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CLINICAL STUDY

Treatment effi ciency of resistant hypertension in cardiologist’s 
offi ce
Dlesk A, Kamensky G, Stefanik M, Kuzma M, Pernicky M

5th Department of Internal Medicine, Faculty of Medicine of Comenius University and University 
Hospital Bratislava, Bratislava, Slovakia. dleskant@hotmail.com

Abstract: Background: The target values of blood pressure have not been achieved in our population of pa-
tients suffi ciently. The most diffi cult is a control of patients with resistant hypertension. We do not have data 
about effi ciency treatment of these patients today. 
Objectives: The aim of our study was to assess current treatment status and by antihypertensive treatment 
modifi cation we tried to reach an adequate blood pressure control. 
Methods: Fifty two patients suffering from resistant hypertension 2–3 degree ESC/ESH with high cardiovascu-
lar risk have been observed. Reaching of the target blood pressure values was verifi ed by 24-hour ambulatory 
blood pressure monitoring. 
Results: The target blood pressure values were achieved in 50 % of patients during 18 months. We noticed a 
statistically signifi cant difference (p<0.001) in a decrease of casual and 24-hour ambulatory blood pressure in 
the group of controlled hypertensive patients in comparison with a group where blood pressure did not decrease 
suffi ciently. In case of 50 % patients, the target blood pressure values have not been reached in spite of more 
antihypertensive drugs and a higher dose. 
Conclusion: Adequately and systematically controlled patients were treated less intensively in comparison with 
an inadequately controlled group. 24-hour blood pressure monitoring analysis confi rmed correction of the pa-
tological diurnal rhythm mostly in adequate blood pressure controlled group. In this group, we have noticed a 
statistically signifi cant decrease of blood urea and creatinin levels and albumin/creatinin ratio in urine. Resistant 
hypertension needs multi-faceted approach with consistent control of all comorbidities in a case of problematic 
blood pressure control (Tab. 6, Fig. 1, Ref. 21). Text in PDF www.elis.sk.
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Hypertension is among the risk factors of atherosclerosis, not 
only as a cause of total mortality, but as well as coronary artery 
disease mortality, stroke, heart failure, peripheral artery oblitera-
tion disease and renal failure. In accordance with data in the year 
of 2000, about billion of people suffer from hypertension in the 
world (1/3 in developed, 2/3 in developing countries) (1). The 
systolic blood pressure (BP) control is not satisfactory in most of 
patients and lower values (<130 mmHg) recommended in diabetic 
patients and high risk patients are reached rarely, which refers to 
high mortality and morbidity (2). 

The prevalence of hypertension is growing in Slovakia and 
in accordance with the CINDI program (3, 4) has a large propor-
tion in Europe (41 %). The number of hospitalizations has been 
continuously growing because of poor hypertension control, the 
incidence of new acute coronary syndromes and stroke did not 
decrease. Clinical and epidemiological KESHSR trial in 2006 (3, 
5) showed that out of each ten hypertensive patients, used antihy-
pertensive drug has proved as non-effective treatment in 7 of them 

(6). Only 21 % of treated hypertensives are well controlled (7, 8). 
To evaluate a management of high-risk patients in Slovakia, the 
project ARTEHYP-SK has been established.

BP control in patients with resistant hypertension seems to be the 
most problematic. The most diffi cult is to control systolic BP. Hyper-
tension has been defi ned as resistant to treatment when a therapeutic 
plan that has included attention to lifestyle measures and the pre-
scription of ≥3 antihypertensive drugs in adequate doses has failed to 
lower systolic and diastolic BP suffi ciently. One of used drugs should 
be a diuretic (9). The prevalence of resistant hypertension has not 
been known, but it is not rare. It occurs in 20–30 %, some authors said 
(10). There are many causes, but the most impact predictive factors 
of less controlled blood pressure has not been defi ned. Cardiovascu-
lar risk and mortality in patients with resistant hypertension is high. 

