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INTRODUCTION

Guidelines unanimously recommend 
ambulatory blood pressure (BP) monitoring 

for BP assessment. However, which BP index among 
the multitude of measurements that can be derived 

MEDICATION, NOCTURNAL DIPPING PROFILE AND 
HYPERTENSIVE EMERGENCY

Introducción: El objetivo de este estudio fue analizar la medicación utilizada por los pacientes con crisis hipertensiva (presión 
arterial superior a 180/120mmHg) y su impacto en los principales factores de riesgo para el desarrollo de la emergencia 
hipertensiva. 
Métodos: Un total de 233 pacientes (108 hombres, 125 mujeres), 184 tenían urgencia hipertensiva/ 53 emergencia (54,44% 
/50,95% en mujeres) en el servicio de Urgencias durante 11 meses. Los pacientes fueron divididos en cinco grupos de edad 
según décadas a partir de los 40 años (media de 65,85 años) y un total de diez grupos según el tipo de medicación hipertensiva 
que utilizaban (IECA, ARA, BB, BCC, diuréticos, moxonidina y sus combinaciones). 
Resultados: Utilizando monoterapia antihipertensiva el porcentaje de urgencias hipertensivas fue del 100,00%, 50,00%, 41,66%, 
33,33%, 21,05%. El uso de IECA + BCC + diuréticos disminuyó significativamente el número de urgencias al 0%, 18,47%, 21,05%, 
25,00%, 33,33%; pero la adición de betabloqueantes disminuyó el riesgo. En general, 53 pacientes no tenían medicación (22,75%) 
y 68 de 233 pacientes eran fumadores (29,18%, 63,23% hombres), de los cuales 36 pacientes tuvieron una urgencia hipertensiva 
(52,94% de los fumadores). El mayor número de hipertensos no inmersivos se encontró en los pacientes que tomaban ARA, 
diuréticos y/o BCC, pero el menor número se mostró en los pacientes que tomaban IECA en combinación con moxonidina 
(-20,07%). El 22,02% de los fumadores no eran hipertensos inmersivos (-54,67% de los no fumadores). El odds ratio para 
obtener una emergencia hipertensiva en caso de que el paciente tuviera un perfil no inmersivo fue de 4,18 (IC 1,02 - 18,89, 
p < 0,05). Los pacientes que tomaban una medicación diferente (o ninguna) no tenían mayor probabilidad de desarrollar una 
emergencia hipertensiva (OR 1,21, p = NS). No se encontraron diferencias en la incidencia de perfil no inmersivo entre géneros 
(72,12% varones, 72,83% mujeres).
Conclusión: Las combinaciones de toda la medicación antihipertensiva mostraron beneficios sobre la monoterapia. Una mayor 
presión arterial de 24 horas y nocturna (perfil de hipertensión no inmersiva) se asoció significativamente con un mayor cambio 
para desarrollar una emergencia hipertensiva. 

MEDICACIÓN, PERFIL DE INMERSIÓN NOCTURNA Y EMERGENCIA 
HIPERTENSIVA
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RESUMEN

