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Studies on heart rate variability
Comparison between electrocardiogram and photoplethysmogram as methods for
recording intervals used in analyzing the heart rate variability

Introduction

Theoretically, any method which allows the registration of intervals between successive
heart beats (ms) is suitable for studies on heart rate variability (HRV). But practically, every
method has advantages and disadvantages for both subject and examiner.

The purpose of this research was to compare HRV parameters obtained thorough
these two methods, on simultaneous electrocardiography and photoplethysmography
recordings.

Methods and materials

Being a pilot study, it has included a number of 10 participants aged 22-25 (6 females).
For capturing the signals, there have been used two devices:

e An analogical photoplethysmograph based on light wavelengths found on the
infrared spectrum;

e A mono-derivation electrocardiograph (D 1) which uses an AD620 operational
amplifier and a 30 Hz low-pass filter.

Both devices were connected to the microphone input of the sound card of a personal
computer, which played the role of an analog-to-digital converter (ADC). The connection was
made through a jack splitter cable, each device being linked to a channel of the analog input.

The recording instruments were concurrently turned on for a period of 10 minutes,
while the trails for the two channels (photoplethysmographic and electrocardiographic,
respectively) were separately interpreted.

Results

The biggest technical impediment encountered was the presence of artefacts on some
of the photoplethysmographic recordings. These artefacts were due to the voluntary or
uncontrolled movements of the test subjects, determining aberrant inflexions on the
photoplethysmographic track with higher amplitude than the rest of the trail, exceeding the
detecting threshold for heart beats and interfering with the accurate detection of them.

When there are few artefacts (caused by ectopic heart beats or subject movement), they
can be easily removed from the recording without changing the values of the parameters, but
in some cases (the situation of the 5th patient enrolled in the research), the artefacts
outnumbered by 50% the normal heart beats, therefore these recordings were entirely excluded
from the study. The artefacts can be visually recognized based on two criteria:
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1. The triangle-like aspect of the Poincaré diagram, with collinearity between some
points and the point of origin;

2. The chaotic aspect of the tachogram, with the identification of the normal trail, but
which has numerous either positive or negative deviations.

As a result, the measurements had to be repeated until the complete elimination of these

artefacts.

Contrasting between the mathematical parameters (statistical descriptors) collected

from the two methods

Parameters from all three categories (time, frequency and Poincaré diagram) have been
taken into account. The calculation and processing of them were conducted by using Kubios
HRV Analysis software. These parameters have showed a nearly perfect correlation, with an
index R? value higher than 0,95, meaning the methods are identical in terms of obtaining RR
intervals used in HRV assessment.

The results indicate the fact that PPG can serve as an alternative for ECG in the
evaluation of heart rate variability. All types of parameters have presented major similarities
between the methods, these also been confirmed by the statistics. Therefore, we conclude that
PPG can be a precision tool in the mathematical and geometrical evaluation of HRV. Still, a
meticulous management of the artefacts is highly necessary, as well as the prevention of them
as much as possible, which can, indeed, create a significate discomfort for both the investigator

and the patient (who has to keep his hand, respectively head still).



The study of nonlinear heart rate variability parameters on a group of patients with
recent acute myocardial infarct

The used recording device was built up by the author of this thesis, from an operational
amplifier functioning as a nucleus, having the amplifying and filtering characteristics
calculated based on the necessity to get a free-bugged ECG signal, without any muscular
influences.

The ECG signal registrations from which HRV parameters are determined, were
obtained from DI derivation, using electrodes connected to the wrists. The neutral electrode
was connected to the right ankle. For every subject, the registration had a length of 7 minutes,
supine, while asked not to talk or move.

Results

Patients with AMI had a much lower average heart rate than the subjects from the
control group (p = 0,002). This can be due to the administration of beta-blocker drugs,
mandatory for these patients, in order to bring down arterial tension and to prevent myocardial
remodeling after AMI. Also, there has been a decrease of SDRR in patients with AMI,
comparing with the control group (p = 0,001). This decrease is because of the pathological
history of the patient, on one hand, and the beta-blockers drug therapy, on the other hand.

