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A B S T R A C T

Introduction: Primary hypertension can be masked and be responsible of a severe impact on the target bodies. The
purpose of this study was to see if Phenobarbital at low dose is able to decrease the sympathetic hyperactivity
assessed by cardiovascular autonomic reflexes in patients with masked hypertension.
Materials and methods: This prospective study was conducted on a total of 91 patients with masked hypertension
(average age 52.1 � 10.3 years old). The cardiovascular autonomic tests performed in this group, before and after
3 months of daily oral administration of Phenobarbital, included deep breathing, hand-grip, mental stress and
orthostatic tests. Statistical analysis was done using the Student's t-test, Univariate and Multivariate logistic
regression analysis; p is significant if < 0.05.
Results: Cardiovascular autonomic reflexes responses before and after 3 months of Phenobarbital oral adminis-
tration were as follows: Vagal response (XDB) obtained on deep breathing test was of 32.6 � 5.4% VS 30.4 �
6.1%, (p ¼ 0.08), alpha peripheral sympathetic response (alpha SP) obtained on hand grip test was of 35.6 � 8.7%
VS 12.0 � 2.5%, (p < 0.001), alpha central sympathetic response (alpha SC), beta central sympathetic response
(beta SC) obtained during mental stress were of respectively 29.3 � 9.2% VS 11.8 � 2.4%, (p < 0.001) and 11.0 �
5.3% VS 10.4 � 6.1%, (p ¼ 0.2), alpha peripheral adrenergic sympathetic (alpha PAS) obtained during orthostatic
test was of 25.3 � 6.0% VS 13.0 � 3.4%, (p < 0.001).
Conclusion: These results demonstrated that Phenobarbital at low dose may have an anti-sympathetic effect in
patients with masked hypertension.
1. Introduction

Primary hypertension (HT) is the leading cause of cardiovascular
morbidity and mortality worldwide. It's defined as Systolic Blood Pres-
sure (SBP) higher than 140 mmHg and/or Diastolic Blood Pressure (DBP)
higher than 90 mmHg, measured in supine position [1]. HT can be
masked and be responsible of a severe impact on the target bodies. The
patients whose blood pressure (BP) is normal in consultation (less than
140/90 mmHg), but exceeds the thresholds of normality by Home Blood
Pressure Self-Measurement or by Ambulatory Blood Pressure Monitoring
(at least 135/85 mmHg) were considered as masked hypertensive pa-
tients [2]. According to current recommendations the BP in the cabinet
should be normal, it's on average 135/85 mmHg during daytime and l
120/70 mmHg during sleep in patients with MPHT [3, 4].

Masked HT (MPHT) has been proven to be associated with increased
cardiovascular risk in the general population [5, 6, 7]. However, it's a
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frequent and poorly understood clinical form of HT but whose patho-
genesis is not clear yet. The literature showed that the high sympathetic
activity can be considered as a cardiovascular risk factor [8, 9]. This
phenomenon has been well found in masked hypertensive patients. Ac-
cording to our previous study, the masked hypertensive patients showed
a significant high assessed by the cardiovascular autonomic reflexes
when compared to normotensive subjects [10, 11].

Otherwise, an antihypertensive treatment which reduces sympathetic
nerve activity would be of an unquestionable benefit. Therefore, it is
interesting to study if Phenobarbital reduces sympathetic nerve activity
and thus inducing a shift in sympatho-vagal balance. The present in-
vention relates to the field of medicine, in particular to a novel use of
Phenobarbital in the treatment of autonomic dysregulation disorders.
Thus, it's interesting and important to understand the mechanism of ac-
tion of phenobarbital in patients with MPHT. The purpose of this study
was to see if phenobarbital at small dose is able to decrease the high
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sympathetic activity in patients with MPHT assessed by cardiovascular
autonomic reflexes.

