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Abstract

Purpose of Review This review seeks to present an overview of the recently found association between refractory hypertension
(RfH) and obstructive sleep apnoea (OSA).

Recent Findings RfH was recently defined as an extreme phenotype of resistant hypertension characterized by the lack of blood
pressure control despite using > 5 antihypertensive drugs at optimal doses. Current data support that the pathophysiological
pathway of both types of hypertension is different. The main mechanism involved in resistant hypertension is fluid retention
whereas in the case of RfH is the sympathetic over-activity. OSA is now recognized as a cause of hypertension (especially in the
case of difficult-to-treat hypertension). It seems that the biological mechanism linking OSA and arterial hypertension is the
sympathetic over-activity related to the respiratory events (apnoeas and hypopnoeas) during the night. So, it is not surprising that,
although the literature is scarce, some studies have found a very high prevalence of OSA and an excess of sympathetic activity in
patients with RfH. Finally, a very recent study demonstrated that continuous positive airway pressure (CPAP) treatment, which
controls sympathetic activation in OSA patients, achieves very significant reductions in blood pressure levels in RfH patients,
even greater than in those with resistant (non-refractory) hypertension.

Summary The prevalence of OSA in patients with RfH is very high. CPAP treatment achieves a clinically significant reduction in
blood pressure levels in those patients with RfH (especially in night readings). Patients with RfH must be sent to a sleep unit for a
study.

Keywords Sleep apnoea - Resistant hypertension - Refractory hypertension - Continuous positive airway pressure

Introduction

Resistant hypertension (RH) is defined as blood pressure (BP)
that remains uncontrolled in spite of a combination of three or
more antihypertensive drugs, including a diuretic agent,
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prescribed at an optimal dose. RH is also applied to subjects
who require four or more drugs to achieve adequate BP con-
trol [1e]. In the overall treated hypertensive population, the
prevalence of RH ranges between 12 and 15%, depending on
whether the measurement used for the diagnosis was office or
ambulatory BP [2—4, 5°].

An unfavourable prognosis is associated with this hy-
pertensive phenotype and several studies have reported
that RH subjects present the most unfavourable cardiovas-
cular prognosis of all hypertensive patients in terms of the
rate of cardiovascular events [2, 6-9]. Furthermore, in
recent years, a subgroup of RH patients has been shown
to exhibit the highest cardiovascular risk of all: this phe-
nomenon has come to be known as refractory hyperten-
sion (RfH) [10ee, 11, 129+, 13°].

RfH was originally defined by Acelajado et al. as a form
of hypertension that cannot be controlled by any pharma-
cological treatment. This clinical situation implied that the
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patients affected were taking an average of six drugs
[14ee]. In the last few years, the definition became subtler
and incorporated not only treatment with five or more an-
tihypertensive drugs but also treatment with a diuretic thi-
azide (or thiazide-like drug) and a mineral-corticoid recep-
tor antagonist [15¢]. The recognized superiority of the
thiazide-type diuretic chlorthalidone over hydrochlorothi-
azide in reducing BP has spurred some authors to consider
adding to the definition of RfH compliance with an inten-
sive diuretic therapy including chlorthalidone and a miner-
al receptor antagonist (spironolactone) [16¢]. Depending
on the definition taken as a reference, the prevalence of
RfH ranges from 9.5%, in the less restrictive definition
[14ee], to 3% if all the criteria, including intensive diuretic
therapy (chlorthalidone and spironolactone), are taken into
account [15¢]. Several differences between the two pheno-
types have been described, and although there is currently
no evidence about the cardiovascular prognosis with re-
spect to RH and RfH, one recent study showed a poorer
circadian profile and higher nocturnal BP levels in RfH
subjects, compared with RH subjects. Both these physio-
logical factors have been related to a poorer cardiovascular
prognosis and greater organ damage [16¢].

Obstructive sleep apnoea (OSA) is a disease character-
ized by repetitive collapse of the upper airway during
sleep, which leads to intermittent hypoxia, arousals, oxy-
gen desaturation and sleep disturbance and contributes to
daytime sleepiness and a poor quality of life. In the middle-
aged population (3070 years), the prevalence of OSA
ranges from 26 to 34% in men and 17 to 28% in women,
and this prevalence increases in line with age and the body
mass index [17, 18]. OSA is considered one of the second-
ary causes associated with the development of hyperten-
sion, particularly RH, and cardiovascular events [18, 19].
In the last 10 years, numerous studies have explored the
implications of the close relationship between OSA and

RH [20-22, 23, 24-26], but new evidence has emerged
to highlight the key role of OSA in RfH. The present re-
view seeks to present an overview of this relationship.