The assessment of entropic parameters (the novelty of this study) has revealed
interesting information regarding the cardiac rhythm complexity of the subjects with AMI
condition. Hence, the majority of the parameters (ApEn, SampEn, DF al, CorDen) had lower
values in patients with AMI, the differences being statistically significant just in the case of
CorDen (p = 0,001). This means that the complexity of cardiac rate in these patients is lower,
so the sympathovagal alternation is more unbalanced than it is in subjects from the control
group. The only parameter which had a higher value on the AMI patient group was DF a2 (p
=0,003), the reason for this difference being unknown.

Among these parameters, CorDen was the only one that correlated with SDRR based
on regression testing, with an R? of 0,824. This was concordant with previous results obtained
in the same study on diabetic and healthy subjects, where it was as well concluded that CorDen
parameter alone correlates, in some way, with SDRR (considered the “golden” standard for
appreciating heart rate variability).

Considering the fact that the analyzation of entropic parameters is the novelty of this
study, we wanted to evaluate the link between them and consecrated parameters for globally
HRV analysis, with SDRR (standard deviation of successive RR intervals) being the most

relevant. This connection was evaluated using regression testing. Thereby, it has been noticed
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that amongst entropic parameters the Correlation dimension (CorDen) was the one to present
a good equivalence with SDRR, the relation between them being linear. However, this category
of parameters demands supplementary research, on a larger group of subjects, under various
pathological conditions.



Challenges on measuring heart rate variability in a family doctor’s office

The office of a family doctor represents the place where both patients with the most
varied pathologies and healthy people come either for screening purposes or for obtaining
different medical documents (such as medical certificate for good health and non-chronic
conditions). Also, I considered this type of doctor’s office a good starting point in testing the
reliability of implementing HRV as a routine checkup. The diversity of pathological states has
allowed to appreciate the usability of testing HRV in real situations, in a doctor’s office (in an
alert working environment, under the pression of solving a high number of medical cases while
respecting the appointments), not only under laboratory conditions.

Methods and materials

In order to obtain the signal needed to calculate HRV parameters, a heartbeat detection
system based on photoplethysmography was used. A study which took place in 2012 (Mirescu
& Harden, 2012), along with a series of other studies (Assad et al., 2012; Medeiros, 2010;
Combatalade, 2010; Chevalier et al., 2011; Elgedi et al., 2011) state the possibility of using the
photoplethysmogram (PPG) for HRV, under the following conditions:

e The excluding of patients with tremor condition, no matter the cause;
e The subject does not move;
e Ensure sensor-skin tightness.

There have been no statistically significant differences between the parameters obtained
from the two signals (PPG and ECG), stating their equivalency for using them in determining
the heart rate variability.

The obtained signal is processed under the same algorithm used for ECG signal, in
order to calculate HRV parameters, while the detection of the peaks is automatically made.

The study has been made on 70 volunteer patients who presented themselves at the
family doctor’s office starting with October 2013 until February 2014 (39 females, 31 males:
aged 19-70). 31 of the individuals did not have records for either chronic diseases or significant
antecedents, therefore they have been included in the control group, upon which the normal
values of some of the HRV parameters have been established.

Discussion and results

The recordings from the 65 remaining patients could have been used neither for the

calculation of HRV nor their graphic representation.
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Registrations made on healthy patients have allowed the calculation of normal values
of the targeted HRV parameters.

Generally, these values are concordant with those found in the international scientific
literature (Malik, 1996; Singh et al., 1998; Taelman, 2008; Tsai et al., 2014) and with data
collected from a study on Romanian population (Tibre, 2007). Further more, these are the
values considered normal in subsequent studies.

HRYV and arterial hypertension

After excluding the patients with multiple comorbidities, there has been left a number
of 16 registered patients with the single diagnosis of arterial hypertension (HTA). They were
aged 40-71 and they had stage 2 HTA.

It is extremely difficult to make a clear distinction between HRV modifications due to
arterial hypertension and those influenced by antihypertensive medication, considering the fact
that all patients with HTA were under beta-blocker treatment, which significantly affects the
sympathovagal balance, having a sympatholytic action. In the study, there was no identification
of subjects with newly detected HTA, who were not receiving therapy.

