
American Journal of Hypertension  33(8)  August 2020  741

ORIGINAL ARTICLE

1Vascular Biology and Hypertension Program, Department of Medicine, 
University of Alabama at Birmingham, Birmingham, Alabama, USA; 
2Division of Cardiology, Department of Medicine, Icahn School of 
Medicine at Mount Sinai, New York, New York, USA; 3Division of 
Nephrology, Department of Medicine, University of Alabama at 
Birmingham, Birmingham, Alabama, USA.

© American Journal of Hypertension, Ltd 2020. All rights reserved. 
For Permissions, please email: journals.permissions@oup.com

Correspondence: Mohammed Siddiqui (msiddiqui@uabmc.edu, 
siddiquimohd@gmail.com).

Initially submitted February 18, 2020; accepted for publication March 
11, 2020; online publication March 17, 2020.

Refractory hypertension (RfHTN) is a phenotype of 
antihypertensive treatment failure defined as uncontrolled 
blood pressure (BP ≥130/80  mm Hg) despite treatment 
with maximally tolerated doses of 5 or more different classes 
of antihypertensive medications, including a long-acting 
thiazide-like diuretic (chlorthalidone) and a mineralocorti-
coid receptor antagonist (MRA) such as spironolactone or 
eplerenone.1,2 In contrast, resistant hypertension (RHTN) 
is defined as uncontrolled BP on 3 or more medications, 
including a diuretic, while BP controlled on 4 or more 
medications is referred to as controlled RHTN.3 Prior studies 
have indicated that RfHTN is rare, comprising only about 5% 
of patients referred to a hypertension specialty clinic for un-
controlled RHTN.1,4,5 Patients with RfHTN are more likely 
to be female, African American and have higher rates of car-
diovascular complications, including stroke, left ventricular 
hypertrophy, and congestive heart failure compared with 
patients with controlled RHTN.1,4,5 In contrast to patients 
with RHTN, in whom the prevalence of white-coat effect, 

defined as uncontrolled BP in clinic but controlled out-of-
clinic in treated hypertensive patients is high (37–49%),6–8 
patients with RfHTN have a low prevalence of a white-coat 
effect (6.5%).9 Antihypertensive medication adherence, 
however, is similar in patients with RfHTN and RHTN, 
with approximately 50% of both patient types adherent with 
prescribed medical regimens.10–13

Many studies indicate that RHTN is attributable to ex-
cess fluid retention related in large part to high dietary so-
dium intake and aldosterone excess.3,14,15 In contrast, indirect 
assessments of sympathetic tone suggest that RfHTN is attrib-
utable to heightened sympathetic output and not by persistent 
excess fluid retention,1,16,17 To test the hypothesis that RfHTN 
is neurogenic in etiology, the current proof-of-concept study 
was carried out to assess the effect of reserpine, a potent sym-
patholytic agent, on BP in patients with RfHTN whose BP 
remained uncontrolled in spite of being adherent with at least 
5 different class of antihypertensive, including optimal diu-
retic treatment with use of chlorthalidone and an MRA.
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BACKGROUND
Refractory hypertension (RfHTN), a phenotype of antihypertensive 
treatment failure, is defined as uncontrolled automated office blood 
pressure (AOBP) ≥130/80 mm Hg and awake ambulatory blood pressure 
(ABP) ≥130/80 mm Hg on ≥5 antihypertensive medications, including 
chlorthalidone and a mineralocorticoid receptor antagonist. Previous 
studies suggest that RfHTN is attributable to heightened sympathetic 
tone. The current study tested whether reserpine, a potent sympatho-
lytic agent, lowers blood pressure (BP) in patients with RfHTN.

METHODS
Twenty-one out of 45 consecutive patients with suspected RfHTN were 
determined to be fully adherent with their antihypertensive regimen. 
Seven patients agreed to participate in the current clinical trial with 
reserpine and 6 patients completed the study. Other sympatholytic 
medications, such as clonidine or guanfacine, were tapered and discon-
tinued before starting reserpine. Reserpine 0.1 mg daily was administered 
in an open-label fashion for 4 weeks. All patients were evaluated by AOBP 
and 24-hour ABP at baseline and after 4 weeks of treatment.

RESULTS
Reserpine lowered mean systolic and diastolic AOBP by 29.3  ± 22.2 
and 22.0 ± 15.8 mm Hg, respectively. Mean 24-hour systolic and dias-
tolic ABPs were reduced by 21.8 ± 13.4 and 15.3 ± 9.6 mm Hg, mean 
awake systolic and diastolic ABPs by 23.8 ± 11.8 and 17.8 ± 9.2 mm Hg, 
and mean asleep systolic and diastolic ABPs by 21.5 ± 11.4 and 13.7 ± 
6.4 mm Hg, respectively.