The aim of our study was to assess current treatment status and 
by antihypertensive treatment modifi cation we tried to reach goal 
BP values. The diurnal profi le of BP was also monitored in order 
to defi ne the relationship between pathological diurnal rhythm 
correction and high BP control.

Inclusion and exclusion criteria

Patients with causal systolic BP ≥160 mmHg or diastolic BP 
≥100 mmHg and a high cardiovascular risk were observed. Each 
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of them had minimal 3 out of the following risk factors: smok-
ing, obesity, hyperlipoproteinemia, positive family history (myo-
cardial infarction, stroke by the age of 50 years in case of men, 
and 55 years in case of women) or target organ damage, diabe-
tes, cardiovascular or renal diseases. The secondary reasons of 
hypertension were excluded. Each of them had used minimal 3 
antihypertensive drugs (within diuretic). On the base of 24-hour 
ambulatory BP monitoring, we divided the patients in to controlled 
and uncontrolled group. 

All 52 patients followed in this study were included in the 
nationwide the ARTEHYP-SK project, which is still ongoing.

Methods

At the beginning, after 12 and 18 months of follow-up, each 
patient was examined by a physician (cardiologist), laboratory tests 
and 24-hour ambulatory BP monitoring were performed. During 
the physical examination, BP, pulse rate, height, weight and waist 
circumference were measured. BP was measured in two sequences, 
with acceptance of the second. Following biochemistry parameters 
were evaluated: glucose, creatinin, urea, uric acid, potassium, total 
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides and 
albumin/creatinin ratio in urine. Blood samples were analysed in 
Medirex a.s. labs. Daily and nocturnal periods were fi rmly deter-
mined, daily period from 07:00 AM to 09:59 PM and nocturnal 
period from 10:00 PM to 06:59 AM. 24-hour ambulatory BP was 
performed with a properly calibrated SunTech device. BP was au-
tomatically measured every 30 minutes during the day and every 
60 minutes during the night. Participants were instructed to do 
their usual activities with minimal restrictions. At the end of the 
trial, patients were divided into the two groups according to the 
BP control. Controlled hypertensives were those with casual BP 
<140/90 mmHg and mean 24-hour ambulatory BP <35/85 mmHg. 
Controlled subjects with diabetes mellitus were those with mean 
24-hour ambulatory BP <130/80 mmHg.

In order to assess the treatment intensity in the morning or 
evening, doses of drugs had to be considered. Doses of drugs were 
standardised at fi rst by maximal recommended daily doses pre-
sented in SPC. The rate of used drug dose to its maximal recom-
mended daily dose is expressed by recommended daily dose index 
(RDDI). RDDI in patients using more than one antihypertensive 
drug was calculated as rate of standard daily antihypertensive drug 
dose summary and number of used drugs. RDDI in patients using 
one drug in its maximal recommended daily dose was 1.0. With 
decreasing doses it was proportionally going down. There was 
a linear relationship between antihypertensive drug and RDDI. 

Statistical methods
The patients were included into follow-up since November 

2009 to June 2010. For statistical purposes, the data from the fi rst 
18 months were included. Interval variables were compared by the 
Student’s paired t-test. Nominal and interval variables were com-
pared by independent t-test. Nominal variables were compared by 
non-parametric χ² test. A p≤0.05 was taken as the level of statistical 
signifi cance. For statistical analyses, the SPSS software were used.

Results

Demographic characteristics and analytical parameters
52 patients (27 men, 25 women) from two cardiologist’s offi ces 

all with resistant hypertension with the mean age 65 years were 
observed. Several cardiovascular risk factors were presented in all 
patients simultaneously, especially obesity (100 %), dyslipidemia 
(65 %) and diabetes mellitus (50 %). Smokers represented 42 % 
of all subjects. Majority of patients had a target organ damage 
(82 %), history of cardiovascular or renal disease (78 %) and more 
than half (53 %) had documented chronic kidney disease. In term 
of sex, men were more often smokers and had prior myocardial 
infarction. Women had more often documented diabetes mellitus 
and a target organ damage (Tab. 1).