According to the scientific literature, HTA affects the sympathovagal equilibrium and
vice versa (Karim et al., 2006; Singh et al., 1998), contributing to maintain a vicious cycle
meant to sustain the physiopathological mechanism and to facilitate the development of

complications.
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Acute effects of conventional cigarette smoking on sympathovagal balance, measured
with heart rate variability

The current study’s objective was to determine the acute effects of cigarette smoking
on sympathovagal equilibrium.

Methods and materials

In this study, there have been included 25 healthy volunteers, habitual smokers for over
3 years, aged 20-22 (15 females). The device Neurosoft Poly-Spectrum-8 based only on the
electrodes for the members (so, a total of 6 derivations: DI, DII, DIll, aVL, aVR and aVF), was
used to record the ECG track.

The subjects were asked not to smoke at least 4 hours prior to the experiment, and also,
to avoid psychostimulants, such as caffeine (found in coffee or energy drinks, highly consumed
by young adults in the same age range as the subjects).

A ECG standard test (10 seconds) was made on every individual to eliminate the
possibility of a cardiac condition, which could have interfered with the variability
determinations.

Results

The ECG parameters were normal for all subjects with no detection of pathological
modification (both rhythmologically, patients having a sinus rhythm, and morphologically).

Time parameters. The first thing noticed during smoking, also in a subjective manner
by the patient himself, was an increase in the heart rate, the differences being statistically
significant (p < 0,001). In the next period, the heart rate has started to continuously drop during
the last 5 minutes-interval (p < 0,001).

Standard deviation of RR intervals (SDRR) is considered an independent descriptive
item of HRV. During the 5 minutes smoking session, the SDRR has started to decrease
signaling a global drop of HRV under the action of substances inhaled from the cigarette
smoke. This reduction has continued in the next 5 minutes-interval, with an increase in the
second interval until the end of the measurement, but without reaching the starting value. The
differences are not statistically significant.

Another independent descriptor of HRV is pNN50, the percentage of successive heart
beats with at least a period of 50 ms between them, from the total of recorded heart beats on
the entire trail. As it was expected (due to the strong connection between pNN50 and SDRR),
this parameter has significantly dropped during smoking (p < 0,001), continuously decreasing

in the next 5 minutes, and then slowly increasing in the second interval.
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Frequency parameters were not relevant for this study because of the high value of
standard deviation for every group of subjects. However, regardless this aspect, it has been
observed that during smoking, the ration LF/HF has increased, extending in the first 5 minutes-
interval, while decreasing during the second interval.

According to a part of the scientific literature, this increase of the ratio could be relevant
regarding the inflation of sympathetic tone, which is concordant with a raise in heart rate.
However, there are several studies, based on mathematics, which refute the relationship
between LF/HF increasing ration and increasing of the sympathetic tone. In conclusion, the
author is limiting himself to consider the increase of this ratio being relevant only for the global
decrease of variability.

Nonlinear parameters. The most visually outstanding modifications were the ones of
the nonlinear parameters. The Poincaré diagram was made along with the calculation of SD1
and SD2 parameters, for the each of the 4 tracks of every subject.

Discussion

The present study draws attention to the acute modifications induced by smoking and
noninvasively determined by HRV parameters. We demonstrated the existence of a serious
alteration of sympathovagal balance, taking place during smoking and persisting at least 5
minutes after.

Although, the chronic effects of smoking on human organism are known and fully
comprehended, the study answers the need to understand the acute effects of this habit.

13



Acute effects of electronic cigarette smoking on sympathovagal balance, measured with
heart rate variability

The purpose of research was to evaluate the acute effects of electronic cigarette
smoking on sympathovagal balance.

Methods and materials

In this study, there have been included 15 healthy volunteers, habitual smokers for over
3 years, aged 20-22 (8 females). The device Neurosoft Poly-Spectrum-8 based only on the
electrodes for the members (so, a total of 6 derivations: DI, DII, DIll, aVL, aVR and aVF), was
used to record the ECG track.

The characteristics for e-cigarette Vapez® were:

e 1000 mAh battery;

e Clearomizor atomizer with resistance 2,1+0,2 Q;

e Liqua 10 ml Berry Mix nicotine solution, with a nicotine concentration of 24
mg/ml.

Results

All subjects included in the study have presented a sinus rhythm, without abnormalities
detection of the electrocardiogram.

