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Introduction 

Auricular acupuncture assumes that a representation of the human body is found in the ear, and points of the ear 

correspond to each part of the human anatomy [1],[2]. Several articles show that auricular acupuncture can help 

control blood pressure. [3],[4]. Photoplethysmography (PPG), an optical measurement technique, is used to detect 

blood volume changes in the microvascular bed of tissue [5]. PPG has been used to evaluate arterial compliance 

concerning changes in wave amplitude [6],[7] and to assess hypertension [8]. 

 

Fig.1. Sympathetic auricular acupoint 

The APG allows more accurate recognition of the inflection points in the original plethysmographic wave. [9]. The 

APG upgrades accurate recognition of the circulation phase, and it is easier to interpret than the original PPG [10]. 

AB ST R ACT  

Background: Sympathetic auricular acupoint has been used in ear acupuncture to treat hypertension and other cardiovascular diseases. However, no 

experimental studies fully evaluate its cardiovascular action. The indices resulting from the acceleration photoplethysmogram (APG) are used to 

examine cardiovascular physiology, arterial aging, and the action of vasopressor or inotropic drugs. This work was aimed to examine whether 

acupuncture at the sympathetic auricular point modifies the indices obtained from the APG. 

Materials and methods: The indices of the second derivative of the photoplethysmogram (d
2
PPG/dt

2
) or acceleration photoplethysmogram (APG), 

namely aging index or APG-AI, APG-b/a, and APG-d/a, were calculated in 9 healthy subjects (5 women) aged 34.7 ± 6.0 years (mean ± SD). A 5 min 

photoplethysmographic record was obtained. The sympathetic point of the right ear was stimulated by manual acupuncture for 60 s (min 3). Pooled 

APG indices of all subjects were compared at baseline, acupuncture, and after acupuncture, minutes 1-2, 3, and 4-5, respectively. A p-value <0.05 

was considered significant. 

Results: Acupuncture at the sympathetic point of the right ear produced a significant increase in the APG-b/a index and a significant decrease in the 

APG-d/a index in both cases during the period of acupuncture stimulation. 

Conclusions: Applying the sympathetic auriculopuncture point caused significant changes in the APG-b/a and APG-d/a indices. These changes are 

similar to those that originate with the administration of vasoconstrictors such as angiotensin II. The changes suggest variations elicited through 

auriculopuncture in the anterograde and retrograde circulatory components of the arterial circulation. 

Keywords: Sympathetic auricular acupoint, Auriculopuncture, Photoplethysmography, Acceleration photoplethysmogram, Digital volume pulse, 

Second derivative of digital volume pulse indices. 
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Epidemiological studies show that the information extracted from the APG reflects the elasticity of the aorta, the 

peripheral vessels and that it is precisely related to age and other risk factors for atherosclerotic vascular disease. 

[11],[12]. The study aimed to investigate the acute effects of manual needling in sympathetic auricular acupoint 

(Fig.1) on APG indices in healthy subjects. 

Material And Methods 

Study design: A single-center, non-randomized, experimental trial was conducted to verify the kinetics of manual 

acupuncture at the right ear sympathetic acupoint on APG indices in healthy subjects. 

Participants: The study group consisted of 9 (5 women) healthy subjects with a mean age (± SD) of 34.7 ± 6.0 

years. All subjects were normotensive (office blood pressure <140/90 mmHg), none had total serum cholesterol 

>200 mg/dl or glucose >100 mg/dl at the time of the study. No subjects participating in the study had heart or 

kidney disease or were taking any medications. None of the participants had cardiovascular or kidney disease. 

Ethical aspects: The Ethics Committee of the Biological and Health Sciences Division of the Autonomous 

Metropolitan University of Iztapalapa (2015.6.03.06) approved the trial. All participants gave informed consent. 

