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Abstract 

Ectopic beats are common in patients who have heart disease and are associated 

with reduced peripheral pulse amplitude. This study determined the start of the 

peripheral pulse increase and from it the opening of the aortic valve. The left 

ventricular peak filling rate was also estimated from the peripheral pulse. Results 

were compared with published invasive and cardiac imaging data. 

Twenty five subjects with ectopic beat electrocardiograms (ECGs) were studied. 

The ECGs and the peripheral pulses, detected optically at the right index finger by a 

simple photoplethysmography (PPG) technique, were recorded for subsequent 

analysis. Peripheral pulse amplitudes for ectopic beats, post-ectopic sinus beats and 

normal sinus beats were determined. 

Ectopic beats induced a mean 68% decrease in pulse amplitude in comparison 

with sinus beats (P<0.001). In contrast, the mean pulse amplitude for post-ectopic 

sinus beats increased by 20% (P<0.01). Pulse amplitude changes were comparable 

with the published stroke volume differences for ectopic beats and post-ectopic sinus 

beats. The range of shortest coupling interval (CI) for ectopic beats with observable 

pulses was from 373 to 531 ms, with the mean value equivalent to 55% of the mean 

sinus RR interval, comparable with the opening of the aortic valve. Finally, as the CI 

increased, the pulse amplitude increased quickly from zero. The average rate of 

increase was equivalent to 4.8 times the normal sinus amplitude in one second, equal 

to 50% filling in 208 ms, showing diastolic rapid filling, comparable with published 

left ventricular peak filling rate data. 
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In conclusion, the effect of ectopic beat CI on peripheral pulse amplitude has 

been determined, providing useful information for developing a technique to 

determine the opening of the aortic valve and the peak filling rate non-invasively and 

peripherally in patients with frequent ectopic beats. 

Keywords: Coupling interval; Ectopic beats; Left ventricular peak filling rate; 

Photoplethysmography (PPG); Pulse amplitude; Stroke volume. 
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1. Introduction 

Ectopic beats arise ahead of the normal sinus beat and prematurely in the cardiac 

cycle. They are more common in the elderly and particularly in patients with heart 

disease. The prevalence of ectopic beats in the adult population increases with age. 

Rasmussen et al (1985) reported that, in three age groups (20-39, 40-59 and 60-79 

years), ectopic beats detected from a 24-h ECG recording appeared in 31%, 68% and 

84% of subjects respectively. Generally they go unnoticed until they become more 

frequent, and can cause an uncomfortable feeling or symptoms such as dizziness 

(Patterson and Treasure 2001). 

Dizziness is associated with reduced blood flow and reduced tissue oxygenation. 

With early ectopic beats, the left ventricle during the rapid filling period receives less 

blood than for normal sinus beats, and hence the end-diastolic volume is low. 

Starling's Law of the heart shows that decreased ventricular diastolic filling (preload) 

then results in reduced cardiac stroke volume in comparison with normal sinus beats 

(Klabunde 2004). 

Ventricular function has been studied invasively in patients during cardiac 

catheterization and angiography, or by Doppler echocardiography, or MRI techniques. 

Normalised left ventricular peak filling rate in normal subjects achieves 4.2 times 

end-diastolic volume per second (EDV/s) (Hui and Gibson 1983). Patients with 

cardiac disease respond differently. It was reported that, in patients with coronary 

artery disease, the peak filling rate is decreased to 2.0 EDV/s (Rokey et al 1985) and 

2.4 EDV/s (Betocchi et al 1993), measured from Doppler echocardiography and 
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angiography respectively. Similarly, in patients with myocardial infarction and 

pulmonary arterial hypertension, the equivalent figures were reported to be 2.2 EDV/s 

(Gadsbøll et al 1991) and 2.7 EDV/s (Gan et al 2006) by angiography and MRI 

respectively. It has also been shown that premature ventricular contractions reduce 

stroke volume by an average of 71% compared with normal sinus beats, whereas the 

postextrasystolic beats increase stroke volume by only 18% over the sinus beats 

(Cohn and Kyrda 1981). However, the imaging or catheterization techniques involved 

in those studies are complex or invasive. 