CONCLUSIONS
Reserpine, a potent sympatholytic agent, lowers BP in patients whose 
BP remained uncontrolled on maximal antihypertensive therapy, 
lending support to the hypothesis that excess sympathetic output 
contributes importantly to the development of RfHTN.
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METHODS

Study population

Patients referred to the UAB Hypertension Clinic for un-
controlled RHTN were recruited between July 2015 and 
October 2018. Patients were evaluated for secondary causes 
of hypertension, including hyperaldosteronism, pheochro-
mocytoma, and renal artery stenosis as clinically indicated. 
Patients were eligible for enrollment if their automated of-
fice blood pressure (AOBP) remained elevated ≥130/80 mm 
Hg after having been seen by a hypertension specialist for 
a minimum of 3 follow-up visits and had confirmation of 
full adherence with at least 5 antihypertensive agents from 
different classes, including chlorthalidone and an MRA. 
Exclusions included patients with chronic kidney disease 
stage 4 or 5 (estimated glomerular filteration rate <30  ml/
min/1.73 m2) or pregnancy. The study was approved by the 
UAB Institutional Review Board and written informed con-
sent was obtained from all participants.

Determine of medication adherence

Antihypertensive medication adherence was detected by 
high-performance liquid chromatography–tandem mass 
spectrometry to detect antihypertensive medications and 
metabolites.10

Withdrawal of centrally acting agents

Before addition of reserpine, central acting α1-agonists 
(i.e., clonidine or guanfacine) were tapered and withdrawn 
in 3 patients. Other medications were adjusted to maintain 
and prevent further increases in the BP.

Open-label reserpine

Participants were dispensed reserpine 0.1 mg to be taken 
orally once daily for 4 weeks in addition to their other 
antihypertensive medications. Reserpine is not commer-
cially available in the United States as pills, but is available in 
bulk form. The bulk drug was obtained from the manufac-
turer and encapsulated by a local compounding pharmacy 
(Double Oak Mountain Pharmacy, Birmingham, AL). The 
reserpine 0.1mg capsules were verified to be within United 
States Pharmacopeia potency guidelines confirmed by high-
performance liquid chromatography analysis of a random 
sample of capsules with 94.2% of expected drug by an inde-
pendent laboratory (ARL Bio Pharma, Oklahoma City, OK).

Blood pressure measurement

Clinic AOBP measurement  AOBP was measured after 
at least 5 minutes of quiet rest in a sitting position with the 
back supported and the arm supported at heart level using 
the BpTRU device, which automatically obtains 6 serial BP 
readings, 1 minute apart, before displaying the average of 
the last 5 readings.18–20 All BpTRU assessments were unat-
tended, i.e., unobserved in clinic.19,21–24 An appropriate sized 

cuff was used with a cuff bladder encircling at least 80% of 
the arm.19,25 A BP cutoff of ≥130/80 mm Hg for hyperten-
sion was used.2,20 AOBP was measured at baseline and at 4 
weeks of the reserpine treatment.

Out-of-clinic 24-hour ambulatory blood pressure 
monitoring  An automated, noninvasive, oscillometric device 
(Oscar 2; Suntech Medical, Morrisville, NC) was used to perform 
24-hour ambulatory blood pressure monitoring (ABPM).26,27 
Recordings were made every 20 minutes during the awake (day-
time) and every 30 minutes during the nighttime (asleep) phases 
of the 24-hour period. Awake and asleep times were determined 
by patient self-report.26,27 The 24-hour ABPM was determined 
to be valid if ≥80% of measurements were successful, including 
at least 20 awake (daytime) and 7 asleep (nighttime) valid BP 
measurements.20,28 Uncontrolled 24-hour ABPM was defined 
as mean 24-hour BP ≥125/75 mm Hg, mean awake (daytime) 
ambulatory blood pressure (ABP) ≥130/80 mm Hg and mean 
asleep (nighttime) ABP ≥115/75 mm Hg.2,20 All patients were 
counseled to take all antihypertensive medications during the 
24-hour ABPM period. ABP was measured at baseline and at 
end of 4 weeks of reserpine treatment.

Biochemical analysis

Serum electrolytes, blood urea nitrogen, and creatinine 
were measured according to routine laboratory methods at 
baseline and at 4 weeks of reserpine treatment period.