Instrumentation and records: The second derivative of the PPG wave record was obtained using Origin, Scientific 

Graphing and Analysis software, v. 7.5 (Microcal Software, Inc., Northampton, MA); with this trace, it was 

possible to obtain the inflection points of the indices. Typically, the d
2
PPG/dt

2
 waveform comprises five distinct 

waves: a through e. Each wave measured from the baseline has positive or negative values when it is above or under 

the baseline, respectively [13]. 

PPG registration: A photoplethysmography transducer (TSD 200; BIOPAC Systems, Goleta, CA, USA) was used, 

which transmits infrared light at 860 ± 90 nm to obtain the PPG. The transducer was placed on the index finger of 

the left hand of each participating subject. The frequency response of the photoplethysmograph was flat at 10 Hz. 

The digital output of the photoplethysmograph was recorded through a 12-bit analog-to-digital converter with a 

sampling rate of 200 points per second (MP100; BIOPAC Systems, Goleta, CA, USA). The analysis platform 

provided by the Acknowledge software version 3.8.1 (MP100; BIOPAC Systems, Goleta, CA, USA) was used.  

APG indices: The second derivative of the PPG wave (d
2
PPG/dt

2
) was obtained using Origin software, Scientific 

Graphing and Analysis Software version 7.5 (Microcal Software, Inc., Northampton, MA, USA). The d
2
PPG/dt

2
 or 

APG wave typically comprises five distinct waves: a to e. The APG indices are calculated using the relative height 

of the positive or negative inflections. The values of wave b and wave d are normalized to wave a, then the b/a and 

d/a relationships are obtained. The aging index of the second derivative (APG-AI) is defined as the quotient of the 

waves of the algebraic sum (b-c-d-e) normalized with the value of wave a [14]. The data of each subject 

corresponding to each minute were graphed, and the interpolated data of the eight subjects were averaged with the 

Plot2 software (Michael Wesemann, Berlin, Germany, 2019), and a kinetic curve of the effect of acupuncture was 

obtained. Subsequently, the curves corresponding to each variable were interpolated in a single graph. 

Intervention: The right sympathetic point was chosen for its known cardiovascular effects. We use 13 mm long 

0.22 mm diameter disposable stainless steel needles (Hawto, China, Beijing, China) without additional electrical or 
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laser stimulation. The previous evaluation included the recording of the clinical history and symptoms. An 

acupuncture needle was unilaterally inserted into the sympathetic point (Fig.1) at a depth of 2 mm in the right ear 

without additional stimulation. All subjects received the same care and acupuncture treatment. The trial was 

blinded to the clinical investigator who calculated the APG indices. The acupuncture treatment was administered 

by a physician trained in conventional western medicine and traditional Chinese medicine. 

Study protocol: All the subjects were studied fasting, and they abstained from consuming caffeine, alcohol, or 

smoking in the previous 12 h. Measurements were made with each subject in the supine position. All records were 

made in the morning in a laboratory with a temperature of 23 ± 1 °C. All subjects rested for at least 20 minutes 

before the start of the recordings. A TSD200 photoplethysmograph (BIOPAC Systems, Inc., Goleta, CA, USA) 

transmitting infrared light at 860 nm ± 90 nm placed on the index finger of the left hand was used to obtain the PPG. 

The digital output of the photoplethysmograph was recorded through a 12-bit analog-to-digital converter with a 

sampling frequency of 200 points per second with the BIOPAC Systems instrument, MP150 (BIOPAC Systems, 

Inc., Goleta, CA, United States), and the use of the AcqKnowledge v. 4.1 (BIOPAC Systems, Inc., Goleta, CA, 

United States). A continuous PPG recording of 5 min duration was obtained from each subject. After a baseline 

recording of 2 min, the sympathetic point was manually stimulated in the right ear, contralateral to the side of the 

PPG recording. The sympathetic point of the right ear was stimulated by a manual puncture for one min (min 3). 

