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Chapter 14
Interference with Pharmacological Agents 
to Resistant Hypertension in Chronic Kidney 
Disease

Mikail Yarlioglues

�Introduction

The accepted definition of resistant hypertension is a seated office systolic blood 
pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥90 mmHg on max-
imally tolerated doses of three or more antihypertensive agents, one of which must 
be a diuretic appropriate for the level of kidney function. The National Institute for 
Health and Care Excellence (NICE) guidelines recommend the use of triple combi-
nation therapy that includes a thiazide or a thiazide-like diuretic, a renin-angiotensin 
system (RAS) blocker including angiotensin converting enzyme inhibitors (ACEi) 
or angiotensin receptor blockers (ARB), and a calcium channel blocker [1]. White 
coat hypertension should be excluded using daytime ambulatory blood pressure 
measurement (ABPM) (readings of SBP ≥135 mmHg or DBP ≥85 mmHg on the 
same regimen) to confirm resistant hypertension.

True resistant hypertension is a diagnosis of exclusion of pseudo-resistance 
which refers the situation associated with poor drug adherence, secondary hyperten-
sion including endocrine and vascular causes, casual factors, and white coat hyper-
tension. Inadequate blood pressure (BP) control is often related with poor drug 
adherence. It is very important to deal with barriers for optimum drug therapy 
including adverse effects of ongoing treatment, insufficient treatment, interfering 
vasopressor substance or medication, and excessive salt or alcohol intake. Therefore, 
the first step is to provide appropriate antihypertensive drug combinations with opti-
mal dosage and good patient compliance [2].
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The approach to treatment of resistant hypertension in patients with chronic kid-
ney disease (CKD) should target several factors that contribute to the pathogenesis 
of hypertension including impaired handling of sodium and volume expansion, 
increased activity of the renin-angiotensin-aldosterone system, enhanced sympa-
thetic activity, and reduced endothelium-dependent vasodilation [3]. In addition, 
particular attention should be given to non-dipping BP pattern which leads to 
increase the risk of target organ damage. In this chapter, we focus on the pharmaco-
logical agents to deal with resistant hypertension in CKD.

�Treatment Options

�Deal with Volume Overload and Salt Retention

�Modifying Treatment According to Volume Status

Subclinical volume overload is present in more than one fifth of patients with 
CKD. It is an important contributor to resistant hypertension. The value of guiding 
resistant hypertension treatment based on subclinical extracellular fluid excess can 
be useful to arrange the appropriate type and dose of antihypertensive agents. 
Thoracic bioimpedance allows to get actual hemodynamic information about altera-
tions in thoracic fluid volume, cardiac output, and systemic vascular resistance by 
the use of skin electrodes using together with BP measurement. It was tested in an 
interesting prospected study comparing hemodynamic management using thoracic 
bioimpedance to hypertension specialist care based on clinical evaluation during 
3 months [4]. One hundred and four patients with resistant hypertension were ran-
domized to group of drug selection based on thoracic bioimpedance findings and 
drug selection by a hypertension specialist. At the end of the study, target of ≤140/90 
was gained in 56% of patient in hemodynamic measurement group while 33% of 
patients in specialist group. The number of patients taking diuretics did not differ 
between groups, but final diuretic dosage was higher in the hemodynamic group. 
Thus, impedance measurements can provide useful data about actual volume expan-
sion resulting resistant hypertension in CKD patients (particularly in patients with 
subclinical volume overload) and may guide to determine appropriate diuretic dose.

�Dietary Sodium Intake Leads to Resistant to RAS Blockage Agents

Dietary sodium intake is closely related with action of antihypertensive agents par-
ticularly those with RAS blockage. Both animal and human studies have indicated 
that it is closely interacting with RAS, particularly aldosterone, and mediates hyper-
tension, vascular and tissue damage, and kidney disease [3, 5]. Most of patients with 
CKD are salt sensitive, increasing sodium intake causing BP elevation and failure in 
action of RAS blockers and diuretics. In a randomized study, 34 patients were 
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prospectively enrolled to compare high and low-sodium diet according to antihyper-
tensive and antiproteinuric effects of ARB and thiazide-type diuretic [6]. At the end 
of the study, investigators found that sodium restriction provides similar effects with 
diuretic in reducing proteinuria and BP when added to ARB. And, strongest effects 
on proteinuria and BP were obtained with combining of ARB, diuretic, and low 
sodium, together. They mentioned that sodium status is an effective method to max-
imize the antiproteinuric and antihypertensive efficacy of RAS blockade. Thus, 
approaches to reduce salt intake can be beneficial because of synergism with the 
actions of thiazides, ACEi, or ARB, resulting in improved BP control and less pro-
teinuria. The Kidney Disease: Improving Global Outcomes (KDIGO) guideline on 
hypertension in patients with CKD recommends limiting sodium intake to 2–4 g per 
day in patients not on dialysis [7]. However, most of no added salt diets contain 
nearly 4 g sodium which already overdoes the limit that the kidney can excrete 
without diuretic administration in CKD patients. It should be noted that selection of 
low-sodium foods contributes to improving effectiveness of antihypertensive agents.