Tab. 1. Demographic characteristics of patients at baseline and after 
follow-up.

Whole 
group

Men Women

Patients, n 52 27 25.04
Smoking, % 42.31 48.15 36.13
Obesity, % 100 100 92.35
Dyslipidemia, % 92.86 92.59 92.07
Diabetes mellitus, % 50 37.04 56.1
Target organ damage, % 82.14 74.07 88.3

Cardiovascular or renal disease, % 78.26 55.56 76.41
Status after myocardial infarction, % 42.86 51.85 32.15
History of stroke, % 21.43 14.81 12.09
Chronic heart failure, % 32.14 29.63 28.13
Chronic kidney disease, % 53.57 51.85 60.07

Tab. 2. Basic analytical characteristics of patients at baseline and af-
ter follow-up.

Variable Baseline Follow-up P-value
BMI, kg/m2 32.21±6.23 31.66±6.39 P = 0.05
Waist circumference, cm                     104.78±11.29 103.63±12.92 P = 0.016

Clinic SBP, mmHg 161.6±12.12 138.08±14.63 P <0.001
24-hour mean of SBP 151.94±18.13 135.96±16.2 P <0.001
Daily mean of SBP 154.25±18.24 139.06±16.92 P <0.001
Nocturnal mean of SBP 138.62±16.83 128.1±19.27 P = 0.001
Clinic DBP, mmHg 94.71±9.52 82.6±8.13 P <0.001          
24-hour mean of DBP 84.17±13.49 75.96±10.66 P <0.001
Daily mean of DBP 85.52±13.92 78.9±12.01 P = 0.001
Nocturnal mean of DBP 76.38±13.64 69.67±12.14 P = 0.002

Tab. 3. Treatment characteristics of controlled hypertensive patients 
at baseline and after follow-up.

Variable
Baseline Follow-up

Morning Evening Morning Evening
Average number of drugs (total), n 4.14 4.5
Average number of drugs, n 3.68 2.5 3.07 3.18

Treated with 2 drugs, % 0 7.1
Treated with 3 drugs, % 42.9 14.3
Treated with 4 drugs, % 28.6 39.3
Treated with 5 drugs, % 10.7 17.9
Treated with 6 drugs, % 7.1 10.7
Treated with 7 drugs, % 10.7 7.1
Treated with 9 drugs, % 0 3.6
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Patients who did not reach goal BP values during the follow-
up had in comparison with well controlled hypertensive patients 
a higher prevalence of dyslipidemia (95.83 % vs 92.86 %), target 
organ damage (91.67 % vs 82.14 %) and chronic kidney disease 
(58.33 % vs 53.57 %). The average age of all patients were 65 
years, in men 64.4 years and in women 65.6 years. The mean of-
fi ce BP in patients at baseline was 161.6/94.7 mmHg. The mean 
24-hour ambulatory BP was 151.9/84.2 mmHg, daily 154.3/85.5 
mmHg and nocturnal 138.6/76.4 mmHg.

By modifi cation of antihypertensive treatment during the fol-
low-up we noticed a signifi cant reduction of casual BP (23.52/12.11 
mmHg for systolic BP/diastolic BP, p<0.001) in comparison 
to initial values as well as 24-hour ambulatory BP monitoring 
(15.98/8.21 mmHg for systolic BP/diastolic BP, p<0.001). The av-
erage number of antihypertensive drug increased from initial 4.15 
to 4.69 mainly due to evening administration. At baseline, patients 
were treated mostly by group of 3 and 4 antihypertensive drugs, 
however, at the end of follow-up by a group of 4 and 5 classes. 
We noticed a moderate, but statistically signifi cant reduction of 
weight (–0.88 kg, p=0.032), BMI (–0.55 kg/m², p=0.05), and waist 
circumference (–1.15 cm, p=0.016). Biochemistry parameters in 
all patients did not change signifi cantly (Tab. 2).

