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To report the case of a patient with resistant hypertension, in whom antihypertensive therapy was
instituted by sequential nephron blockade. After an initial evaluation, the patient received as an
additional prescription to the baseline regimen (losartan, chlorthalidone and amlodipine),
spironolactone, furosemide and lastly amiloride, sequentially to increase the natriuretic effect. The
patient performed ambulatory blood pressure monitoring (ABPM) 24 hours before and 12 weeks
after starting treatment.

A review of the literature and this case report revive the discussion of the treatment of a rather
complex clinical entity, that is, resistant hypertension. When sequential nephron blockade is well
instituted in patients with a correct diagnosis of resistant hypertension, excluding secondary causes,
pseudo-resistance and associated factors such as poor adherence to treatment, it provides satisfactory
and permanent control of blood pressure with improved quality of life.

Copyright © Elizabeth do Espirito Santo Cestario ez al, 2018, this is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided

the original work is properly cited.

INTRODUCTION

Systemic arterial hypertension (HTN) is a complex
multifactorial clinical entity characterized by permanent and
chronic elevation of systolic (SBP) and diastolic blood pressure
(DBP) levels above the limits established by statistical and
epidemiological criteria. This pathology is associated with
functional and structural changes in target organs (heart, brain,
kidneys and blood vessels), particularly in resistant
hypertensive patients, [1] as well as metabolic abnormalities
that increase the risk of unfavorable cardiovascular outcomes.

(2]

The true prevalence of this disease is unknown; it is estimated
that 30% of the adult population, that is, about 1.2 billion
people worldwide, has HTN. [3-5] In Brazil, 14 population
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studies between 1994 and 2009 showed uncontrolled BP in
about 19.6% of patients. [6] Regarding treatment, the number
of drugs taken and the control of hypertension, data from the
ALLHAT study, which prospectively monitored 40,000
patients, showed that only 49% of the patients had blood
pressure (BP) controlled with one or two drugs; the other 51%
required three or more antihypertensive medications to achieve
the recommended goals. [7]

Thus, the high prevalence of HTN and the low rates of control
of this significant modifiable risk factor for cardiovascular
diseases represents a serious public health problem. It is well
known that mortality due to cardiovascular diseases
progressively increases with elevations in SBP and DBP from
115 and 75 mmHg, respectively, in a continuous and
independent linear manner. [8]
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Resistant hypertension (RHTN) is defined as a BP that remains
above the recommended targets (< 140/90 mmHg) with the use
of three antihypertensive drugs with synergistic actions at
maximum tolerated doses (one preferably being a diuretic) or
with the use of four or more antihypertensive drugs, even when
the BP is controlled. True RH should be differentiated from
pseudo-resistance, which occurs due to non-adherence to
treatment, inappropriate BP measurements, use of inappropriate
doses or therapeutic regimens, or the presence of the white coat
effect. [9-11]

RHTN treatment is difficult either because patients fail to
compliance  non-pharmacological and pharmacological
therapies, because of the physician's difficulty to adjust
antihypertensive medication owing to genetic factors that
impede the effectiveness of treatment or due to medical inertia.
[12-13]

A new therapeutic approach, sequential nephron blockade, was
proposed by Bobrie et al. in 2012. [14] When a single high-
dose diuretic is administered, a functional segment of the
tubule is blocked and sodium reabsorption increases in other
segments in a compensatory manner. The use of low doses of
different diuretics acting on different segments of the collecting
tubules reduces sodium absorption and decreases the incidence
of adverse effects seen with single drugs administered in high
doses. Hydrochlorothiazide acts on the distal convoluted
tubule, furosemide on the ascending portion of the loop of
Henle, spironolactone on the collecting tubule (cortical) and
amiloride in the same way, acts on the proximal portion of the
collecting tubule (Figure 1).
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Figure 1 Mechanisms and sites of action of diuretics

In a prospective study, Bobrie et al. studied RHTN patients
taking irbesartan (300 mg/day), hydrochlorothiazide (12.5 mg)
and amlodipine (5 mg) who received the sequential addition of
spironolactone (25 mg/day), furosemide (20/day), furosemide
(40 mg/day) and finally amiloride (5 mg/day). In this study,
58% of the patients treated with sequential nephron blockade
achieved the primary endpoint (home BP <135/85 mmHg)
compared to only 20% with complete blockade of the renin-
angiotensin system. This interesting scheme requires validation
because this means that more than half of patients with RH can
be treated satisfactorily with this therapeutic regimen.

Objective

To report the case of a patient with RHTN submitted to
sequential nephron blockade who achieved adequate BP
control.

METHOD

The patient was initially evaluated using the flowchart of the
Brazilian Position in the Diagnosis of Resistant Hypertension
of the Brazilian Society of Cardiology (Figure 2). [11]
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Figure 2 flowchart of the evaluation of resistant hypertension DHA-SBC 2012

The patient, who was receiving a conventional antihypertensive
regimen (Losartan, Chlorthalidone and Amlodipine), was
submitted to sequential nephron blockade consisting of a
progressive increase in sodium depletion. Following the
administration of a thiazide diuretic and blockade of the
aldosterone receptor, low doses of furosemide and eventually
amiloride were administered sequentially, potentiating the
natriuretic effect (Figure 3).