Introduction: The aim of this study was to analyze the medication used by the patients with hypertensive crisis (blood 
pressure above 180/120mmHg) and its impact on the main risk factors for hypertensive emergency development. 
Methods: A total of 233 patients (108 male, 125 female), 184 had hypertensive urgency/ 53 emergency (54.44% /50.95% in 
women) at the Emergency department during 11 months. Patients were divided in five age groups as decades starting from the 
age of 40 (mean 65.85 years) and a total ten groups depending on which type of hypertensive medication they were using (ACEi, 
ARB, BB, CCB, diuretics, moxonidine, and their combinations). 
Results: By using antihypertensive monotherapy percentage of hypertensive emergencies were 100.00%, 50.00%, 41.66%, 
33.33%, 21.05%. Using ACEi + CCB + diuretic significantly decreased the number of emergencies to 0%, 18.47%, 21.05%, 25.00%, 
33.33%; but adding beta blocker additionally diminished the risk. Overall 53 patients had no medication (22.75%) and 68 of 
233 patients were smokers (29.18%, 63.23% male) of which 36 patients had hypertensive emergency (52.94% of smokers). The 
biggest number of non-dippers was found in patients who took ARBs, diuretics and/or CCB but the smallest number was shown 
in patients who took ACEi in combination with moxonidine (-20.07%). 22.02% of smokers were non-dippers (-54.67% non-
smokers). Odds ratio for getting hypertensive emergency in case patient had a non-dipper profile was 4.18 (CI 1.02 – 18.89, p 
< 0.05). Patients taking different medication (or none) did not have increased chance for hypertensive emergency development 
(OR 1.21, p = NS). We didn’t find any differences in the non-dipping profile incidence between genders (72.12% males, 72.83% 
females).
Conclusion: Combinations of all antihypertensive medication showed benefit over monotherapy. Higher 24-hour and nighttime 
blood pressure (non-dipping profile) was significantly associated with greater change for developing hypertensive emergency. 

ABSTRACT

from conventional and ambulatory BP recordings 
is more closely associated with adverse health 
outcomes remains question1.

The nocturnal dipping profile, as a physiological 
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blood pressure (BP) drop of 10-20% during the 
night, is associated with the severity of end-organ 
injury. Non-dipper profile today is considered to 
be the cardiovascular risk factor2. The absence of 
nocturnal BP drop can be caused by abnormalities in 
extracellular volume or vascular resistance regulation 
such as increased sympathetic neural tone2,3. Also, 
sleep disturbances can have an important role in 
the non-dipper pathogenesis (eg. Sleep apnea 
syndrome)4. Even mild sleep apnea can increase 
nocturnal BP by changing the neural tone during 
the night5. Even though there is no consensus which 
medication has the greatest impact on restoring the 
nocturnal BP drop, administering antihypertensive 
drugs before sleep can improve dipping pattern (eg. 
Chronotherapy)3,6. 

Hypertensive crisis is a common result of 
uncontrolled hypertension7. It is defined as a systolic 
blood pressure above 180mmHg or a diastolic 
blood pressure above 120mmHg8. We differentiate 
hypertensive urgency without end-organ damage, 
just as hypertensive emergency in which we have 
evidence of cardiac, renal, pulmonary or renal injury9. 
Almost every patient with hypertensive emergency 
needs to be admitted to the hospital. 

The sudden elevation in blood pressure in 
hypertensive crisis comes from a sudden increase 
of systemic vascular pressure, due to the action 
of humoral vasoconstrictors leading to intimal 
proliferation and fibrinoid necrosis of the blood 
vessel wall7. According to the  last guidelines from 
ESC (European Society of Cardiology) and ESH 
(European Society of Hypertension), arterial stiffness 
is recognized as a risk factor for development of 
hypertension-mediated organ damage (HMOD) 
with a pulse wave velocity (PWV) >10 m/s1. PWV 
is considered one of the most important clinical 
parameters for evaluation of cardiovascular risk 
and vascular adaptability and for follow up after 
the treatment. In previously article we have showed 
that the measurement of arterial stiffness in an 
emergency room setting as a noninvasive method 
of assessing cardiovascular risk in patients with 
hypertensive urgency10. 

The aim of this study was to analyze the medication 
used by the patients with hypertensive crisis and its 
impact on the main risk factors for hypertensive crisis 
development. 