The time between the sinus beat and the ectopic beat (coupling interval, CI) 

affects diastolic filling and hence systolic aortic pressure and peripheral arterial 

pressure. Davies et al (2001) and Roach et al (2002) have assessed blood pressure 

turbulence following ectopic beats using the beat-to-beat blood pressure recorded by a 

Finapres device, and reported a qualitative initial decrease in blood pressure, 

following by an increase and a return to the resting state, but did not make an 

investigation on the association with CI. Watanabe et al (2002) reported that pulse 

pressure was steeply and positively related to the ectopic beat CI, with the pulse 

pressure changing from 100 to 20 mmHg for CI changes from 900 to 400 ms. 

Unfortunately, there is little further quantitative data about the effect of ectopic beats. 

A simple non-invasive technique for investigating cardiac function during 

frequent ectopic beats would be of value, especially in patients experiencing dizziness 

without asystolic pauses. Electrical thoracic impedance cardiography techniques have 

been used to estimate stroke volume (Raaijmakers et al 1999, Vonk-Noordegraaf et al 
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2000), but have not presented the relationship between stroke volume and peripheral 

pulse amplitude. Photoplethysmography (PPG) is an optical technique which can 

record the peripheral pulse, and its pulse amplitude includes information attributed to 

cardiac synchronous changes in the blood volume with each heart beat (Allen 2007). 

However, we are unaware of any investigation of ectopic CI on pulse amplitude. 

This study therefore investigated how ectopic beats influenced the peripheral 

pulse by studying pulse amplitude for ectopic beats and post-ectopic sinus beats in 

comparison with normal sinus beats. The shortest CI for ectopic beats with observable 

pulses was studied to determine the opening of the aortic valve. Pulse amplitude as a 

function of ectopic beat CI was then investigated to estimate left ventricular peak 

filling rate. These determinations were then compared with published data. 

2. Methods 

2.1 Subjects 

25 subjects were recruited from the Freeman Hospital, Newcastle upon Tyne. All 

subjects gave their written informed consent. Their age range was 35 to 92 years, with 

18 male and 7 female. Other subject information details were given in an earlier 

publication (Zheng et al 2007). The investigation conformed to the principles in the 

Declaration of Helsinki. The research study was approved by the Local Research 

Ethics Committee. 

2.2 Measurement system and protocol 

A PPG system was used to record right index finger PPG at a sample rate of 

2500 Hz for at least 150 s. A single channel ECG was recorded simultaneously to 
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provide a timing reference for the finger PPG pulses. More details of the measurement 

system and measurement protocol have been described (Allen and Murray 2000, 

Zheng et al 2007). 

2.3 Ectopic ECG sequences with or without a peripheral pulse 

ECG sequences with two sinus beats on either side of a single ectopic beat were 

extracted from the recordings for off-line analysis, as shown in figure 1. These are 

referred to simply as the five-beat sequences, with the third beat an ectopic beat, the 

fourth beat a post-ectopic sinus beat and the other three beats normal sinus beats. Due 

to the expected lower stroke volume, the ectopic beats were followed by a smaller 

(figure 1(A)) or unobservable (figure 1(B)) finger PPG pulse in comparison with sinus 

beats. 

2.4 Ectopic beat coupling interval 

For all sequences, the ectopic beat CI was calculated from the Q wave of the 

sinus beat preceding the ectopic beat to the Q wave of the ectopic beat, using 

interactive software developed with Matlab 7.1 (MathWorks Inc), as shown in figure 

1(A). The corresponding RR interval was also calculated between the Q wave of the 

first and second sinus beat. 

For each subject, the shortest ectopic beat CI associated with an observable 

finger PPG pulse was determined to estimate the opening of the aortic valve. For 

subjects with pulseless ectopic beats (figure 1(B)), the longest ectopic beat CI for 

ectopic beats without pulse was also determined. 
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2.5 Pulse amplitude: ectopic beat versus sinus beat 

PPG pulse amplitudes for each beat in the five-beat sequences were calculated 

from the PPG pulse peak less the preceding pulse foot (figure 1(A)). This amplitude 

was divided by the PPG amplifier gain setting used. Then the pulse amplitudes were 

referenced to the first sinus beat to obtain the percentage change, described below as 

normalised pulse amplitude. 

The normalised pulse amplitudes for ectopic beats and post-ectopic sinus beats 

were first plotted against their corresponding ectopic beat CI for all beat data. 