Time parameters have expressed discordant variations, at least compared with the
values obtained in the case of conventional cigarette smokers. The average heart rate has
increased in the 5 minutes smoking period (p < 0,05), continuing to increase in the first 5
minutes-interval after the smoking session, with a slight tendency of returning to the initial
value maintained until the end of the third interval, the modifications being concordant with
the ones suffered by the RR intervals mean.

On the other hand, standard deviation of RR intervals (SDRR) concordant with standard
deviation of heat rate (SDHR), considered variability independent descriptors, has increased in
the period specific for smoking, stating a global HRV increase, and so, a balancing of the
sympathovagal (p < 0,05). This modification is opposite to the one found in the case of
conventional cigarette smoking.

After the specific smoking interval, both SDRR and SDHR have dropped, reaching the
starting value and continuing dropping, until the end of the recorded track. Based on this
parameter, we can practically state that the heart rate variability has counterintuitively register

an increase while inhaling the nicotine solution, followed by the drop under the initial value.
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These results are also being supported by the pNN50 variation, which has presented an
approximately 20% increase out of the initial value, subsequently decreasing to the half of this
value and being steady until the end of the measurement.

Nonlinear parameters have showed a boost of LF/HF ratio, reaching its peak in the first
5 minutes after the smoking interval (doubling compared to the original value, p = 0,02),
dropping in the next two intervals, but without coming back to the starting value. As some part
of the scientific literature (the one which considers the LF/HF ratio as being relevant for the
evaluation of the sympathovagal balance) (Gondim, 2015; Karakaya, 2007; Middlekauff,
2014) states, electronic cigarette smoking has the tendency of increasing the activity of the
sympathetic tone.

Whilst the changes in the Poincaré diagram cannot be observed, its statistical
descriptors do present variations, some of them highly significant.

As for SD1, this parameter increases during smoking, while decreasing under the
original value on the entire 3 intervals following smoking (p < 0,05 when comparing the values
from Before — control group and Smoking — primary experimental group with the corresponding
secondary experimental groups After 1, After 2 and After 3). The same variation pattern can be
noticed in the case of SD2 parameter.

From the previous data compilation, it can be concluded that, on the studied
experimental groups, the heart rate variability has raised during electrical cigarette smoking,
while considerably dropping for at least 15 minutes afterwards (until the ending moment of the
track).
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Heart rate variability in diabetes patients: graphic representations and statistical
descriptors

The study has been made on a group of 25 diabetes subjects (aged 22-70, 12 females),
hospitalized in Clinical Section of Diabetes and Metabolic Disorders of County Clinical
Emergency Hospital Cluj, during 01/09/16 — 21/12/16. There have been selected those patients
who did not present rhythm disorders or any other electrocardiographic abnormalities, which
could have interfered with the analysis of the cardiac rate. 12 from the total patients have been
suffering from type | diabetes for 8-16 years, while the remaining 13 had been having type Il
diabetes for 10-22 years. Six of the patients presented already known neuropathic
complications.

In order to set the reference values, 50 healthy subjects (aged 22-57, 23 females)
registered to a family medicine’s private office, have been taken into consideration. They have
presented themselves to the family doctor either for screening investigations or for the purpose
of obtaining a medical certificate of good health.

Results and discussion

One of the most valuable visual interpretation method of HRV is the tachogram. This
ensures a rapid comparative appreciation of variability for two intervals. From the visual
comparing of a healthy subject’s tachogram with a diabetes patient’s tachogram, it can be easily
noticed that the latter has a much lower heart rate variability than the healthy one.

The mean of RR intervals and the average heart rate were similar for both studied
groups, without statistically significant differences (p = 0,5, respective p = 0,45). However, the
standard deviation of RR intervals (SDRR) was reduced in diabetes patients comparing with
the healthy subjects (p < 0,001), signifying a diminished heart rate variability in the case of
diabetics. NN50 and pNN50 have also presented considerable lower values in diabetes patients
in contrast to the healthy individuals (p = 0,04, respectively p = 0,01). However, in the present
study there has been a great inter-individual variability of these parameters, materialized into
high values of standard deviation, making them less relevant for comparing purposes between
two studied groups of subjects.