MATERIALS AND METHODS

The type of study is observational, descriptive 
of longitudinal cut, the type of sampling is non-
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probabilistic, by convenience. Group of 233 
patients (108 male, 125 female) were observed at 
the Emergency department (ED) in Clinical hospital 
Merkur with hypertensive crisis from January to 
November 2019. Past medical history was obtained 
in ED by direct interview of study participants.  
Only patients who have been smoking more than 
10 years were defined as smokers. Patients were 
divided into two main groups depending on existing 
organ damage due to hypertensive episode in 
ED which lead to hypertensive emergency. In this 
category we included patients with irreversible 
damage of the brain (any neurological symptom), 
kidney (acute kidney failure), aorta (dissection), 
lungs (pulmonary edema), heart (acute coronary 
syndrome) or epistaxis. Patients with hypertensive 
urgency showed no damage on any previously 
mentioned organ system. Additionally, patients 
were divided in five age groups as decades starting 
from the age of 40 (mean 65.85 years) and a total ten 
groups depending on which type of hypertensive 
medication they were using: angiotensin-converting 
enzyme (ACE), angiotensin receptor blockers (ARB), 
beta-blockers (BB), calcium channel blockers (CCB), 
diuretics, moxonidine; and fixed combination of 
ACEi + CCB, ACEi + CCB + diuretics with and without 
BB and moxonidine. Because of too many possible 
variables, doses of taken medication were not taken 
into account. All described changes could be dose-
dependent but the majority of our patients was put 
on moderate antihypertensive medication dosages 
(eg. ACEI-perindopril 5mg, diuretic-indapamide 
1.25mg, CCB-amlodipine 5mg, etc.). 

BP and pulse wave velocity measurement: 
Physicians obtained the conventional readings 

with a validated auscultator or oscillometric 
devices (Omron).  An appropriate sized cuff was 
used to the patient’s non-dominant arm. Patients 
were considered to have hypertension if their 
conventional/office BP was 140/90 mm Hg or higher or 
if they were taking antihypertensive drugs. Inclusion 
criteria followed the definition of hypertensive crisis 
as values of systolic blood pressure above urgencies 
through age groups, males had 72.41%, 47.00%, 
44.00%, 41.00%, 11.70%, but more pronounced 
differences were found in hypertensive emergencies 
where males had 100.00%, 66.67%, 58.33%, 42.10%, 
25.00%. Prevalence of hypertensive crisis in women 
is obviously rising by aging and is more prominent 
after the age of 65 compared to men in the same 
age. Comparing these age group by the medication 
patients used, preventive drug combination from 
hypertensive emergency development was found. 
By using antihypertensive monotherapy percentage 
of hypertensive emergencies were 100.00%, 50.00%, 
41.66%, 33.33%, 21.05%. Using ACEi + CBB + diuretic 
significantly decreased the number of emergencies 
to 0%, 18.47%, 21.05%, 25.00%, 33.33%; but adding 
BB to this drug list additionally diminished the risk 
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DISCUSSION

For more than 30 years, ambulatory BP monitoring 
developed as the most recommended technique 
for BP measurement (14). ABPM is considered as the 
preferred approach for measuring BP in guidelines 
from around the world, but it is still unclear which 
specific measure is most predictive of adverse 
outcomes12. Study of Yang WY et all, strengthened 
the notion that night-time BP measurements carry 
valuable prognostic information. For every 20/10-
mm Hg rise in night-time systolic pressure, total 
mortality was increased by a relative 23% (HR 1.23; 
95% CI 1.17-1.28) and CV events were increased by 
a relative 36% (HR 1.36; 95% CI 1.30-1.43). Findings 
were similar when using diastolic readings12. 
Nocturnal hypertension is of particular interest due 
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Table 1. Ratio of hypertensive emergency in crisis depending on taken medication

Medication Not taking Taking Difference Users
ACEi 22.83% 21.81% -1.02% 110
ARB 24.48% 12.19% -12.29% 41
BB 20.63% 24.32% +3.69% 111

CCB 24.14% 20.66% -3.48% 121
Diuretics 21.74% 23.23% +1.49% 99

Moxonidine 25.39% 10.42% -14.97% 48
ACEi + CCB 25.92% 17.64% -8.28% 102

ACEi + CCB + diuretic 23.52% 19.40% -4.12% 67
ACEi + CCB + diuretic + BB 23.16% 19.15% -4.01% 47

ACEi + CCB + diuretic + BB + moxonidine 23.29% 11.11% -12.18% 18

Smokers 27.07% 33.33% +6.26% 36
           
 Source: author’s own elaboration

of hypertensive development to 0%, 0%, 10.53%, 
25.00%, 33.33% in each age group. Overall 53 patients 
didn’t use any prescribed medication (22.75%) and 
68 of 233 patients were smokers (29.18%) of which 
36 patients had hypertensive emergency (52.94% 
of smokers). In the smokers group, 43 patients were 
male (63.23%).