Summary data for each subject was then calculated, and as each subject had different 

numbers of ectopic beat sequences, each subject’s average pulse and normalised pulse 

amplitudes for each beat of the five-beat sequences were determined. The pulse 

amplitude for ectopic and sinus beats (paired to the first sinus beat) were analysed for 

all subjects using paired t-test. A P<0.05 was considered to be statistically significant. 

2.6 Pulse amplitude: function of coupling interval 

To allow the effect of ectopic beat CI on pulse amplitude to be determined, only 

pulses with normalised amplitudes less than 0.85 were used for linear regression 

analysis, because Klabunde (2004) has shown that, at the end of rapid filling period, 

the ventricle is about 85% full. The regression line was drawn through the longest CI 

for pulseless ectopic beats (substituted by the shortest CI for ectopic beats with 

observable pulses for those subjects without pulseless ectopic beats). For statistical 

analysis, only those subjects with at least eight ectopic beats followed by observable 

pulses were retained. This left 15 subjects out of the original 25. The slope of 
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normalised pulse amplitude versus CI, relating to the left ventricular peak filling rate, 

was calculated for each individual subject, and also the mean slope from all 

analysable subjects, with the unit of normalised pulse amplitude change in one second. 

The significance of the linear relation and the square of the correlation coefficient 

were also presented. 

3. Results 

3.1 Ectopic ECG sequences with or without a peripheral pulse 

In the 25 subjects the effect of 443 ectopic beats was studied. Table 1 gives the 

CI for the opening of the aortic valve. The range of shortest CI for ectopic beats with 

observable pulses was from 373 to 531 ms, with the mean ± SD of 451 ± 39 ms, 

equivalent to 55 ±8% of the mean sinus RR interval. 

There were 12 subjects having pulseless ectopic beats. In these subjects, 143 out 

of 277 (52%) ectopic beats without pulses were observed. The mean ±SD of longest 

CI for pulseless ectopic beats was 428 ±31 ms, with the mean of only 11 ms less than 

the shortest CI for ectopic beats with observable pulses. 

3.2 Pulse amplitude: ectopic beat versus sinus beat 

With all the data for the normalised pulse amplitudes for ectopic beats and 

post-ectopic sinus beats plotted together against their corresponding ectopic beat CIs, 

as shown in figure 2, the differences of pulse amplitude in ectopic beats and 

post-ectopic sinus beats in comparison with normal sinus beats were clearly shown. 

Figure 3 shows for all subjects the overall mean and SD of finger PPG pulse 

amplitude and normalised pulse amplitude for each beat of the five-beat sequence. 

9 



 

     

   

  

   

 

   

     

     

       

      

    

  

     

    

      

 

  

    

    

         

     

  

The pulse amplitudes for the ectopic beats were significantly less than for the sinus 

beats (P<0.001), with a mean 68% decrease. In addition, the post-ectopic sinus beats 

had a significantly increased pulse amplitude in comparison with the preceding sinus 

beats of 20% (P<0.01). 

3.3 Pulse amplitude: function of coupling interval 

Figure 4 shows individually for 15 analysable subjects the normalised ectopic 

beat pulse amplitude as a function of ectopic beat CI for all ectopic beats with pulses. 

Their relationships were significant, with all P<0.001 (except one subject P=0.011) 

and with R square of correlation coefficient larger than 0.65. As the CI increased, the 

pulse amplitude increased quickly from zero. After excluding one subject with only 

atrial ectopic beats and another subject with a very high heart rate, both with very fast 

diastolic filling, the average rate of increase was equivalent to 4.8 times the normal 

sinus amplitude per second, equal to 50% filling in 208 ms, showing diastolic rapid 

filling. However, the relationship differed between subjects, ranging from 2.3 to 9.6 

times the normal sinus amplitude per second. These results are compared in the 

discussion section with published data for left ventricular peak filling rate. 

4. Discussion and conclusion 

Our results are consistent with preload as one of the main determinants of stroke 

volume. When ectopic beats occur during the rapid ventricular filling period, there 

will be reduced stroke volume from a lower preload (Ghuran et al 2002, Welch et al 

1989). This results in a lower blood volume pulse in the peripheral arteries which has 

been detected by the blood volume pulse. Overall, the ectopic beats resulted in a mean 
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68% decrease in pulse amplitude, followed by a mean 20% increase for the sinus beat 

after the ectopic beat. The average amplitude changes were comparable with the 

published stroke volume changes evoked by premature ventricular contractions (Cohn 

and Kyrda 1981), with an average of 71% decrease and 18% increase for ectopic 

beats and post-ectopic sinus beats respectively. 