Group 1: patients with controlled hypertension
Of all subjects, we reached goal BP values in 28 hypertensive 

patients. At baseline, diuretics (24.1 %), ACE inhibitors (19 %) 
and betablockers (17.2 %) were prescribed predominantly. The 
most often 3 (42.9 %), 4 (28.6 %) and 5 (10.7 %) classes of drugs 
were used. The average number of drugs was 4.14. Patients were 
treated more often (3.68 vs 2.5) and also more intensively (RDDI 
0.52 vs 0.28) in the morning. According to ambulatory BP moni-
toring, we noticed a disturbed diurnal profi le of blood pressure in 
a case of 32 % subjects.

During the follow-up, diuretics (19.5 %), ACE inhibitors 
(17.1 %) and beta blockers (15.4 %) still remained the most fre-
quently prescribed antihypertensive drugs, prescription of aliskiren 
and also imidazole receptor agonists and uradipil increased. The 
most often 4 (39.3 %), 5 (17.9 %) and 3 (14.3 %) classes of drugs 
were used. The average number of drugs increased to 4.5. Bed-
time antihypertensive drugs dosage increased by 40 %, whereas 
the morning dosage by 39.7 %. Pathological diurnal profi le of 
blood pressure was reduced by 31.3 %. Review of the treatment 
characteristics shows Table 3.

Group 2: patients with uncontrolled hypertension
Despite of antihypertensive treatment modifi cation during the 

follow-up, the goal BP values was not reached in 24 patients. At 
baseline, diuretics (24 %), ACE inhibitors (18 %) and beta block-
ers (15 %) were the most frequent used antihypertensive drugs. 
The most often were used 3 (45.8 %), 5 (20.8 %) and 6 (20.8 %) 
classes of drugs. Average number of drugs was 4.17. The patients 
were treated more often (3.13 vs 2.46) and more intensively (RDDI 
0.47 vs 0.33) in the morning. 24-hour ambulatory BP monitoring 
showed disturbed diurnal profi le of blood pressure in a case of 
46 % subjects.

During the follow-up, ACE inhibitors (17.6 %), diuretics 
(16.8 %) and beta blockers (16 %) still remained the most fre-
quently prescribed antihypertensive drugs. Prescription of imid-
azole receptor agonists slightly increased, contrawise, prescrip-
tion of diuretics decreased. Most often 3 (33.3 %), 7 (25 %) and 
4 (20.8 %) classes of drugs were used. The average number of 
drugs increased to 4.95. Bedtime antihypertensive drugs dosage 
increased by 47.7 %, morning dosage by 21.4 %. Pathological 
diurnal profi le of BP was reduced in 17.4 %. Review of the treat-
ment characteristics showed Table 4.

Comparison between the groups
In the group of controlled hypertensive patients we noticed a 

statistically signifi cant difference in a decline of casual BP values 
in comparison to the group with uncontrolled hypertension. A sta-
tistically signifi cant difference (p<0.001) in a decline of BP values 
was noticed among subjects during ambulatory BP monitoring for 
24-hour, diurnal and nocturnal period (Tab. 5). 

At baseline, both groups of patients were treated almost with 
the same number of antihypertensive drugs, but more frequently 
and also more intensively in the morning. The most frequent used 
antihypertensive drugs in both groups were diuretics, ACE inhibi-
tors and beta blockers. During the follow-up we noticed signifi cant 
differences between morning and evening dosing. In both groups 
a new drug administration and current drug dose up-titration was 

Tab. 4. Treatment characteristics of uncontrolled hypertensive patients 
at baseline and after follow-up.