To see the benefit (e.g. Developing less hypertensive 
emergencies) from taking different medication we 
created the hypertensive emergency ratio, calculated 
by dividing the number of hypertensive emergencies 
with all hypertensive crises in the same category 
of taking or not taking certain antihypertensive 
drug (table 1table 1). BB and diuretics showed the highest 
increase in hypertensive emergency development, 
while ARBs and moxonidine decreased the ratio 
by more than 10%. Smokers had 6.26% more 
emergencies than non-smokers. 

Looking on the nocturnal dipping profile, the 
biggest number of non-dippers was found in patients 
who took ARBs, diuretics and/or calcium channel 
blockers. The smallest number of non-dippers were 
shown in patients who took ACEi in combination with 
moxonidine (-20.07%). Surprisingly, less than one 
fourth of smokers were non-dippers (22.02%) which 
showed the difference of -54.67% compared to the 
non-smokers. Combinations of all antihypertensive 
medication showed benefit over monotherapy (table table 
22). Odds ratio for getting hypertensive emergency in 
case patient had a non-dipper profile was 4.18 (CI 
1.02 – 18.89, p < 0.05). Furthermore, patients taking 
different medication (or none) did not have increased 
chance for hypertensive emergency development 
(OR 1.21, p = NS). We didn’t find any differences in 
the non-dipping profile incidence between genders 
(72.12% males, 72.83% females).

Pulse wave velocity (PWV) was measured in all 

patients, but the most prominent results were found 
in patients taking ACEi, ARBs or none. Compared to 
the same age group ARBs showed the lowest PWV 
values while patients without medication showed the 
highest (image 1image 1). Only moxonidine and BB did not 
show a decrease in PWV values (p=NS, respectively) 
while adding other antihypertensives reduced PWV 
values. Smokers had comparable PWV values to non-
smoker patients (p=NS). Average brachial systolic 
blood pressure was 190.87±9.61 mmHg, Average 
brachial diastolic pressure was 108.91±16.23 
mmHg. Average central systolic blood pressure was 
155.34±19.61 mmHg, and average central diastolic 
blood pressure was 102.86±17.14 mmHg. Values of 
PWV were higher than reference values for their age 
in all patients, averaging at 10.71±1.96 m/s. PWV 
values show positive correlation with age (r=0.9461, 
p<0.0001)
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Table 2. Nocturnal dipping profile depending on taken medication

Medication Non dipper 

(not taking)

Non dipper 

(taking)

Difference Users

ACEi 77.14% 68.05% -9.09% 110
ARB 69.37% 83.87% +14.50% 41
BB 74.28% 70.83% -3.45% 111

CCB 69.49% 74.69% +5.20% 121
Diuretics 66.66% 79.68% +13.02% 99

Moxonidine 74.28% 67.57% -6.71% 48
ACEi + moxonidine 76.07% 56.00% -20.07% 28

ACEi + CCB 73.13% 72.00% -1.13% 102
ACEi + CCB + diuretic 70.96% 75.51% +4.55% 67

ACEi + CCB + diuretic + BB 74.07% 67.64% -6.43% 47
ACEi + CCB + diuretic + BB + moxonidine 74.01% 60.00% -14.01% 18

Smokers 76.69% 22.02% -54.67% 68
   Source: author’s own elaboration

Image 1. Pulse wave velocity values among age groups in patients who took ACEi, ARBs or none

   Source: author’s own elaboration
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to its predictive value in cardiovascular and all-cause 
mortality outcomes2.