2. Materials and methods

2.1. Materials

This prospective study was conducted on a total of 91 patients with
primary HT (60.5% are women and 39.5 % are men), with the average
age of 52.1 years old, ranging from 25 to 76 years old.

Inclusion criteria: Patients with normal office BP and with MPHT
confirmed by Home Blood Pressure Self-Measurement or by Ambulatory
Blood Pressure Monitoring and during cardiovascular autonomic re-
flexes. The diagnosis was done after exploration of the autonomic ner-
vous system according to the definition criteria of the masked primary
hypertension.

Exclusion criteria: Patients with office hypertension were excluded
from the study.
2.2. Methods

This is a prospective study comparing two cardiac autonomic evalu-
ations: pre- and post therapeutic, carried out at the exploration unit of the
autonomic nervous system (ANS), of cardiology service “A” at Ibn Sina
University Hospital. The patients with BP variability attested by office
BP, Home BP Self-Measurement (HBPSM) and Ambulatory BP Moni-
toring (ABPM) were referred to study their ANS using autonomic tests of
cardiovascular reactivity in which their basal BP is normal in supine
position. The study was conducted between 2016 and 2017. The study
was approved by the Ibn Sina ethical committee after a thorough analysis
in June 2017. A written consent form was obtained from each patient
before the tests. Each patient completed a form recording the presence or
absence of functional signs.

All patients received a three month treatment of 0.3–0.5 mg/kg daily
oral administration of phenobarbital after the first cardiovascular auto-
nomic testing. After this 3 months period, the second cardiac autonomic
testing was performed. Phenobarbital did not have adverse reactions on
patients in the study.

Tests applied on all patients included measurement of weight and
height, cardiovascular autonomic tests, echocardiography and blood
tests. They were also requested to go through cardiovascular examination
and patients were addressed with a complete cardiac testing including
electrocardiogram test and other tests when necessary as exercise test,
coronary catheterization, and scintigraphy tests.

Weight and height were measured to calculate the Body Mass Index
(BMI) of each subject using the usual formula weight/height 2. The result
was expressed in kg/m2.

2.2.1. Cardiovascular autonomic testing
Patients were initially lying on examination table in a quiet room for

at least 30 min. The monitoring of BP, using a Dynamap (Critikon, 1846
SXP) and the Heart Rate (HR) (screen of posting LCD CS 503 E, HELLIGE,
EK 512 E) was done. All the tests were applied in the morning, while
patients were fasting and under no anti-hypertensive treatment during at
least 48 h following the physicians' instructions.

The basal BP and HR were measured in both arms after the patients
took a rest for at least 10 min. Then, the Ewing cardiovascular autonomic
tests were performed.

2.2.1.1. Tests description. The cardiovascular autonomic testing included
Deep Breathing (DB), Hand-Grip (HG), Mental Stress (MS) and ortho-
static tests.

2.2.1.1.1. The deep breathing test (DB). This test analyzes the vagal
response [12, 13]. The respiratory frequency has an influence on the
variation of RR interval on the electrocardiogram (EKG). The procedure
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was the following: the patient breathes deeply at a frequency of six
breaths for one minute [14]. It makes it possible to evaluate the vagal
activity (XDB) which is expressed as a percentage:

(RRmaximal - RRminimal/RRminimal) � 100

2.2.1.1.2. The isometric contraction or hand grip test (HG). During
three minutes the patient performs a manual pressure of 50% of the
maximum with assistance of a dynamometer. The muscular contraction
involves a rise in BP related to an increase of sympathetic nerve activity
at the muscular level which is effort-dependent and time-dependent [15,
16]. The peripheral alpha sympathetic nerve response is given by the
increase of the BP.

The alpha peripheral sympathetic response (alpha PS) is performed as
bellow:

¼ (BPafter the test - BPbefore the test/ BPbefore the test) � 100

2.2.1.1.3. The mental stress test (SM). The patient performs mental
arithmetic calculations by removing the number 7 successively from 200.
The result is an increase in BP and in HR by the central sympathetic nerve
activation [14]. In mental stress, the central sympathetic nerve activity
“α” was evaluated by measuring the variations of BP as bellow [15, 16].