�Appropriate Diuretic Therapy

Most commonly accepted hypothesis for resistant hypertension is excessive sodium 
retention due to impaired sodium excretion during the day. Usage of diuretics suf-
ficiently to deal with sodium retention is one of the most effective treatments to 
achieve BP target. But diuretics remain underutilized and underdosed in many 
patients. Particularly, CKD patients are more predisposed to sodium retention and 
volume overload because of impaired renal function. Thus, the use of appropriate 
diuretics is principal therapy in patients with CKD and resistant hypertension.

Switching Thiazide-Like Diuretic to a More Potent Diuretic

Hydrochlorothiazide (HCTZ) is the most commonly prescribed antihypertensive 
drug worldwide. More than 97% of all HCTZ prescriptions are for 12.5–25 mg per 
day. But, in a meta-analysis of 14 studies of HCTZ dose 12.5–25 mg with 1234 
patients and 5 studies of HCTZ dose 50 mg with 229 patients, it was reported that 
decrease in ABPM with HCTZ dose 12.5–25  mg (SBP:6.5  mmHg and 
DBP:4.5 mmHg) was inferior compared to the ABPM reduction of ACEi (mean BP 
reduction 12.9/7.7), ARB (mean BP reduction 13.3/7.8  mmHg), beta-blockers 
(mean BP reduction 11.2/8.5 mmHg), and calcium antagonists (mean BP reduction 
11.0/8.1 mmHg) [8]. Another remarkable result was that there was no significant 
difference in both SBP and DBP in ABPM reduction between HCTZ 12.5 mg and 
HCTZ 25 mg, but HCTZ 50 mg provided significant higher reduction in ABPM 
which was comparable to that of other agents. Thus, first step using should be using 
HCTZ in appropriate dose before switching to other diuretics.

Chlorthalidone is approximately twice as potent as HCTZ with a much longer 
duration of action (8–15 h for HCTZ compared with >40 h for chlorthalidone) [9]. In 
a randomized study, investigators compared the effect of chlorthalidone 12.5 mg/day 
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(force-titrated to 25 mg/day) and HCTZ 25 mg/day (force-titrated to 50 mg/day) on 
ABPM in untreated hypertensive patients after 8 weeks [10]. As compared to HCTZ, 
chlorthalidone indicated a greater reduction in SBP primarily due to its effect on 
reducing nighttime mean SBP (−13.5 ± 1.9  mmHg versus −6.4 ± 1.8  mmHg). 
Therefore, strong consideration should be given to using chlorthalidone over HCTZ, 
especially in patients with CKD. Thiazide diuretics are most effective in patients with 
an eGFR >50 mL/min/1.73 m2, although chlorthalidone can be effective to a GFR of 
30–40 mL/min/1.73 m2 in the absence of severe hypoalbuminemia. Consequently, BP 
control can also be improved by increasing diuretic dosage or by switching to a more 
potent, thiazide-like diuretic with a longer duration of action than the existing drug 
such as chlorthalidone and indapamide instead of hydrochlorothiazide when GFR is 
30 mL/min or over.

The Use of Loop Diuretics

A loop diuretic is preferred for patients with advanced CKD. It has suggested that 
loop diuretics should be prescribed when eGFR is less than 30 mL/min [11]. It is 
indicated in the presence of edema or volume overload due to nephrotic syndrome 
or heart failure. Furosemide and bumetanide should be administered twice daily 
(preferentially concurrent with sodium ingestion) because of their short duration of 
action, whereas longer-acting torasemide can be administered once daily. Higher 
loop diuretic doses might be needed in patients with severe chronic kidney disease 
with or without albuminuria. However, counter-regulatory rebound sodium reten-
tion could abolish the efficacy of loop diuretics in patients with chronic kidney 
disease in both the short and long term. To overcome this phenomenon, the diuretic 
dose or dosing frequency could be increased, or sequential nephron blockade using 
a combination of loop diuretics and thiazides might be needed for patients with 
resistant hypertension, especially in the presence of edema or heart failure [12]. But, 
careful monitoring of renal function, serum electrolytes, and fluid status is needed 
to detect dehydration, hypokalemia, hyponatremia, hypovolemia, or progressive 
renal dysfunction.