Nonlinear parameters. Another valuable visual descriptor of HRV is the Poincaré
diagram (obviously used while there is another control diagram). This offers fast information,
based on the area described by the point dispersion on graphic. This area is narrower in the

case of diabetes patients in correlation with the one described for a healthy subject, showing a
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low variability. This fact along with the shape of the tachogram, constitute the valuable visual
instruments in the appreciation of variability.

The novelty of this study was the interpretation of entropic HRV parameters, which
correspond to the complexity of the signal, their values being at least surprising. So, it has been
found that ApEn (p > 0,05), SampEn (p > 0,05) and DFA a2 (p < 0,01) had higher values in
diabetics. This contradicts the reduced variability recorded by all other parameters, from all
three categories. Practically, looking at these three parameters (from which one has statistically
significant differences) it can be said that the sign has a higher complexity in patients with
diabetes, considering the fact that the variability is much lower. The reference articles have
confirmed the existence of some research papers which attested this discrepancy, suggesting
that these parameters can reveal hidden data to classic HRV parameters (Weippert, 2014).
According to these studies, the predominantly sympathetic action determines an increase in
both entropy of cardiac rhythm complexity, despite the dropping heart rate variability.

The other two entropic parameters, CorDen and DFA ol have registered decreases of
average values in diabetics in contrast to healthy subjects (p < 0,01 for CorDen, p = 0,83 for
DFA al).

In order to establish a possible connection between global HRV parameters and
entropic parameters, the linear regression analysis has been performed between SDRR
(considered by most authors a relevant global descriptor of HRV) and those five statistical
parameters which were taken into consideration, the results being presented such as the

correlation coefficient R2.
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The significance of oral brush cytology in diagnosing oral mucosa changes
in diabetes mellitus

The purposes of research have been the following:

e Evaluation of the morphological alterations of oral squamous exfoliated cells
using three different staining assays: Papanicolaou, APT (polychrome tannin
blue)- Dragan and Hematoxylin-Eosin (H&E);

e Comparing the reliability of the three staining methods and establishing the
specific elements which can be highlighted through each of these methods;

e Correlation of the observed changes with DM (type | or type Il) and duration of
disease;

e Establishing some modifications of the oral microbial flora in DM.

Methods and materials
Subjects. A number of 30 adult patients (aged 19-87) have been selected among the
patients from the Center of Diabetes, Nutrition and Metabolic Disorders of County Clinical
Emergency Hospital Cluj and investigated: 10 potentially prediabetic, without clinical signs of
DM (glycemic index >120 mg/dL and family history of DM) and 20 patients with DM (10 with
type | DM, 10 with type 11 DM), 5 cases with complications (especially microvasculation) and
5 cases without complications from each type of DM. These patients were under insulin
treatment (the case of those with type | DM), oral anti-diabetic medication or a mix of these
two therapeutic methods (the case of those with type Il DM). The duration of disease had a
range between 3 to 30 years.
The control group was made out of 30 healthy subjects, with glycemic indexes <120
mg/dL and without family history of DM.
Exclusion criteria:
e Smoking due to possible modification induced to cells from the oral mucosa;
e Alcoholism;
e Subjects with gum disease or periodontitis.
Results
According to Bethesda 2001 criteria for cytological reporting (Solomon & Nayar,
2004), all smears have been considered satisfactory in terms of cell number. The predominant

types of cells were the superficial and intermediate ones, with rare parabasal cells. All staining
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has correctly displayed the cytoplasm and the nucleus of squamous cells. For interpretation
purposes, the changes of oral squamous cells have been gathered based on color.

Papanicolaou staining has separated the cells by the germ layer: the majority had a
superficial origin (orange, due to high level of keratin), a small number of them were
intermediate cells (green) and some extremely rare basal cells (blue-green).

There has been no difference between the cells harvested from the control group and
group of prediabetics. In both situations, the nuclei were small, with compacted chromatin and
with a normal nucleocytoplasmic ratio. Mild DM cases were characterized by an increased
number of keratohyalin granules with a perinuclear distribution, while the complicated forms
had a lower number of granules.

A large number of superficial binucleated cells it has been observed, sometimes showed
as clusters. Also, in the majority of DM cases, no matter the presence or absence of
complications or the type of DM, some moderately atypia has been noticed, materialized
through the increased nucleocytoplasmic ratio and dispersed chromatin, with hyperchromasia.