Alpha central sympathetic response (alpha CS)

¼ (BPafter stimulation - BPbefore stimulation/BPbefore stimulation) � 100

The “β” central sympathetic nerves activities was evaluated by
measuring the variations of

HR as bellow [15, 16].
Beta central sympathetic response (beta CS)

¼ (HRafter stimulation -HRbefore stimulation/HRbefore stimulation) x 100

2.2.1.1.4. The orthostatic test (OT). The OT is a simple, non invasive
and reproducible test among the cardiovascular ANS tests, involving the
measurement of the BPand theHRvariation during standing position [17].
The basal BP and HRwere measured in both arms after a rest of at least 10
min in supine position. Then theOTwas proceeded. Orthostatic BP andHR
were recorded for 10 min at the rhythm of 3 measurements per minute. In
this study, only the BP values were analyzed. Orthostatic HT is defined by
an increase in the systolic BP of at least 20mmHgand/or in the diastolic BP
(DBP) of at least 10 mmHg during standing position or even as SBP higher
than 150 mmHg and/or DBP higher than 100 mmHg in standing position.

The alpha peripheral adrenergic sympathetic response (Alpha PAS)
obtained during the OT was evaluated by measuring the variations of BP
as bellow:

¼ (BPorthostatic - BPsupine position/BPsupine position) � 100

The results of the peripheral sympathetic response are expressed as
percentage.

2.2.2. Echocardiographic detection
Pathological hypertrophy may be associated with an absence of

symptoms for many years
before the development of congestive heart failure or unexpected

sudden death. Thus, in contemporary clinical practice and population
studies, the diagnosis of LVH depends predominantly on echocardio-
graphic measurements or novel noninvasive imaging techniques.

Methods for 2D targeted M-mode echocardiographic measurements
of Left Ventricule (LV) dimensions and the calculation of LV mass are
standardized [18]. The detection of pathological LVH requires adjust-
ments for sex, height, and body mass.

Echocardiographic measurements were performed in accordance
with the American Society of Echocardiography, and the calculation of
LV Mass (LVM) was done using the modified formula of:



Table 2. Vagal response on deep breathing test (XDB). Alpha peripheral sym-
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LVM (g) ¼ 0.8 � [1.04 � (LVID þ LVPWT þ IVST)3–LVID3]] þ 0.6
pathetic response (alpha SP) obtained on hand grip test. Alpha central sympa-
thetic response (alpha SC), beta central sympathetic response (beta SC) obtained
during mental stress, and alpha peripheral adrenergic sympathetic (alpha PAS).
Parameters were measured before and after treatment by phenobarbital, and
expressed as average � SE; **: p < 0.05.

Test XDB (DB) alpha PS
(HG)

alpha CS
(MS)

beta CS
(MS)

alpha PAS
(OT)

Before phenobarbital
treatment

32.6 � 5.4 35.6 � 8.7 29.3 � 9.2 11.0 � 5.3 25.3 � 6.0

After phenobarbital
treatment

30.4 � 6.1 12.0 � 2.5** 11.8 � 2.4** 10.4 � 6.1 13.0 � 3.4**

Figure 1. Alpha peripheral sympathetic response (alpha PS) obtained on hand
grip test, alpha central sympathetic response (alpha SC) obtained during mental
stress, and alpha peripheral adrenergic sympathetic response (alpha PAS) ob-
tained during orthostatic test. Parameters were measured before and after
treatment by phenobarbital and expressed as average � SE; **: P < 0.05.
Where LVID indicates LV Internal Diameter; LVPWT indicates LV Pos-
terior Wall Thickness; and IVST indicates IntraVentricular SeptalTthick-
ness [19].