Hypertensive crises seems to be more common 
in women due to the higher incidence of somatic 
disorders in them. Despite the slowing heart rate 
effect, which seems to be an independent risk 
factor for developing hypertensive emergency, beta 

blockers increased the number of hypertensive 
emergencies due to the immune system facilitation. 
Many immune system cells, especially monocytes in 
patients with changes on AT1 receptors can increase 
the oxidative stress in smooth muscles of the 
vessels15. On the other hand, aforementioned could 
be the explanation why ARBs reduced the number 
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In high risk patients’ hypertensive emergencies 
can be successfully prevented by combined 
antihypertensive therapy which includes ACEi/
ARB, CCB, diuretic and BB, especially in younger 
age. ARBs and diuretics in monotherapy showed 
the worse profile in restoring the nocturnal dipping 
profile. Moxonidine and its combinations with other 
antihypertensives, especially ACEi, are the most 
effective medication in restoring nocturnal dip. 
Dippers had a decreased chance for hypertensive 
emergency development which pronounce the 
importance of restoring the nocturnal dipping 
profile in all hypertensive patients. 

In this population-based cohort study, higher 
24-hour and nighttime BP were significantly 
associated with greater risks of HK. Thus, 24-hour 
and nighttime blood pressure may be considered 
optimal measurements for estimating cardiovascular 
risk. Noninvasive measurement of arterial stiffness 
and  non-dipping profile in ABPM could be a novel 
methods in the diagnostic algorithm for patients 
with hypertensive crisis10.

Limitations
This study has several limitations. First, all patients 

did not have an ABPM. Among some patients, night-
time BP was the time-weighted average of only 3 
readings, which is less than proposed by guidelines12.  
Second, antihypertensive drug treatment was only 
recorded at baseline and could therefore not be 
adjusted for as a time-dependent variable.

CONCLUSION

Nocturnal immersion and hypertensive emergency

of episodes. Pathophysiologically, reactive oxidative 
stress products such as TNFα and IL1 decrease 
natriuresis by inhibiting NO synthase 3 causing an 
increase of sodium concentration in blood plasma15. 
Moxonidine didn’t show any impact on the immune 
system and consequently decreased the number of 
hypertensive emergencies by lowering the average 
heart rate (75.71 vs. 82.91bpm, p = 0.02).

Studies connect nocturnal dipping profile with 
increased sympathetic nervous system activity 
during the night16. The most reasonable and 
common explanation could be the presence of the 
concomitant obstructive sleep apnea syndrome 
which alters the activity of sympathetic and 
parasympathetic nervous system during the night3. 
Many patients do not present the nocturnal heart 
rate drop and their diastolic blood pressure is often 
high during early morning hours. According to these 
theses, beta blockers and moxonidine showed to 
be useful in restoring nocturnal dipping profile. 
Combinations of all antihypertensive medication 
showed benefit over monotherapy. Higher 24-hour 
and nighttime blood pressure (non-dipping profile) 
was significantly associated with greater chance for 
developing hypertensive emergency. 

Chronotherapy remains an important area 
of research in hypertension and night-time 
administration of antihypertensives improved overall 
24-h blood pressure profiles regardless of disease 
comorbidity6,12. However, inconsistencies between 
studies suggest a need for more prospective 
randomized controlled trials with sufficient statistical 
power. 

Our study presented more hypertensive 
emergency episodes in non-dippers and females 
but there were no differences between genders in 
the non-dipping incidence. Non-dipping profile 
combined with somatoform disorders or increased 
sympathetic neural tone per se seems to be the most 
dangerous duo for creating end-organ injury. Since a 
part of the patients included in this study presented 
with HU as a first manifestation of AH without an 
earlier diagnosis of AH, measuring PWV allows for 
the assessment of cardiovascular status for these 

patients. 
The speed at which blood pressure rises is more 

important than the duration of hypertension for the 
occurrence of vascular injury9. From the data it was 
visible that PWV remained elevated despite therapy. 
However, the method of measuring arterial stiffness 
is still not the first choice in an ED it takes more time 
than the classical blood pressure measurement10. 
Further advancements in technology can lead to 
improvement in this area.
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