�Aldosterone Blockage

�Mineralocorticoid Receptor Antagonists as a Fourth-Line Therapy

The suggested fourth-line therapy is to add mineralocorticoid receptor antagonists 
(MRA, 12.5–25 mg per day spironolactone or 25–50 mg per day eplerenone, to be 
adapted according to eGFR level) in patients with GFR of 30 mL/min or over and 
plasma potassium concentrations 4.5  mmol/L or lower or in patients with other 
indications, such as heart failure with left ventricular dysfunction [13]. MRA 
reduces BP and left ventricular hypertrophy in patients with resistant hypertension 
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and an eGFR 50–60 mL/min, but it doubles the risk of hyperkalemia when added to 
ACEi or ARB in patients with moderate chronic kidney disease (eGFR 30–90 mL/
min per 1.73 m2) [14]. The long-term effects of MRA on renal and cardiovascular 
outcomes, mortality, and safety in patients with CKD still remain to be established. 
ESH guidelines do not recommend the routine use of MRA in patients with CKD, 
especially in combination with RAS blockers, because of the risk of further renal 
impairment and hyperkalemia [13].

�Spironolactone Versus α-Blocker and/or Beta-Blocker

As mentioned previously, most commonly accepted hypothesis for resistant hyper-
tension is excessive sodium retention due to impaired sodium excretion during the 
day. Usage of diuretics sufficiently to deal with sodium retention is also one of the 
most effective additional treatments. Thus, spironolactone would be superior to 
non-diuretic add-on drugs at lowering BP in resistant hypertension.

In this perspective, in PATHWAY study, investigators compared the effectiveness 
of spironolactone (25–50 mg) as add-on drugs to bisoprolol (5–10 mg), doxazosin 
modified release (4–8 mg), and placebo according to BP control during 12 months 
[15]. They enrolled 314 patients with resistant hypertension who were receiving at 
least three antihypertensive agents, including a diuretic, at full or maximum toler-
ated doses in the study. The primary endpoints consisted of the difference in home 
SBP between spironolactone versus placebo, average of doxazosin and bisoprolol, 
and each of doxazosin and bisoprolol. The average reduction in home SBP by spi-
ronolactone was superior to placebo (−8.70 mmHg), superior to the mean of the 
other two active treatments (doxazosin and bisoprolol; −4.26 mmHg), and superior 
when compared with the individual treatments, versus doxazosin (−4.03 mmHg) 
and versus bisoprolol (−4.48 mmHg). Spironolactone was the most effective treat-
ment for almost 60% of all patients, and they concluded that it was at least three 
times the proportion in whom doxazosin or bisoprolol was the most effective. 
Spironolactone was well tolerated and did not increase drug discontinuation owing 
to renal impairment, hyperkalemia, or gynecomastia compared with placebo and the 
other active treatments. Serum potassium exceeded 6.0 mmol/L in only six of the 
285 patients, who received spironolactone. Consequently, they suggested that spi-
ronolactone was the most effective add-on drug for the treatment of resistant hyper-
tension. As indicated above, ESH guideline does not recommend the routine use of 
MRA in patients with CKD, especially in combination with RAS blockers, but 
12.5–25 mg per day spironolactone can be given safely to patients as add-on drugs 
with eGFR of 30 mL/min or over and plasma potassium concentrations 4.5 mmol/L 
or lower, and close monitoring should be done when using higher dose of 
spironolactone.
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�Deal with Enhanced Sympathetic Activation: Beta-Blockers

The sympathetic nervous system is activated in CKD which acts an important role 
in the progression of renal dysfunction and contributes to the onset and progression 
of cardiovascular disease including resistant hypertension. It has demonstrated that 
patients treated with metoprolol had similar clinical composite outcomes (renal 
function decline, onset of end-stage renal disease, and/or death) with patients treated 
with amlodipine [16]. β-blockers are the drug of choice and can be used at any stage 
in CKD, especially in patients with coexisting coronary artery disease, heart failure, 
or arrhythmias. If BP remains uncontrolled, a β-blocker (preferably with a hepatic 
elimination route including metoprolol, carvedilol, nebivolol, and propranolol to 
avoid drug accumulation which could lead to an increased risk of bradyarrhythmias) 
could be appropriate agent to deal with resistant hypertension [2].