2.3. Statistical analysis

Descriptive statistics included the range, mean, and standard devia-
tion for interval variables and the frequency and percentage for cate-
gorical variables. Group comparisons were carried out by independent
samples Student's t-test for interval variables and the χ2 test for cate-
gorical variables, with 95% confidence intervals (CIs) calculated where
appropriate. Univariate and multivariate logistic regression analysis
were performed to assess the independent association of several variables
with MPHT. These effects were measured by odds ratios (OR), and their
95% CIs based on logistic regression models. p values were 2 sided and
were considered statistically significant if less than 0.05. All analyses
were performed using SPSS, version 15.0 (SPSS Inc., Chicago, Il).

3. Results

In this population, supine average basal HR was of 67.2 � 6.4 beats/
min (with the extreme ranging from 63 to 74 beats/min). Supine average
basal SBP and overage basal DBP were respectively 120.6 � 6.1mmHg
(with the extreme ranging from 118 to 124 mmHg) and 80.4 �
11.6mmHg (with the extreme ranging from 74 to 87 mmHg) (see
Table 1).

Cardiovascular autonomic reflexes responses before and after
phenobarbital treatment were respectively as follows: vagal response
(XDB) obtained during DB was of 32.6 � 5.4% vs 30.4 � 6.1%, p ¼ 0.08
(Table 2), alpha peripheral sympathetic response (Alpha PS) obtained on
HG test was of 35.6� 8.7% vs 12.0� 2.5%, p< 0.001 (Table 2; Figure 1),
alpha central sympathetic response (Alpha CS) obtained during MS was
of 29.3 � 9.2% vs 11.8 � 2.4, p < 0.001 (Table 2; Figure 1), beta central
sympathetic response (Beta CS) obtained during MS was of 11.0 � 5.3%
vs 10.4 � 6.115.8 � 3.4% (p ¼ 0.2). Alpha peripheral adrenergic sym-
pathetic response (Alpha PAS) obtained during OT was of 25.3� 6.0% vs
13.0 � 3.4%, p < 0.001 (Table 2; Figure 1).

Also, in the present study we were interested in investigating the
kinetics orthostatic BP in this population during the change from supine
position to standing position and during standing position before and
after phenobarbital treatment (Figure 2). Only the SBP values were
analyzed.

In addition, the OT showed a significant decrease in the orthostatic
SBP at each time of this test in comparison to the orthostatic SBP values
obtained before phenobarbital treatment (Figure 2).
Table 1. Baseline characteristics of patients.

Parameters Values

Age (year) 52.1 � 10.3

Sex (F/M) 55(60.5%)/36(39.5%)

Basal SBP (mmHg) 120.6 � 6.1

Basal DBP (mmHg) 80.4 � 11.6

Basal HR (beats/min) 67.2 � 6.4

LVEF (%) 59

BMI (kg/m2) 29.5 � 3.7

SBP: Systolic Blood Pressure.
DBP: Diastolic Blood Pressure.
HR: Heart Rate.
LVEF: Left Ventricular Ejection Fraction.
BMI: Body Mass Index.
Values were expressed as average �SE, and as effective (percentage).
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For example, at the 5th and 10th minutes of OT, the orthostatic SBP
decreased by 41 mmHg and 57 mmHg respectively in comparison to the
orthostatic SBP values obtained in the same time of OT before pheno-
barbital treatment (Figure 2).

3.1. Logistic regression analysis

Univariate logistic regression analysis showed that the odds of MPHT
increased with alpha peripheral sympathetic response (Alpha PS) (OR ¼
2.401, 95% CI: 1.701–5.039, p ¼ 0.003), alpha central sympathetic
response (Alpha CS) (OR ¼ 2.010, 95% CI: 1.106–4.008, p ¼ 0.002), and
Alpha peripheral adrenergic sympathetic response (Alpha PAS) (OR ¼
2.307, 95% CI: 1.106–4.008, P ¼ 0.006) respectively, in patients with
MPHT. On the other hand, the odds of MPHT decreased with pheno-
barbital treatment (OR ¼ 0.158, 95% CI: 0.326–0.615, p < 0.001) in
patients with MPHT.