In addition, it has also been shown that ectopic beats with CIs below the 

threshold, where the ventricular rapid filling initiates, resulted in no peripheral pulse. 

The mean shortest ectopic beat CI for ectopic beats with observable pulses was 55% 

of the sinus RR interval. It is known that the duration of electromechanical systole is 

measured from the onset of the ECG-Q wave to the first high frequency vibrations of 

the aortic component of the second heart sound, whose value is slightly less than the 

time delay between the onset of the ECG-Q wave and the opening of aortic valve for 

rapid filling period. Our results are consistent with the published duration of 

electromechanical systole of 52% of the mean RR interval (Weissler et al 1968). 

The effect of different ectopic beat CIs on peripheral pulse amplitude has been 

investigated in this present study, and to our knowledge this is the first study to 

investigate the effect of ectopic beat CI non-invasively on the peripheral pulse. 

However, since these data were collected retrospectively, the actual stroke volume for 

the ectopic beats was not known, which is a limitation of this study. However, we 

have shown that different ectopic beat CIs result in different peripheral pulse 

amplitudes, with an average pulse amplitude increased by 4.8 times the normal sinus 

amplitude per second. This changing rate is comparable with the published 
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normalised left ventricular peak filling rate around 4.2 EDV/s (Bacharach et al 1979, 

Gadsbøll et al 1991, Hui and Gibson 1983). Therefore, investigating peripheral pulse 

amplitude change with CI also provides a simple potential procedure for assessing left 

ventricular peak filling rate non-invasively, and indicates when ectopic beats are 

likely to be associated with reduced cardiac output. 

In conclusion, the effect of ectopic beat CI on the resulting peripheral pulse 

amplitude has been determined, which could provide useful information to determine 

the opening of the aortic valve and the left ventricular peak filling rate non-invasively 

and peripherally, especially in patients with frequent ectopic beats. 

Acknowledgement 

We acknowledge the support of an Overseas Research Studentship (Universities UK) 

and an International Research Studentship (Newcastle University) to Dingchang 

Zheng, and funding from Newcastle Hospitals Trustees. 

12 



 

 

    

       

   

    

            

 

   

   

     

      

        

   

       

  

   

      

   

    

 

      

References: 

1.	 Allen J and Murray A 2000 Variability of photoplethysmography peripheral pulse 

measurements at the ears, thumbs and toes IEE. Proc. Sci. Meas. Technol. 147 403-7 

2.	 Allen J 2007 Photoplethysmography and its application in clinical physiological 

measurement Physiol. Meas. 28 R1-39 

3.	 Bacharach SL, Green MV, Borer JS, Hyde JE, Farkas SP and Johnston GS 1979 

Left-ventricular peak ejection rate, filling rate, and ejection fraction-frame rate requirements 

at rest and exercise: concise communication The Journal of Nuclear Medicine 20 189-93 

4.	 Betocchi S, Piscione F, Villari B, Pace L, Ciarmiello A, Perrone-Filardi P, Salvatore C, 

Salvatore M and Chiariello M 1993 Effects of induced asynchrony on left ventricular 

diastolic function in patients with coronary artery disease J. Am. Coll. Cardiol. 21 1124-31 

5.	 Cohn K and Kryda W 1981 The influence of ectopic beats and tachyarrhythmias on stroke 

volume and cardiac output J. Electrocardiol. 14 207-18 

6.	 Davies LC, Francis DP, Ponikowski P, Piepoli MF and Coats AJ 2001 Relation of heart rate 

and blood pressure turbulence following premature ventricular complexes to baroreflex 

sensitivity in chronic congestive heart failure Am. J. Cardiol. 87 737-42 

7.	 Gadsbøll N, Høilund-Carlsen PF, Badsberg JH, Lønborg-Jensen H, Stage P, Marving J and 

Jensen BH 1991 Left ventricular peak filling rate, heart failure and 1-year survival in patients 