Continuous, high-quality APF indices were calculated from beat-to-beat PPG for each subject in the baseline 

period (min 1 and 2), during acupuncture (min 3), and after acupuncture (minutes 4 and 5). The APG indices for 

each group were averaged and then tested for statistically significant differences between the two groups. Given the 

wide variation of the APG indices to obtain a reliable version of the peaks and their intensities, a smoothed function 

was obtained through the fast Fourier transform of the signal for each data set of APG indices [15]. 

Outcomes: The APG-b/a, APG-d/a, and APG-AI indices were calculated in the baseline period (min 1-2), during 

the acupuncture period (min 3), and after the acupuncture period (min 3-5). 

Data analysis: Based on absolute values for the height of waves a, b, c, and d from the raw PPG, we calculate and 

analyze the following variables: APG-b/a, that is, the relationship between the height of wave b and wave a; and 

similarly, APG-d/a; and APG-(b-c-d-e)/a, called the aging index or APG-AI [13]. 

Data interpolation: The records of the subjects of each group were plotted in the Plot2 software (Michael 

Wesemann, Berlin, Germany, 2019). The interpolated data of the nine subjects of the experimental group were 

averaged, and kinetic curves of the behavior of the APG indices were obtained. Baseline values were compared 

with those corresponding to the acupuncture stimulation period and the after acupuncture period. 

Smoothing of grouped data: The interpolated data from each APG index was smoothed using fast Fourier 

transform in Plot2 software (Michael Wesemann, Berlin, Germany, 2019). 

Statistic analysis: Student's t-test was used to compare normally distributed continuous variables. The level of 

statistical significance chosen was p <0.05. All statistical analyzes were performed using the statistical package for 

social sciences (SPSS, version 22.0, SPSS Inc., Chicago, IL, USA). 
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Results 

Table 1 shows the demographic characteristics of the studied group. 

Table 1. Demographic characteristics of the studied group. 

Parameter n Age 

Total 9 34.7 ± 6.0 

Women 

n (%) 
5 (55.6 %) 33.0 ± 6.4 

Men 

n (%) 
4 (44.4 %) 36.8 ± 5.6 

    *Data are presented as mean ± standard deviation. 

Fig.2 shows a typical raw recording of the digital pulse photoplethysmogram of 5 minutes. 

 
Fig.2. Characteristic record of the digital photoplethysmogram (PPG) 

Acceleration photoplethysmogram (APG): The second derivative of the photoplethysmogram (SDPPG) or 

acceleration photoplethysmogram (APG) is shown in Fig.3. 

 

Fig.3. The second derivative of the photoplethysmogram (d
2
PPG/dt

2
) or acceleration photoplethysmogram (APG) 

with its five primary waves: a, c, d positives; b, and d negatives 
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The d
2
PPG/dt

2
 or APG characteristically shows five primary waves named a- e [13],[15],[16]. APG has been 

described as a valuable tool to establish the relationships between arterial hypertension and its risk factors [17]; and 

the influencing factors of vascular compliance, including age and atherosclerosis, in a hypertensive [18]. 

Fig.4 shows the effect of auriculopuncture in the sympathetic point on the APG-b/a index in healthy subjects. The 

auriculopuncture at the sympathetic point elicited a significant increase in the APG-b/a index during the 

acupuncture period. 

 

Fig.4. Effect of auriculopuncture in the sympathetic point on the APG-b/a index in healthy subjects 

Fig.5 shows the effect of auriculopuncture in the sympathetic point on the APG-d/a index in healthy subjects. The 

auriculopuncture at the sympathetic point elicited a significant decrease in the APG-d/a index during the 

acupuncture period. 