Multivariate logistic regression analysis showed that the same inde-
pendent factors were associated with MPHT. The odds of MPHT
increased with Alpha PS (OR ¼ 1.507, 95% CI: 1.381–3.018, p ¼ 0.024),
Alpha CS (OR ¼ 2.0802, 95% CI: 1.906–5.078, p ¼ 0.03), and Alpha PAS
(OR ¼ 1.159, 95% CI: 1.131–2.069, p ¼ 0.02) respectively, in patients
with MPHT. However, the odds of MPHT decreased with phenobarbital
treatment (OR ¼ 0.217, 95% CI: 0.406–0.735], p < 0.001) in patients
with MPHT.



Figure 2. Representative curve of the kinetics of the Mean SBP in patients with masked orthostatic hypertension during orthostatic test before and after treatment (**:
P < 0.05).
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4. Discussion

Masked HT is a clinical phenomenon that is becoming increasingly
important and its prevalence of the order of 8–30% demonstrates the
importance of being interested [2, 20]. This high variability of preva-
lence of masked HT within these previous studies potentially could be
due to the heterogeneity of populations and the procedure of BP mea-
surement [21].

Masked HT (MPHT) is a frequent and poorly understood clinical form
of HT but which pathogenesis is not clear yet. The literature showed that
the high sympathetic activity can be considered as a cardiovascular risk
factor [8, 9]. This phenomenon has been well found in primary hyper-
tensive patients, especially in patients with MPHT. The purpose of this
study was to see if Phenobarbital in small dose is able to decrease the
sympathetic hyperactivity assessed by cardiovascular autonomic reflexes
in patients with MPHT.

The cardiovascular ANS reflexes which include the measurement of
the sympathetic and vagal nerve activity are considered now among the
most effective clinical tests. Thus, in a previous study, we compared the
autonomic cardiovascular reflexes of a group of masked hypertensive
patients with a group of normotensive subjects [10] and we reported that
sympathetic response was significantly higher and the vagal response
was not significantly different in masked hypertensive patients when
compared to normotensive subjects.

Autonomic dysregulation plays a significant role in HT and acts as a
coronary risk factor by severe metabolic complications [22]. In a previ-
ous study, the microneurography has shown the increased activity of the
sympathetic fibers specifically proportional to the severity of the HT, but
not that of secondary HT. This could help to explain why some metabolic
risk factors and some common diseases related with essential HT are not
found in secondary HT. Mancia G and al showed that in hypertensive
patients, the overactivation of the Sympathetic Nervous System (SNS)
could be dependent on the circulating angiotensin II concentrations,
because angiotensin II exerts excitatory effects on sympathetic outflow,
to facilitate norepinephrine release from adrenergic nerve endings, and
to amplify adrenergic receptor responsiveness to stimuli [17]. Previous
papers showed that spectral analysis techniques provided important
4

information regarding the alterations of the nervous control of HT and
allowed an increase in sympathetic activity [23, 24].

Otherwise, in the present study, our interest was the focus on
Phenobarbital mechanism in patients with MPHT. Thus, the study of the
cardiovascular autonomic profile under a new antihypertensive molecule
such as phenobarbital was interesting. The analysis of the results
demonstrated that cardiovascular autonomic reflexes showed a signifi-
cant reduction of the sympathetic hyperactivity in patients with MPHT.
These data showed the relationship between MPHT and sympathetic
hyperactivity in these masked hypertensive patients.

It was significantly higher in hypertensive patients before the three
months of treatment with Phenobarbital.