�A New Approach: Endothelin Receptor Antagonists

Endothelin is a potent vasoconstrictor peptide derived from the endothelium. 
Increased circulating endothelin concentrations are determined in patients with 
hypertension indicating the potential therapeutic value of the endothelin receptor 
blockade. Especially, it might meet a significant need in patients with resistant 
hypertension. Because none of the standard antihypertensive therapies including 
renin-angiotensin system blockers, diuretics, and calcium-channel blockers do not 
inhibit vasoconstrictor effects of endothelin type A receptor, effectively. To date, 
several clinical studies have investigated whether endothelin receptor antagonists 
(ERAs), both selective and nonselective, might be a promising treatment option in 
hypertensive patients.

Bosentan is a nonselective, sulfonamide-type ERA which is often used in pulmo-
nary hypertension. Its antihypertensive effect was studied in 93 patients with mild-
to-moderate essential hypertension [17]. Patients were randomly assigned to receive 
one of four oral doses of bosentan (100, 500, or 1000 mg once daily or 1000 mg 
twice daily), placebo, or the enalapril (20 mg once daily) for 4 weeks. As compared 
with placebo, bosentan provided further decline in both DPB and SBP with a daily 
dose of 500 or 2000 mg (an absolute reduction of 5.7 mmHg at each dose in DBP) 
which was similar to the reduction with enalapril (5.8 mmHg) without activation of 
the sympathetic nervous system. In addition, the reductions in mean 24-h, daytime, 
and nighttime DP in the bosentan groups (greatest with 2000 mg) were significantly 
larger than those in the placebo group.

Darusentan is a selective, propionic acid-based ERA with higher affinity for the 
type A receptor. In a multicenter randomized, dose-response study, 392 patients 
with stage 1 or 2 hypertension were randomized to darusentan (10 mg, 30 mg, and 
100  mg) and placebo [18]. As compared with placebo, darusentan at a dose of 
100  mg once daily significantly decreased both DBP (8.3  mmHg) and SBP 

M. Yarlioglues



225

(11.3 mmHg) after 6 weeks of treatment. Later studies have focused on the impact 
of ERAs in the setting of resistant hypertension. In a randomized trial, 379 patients 
(96 of them were CKD patients) with resistant hypertension who were receiving at 
least three antihypertensive agent, including a diuretic, at full or maximum tolerated 
doses were randomly assigned to 14 weeks treatment with placebo or darusentan 
50  mg, 100  mg, or 300  mg taken once daily [19]. The primary endpoints were 
changes in office SBP and DBP. As compared to placebo, darusentan provided fur-
ther reduction in both SBP (9 mmHg) and DBP (5 mmHg) in patients with resistant 
hypertension who already receiving standard antihypertensive treatment. In addi-
tion, darusentan produced sustained BP reductions across the 24-h dosing interval 
and obtained significant reduction in ABPM. Moreover, in subgroup analysis, simi-
lar decreases in SBP and DBP with darusentan were achieved in CKD patients with 
resistant hypertension. Generally, darusentan was well tolerated, the main adverse 
effects being related to fluid retention.

Despite clear evidence of a key role for the endothelin system in BP control and 
hypertension, the clinical use of ERAs to treat hypertension has not yet been 
approved. A major disadvantage has been the relatively high incidence of side 
effects, notably hepatotoxicity with the sulfonamide drugs bosentan, and fluid 
retention with all ERAs. Fluid retention fortunately seems amenable to manage-
ment with diuretics, and to some degree, these side effects appear dose related, and 
certain studies have been criticized for excessive dosing. Probably ERAs will not 
have been destined to become first-line therapy for treating essential hypertension, 
but ERAs have excellent potential for providing benefit to select subgroups of 
patients especially with resistant hypertension accompanied by fluid management 
with effective diuretic therapy.

�Dual ACE/ARB Inhibition

Proteinuria can be lowered by dual RAS blockade with ACEi and ARBs or with 
direct renin inhibitors to a greater extent than either RAS blocker alone.  
However, this combination has not been shown to improve BP control or improve 
cardiovascular outcomes compared with single RAS blockade in patients with resis-
tant hypertension, although it might preserve renal function in patients with diabetes 
and chronic kidney disease to some extent, according to a recent network meta-
analysis [20]. Additionally, this combination increases the risk of hyperkalemia, 
hypotension, and acute renal failure. Dual RAS blockade is discouraged by the 
guidelines [13]. Replacement of ACEi and ARB with other antihypertensive drugs 
in patients with advanced chronic kidney disease (stages 4–5) should be considered 
when there are no contraindications, such as heart failure or when discontinuation 
of the drug is expected to relieve side effects such as hyperkalemia, acute kidney 
injury, or symptomatic hypotension [2].
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�Deal with Non-dipping Status: Chronotherapy