Pathophysiological Aspects
Pathophysiology of RH

The main mechanisms involved in the pathophysiology of RH
are sodium, fluid retention and sympathetic over-activity [27,
28]. Excessive fluid retention is associated with old age, obe-
sity and chronic kidney disease, but the biggest contributor is
hyperaldosteronism derived from chronically increased activ-
ity of the renin-angiotensin-aldosterone system (RAAS). This
excess of fluid is considered to be the main mechanism of RH.
In this respect, the key role of intensive diuretic treatment,
including a mineral-corticoid receptor antagonist, in achieving
BP control in a multiple drug regimen in these patients is
considered proof of this mechanism [29].

Specific Pathophysiological Aspects of Refractory
Hypertension: the Hypothesis of Sympathetic
Over-activity

RfH patients cannot achieve BP control despite taking five or
more antihypertensive drugs, even at the optimal dose for the
most effective treatment of fluid overload. Although RfH has
been considered an extreme phenotype of RH, different path-
ophysiological factors have been described in each of them.
RfH seems to be less closely related to fluid retention and
more closely linked to greater sympathetic activity. Patients
with RfH are characterised as being younger, more obese and
with greater organ damage and a higher prevalence of diabetes
mellitus and metabolic syndrome [30, 31] (Table 1).

Table 1 Clinical characteristics

of patients with refractory Clinical characteristics Resistant hypertension ~ Refractory hypertension
hypertension compared with
patients with resistant Age Older Younger
hypertension) Sex (male/female) +) (++)
Comorbidity
Obesity (+) (++)
Diabetes +) (++)
Dyslipidemia +) (++)
OSA () (++)
Target organ damage
Previous cardiovascular disease +) (+++)
Left ventricular hypertrophy +) (+++)
Kidney damage (decreased GFR/increased albuminuria)  (+) (++)

GFR glomerular filtration rate, OSA obstructive sleep apnoea
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Data from an important study carried out by Dudenbostel
et al. support this particular pathophysiology in RfH patients.
This study undertook a thorough comparison of 29 patients
diagnosed with controlled RH and 15 patients with RfH. The
following variables were measured in all the participants: 24-h
urinary normetanephrine levels, office resting and ambulatory
heart rate (HR), and its variability, and arterial stiffness (using
pulse waves). Furthermore, an impedance cardiography study
was performed to assess thoracic fluid content and systemic
vascular resistance. The results suggested a lower implication
of fluid overload in RfH subjects, who showed a lower sodium
dietary intake and a lower thoracic fluid content in the imped-
ance cardiography study [15¢].

In addition to these findings, Dudenbostel et al. [15¢] also
found data indicative of an elevated sympathetic tone in RfH
patients. Subjects with RfH, compared to those with con-
trolled RH, presented higher resting and ambulatory HR,
higher levels of 24-h urinary normetanephrine and greater
arterial stiffness and peripheral vascular resistance. This was
not the first time that an increased clinical HR had been re-
ported in RfH patients, compared with controlled RH subjects.
The same authors had themselves reported this finding in a
previous retrospective study [14e¢]. These data therefore sug-
gest that any therapeutic strategy for RfH should primarily
focus on reducing sympathetic over-activity (Fig. 1).

The Close Relationship Between OSA and RfH

Several intermediate mechanisms link OSA with hypertension
and cardiovascular disease, particularly oxidative stress, in-
flammation, hypercoagulability, endothelial dysfunction, met-
abolic alterations and sympathetic activation. Subjects with

OSA have presented greater activation of the sympathetic sys-
tem (especially while asleep), due to respiratory events, and
this activation causes an increase in BP [18, 32, 33]. Data from
various studies suggest that sympathetic hyperactivation—
presumed to be the main mechanism responsible for RfH—
could be considered the primary pathophysiological mecha-
nism for explaining the association between OSA and the high
incidence and prevalence of hypertension [32, 33, 34ee].
Beyond this common pathophysiology between OSA and
RfH, the two diseases are linked by shared epidemiological
data. There is an increase in OSA prevalence in hypertensive
subjects, and the severity of their hypertension increases ac-
cordingly. In this respect, the prevalence of hypertension in
OSA subjects is situated at between 30 and 50% [35-37], but
this figure rises considerably to 70-83% in patients with re-
sistant hypertension [38—40] and can even reach 100% in
patients with a diagnosis of RfH, according to the results of
one recent study [34e¢] (Fig. 1).

All these data therefore suggest that OSA has a closer re-
lationship with RfH than with RH, and that sympathetic over-
activation might be the underlying mechanism that explains
this link. Despite this hypothesis, it is not yet known whether
OSA can influence RH patients to eventually develop the RfH
phenotype (Fig. 2).