 

Fig.5. Acupuncture-induced changes in the acceleration photoplethysmogram index d/a (APG-d/a) of the right 

pinna sympathetic point. A: baseline period, B: acupuncture period, and C: after acupuncture period. Data are 

presented as mean ± standard deviation. * p <0.05, significantly different from baseline values, p <0.05 

Fig.6 shows the effect of auriculopuncture in the sympathetic point on the APG-AI index in healthy subjects. The 

auriculopuncture at the sympathetic point elicited a non-significant increase in the APG-AI index during the 

acupuncture period. 
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Fig.6. Acupuncture-induced changes in the acceleration photoplethysmogram aging index b/a (APG-AI) of the 

right pinna sympathetic point. A: baseline period, B: acupuncture period, and C: after acupuncture period. Data are 

presented as mean ± standard deviation. * p <0.05, significantly different from baseline values, p <0.05 

Discussion 

Summary of results: The most important findings of the study were the following: 

• Significant rise in the APG-ba index. 

• Significant decrease in the APG-da index. 

• Non-significant increase in the APG-AI index. 

Interpretation of APG índices: Various researchers have studied the physiological meanings and clinical 

implications of the APG waveform. It has been proposed that the b wave in the APG mainly expresses the first 

vascular response to the ejection of blood from the left ventricle and without interference from reflected distal 

components [9],[19],[20]. Besides, the a and b waves correspond to the early systolic component of the APG; 

therefore, the b/a ratio is considered as a marker of the compliance of the great arteries; consequently, b/a ratio is 

little affected by the reflection wave [18],[19].  

Therefore, the present study showing the increase of APG-b/a index may indicate a decrease in arterial compliance. 

On the contrary, the d-wave corresponds to the late systolic component of the PPG, which is related to the reflected 

pulse, that is, the wave traveling backward from peripheral sites [18],[19]. The APG-d/a index is closely related to 

the late rise in systolic pressure in the ascending aorta. Therefore, it is considered a marker of the intensity of the 

wave reflection [18]. Besides, the d wave corresponds to the late systolic component of the PPG, which is related to 

the reflected pulse wave that travels retrograde [11]. Takazawa et al. [21] proposed that the APG-b/a index reflects 

high arterial stiffness and that the APG-d/a index helps assess vasoconstriction and the d/a ratio decreases, the b/a 

ratio increases as a result of the application of vasoactive agents [21]. Besides, Imanaga et al. [12] reported the 

correlation between the b/a ratio and carotid artery compliance, suggesting that b/a reflects the stiffness of the great 

arteries. Otherwise, wave d mainly represents the intensity of the reflection wave. Therefore, Takazawa et al. [21] 

reported that the d/a index was significantly correlated with the aortic enlargement index, partially suggesting a 

relationship with peripheral vascular resistance.  
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The d/a ratio and the late increase in the systolic pressure show a significant relationship in the ascending aorta 

arteriosclerosis; therefore, this index is considered a marker of the intensity of the wave reflection and can represent 

such vascular properties [21]. 

Auriculotherapy and the components of the photoplethysmogram: Several studies on the effect of auricular 

acupoints show diverse effects on sympathovagal balance. For example, acupuncture to specific ear points such as 

Shenmen significantly increases HRV [22]. Another study shows that electrical stimulation in the shell appears to 

be an appropriate method for stimulating the vagus nerve using auricular electrical stimulation in humans [23]. 

Otherwise, volunteers showed sympathomimetic effects when they underwent a randomized clinical trial with 

auricular acupuncture stimulation in treating obesity [24].  

Also, the hypertensive groove auricular point modifies pulse transit time in healthy subjects [25]. Other results 

clearly showed the potential of the auricular acupuncture point of the Heart to modify RIDVP and SIDVP; these 

indices are valuable for evaluating vascular tone and arterial stiffness [26].  

Furthermore, auricular acupuncture points improve cardiovascular disease [27]. Auricular point stimulation is 

proposed to regulate cardiovascular function by activating baroreceptor-responsive neurons in the nucleus of the 

solitary tract [23]. 

Conclusion 

Applying the sympathetic auriculopuncture point caused significant changes in the APG-b/a and APG-d/a indices. 

These changes are similar to those that originate with the administration of vasoconstrictors such as angiotensin II. 

The changes suggest variations in the anterograde and retrograde circulatory components of the arterial circulation. 
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