The non-dipping pattern refers the situation of impaired circadian BP rhythm, and 
it is defined as decrement in SDP and/or DBP less than 10% during the night. Non-
dipper has particular importance, and the prevalence of abnormally high sleep BP is 
very often in CKD patients. It was shown that the capacity of excreting sodium dur-
ing daytime is a significant determinant of nocturnal BP and dipping pattern as 
reduced capacity leads to higher nocturnal BP and non-dipping pattern [21]. Non-
dipping BP is associated with target organ damage including left ventricular hyper-
trophy, higher prevalence of proteinuria and higher risk of CKD progression, and 
poorer cardiovascular outcomes. In patients with true resistant hypertension, non-
dipping pattern is associated with nearly twofold increased risk of cardiovascular 
morbidity and mortality. Thus, therapeutic restoration of normal physiologic BP 
reduction during nighttime sleep (dipping status) is the most significant indepen-
dent predictor of decreased risk and the basis for the chronotherapy. Chronotherapy 
is a therapeutic strategy of taking at least one dose of antihypertensive medications 
at bedtime, instead of all in the morning time to provide dipping status (normal 
circadial variation) and ABMP control.

�Chronotherapy Against to Non-dipping Pattern

Several studies have investigated the effect of chronotherapy on the ABPM control 
and the non-dipping pattern. The Monitorización Ambulatoria para Predicción de 
Eventos Cardiovasculares (MAPEC) is a prospective randomized study which 
examines the effect of chronotherapy on ABPM and clinical outcomes (primary 
endpoint including composite of all-cause mortality and cardiovascular events) in 
2156 patients with untreated or resistant hypertension [22]. Study population 
divided into two groups consisting of control group, took all antihypertensive medi-
cations in the morning and the treatment group and took one or more antihyperten-
sive at bedtime. Patients were followed during median of 5.6 years with a primary 
composite endpoint of all-cause mortality and total cardiovascular events. 48-h 
ABPM was performed to patients at least annually. Patients randomized to the treat-
ment arm (bedtime administration) demonstrated lower sleep-time BP, a higher rate 
of controlled ABPM (62% vs. 53%, p < 0.001), and a much lower incidence of the 
non-dipper status (34% versus 62%, p < 0.001). As a clinical outcome, those in the 
bedtime administration group had a reduction in the primary endpoint of 11.95 ver-
sus 27.8 events per 1000 patient-years, NNT = 63 over 1 year. All-cause mortality 
alone was also reduced (2.11 versus 4.16 events per 1000 patient-years, NNT 488 
over 1 year). It has been concluded that switching at least one medication to bedtime 
administration is cost-effective, simple intervention that contributes to improve BP 
control and reduce cardiovascular events. In another interesting study, 27 consecu-
tive patients with resistant hypertension and non-dipper BP pattern on ABPM were 
enrolled to investigate whether shifting all non-diuretic antihypertensive drugs from 
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morning to evening (maintaining the same drugs at the same doses) improves 
ABPM control after 6 weeks. At the end of the study, they determined significant 
decrement in ABPM (SBP: 140.5 ± 10.4 to 135.7 ± 12.5 mmHg and DBP: 80.5 ± 9.6 
to 73.8 ± 9.3 mmHg), and 15% of the patients restored dipping pattern (normal 
circadian rhythm) after the drug shift, while no changes were observed in the con-
trol group [23]. Consequently, chronotherapy suggests a prospect to recover noctur-
nal BP control and the non-dipper pattern without changing the total number of 
medications.