Prevalence of OSA in RfH Patients

To date, only two studies [14ee, 15¢] with only a limited num-
ber of patients (15 and 29) have evaluated the presence of
OSA in patients with RfH. OSA was found in, respectively,
31 and 41.6% of the patients included, although neither study

Fig. 1 Pathophysiological
mechanisms linking resistant
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specified the cut-off point used to define OSA or the diagnos-
tic method used (Table 2).

Recently, Martinez-Garcia et al. [34¢¢] published the
only study so far to deal specifically with this topic.
This study included 42 patients with RfH and 187 with
RH, diagnosed by means of 24-h ABPM. All the pa-
tients underwent a sleep study involving cardiorespira-
tory polygraphy or complete polysomnography, and a
diagnosis of OSA was established as an AHI>S5; the
OSA was considered severe when the AHI> 30, and as
OSAS if it was accompanied by secondary symptoms,
particularly daytime hypersomnia evaluated by the
Epworth Sleepiness Scale (Epworth >10). All the pa-
tients with RfH presented OSA, as compared with
89% of those with RH (p=0.027). As regards severe
OSA (AHI > 30) in particular, its prevalence was higher
in patients with RfH versus RH, at 64.3% and 48.6%,
respectively (p=0.044). If we consider the symptoms
associated with the diagnosis of OSA syndrome (IAH
>5 + Epworth >10), 52.4% of the subjects with RfH
presented OSAS versus 33.7% of those with RH (p=
0.023). Overall, however, RfH patients were not

Table 2 Published studies evaluating refractory hypertensive patients

Controlled AHT

Uncontrolled AHT  Resistant AHT Refractory AHT

Presence and control of blood pressure levels

characterised by a high clinical pre-test probability of
OSA (mean Epworth score of 9.1). These authors also
found that this higher prevalence of OSA in RfH pa-
tients was independent of age, gender and the presence
of obesity. Furthermore, RfH patients presented a great-
er variability in BP and mean cardiac frequency than
those with RH, supporting the notion that sympathetic
hyperstimulation provides the pathophysiological basis
for this hypertensive phenotype.

Therefore, in the light of the high prevalence of OSA in
patients with RfH, regardless of the associated symptoms,
they (like their counterparts with RH) must be referred to a
sleep unit for a diagnostic evaluation and, if necessary, appro-
priate therapy.

Effect of CPAP Treatment on BP in Refractory
Hypertension

Numerous meta-analyses have demonstrated that CPAP is ca-
pable of reducing BP levels in patients with OSA, in both
clinical and statistically significant terms [24, 25, 40-42].

Clinical characteristics

Author Sample size (RfH) Age (years) Sex (% men) BMI (kg/mz) OSA prevalence
Martinez-Garcia MA et al. 2018 [34¢¢] 42 (true RfH) 58.4 (8.5) 61.9 34.7 (6.25) 100% (AHI>5)
Armario P et al. 2017 [16¢] 700 (true RfH) 63.9 (11) 58.4 31.6 (4.9) -

Modolo R et al. 2015 [11] 36 (true RfH) 58 (11) 33 32.1(5.6) -

Dudenbostel T et al. 2015 [15¢] 15 (true RfH) 48 (13.3) 20 324(7.1) 41.6%

Calhoun D et al. 2014 [10e¢] 78 66.0 (1.0) 53.8 33.6 (0.8) -

Acelajado M et al. 2012 [14¢¢] 29 51.4 (14.9) 45 33.2(6.2) 31%

Values are expressed as mean + SD or n (%)

AHI Apnea/Hypopnea Index, BMI body mass index, RfH refractory hypertension, true RfH based on a 24-h ambulatory blood pressure monitoring

diagnosis
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Fig. 3 Effect of continuous positive airway pressure on patients with resistant (non-refractory) hypertension and true refractory hypertension. SBP
systolic blood pressure, DBP diastolic blood pressure, CPAP continuous positive airway pressure. Based on [34ee]

Moreover, CPAP treatment is capable of increasing the per-
centage of hypertensive subjects who present a circadian BP
dipper pattern [23+, 43], a factor associated with an improved
cardiovascular prognosis, independent of the diurnal BP
levels.

As regards the effect of CPAP on BP, although this is mod-
est in hypertensive patients as a whole (a drop of 2-2.5 mmHg
in the mean 24-h systolic and diastolic BP readings) [40—43],
it seems to be more substantial in patients with more severe
OSA [40] and in those with poorer control of their BP levels
[41, 42].