Variable
Baseline Follow-up

Morning Evening Morning Evening
Average number of drugs (total), n 4.17 4.92
Average number of drugs, n 3.13 2.46 3.67 3.46

Treated with 2 drugs, % 0 7.1
Treated with 3 drugs, % 45.8 33.3
Treated with 4 drugs, % 12.5 20.8
Treated with 5 drugs, % 20.8 17.9
Treated with 6 drugs, % 20.8 8.3
Treated with 7 drugs, % 0 25

Tab. 5. Analytical characteristics of controlled and uncontrolled hy-
pertensive patients after follow-up.

Variable Uncontrolled 
hypertension

Controlled
hypertension p-value

Sex, % men 50 54
Age, years                     66.71±10.6 63.57±10.69 NS
BMI, kg/m2 32.36±6.2 30.66±5.18 NS
Waist circumference, cm 109±13.32 104.36±12.8 NS

Clinic SBP, mmHg 144.79±14.48 132.32±12.28 P <0.002
24-hour mean of SBP 149.29±10.14 124.54±10.72 P <0.001
Diurnal mean of SBP 152±11.1 127.96±12.62 P <0.001
Nocturnal mean of SBP 143±16.24 115.32±10.48 P = 0.001
Clinic DBP, mmHg 86.04±7.66 79.64±7.45 P <0.004          
24-hour mean of DBP 81.75±9.49 71±9.08 P <0.001
Diurnal mean of DBP 84.96±10.85 73.71±10.56 P = 0.001
Nocturnal mean of DBP 76.96±12.28 63.43±7.89 P = 0.001
Data are shown as mean ± standard deviation
BMI – body mass index; SBP – systolic blood pressure; DBP – diastolic blood pressure
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observed mainly at bedtime and in the group of uncontrolled hy-
pertensives also after awakening. In the group of uncontrolled 
hypertensive patients we didn’t reach goal BP values despite of 
using almost 5 classes of antihypertensive drugs in their maximal 
recommended daily doses (RDDI 0.98). However, in comparison 
with baseline values, we reached a certain decline in blood pres-
sure values also in this group of patients. We noticed a correction 
of pathological diurnal rhythm of blood pressure in well controlled 
hypertensives by 31.3 %, whereas in the group of uncontrolled 
hypertensives by only 17.4 %.

In the group of controlled hypertensive patients we noticed a 
statistically signifi cant decline of blood urea (8.36/6.87 mmol/l; 
p=0.033) and creatinine (90.7/80.53 μmol/l; p=0.043) levels and 
albumin/creatinin ratio in urine (5.42 /2.19 mg/mmol; p=0.029) 
(Tab. 6).

Discussion

Intensifi cation of the antihypertensive treatment in the group 
of 52 high-risk patients with the resistant hypertension led to an 
adequate BP control only in 50 % of patients after 18 months of 
follow-up. The target BP values in the group of uncontrolled hy-

pertensive patients was not achieved despite the higher number 
of antihypertensive drugs and their doses. Well controlled hyper-
tensive patients needed less intensive treatment in comparison 
with uncontrolled patients. Perindopril arginin/indapamid (a fi xed 
combination), bisoprolol and amlodipin were the most frequent 
antihypertensive drugs used in this group of patients. In the group 
of uncontrolled hypertensive patients indapamid, telmisartan, 
trandolapril and perindopril arginin/indapamid were the most fre-
quent antihypertensive drugs used. Our results have shown that 
the intensity of the antihypertensive treatment does not guarantee 
a successful BP control in all resistant hypertensive patients. On 
the other hand, we have noticed a mild decrease in BP in these 
groups of patients. The reasons for the resistance to treatment are 
different, the most frequent causes are: little cooperation in case 
of therapy and lifestyle changes, presence of severe organ dam-
age, volume overload and others. The incidence of target organ 
damage, chronic kidney disease and hyperlipoproteinemia were 
frequent in the group of uncontrolled hypertensive patients what 
is presumably one of several causes of resistance to treatment. 