�Chronotherapy: A Promising Approach in Hypertensive Patients 
with CKD

Several studies suggest that chronotherapy is a promising approach in hypertensive 
patients with CKD. In one of them, 32 patients with CKD (eGFR of 46 ± 12 mL/
min/1.73m2) and night-day ratio of mean ABPM greater than 0.9 indicating non-
dipper status but with normal daytime ABPM (<135/85 mmHg) were enrolled in the 
study [24]. They were treated with 2.4 ± 1.4 of antihypertensive drugs consisted of 
ACEi, ARB, thiazide diuretic, calcium channel blockers, and beta-blockers. It was 
investigated whether shifting 1 antihypertensive drug from morning to evening 
(except diuretics to avoid patient discomfort caused by nocturnal diuresis) after 
8  weeks provides changing in the percentage of patients with night-day ratio of 
mean ABPM from greater than 0.9–0.9 or less. After the drug shift, normal circa-
dian rhythm is restored in 87.5% of patients independently from number and class 
of shifted drug. In addition, significant decrement in office blood pressure in the 
morning (from SBP: 136 ± 16 to131 ± 13, DBP: 77 ± 10 to 75 ± 8 mmHg) and in 
proteinuria (especially in patients with >300 mg proteinuria) were obtained at the 
end of the study. It was concluded that changing the timing of antihypertensive 
therapy decreased nocturnal blood pressure and proteinuria in non-dipper patients 
with CKD with limitation of the absence of a control group and patients with severe 
proteinuria or uncontrolled daytime ABPM. Consequently, it has shown that time of 
ingestion of hypertension medications can affect circadian patterns of BP in this 
study, but whether this translates into an effect on clinical outcomes has been inves-
tigated in another prospective, randomized study. They enrolled 661 patients with 
CKD (eGFR <60 mL/min/1.73m2 and/or albuminuria defined as albumin excretion 
≥30  mg/24-h urine) to compare the effects of taking at least one of prescribed 
hypertension medications at bedtime to taking them all upon awakening according 
to cardiovascular outcomes (a composite of death, myocardial infarction, angina 
pectoris, revascularization, heart failure, arterial occlusion of lower extremities, 
occlusion of the retinal artery, and stroke) [25]. After a median follow-up period of 
5.4 years, it was reported that patients who took at least one antihypertensive medi-
cation at bedtime had nearly one third risk of patients who took all medications 
upon awakening for total cardiovascular events. In addition, patients on bedtime 
treatment had a significantly lower mean sleep-time BP and a greater proportion 
demonstrated control of their ABPM (56% versus 45%, P = 0.003). Each 5-mmHg 
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decrease in mean sleep-time systolic BP was related with a 14% reduction in the 
risk for cardiovascular events during follow-up. They concluded that patients with 
CKD and hypertension, taking at least one antihypertensive medication at bedtime, 
improve control of BP and reduce the risk for cardiovascular events. Therefore, 
changing at least one antihypertensive medication to bedtime dosing should be con-
sidered in CKD patients with resistant and/or non-dipping hypertension.

�Other Drugs

If BP remains uncontrolled, an α-blocker or a centrally acting α-agonists, which 
preferably do not require dose adjustments (methyldopa or clonidine), could be 
used. Direct vasodilators such as hydralazine or minoxidil are sometimes used but 
could induce severe fluid retention and tachycardia, especially minoxidil which has 
other side effects (hirsutism, pericardial effusion).

�Conclusion

Resistant hypertension is failure to achieve target blood pressure despite the use of 
three or more appropriately dosed antihypertensive drugs including a diuretic. It is 
still a common clinical problem, especially in patients with chronic kidney disease. 
First approach should be dealing with barriers for optimum drug therapy including 
adverse effects of ongoing treatment, insufficient treatment, interfering vasopressor 
substance or medication, and excessive salt or alcohol intake. Subsequently, next 
approach should target factors that contribute to the resistant hypertension including 
impaired handling of sodium and volume expansion, increased activity of the renin-
angiotensin-aldosterone system, enhanced sympathetic activity, and reduced 
endothelium-dependent vasodilation. Pharmacological interferences should be 
applied including appropriate diuretic therapy, aldosterone blockage, beta-blocker, 
and chronotherapy to deal with resistant hypertension in chronic kidney disease. An 
algorithm for resistant hypertension treatment in CKD is shown in Fig. 14.1.
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Chronotherapy

Change dosing of one or more antihypertensive medication at AM time 
to PM time

Confirmation of true resistant hypertension

Good drug adherence 

Sufficient treatment (type and dose adapted to eGFR)

Avoid to vasopressor substance or medication and excessive salt or 
excessive alcohol intake

Exclusion of white coat hypertension

Appropriate diuretic therapy

Switching thiazide-like 
diuretic to chlorthalidone and 

indapamide instead, when 
GFR is 30 mL/min or over.

A loop diuretic should be 
prescribed when eGFR is less 

than 30 mL/min.

Mineralocorticoid receptor 
antagonists 

Add 12.5 to 25 mg per day 
spironolactone or 25 to 50 mg 
per day eplerenone in patients 

with GFR of 30 mL/min or 
over and plasma potassium 

concentrations 4.5 mmol/L or 
lower.