with acute myocardial infarction Eur. Heart J. 12 194-202 

8.	 Gan CT, Lankhaar JW, Marcus JT, Westerhof N, Marques KM, Bronzwaer JG, Boonstra A, 

Postmus PE and Vonk-Noordegraaf A 2006 Impaired left ventricular filling due to 

13 

http://www.ncl.ac.uk/cals/research/publication/46549
http://www.ncl.ac.uk/cals/research/publication/46549
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Betocchi%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Villari%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pace%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ciarmiello%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Perrone-Filardi%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Salvatore%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Salvatore%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chiariello%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Am%20Coll%20Cardiol.');
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cohn%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Electrocardiol.');
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22H%C3%B8ilund-Carlsen%20PF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Badsberg%20JH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22L%C3%B8nborg-Jensen%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stage%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Marving%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jensen%20BH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Eur%20Heart%20J.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gan%20CT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lankhaar%20JW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Marcus%20JT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Westerhof%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Marques%20KM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bronzwaer%20JG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boonstra%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Postmus%20PE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vonk-Noordegraaf%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


 

     

   

       

     

    

    

    

      

     

     

   

      

      

    

      

          

   

   

    

     

   

right-to-left ventricular interaction in patients with pulmonary arterial hypertension Am. J. 

Physiol. Heart Circ. Physiol. 290 H1528-33 

9.	 Ghuran A, Reid F, Rovere MTL, Schmidt G, Bigger JT Jr, Camm AJ, Schwartz PJ and Malik 

M 2002 Heart rate turbulence-based predictors of fatal and nonfatal cardiac arrest (The 

autonomic tone and reflexes after myocardial infarction substudy). Am. J. Cardiol. 89 184-90 

10. Hui WK and Gibson DG 1983 Mechanisms of reduced left ventricular filling rate in coronary 

artery disease Br. Heart J. 50 362–71 

11. Klabunde RE 2004 Cardiovascular physiology concepts. Lippincott Williams & Wilkins 

12. Patterson DLH and Treasure T 2001 Disorders of the cardiovascular system. Hodder Arnold 

13. Raaijmakers E, Faes TJ, Scholten RJ, Goovaerts HG and Heethaar RM 1999 A meta-analysis 

of three decades of validating thoracic impedance cardiography Crit. Care Med. 27 1203-13 

14. Rasmussen V, Jensen G, Schnohr P and Hansen JF 1985 Premature ventricular beats in 

healthy adult subjects 20 to 79 years of age Eur. Heart J. 6 335-41 

15. Roach D, Koshman ML, Duff H and Sheldon R 2002 Induction of heart rate and blood 

pressure turbulence in the electrophysiologic laboratory Am. J. Cardiol. 90 1098-102 

16. Rokey R, Kuo LC, Zoghbi WA, Limacher MC and Quinones MA 1985 Determination of 

parameters of left ventricular diastolic filling with pulsed Doppler echocardiography: 

comparison with cineangiography Circulation 71 543-50 

17. Vonk-Noordegraaf A, Janse A, Marcus JT, Bronzwaer JG, Postmus PE, Faes TJ and De Vries 

PM 2000 Determination of stroke volume by means of electrical impedance tomography 

Physiol. Meas. 21 285-93 

14 

javascript:AL_get(this,%20'jour',%20'Am%20J%20Physiol%20Heart%20Circ%20Physiol.');
javascript:AL_get(this,%20'jour',%20'Am%20J%20Physiol%20Heart%20Circ%20Physiol.');
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Raaijmakers%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Faes%20TJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Goovaerts%20HG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Heethaar%20RM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Crit%20Care%20Med.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rasmussen%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jensen%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hansen%20JF%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Eur%20Heart%20J.');


 

   

    

  

    

    

      

     

   

     

     

  

 

 

 

 

18. Watanabe MA, Marine JE, Sheldon R and Josephson ME 2002 Effects of ventricular 

premature stimulus coupling interval on blood pressure and heart rate turbulence Circulation 

106 325-30 

19. Weissler AM, Harris WS and Schoenfeld CD 1968 Systolic time intervals in heart failure in 

man Circulation 37 149-59 

20. Welch WJ, Smith ML, Rea RF, Bauernfeind RA and Eckberg DL 1989 Enhancement of 

sympathetic nerve activity by single premature ventricular beats in humans J. Am. Coll. 