This effect is also greater in patients with RH [23ee, 24, 25].
In a recent meta-analysis Iftikhar et al. [24] found that CPAP
treatment in patients with RH can reduce 24-h BP readings by
5.9-6.7 mmHg. This drop seems to be bigger in those patients
with higher baseline BP levels and, more particularly, in those
presenting good compliance with CPAP (at least 4-6 h per
night).

Only very recently, the only study to specifically ana-
lyse the effect of CPAP in patients with RfH, compared to
those with RH, was published [44e°] (Fig. 3). This was a
post hoc randomized controlled HIPARCO trial (the big-
gest of its kind for the analysis of the effect of CPAP on
patients with HR). The HIPARCO sample of 194 patients
with RH was divided into two: 41 patients with RfH versus
154 patients with RH, randomized to receive CPAP or no
CPAP for 3 months if they presented an AHI > 15 events/h.
Both the initial and final evaluations were undertaken in all
the patients with 24-h ABPM. The following table shows

the main results of the study in an intention-to-treat analy-
sis. Although there was only a limited number of RfH
patients (n=42), a very significant drop was observed in
both the 24-h systolic and diastolic BP readings (—
9 mmHg and — 7.3 mmHg, respectively), especially during
the night (—11.3 mmHg and — 8.8 mmHg, respectively).
Moreover, there was also a near-significant reduction in
the mean cardiac frequency and variability in BP readings;
this was greater in RfH patients than in RH patients, which
again supports the notion of sympathetic activation as a
key pathophysiological factor in this type of hypertension,
and the mechanism by which CPAP achieves a drop in BP
and thereby reduces this activation. A comparison of the
magnitudes of the reduction in BP achieved with CPAP
treatment in patients with RH and RfH showed that
CPAP obtained a statistically significant greater drop in
BP in RfH patients, adjusted for the initial values of BP
and OSA severity (— 7.4 mmHg of 24-h systolic BP, SBP),
while the drops in 24-h diastolic BP, DBP (—5 mmHg),
nocturnal DBP (— 6.6 mmHg), mean cardiac frequency
and the variability in BP readings all remained within the
limits of statistical significance. This suggests that the ef-
fect of CPAP was statistically higher in RfH patients than
in RH patients in the 24-h SBP readings, and near-
significantly higher in the 24-h DBP, nocturnal DBP, HR
and BP variability readings. Finally, in both groups, the
clinical picture associated with OSA improved significant-
ly (3.2 vs 3.9 points on the Epworth scale), with no signif-
icant differences between the two hypertensive groups.
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Future Challenges

The description of this special phenotype of hypertensive pa-
tients (RfH) has only recently been formulated, and that of its
association with OSA is even more recent, and so a fascinating
line of research has now opened up, with more questions than
answers at the moment. However, in the light of the results
obtained to date, particularly the high prevalence of OSA and
the considerable hypotensive effect of CPAP in these patients,
it is worth continuing to delve into this relationship, as it could
provide results that would improve our management of pa-
tients with RfH, who have an extremely poor prognosis and
little possibility of being controlled by a primarily pharmaco-
logical strategy.

Although RfH is not highly prevalent, it is seemingly on
the rise, and so future studies need to recruit a greater number
of patients on a multicentre basis in order to undertake RCTs
specifically focusing on RfH, as well as longitudinal studies
that analyse the effect of CPAP in the longer term and examine
whether it has any impact on the vital prognosis and incidence
of cardiovascular events in RfH patients.

Conclusions

According to the results that have recently been published, the
prevalence of OSA (including moderate-severe OSA) is very
high in patients with RfH, even more than in those with RH.
The pathophysiological mechanism mediating this relation-
ship seems to be the hyperactivation of the sympathetic ner-
vous system, and this is probably linked to the fact that CPAP
treatment, which controls sympathetic activation very effec-
tively in OSA patients, achieves very significant reductions in
these patients’ BP levels.

Clinical Remarks (Bullets)

1. The evidence available to date seems to indicate that the
difficulties in controlling BP levels in patients with RH
and RfH can be explained by two different pathophysio-
logical mechanisms. Thus, while the dysfunction of the
renin-angiotensin-aldosterone axis seems to play a lead-
ing role in RH, RfH is more closely linked to sympathetic
hyperstimulation, which in its turn coincides with the
mechanism by which OSA is capable of raising BP.

2. The prevalence of OSA and OSA syndrome is extraordi-
narily high in RfH patients, even though the probability of
their incidence is usually not very high in the pre-test
clinical picture. These circumstances mean that patients
with RfH must be sent to a sleep unit for a study.

3. CPAP treatment achieves a clinically and statistically sig-
nificant reduction in BP in RfH patients (even more than

@ Springer

in RH patients). These reductions are more marked in the
night-time BP readings.
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