In addition, a univariate and multivariate logistic regression analysis
was performed in the present study to determine independent predictor
factors of MPHT in the patients whose MPHT was detected. The analysis
of the results indicates that some independent predictor factors, such as
age, sympathetic hyperactivity and treatment with Phenobarbital were
significantly associated with HT respectively, in patients with MPHT
(Table 3). These data suggested that there is a positive linear association
between the occurrence of MPHT and sympathetic hyperactivity (table).
Also, the results of the present study demonstrated that there is an in-
crease in the occurrence of MPHT with the age of the subject in whom
the MPHT has been detected. This finding has been confirmed by a
previous study conducted by Trudel X et al that the prevalence
increased with age [2]. On the other hand, in our study there is a
negative linear association between the occurrence of MPHT and the
treatment with Phenobarbital (Table 3). This data indicated that there is
a relationship between the reduction in the occurrence of MPHT and the
treatment with Phenobarbital. Hence, our interest in this study was to
demonstrate the reduction of sympathetic hyperactivity, thus the
reduction in cardiovascular risk using this new therapeutic molecule in
those patients.

In our study, the use of phenobarbital in a small dose in the treatment
of autonomic dysregulation disorders in primary hypertensive patients
showed a significant effect on the sympathetic nervous system. As a
result, the long-term treatment reduces the sympathetic hyperactivity
encountered during tests for stimulating the sympathetic system.



Table 3. Evaluation of relationship between masque HT and independent predictor factors by univariate and multivariate logistic regression analyses; *: p significative if
< 0.05.

Univariate analysis Multivariate analysis

Parameters Odds ratios (OR) 95% CI p Odds ratios (OR) 95% CI p

Age (year) 2.210 [1.012–3.253] 0.02* 1.316 [1.014–2.903] 0.03*

Range (years) 1.815 [1.063–2.480] 0.03* 2.013 [1.177–3.086] 0.04*

Sex (F/M) 0.313 [0.171–1.907] 0.6

LVM (g) 0.914 [0.358–3.983] 0.8

IVST (mm) 0.522 [0.410–2.054] 0.7

BMI (kg/m2) 1.016 [0.776–2.106] 0.6

XDB (%) 0.719 [0.210–2.060] 0.4

Alpha PS (%) 2.401 [1.701–5.039] 0.003* 1.507 [1.381–3.018] 0.024*

Alpha CS (%) 2.010 [1.106–4.008] 0.002* 2.080 [1.906–5.078] 0.03*

Beta CS (%) 0.975 [0.102–2.804] 0.1

Alpha PAS (%) 2.307 [1.405–3.193] 0.006* 1.159 [1.131–2.069] 0.02*

Phenobarbital (mg/kg) 0.158 [0.326–0.615] 0.0001* 0.217 [0.406–0.735] 0.0001*
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Accordingly, a univariate and multivariate logistic regression analysis
showed that LVM and IVST were not significantly associated with MPHT
respectively in patients with MPHT (Table 3). However, a previous study
demonstrated that LVM significantly increased in subjects with masked
HT compared to normotensive subjects. These observations were
confirmed in a much larger sample of the population (PAMELA study)
[25].

This is the first study to demonstrate that Phenobarbital is associated
with potentially beneficial effects on the sympathetic activity in patients
with MPHT.

All in all, it would be interesting to conduct a further study focusing
on a direct comparison that will include all the cardiovascular ANS tests
between patients within MPHT under the treatment with phenobarbital,
patients with sustained HT and normotensive patients to understand the
mechanisms of action of this new therapeutic molecule.

5. Conclusion

The results of this study demonstrated that in masked hypertensive
patients, the use of phenobarbital in a small dose showed a significant
decrease of the high sympathetic activity assessed by cardiovascular
autonomic reflexes. Thus, the novel pharmacological prescription re-
duces the intensity of the essentially neurosensory and cardiovascular
functional symptomatology suffered by the patient. In fact, high interest
has to be giving to cardiovascular autonomic reflexes and treatment by
phenobarbital must be studding at large scale.
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