Cardiol. 13 69-75 

21. Zheng D, Allen J and Murray A 2007 Non-invasive in vivo assessment of changes in 

peripheral arteries properties with estimation of arterial volume compliance Physiol. Meas. 

28 1317-27 

15 



 

 

         

 

       

    

       

  

    

   

    

      

      

    

 

   

 

     

    

 

 

 

Table and figures legends: 

Table 1: Opening of the aortic valve determined from the shortest CI for ectopic beats 

with observable pulses from all 25 subjects. 

Figure 1: (A) Ectopic beat coupling interval and ectopic beat pulse amplitude for a 

typical example of a five-beat sequence containing an ectopic beat. (B) One example 

of a five-beat sequence with an ectopic beat that is not followed by any observable 

pulse on the finger PPG. 

Figure 2: The normalised pulse amplitude for ectopic beats (A) and post-ectopic sinus 

beats (B) against their corresponding ectopic beat CI from all beat data. 

Figure 3: Mean and SD values (arbitrary units) of finger PPG pulse amplitude (A) and 

its relative value to the first sinus beat within five-beat sequences (B) for all subjects, 

shown for each beat of the five-beat sequences (beat 1, 2 and 5 sinus; beat 3 ectopic; 

beat 4 post-ectopic sinus). SD values are for population relating to between-subject 

variability. 

Figure 4: The normalised ectopic beat pulse amplitude as a function of ectopic beat CI 

from 15 subjects. Some subjects had pulseless ectopic beats. The slope for each is also 

given, where the amplitude change in one second is referenced to the normal sinus 

pulse amplitude, with the unit expressed as ‘/s’. (▼ pulseless ectopic beats; ● ectopic 

beats; ○ sinus beats). 

* with only atrial ectopic beats; ** with high heart rate. 
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5

10

15

20

25

Subject Opening of the aortic valve Mean RR Opening of the aortic valve 

(ms) (ms) /Mean RR (%) 

1 442 834 53
 

2 416 738 56
 

3 426 586 73
 

4 449 952 47
 

442 917 48
 

6 486 1090 45
 

7 418 872 48
 

8 427 874 49
 

9 428 628 68
 

432 882 49
 

11 531 874 61
 

12 373 693 54
 

13 440 1087 40
 

14 486 1136 43
 

478 937 51
 

16 518 818 63
 

17 472 912 52
 

18 436 750 58
 

19 434 713 61
 

511 951 54
 

21 426 737 58
 

22 440 840 52
 

23 484 774 63
 

24 393 757 52
 

495 761 65
 

Mean±SD 451±39 845±137 55±8 

Table 1: Opening of the aortic valve determined from the shortest CI for ectopic beats with 

observable pulses from all 25 subjects. 
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Sinus RR Coupling interval

Ectopic beat pulse amplitude

(A)

(B)

Sinus RR Coupling interval

Ectopic beat pulse amplitude

Sinus RR Coupling interval

Ectopic beat pulse amplitude

(A)

(B)

Figure 1: (A) Ectopic beat coupling interval and ectopic beat pulse amplitude for a typical 

example of a five-beat sequence containing an ectopic beat. (B) One example of a five-beat 

sequence with an ectopic beat that is not followed by any observable pulse on the finger PPG. 
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Figure 2: The normalised pulse amplitude for ectopic beats (A) and post-ectopic sinus beats (B) 

against their corresponding ectopic beat CI from all beat data. 
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Figure 3: Mean and SD values (arbitrary units) of finger PPG pulse amplitude (A) and its relative 

value to the first sinus beat within five-beat sequences (B) for all subjects, shown for each beat of 

the five-beat sequences (beat 1, 2 and 5 sinus; beat 3 ectopic; beat 4 post-ectopic sinus). SD values 

are for population relating to between-subject variability. 
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Figure 4: The normalised ectopic beat pulse amplitude as a function of ectopic beat CI from 15 

subjects. Some subjects had pulseless ectopic beats. The slope for each is also given, where the 

amplitude change in one second is referenced to the normal sinus pulse amplitude, with the unit 

expressed as ‘/s’. (▼ pulseless ectopic beats; ● ectopic beats; ○ sinus beats). All relationships are 

highly significant with P<0.001 except for one subject with P=0.011. 

* with only atrial ectopic beats; ** with high heart rate. 
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