Electrocardiogram

An electrocardiogram was done at baseline and at 4 weeks 
of the reserpine treatment to monitor patients for potential 
bradycardia and/or conduction abnormalities.

Statistical analysis

Descriptive analyses were performed to summarize the 
demographic and biochemical characteristics, as well as 
comorbidities and adherence to antihypertensive medica-
tion classes in RfHTN. BP and heart rate (HR) were assessed 
at baseline and after reserpine treatment by paired T-test. All 
analyses were performed using SPSS version 25.

RESULTS

Out of 45 patients, 21 were confirmed to have true 
RfHTN based on AOBP, ABPM, and confirmation of full 
antihypertensive medication adherence by liquid chroma-
tography–tandem mass spectrometry.10 Of these 21 patients, 
7 agreed to participate in the current clinical trial. One pa-
tient had Non ST-elevation myocardial infarction during 
tapering of α2-agonist (clonidine) and the remaining 6 
patients completed the study (Figure 1).

Baseline characteristics

At baseline, the mean age of the study participants was 
49.5 ± 9.4 years; 66.7% were female and 100.0% were African 
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American. Overall, 50% of the study participants had a  
history of heart failure; 50% had a history of prior stroke or 
transient ischemic attack; 33.3% had a history diabetes; and 
33.3% had dyslipidemia (Table 1).

Baseline medication use

At the baseline visit, all patients were on 5 or more 
antihypertensive medications including an angiotensin-
converting enzyme inhibitor (lisinopril or quinapril) 
or an angiotensin receptor blocker (losartan), a 
long-acting dihydropyridine calcium channel blocker 
(amlodipine), a long-acting thiazide or thiazide-like di-
uretic (chlorthalidone), and an MRA (spironolactone 
or eplerenone). The fifth or higher antihypertensive 
medications were a αβ-blocker (carvedilol or labetalol), 
and/or a vasodilator (hydralazine or minoxidil) and/or a 
α2-agonist (clonidine or guanfacine).

Confirmed refractory hypertension adherent with at least 5 an
hypertensive medica
ons
(n=21, 52.5%)

Refractory hypertension by AOBP and ABPM
(n=40)

Excluded - Not adherent on an
hypertensive medica
ons
(n=19, 47.5%)

Refractory hypertensive pa
ents recruited in clinical trial with reserpine 0.1mg - Visit 1
(n=7)

Baseline Visit 2 (n=6)
(Automated office BP, 24Hr Ambulatory BP monitoring, Renal func
on panel, Electrocardiogram)

Reserpine 0.1mg (Open label)
4 weeks

Visit 3 (n=6)
(Automated office BP, 24Hr ambulatory BP Monitoring, Renal func
on panel, Electrocardiogram)

Adverse event during tapering of α2-agonist
(n=1)

Refractory hypertension by AOBP
(n=45)

Excluded - White-coat effect
(n=5)

Figure 1.  Schematic of enrolled study participants. Abbreviations: AOBP, automated office blood pressure; BP, blood pressure.

Table 1.  Baseline characteristics in patients with refractory 
hypertension

Demographics

  Age (y) 49.5 ± 9.4

  Females 4 (66.7%)

  African Americans 6 (100.0%)

Comorbidities

  Current smoker 2 (33.3%)

  Current alcohol 1 (16.7%)

  Dyslipidemia 2 (33.3%)

  Congestive heart failure 3 (50.0%)

  Coronary artery disease 1 (16.7%)

  Diabetes 2 (33.3%)

  Prior stroke/transient ischemic attack 3 (50.0%)

Body mass index (kg/m2) 31.1 ± 2.2
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Blood pressure measurement

Clinic AOBP  The mean systolic and diastolic AOBPs at 
baseline were 161.5 ± 25.5/100.0 ± 16.2 mm Hg. The mean 
HR was 80.3 ± 12.3 beats/min.

Four weeks of reserpine therapy reduced systolic AOBP by 
29.3 ± 22.2 (P-value = 0.023) and diastolic AOBP by 22.0 ± 
15.8 mm Hg (P-value = 0.019, Figure 2). HR was reduced by 
12.0 ± 5.6 beats/min (P-value = 0.003, Figure 2).