Add Beta and/or Alfa Blocker

Fig. 14.1  An algorithm for resistant hypertension treatment in chronic kidney disease

14  Interference with Pharmacological Agents to Resistant Hypertension in Chronic…



230

References

	 1.	Krause T, Lovibond K, Caulfield M, McCormack T, Williams B, and the Guideline 
Development Group. Management of hypertension: summary of NICE guidance. BMJ. 2011; 
343:d4891.

	 2.	Rossignol P, Massy ZA, Azizi M, Bakris G, Ritz E, Covic A, Goldsmith D, Heine GH, Jager 
KJ, Kanbay M, Mallamaci F, Ortiz A, Vanholder R, Wiecek A, Zoccali C, London GM, Stengel 
B, Fouque D; ERA-EDTA EURECA-m working group; Red de Investigación Renal 
(REDINREN) network; Cardiovascular and Renal Clinical Trialists (F-CRIN INI-CRCT) 
network. The double challenge of resistant hypertension and chronic kidney disease. Lancet. 
2015;386(10003):1588–98. Review.

	 3.	Drexler YR, Bomback AS. Definition, identification and treatment of resistant hypertension in 
chronic kidney disease patients. Nephrol Dial Transplant. 2014;29:1327–35.

	 4.	Taler SJ, Textor SC, Augustine JE. Resistant hypertension: comparing hemodynamic manage-
ment to specialist care. Hypertension. 2002;39:982–8.

	 5.	Sato A, Saruta T. Aldosterone-induced organ damage: plasma aldosterone level and inappro-
priate salt status. Hypertens Res. 2004;27:303–10.

	 6.	Vogt L, Waanders F, Boomsma F, de Zeeuw D, Navis G. Effects of dietary sodium and hydro-
chlorothiazide on the antiproteinuric efficacy of losartan. J  Am Soc Nephrol. 
2008;19(5):999–1007.

	 7.	Kidney Disease Outcomes Quality Initiative (KDOQI). K/DOQI clinical practice guidelines 
on hypertension and antihypertensive agents in chronic kidney disease. Am J  Kidney Dis. 
2004;43(suppl 1):S1–290.

	 8.	Messerli FH, Makani H, Benjo A, Romero J, Alviar C, Bangalore S. Antihypertensive efficacy 
of hydrochlorothiazide as evaluated by ambulatory blood pressure monitoring: a meta-analysis 
of randomized trials. J Am Coll Cardiol. 2011;57(5):590–600.

	 9.	Carter BL, Ernst ME, Cohen JD. Hydrochlorothiazide versus chlorthalidone: evidence sup-
porting their interchangeability. Hypertension. 2004;43:4–9.

	10.	Ernst ME, Carter BL, Goerdt CJ, Steffensmeier JJ, Phillips BB, Zimmerman MB, Bergus 
GR. Comparative antihypertensive effects of hydrochlorothiazide and chlorthalidone on ambu-
latory and office blood pressure. Hypertension. 2006 Mar;47(3):352–8.

	11.	Dussol B, Moussi-Frances J, Morange S, Somma-Delpero C, Mundler O, Berland Y. A pilot 
study comparing furosemide and hydrochlorothiazide in patients with hypertension and stage 
4 or 5 chronic kidney disease. J Clin Hypertens. 2012;14:32–7.

	12.	Bobrie G, Frank M, Azizi M, Peyrard S, Boutouyrie P, Chatellier G, Laurent S, Menard J, 
Plouin PF. Sequential nephron blockade versus sequential renin-angiotensin system blockade 
in resistant hypertension: a prospective, randomized, open blinded endpoint study. J Hypertens. 
2012;30(8):1656–64.

	13.	Mancia G, Fagard R, Narkiewicz K, Redón J, Zanchetti A, Böhm M, Christiaens T, Cifkova R, 
De Backer G, Dominiczak A, Galderisi M, Grobbee DE, Jaarsma T, Kirchhof P, Kjeldsen SE, 
Laurent S, Manolis AJ, Nilsson PM, Ruilope LM, Schmieder RE, Sirnes PA, Sleight P, 
Viigimaa M, Waeber B, Zannad F, Task Force Members. 2013 ESH/ESC guidelines for the 
management of arterial hypertension: the task force for the management of arterial hyperten-
sion of the European Society of Hypertension (ESH) and of the European Society of Cardiology 
(ESC). J Hypertens. 2013;31(7):1281–357.

	14.	Liu G, Zheng XX, Xu YL, Lu J, Hui RT, Huang XH. Effect of aldosterone antagonists on blood 
pressure in patients with resistant hypertension: a meta-analysis. J  Hum Hypertens. 
2015;29:159–66.