24-hour ambulatory BP monitoring can reveal circadian 
rhythm disturbances. The relation between pathological diurnal 
profi le and organ damage is well known. The decline of nocturnal 
BP values by 10–20 % (dipping) is a physiological component of 
diurnal BP rhythm. Its absence (non-dipping) is frequent in patient 
with resistant hypertension and is associated with target organ dam-
age (11, 12) and cardiovascular events (13–16). The persistence 
of high BP at night is a burden for the cardiovascular system with 
a negative impact on heart and blood vessels because there is no 
need for a high BP for the organ perfusion. The prevalence of non-
dipping is very frequent in patients with resistant hypertension. 
We have noticed an improvement of 31.3 % of the pathological 
diurnal rhythm in cases where the patients reached the target BP 
values, whereas in the group of treatment-resistant patients the 
improvement was only 17.4 % (Fig. 1). Hence, we hypothetize 
that the recovery of the pathological diurnal rhythm leads to bet-
ter BP control. We did not manage though to defi ne the factors, 
which led to diurnal rhythm improvement.

In the group of well controlled hypertensive patients we ob-
served a slight, but statistically signifi cant reduction in weight. A 
decline of blood creatinin and urea levels and albumin/creatinin 
ratio in urine was noticed by achieving the target BP values. It has 
been proven that microalbuminuria is more frequent presented in 
patients with impaired diurnal profi le (17), and therefore a sig-
nifi cant decline of albumin/creatinin ratio in urine in controlled 
hypertensives was presumably reached due to a recovery of patho-
logical diurnal profi le.

Conclusion

Hypertension represents a serious worldwide and socio-eco-
nomic problem. The target BP values are not achieved in satis-
factory level. Adequate BP control is the most problematic in pa-
tients with resistant hypertension. We do not have the data about 
the treatment effectiveness of these patients. The ethiology of 
the resistant hypertension is multifactorial. Although the factors 

Tab. 6. Characteristics of controlled and uncontrolled hypertensive 
patients according to RDDI at baseline and after follow-up.

Variable Uncontrolled 
hypertension

Controlled 
hypertension

At baseline
RDDI of used drugs (total) 0.8073±0.1855 0.7958±0.2690
RDDI of drugs after awakening 0.4719±0.1632 0.5289±0.1648
RDDI of drugs at bedtime 0.333±0.224 0.2847±0.1884

After follow-up
RDDI of used drugs (total) 0.9876±0.2358 0.7704±0.2439
RDDI of drugs after awakening 0.5121±0.2184 0.3821±0.2055
RDDI of drugs at bedtime 0.4528±0.1339 0.373±0.1538
RDDI – recommended daily dose index
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Fig. 1. Prevalence of a nondipper profi le of blood pressure in patients 
with controlled and uncontrolled hypertension at baseline and after 
follow-up
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associated with the resistant hypertension are well known, their 
contribution can be only estimated. According to the results of our 
work, this often relates to the high-risk patients with risk factors, 
co-illnesses and severe organ damage. Poor control of these risk 
factors (obesity, diabetes mellitus, hyperlipoproteinemia, etc.), 
advanced alternations of organ systems participating on the BP 
control, a damaged diurnal profi le as well as the human factor 
(insuffi cient co-operation of the patients) are responsible for the 
treatment resistance. In these cases, the target BP values are often 
not achieved even by a high number of antihypertensive drugs. 
Based on our results we suppose that not even the selection of 
drugs is essential for achieving the target BP values because this 
strategy was equivalent in both groups of patients. However, the 
chronotherapy could be adequate because the treatment divided 
into more doses per day led to an improved pathological diurnal 
profi le and subsequently to an improved BP control (18, 19). Yet 
we did not manage to defi ne the factors leading to the improvement 
of the pathological diurnal rhythm. Resistant hypertension requires 
a multidisciplinary approach with the rigorous control of all the 
comorbidities, which lead to a higher morbidity and mortality in 
comparison with the general population of hypertensive patients.
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