The patient performed 24-hour ambulatory BP monitoring
(ABPM) before and 12 weeks after starting treatment.

Case report
Medical history

A 53-year-old female Patient, MIF, sought out the hypertension
outpatient clinic due to difficulty in controlling her BP over
recent months despite of the use of three antihypertensive drugs
according to medical prescription and reduced sodium intake.
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Initial treatment
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Figure 3 Sequential nephron blocking

She reported headache and dizziness usually in the morning, in
addition to lower limb pain.

She denied alcoholism, but reported badly controlled diabetes
mellitus, which she treated with oral hypoglycemic agents.
Furthermore, she denied any history of surgeries, heart disease
or stroke.

Physical examination

Good general condition with a heart rate of 72 beats per minute
(bpm).

BP was measured using an automatic device (MicroMed):

Ist measurement: 156 x 92 mmHg.

2nd measurement: 158 x 104 mmHg.

3rd measurement: 166 x 95 mmHg.

Carotid and extremity pulses were present and symmetrical.
Extremities without edema.

Neurological evaluation without alterations.

Diagnostic hypothesis
Resistant hypertension

Medical conduct
The patient received counseling for lifestyle changes with
guidance on diet and physical activity.

Carotid Doppler ultrasound, 24-hour ABPM, ergometric test,
echocardiogram, renal ultrasound with renal artery Doppler and
electrocardiogram were performed.

In the re-evaluation, there was no improvement in the BP,
although there was a change in lifestyle and so sequential
nephron blockade was initiated.

Additional examinations
Table 1 Initial twenty-four hour ABPM

SBP DBP HR
(mmHg) (mmHg) (bpm)
24 hours 173 97 79
Awake 172 97 80
Sleep 176 95 77

Carotid Doppler ultrasound: Calibers and flow normal
Renal ultrasound with Doppler: Normal
Echocardiogram: Left ventricle function normal,
hypertrophy of the left ventricle

Ergometric test: Inconclusive for ST.
Electrocardiogram: Normal
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Figure 4 Electrocardiogram
Evolution and follow-up

The patient was followed up for 12 weeks with visits at 4-week
intervals and sequential introduction of diuretics. Currently, her
BP is controlled, but her diabetes is still uncontrolled.

She reported improvement of the lower limb pain and
headache, as well as no new episodes of dizziness.

BP during her latest visit:

Ist measurement: 130 x 81 mmHg.
2nd measurement: 123 x 87 mmHg.
3rd measurement: 123 x 88 mmHg.
Heart rate = 92 bpm

Table 2 Twenty-four hour ABPM at 12 weeks

SBP DBP HR
(mmHg) (mmHg) (bpm)
24 hours 128 78 106
Awake 126 78 110
Sleep 134 78 91
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Figure 5 24-hour ABPM at 12 weeks
DISCUSSION

The knowledge that RHTN is a common entity with a
prevalence of between 10 and 30% and a high risk for the
occurrence of fatal and non-fatal cardiovascular events [15] has
stimulated the investigation of new therapeutic regimens using
drug combinations [9, 16-17]. RHTN presents a progressively
increasing risk of target organ damage [1] and fatal
cardiovascular outcomes. [15]

Among the mechanisms involved in the pathophysiology of
RHTN are vascular smooth muscle tone and increased blood
volume, an intensification of sympathetic nervous system
activity, and hyperactivity of the renin-angiotensin-aldosterone
system. Increased sensitivity to sodium seems to be the main
factor in understanding the pathophysiology of this syndrome,
not only because it combines the mechanisms described, but
also because it partly explains the variability of the therapeutic
response of patients with RHTN. [18-20]

An understanding of the contribution of volume to maintaining
BP levels could help to adapt treatment with more effective
choices to control hypertension [21]. Sequential nephron
blocking causes a progressive increase in sodium depletion.
[22]

One of the most common aspects in the treatment of
hypertension is the low adherence to therapy especially by
patients with RHTN. Reports on prevalence establish a range
between 25 and 50% of resistant patients [13,23]. This fact has
been associated with worse BP control [24] and consequently
unfavorable outcomes. [25-26]

In the case we report herein, elevated BP levels persisted
despite the optimization of the medication and the patient's
apparent adherence to therapy and lifestyle changes. The
adoption of sequential nephron blockade led to the progressive
improvement of BP levels until normalization with consequent
benefits in the quality of life of the patient.

Final considerations

A review of the literature and this case report revive the
discussion of the treatment of a rather complex clinical entity,
that is, RHTN. When sequential nephron blockade is performed
in adequately selected patients, this approach can bring highly
satisfactory and permanent results in respect to the control of
BP and improvements to the quality of life of the patient.
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