٪

(PTT2؛)  ومن القمة إلى نقاط بدايةDPW  50عند( من اتساعها ٪PTT3 تم .)

 .على كل متطوع وعلى نفس دورات القلب PTT3و PTTو PTT1قياس 
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