Also, all DM cases have presented lipid vacuole in the cytoplasm; in three complicated
cases of type | DM it has been noticed the presence of halo perinuclear cells and rare events of
karyorrhexis and karyolysis.

APT-Drigan staining has showed similar modifications to the ones in Papanicolaou
staining. For subjects of the control group as well as for the ones with prediabetic glycemic
indexes, the cytological aspects were normal, with small and compact nuclei, and usual
nucleocytoplasmic ratio.

Mild DM were characterized by cells with peripheric cytoplasmic granules, fatty
degeneration of the cytoplasm, binucleated cells and nucleocytoplasmic ratio slightly
increased, along with rare small dystrophic nuclei.

In the complicated type Il DM forms, a high number of beta and alpha cells underwent
cytolysis. Also, the intracytoplasmic lipid vacuoles were visible in these patients, while having
variant dimensions (from small one to vacuole who occupies the entire cytoplasm).
Cytoplasmic changes were accompanied by modifications of the cellular membrane aspects
(looking paler) or focal nuclear hyperchromasia.

Regardless the fact that hematoxylin-eosin staining does not allow to differentiate
cells based on their germ layer, this method has proven its utility in appreciating chromatin
changes with a much higher resolution than the other two staining methods, making it highly

important in recognizing subtle changes which can appear at this point.
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As it was the case for the previously methods, there has been no difference between
cell from control group and those from the diabetes patients.

At all diabetics, no matter the type of disease, evolution or it severity, the majority of
the smear was occupied by cells with eosinophilic grit unevenly distributed inside the
cytoplasm and granules of keratohyalin (well-defined, large and more intensely colored
comparing with the grit).

In terms of chromatin, it has been noticed cells with different condensing levels, their
aspect ranging from uniform-blue (sometimes less bright) to hyperchromasia or chromatin
clusters under the nuclear membrane (especially in the complicated forms of type 11 DM). Also,
numerous binucleated cells along with defined intranuclear inclusions have been observed.

Likewise, patients with complicated forms of DM have presented deep nuclear pyknotic
cells, some with complete loss of the nucleus, as well as cellular clusters in which there were
cells with different dimensions and with a varied nucleocytoplasmic ratio (reactive changes in
case of abundant leukocyte inflammation). There was no sign of defined nuclear atypia,
squamous dysplasia or malignancy.

The HE staining was a real help in terms of highlighting the leukocyte inflammation.
Therefore, patients with complicated DM forms have presented a strong inflammation either
associated or not with the proliferation of bacterial flora or with modifications of oral
saprophytes.

Conclusions

Oral brush cytology, a standalone method, is a method with reduced value for
diagnosing DM, detecting reactive modification induced by the diseases, but without specific
elements for a type of DM. However, used with other screening methods, it can prove its
usability in appreciation of both the presence and severity of the disease.
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FINAL CONCLUSIONS

1. It has been found a correlation between heart rate variability parameters (HRV)
derived from the photoplethysmographic signal and from those derived from the
electrocardiographic signal, each method having advantages and disadvantages, especially
when it comes to the comfort of the subject and examiner; a major downfall of using
photoplethysmography is its high susceptibility to artefacts.

2. HRV is globally more reduced in patients who suffered from a recent acute
myocardial infarct.

3. HRV is globally lower than the hypertensive patients; this modification can be due
to the effects of increased arterial tension on sympathovagal balance, on one hand, and the
effects of antihypertensive medication, on the other hand.

4. HRV is globally diminished in diabetes patients, aspect which does not correlate with
the complexity of cardiac rhythm.

5. Conventional cigarette smoking rapidly drops the HRV parameters, with the values
slowly returning to those recorded before smoking.

6. Electronic cigarette smoking results in acute increase of HRV parameters, which lasts
as long as the patient smokes, the effects rapidly disappearing.

7. Diabetes mellitus induces unspecific changes of oral squamous cells, discernable on
cytological smears collected from this site: the reactive increase of the nucleocytoplasmic ratio,
binucleated cells, keratinization modifications (keratohyalin granules, intracytoplasmic keratin
with lamellar orientation), cytoplasm dystrophy (lipid vacuoles), chromatin orientation

abnormalities, as well as the presence of abundant inflammation and a rich microbial flora.
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