	15.	Williams B, MacDonald TM, Morant S, Webb DJ, Sever P, McInnes G, Ford I, Cruickshank 
JK, Caulfield MJ, Salsbury J, Mackenzie I, Padmanabhan S, Brown MJ; British Hypertension 
Society’s PATHWAY Studies Group. Spironolactone versus placebo, bisoprolol, and doxazo-
sin to determine the optimal treatment for drug-resistant hypertension (PATHWAY-2): a ran-
domized, double-blind, crossover trial. Lancet. 2015;386(10008):2059–68.

M. Yarlioglues



231

	16.	Tomiyama H, Yamashina A. Beta-blockers in the management of hypertension and/or chronic 
kidney disease. Int J Hypertens. 2014;2014:919256.

	17.	Krum H, Viskoper RJ, Lacourciere Y, Budde M, Charlon V.  The effect of an endothelin-
receptor antagonist, bosentan, on blood pressure in patients with essential hypertension. 
Bosentan hypertension investigators. N Engl J Med. 1998;338(12):784–90.

	18.	Nakov R, Pfarr E, Eberle S, on behalf of the HEAT Investigators. Darusentan: an effective 
endothelin receptor antagonist for treatment of hypertension. Am J  Hypertens. 
2002;15:583–89.

	19.	Weber MA, Black H, Bakris G, Krum H, Linas S, Weiss R, Linseman JV, Wiens BL, Warren 
MS, Lindholm LH.  A selective endothelin-receptor antagonist to reduce blood pressure in 
patients with treatment-resistant hypertension: a randomised, double-blind, placebo-controlled 
trial. Lancet. 2009;374(9699):1423–31.

	20.	Palmer SC, Mavridis D, Navarese E, Craig JC, Tonelli M, Salanti G, Wiebe N, Ruospo M, 
Wheeler DC, Strippoli GF. Comparative efficacy and safety of blood pressure-lowering agents 
in adults with diabetes and kidney disease: a network meta-analysis. Lancet. 
2015;385(9982):2047–56.

	21.	Bankir L, Bochud M, Maillard M, Bovet P, Gabriel A, Burnier M. Nighttime blood pressure 
and nocturnal dipping are associated with daytime urinary sodium excretion in African sub-
jects. Hypertension. 2008;51(4):891–8.

	22.	Hermida RC, Ayala DE, Mojón A, Fernández JR. Influence of circadian time of hypertension 
treatment on cardiovascular risk: results of the MAPEC study. Chronobiol Int. 
2010;27(8):1629–51.

	23.	Almirall J, Comas L, Martinez-Ocana JC, et al. Effects of chronotherapy on blood pressure 
control in non-dipper patients with refractory hypertension. Nephrol Dial Transplant. 
2012;27:1855–9.

	24.	Minutolo R, Gabbai FB, Borrelli S, Scigliano R, Trucillo P, Baldanza D, Laurino S, Mascia S, 
Conte G, De Nicola L. Changing the timing of antihypertensive therapy to reduce nocturnal 
blood pressure in CKD: an 8-week uncontrolled trial. Am J Kidney Dis. 2007;50(6):908–17.

	25.	Hermida RC, Ayala DE, Mojón A, Fernández JR. Bedtime dosing of antihypertensive medica-
tions reduces cardiovascular risk in CKD. J Am Soc Nephrol. 2011;22(12):2313–21.

14  Interference with Pharmacological Agents to Resistant Hypertension in Chronic…


	Chapter 14: Interference with Pharmacological Agents to Resistant Hypertension in Chronic Kidney Disease
	 Introduction
	 Treatment Options
	 Deal with Volume Overload and Salt Retention
	 Modifying Treatment According to Volume Status
	 Dietary Sodium Intake Leads to Resistant to RAS Blockage Agents
	 Appropriate Diuretic Therapy
	Switching Thiazide-Like Diuretic to a More Potent Diuretic
	The Use of Loop Diuretics


	 Aldosterone Blockage
	 Mineralocorticoid Receptor Antagonists as a Fourth-Line Therapy
	 Spironolactone Versus α-Blocker and/or Beta-Blocker

	 Deal with Enhanced Sympathetic Activation: Beta-Blockers
	 A New Approach: Endothelin Receptor Antagonists
	 Dual ACE/ARB Inhibition
	 Deal with Non-dipping Status: Chronotherapy
	 Chronotherapy Against to Non-dipping Pattern
	 Chronotherapy: A Promising Approach in Hypertensive Patients with CKD

	 Other Drugs

	 Conclusion
	References