Out-of-clinic 24-hour ABPM  At baseline, the mean 
24-hour systolic and diastolic ABPs were 171.5 ± 21.3/101.8 ± 
15.0 mm Hg. The mean awake (daytime) systolic and dias-
tolic ABPs were 174.3 ± 20.1/105.8 ± 14.7 mm Hg. The mean 
asleep (nighttime) systolic and diastolic ABPs were 161.8 ± 
22.8/90.8 ± 12.8 mm Hg. At baseline, the mean 24-hour HR 
was 77.3  ± 7.1 beats/min, mean awake (daytime) HR was 
77.5 ± 6.9 beats/min, and asleep (nighttime) HR was 78.5 ± 
7.4 beats/min (Table 2).

Twenty-four hour systolic and diastolic ABPs were 
reduced by 21.8  ± 13.4 (P-value  =  0.010) and 15.3  ± 
9.6  mm Hg, respectively (P-value  =  0.011). Awake (day-
time) systolic and diastolic ABPs were reduced by 23.8  ± 
11.8 (P-value = 0.004) and 17.8 ± 9.2 mm Hg, respectively 
(P-value = 0.005). Asleep (nighttime) systolic and diastolic 
ABPs were reduced by 21.5  ± 11.4 (P-value  =  0.006) and 
13.7 ± 6.4 mm Hg, respectively (P-value = 0.004, Figure 2). 
There was a significant reduction in 24-hour HR of 10.2 ± 4.4 
beats/min (P-value = 0.002), awake HR of 10.5 ± 4.0 beats/
min (P-value = 0.001), and asleep HR of 9.8 ± 7.2 beats/min 
(P-value = 0.021, Figure 2).

Adverse effects with reserpine

No participant reported any adverse effect with use of res-
erpine during the 4-week treatment period.

Biochemical analysis

There was no significant change in serum potassium, so-
dium, or creatinine with reserpine use (Table 2).

Electrocardiogram

There was no evidence of atrioventricular conduction 
delays or bradycardia during the reserpine treatment period.

DISCUSSION

RHTN is a well-characterized phenotype of difficult-
to-treat hypertension that occur most commonly in older, 
or obese person, or African Americans, and those with 
chronic kidney disease, or diabetes. A  large body litera-
ture, including the PATHWAY-2 main study and substudy, 
has shown that RHTN is largely attributable to excess intra-
vascular fluid retention, i.e., is volume dependent, and that 
the inappropriate fluid retention is in large part secondary 
to high dietary sodium intake and aldosterone excess.29 
Accordingly, after failure to control BP on a triple combi-
nation of an angiotensin-converting enzyme inhibitor or an 
angiotensin receptor blocker, a long-acting dihydropyridine 
calcium channel blocker, and a long-acting thiazide or 
thiazide-like diuretic, the most effective agent for treatment 
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Figure 2.  Mean reduction in automated office and ambulatory BP and heart rate after reserpine treatment. Abbreviation: BP, blood pressure.
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of RHTN has been shown to be an MRA, specifically, spi-
ronolactone. In contrast, RfHTN is an extreme phenotype 
of antihypertensive treatment failure, in which BP remains 
uncontrolled despite use of 5 or more antihypertensive 
agents of difficult classes, including a thiazide-like diuretic 
and an MRA. Risk factors for RfHTN overlap with those for 
RHTN, including obesity and African American race, with 
some studies reporting that patients with RfHTN tend to 
younger and more often female than patients with controlled 
RHTN.1,4,5 Patients with RfHTN are at higher cardiovascular 
risk than those with controlled or uncontrolled RHTN, with 
cross-sectional studies indicating higher rates of prevalent 
left ventricular hypertrophy, chronic kidney disease, conges-
tive heart failure (especially with preserved left ventricular 
ejection fraction), and stroke.1,4,5

Importantly, previous studies have indicated that, unlike 
RHTN that is largely volume dependent in etiology, heightened 
sympathetic output may underlie the antihypertensive treat-
ment failure that characterizes RfHTN.1,3,14,15,17 In the setting 
of treatment with chlorthalidone, an MRA and to at least 3 
other classes of antihypertensive agents, indices of intravas-
cular volume have been shown not to differ between patients 
with RfTHN vs. those with controlled RHTN.16 Specifically, 
indices of intravascular volume, including plasma renin 

activity, natriuretic peptide levels, intracardiac volumes, 
and thoracic impedance were the same or even lower in 
patients with RfHTN vs. patients with controlled RHTN.1,16 
However, in these comparisons, patients with RfHTN had 
higher indices of sympathetic tone, including increased 
peripheral vascular resistance, HR variability, 24-hour uri-
nary norepinephrine levels, and daytime and nighttime HR. 
Elevated HR values have been consistent finding in patients 
with RfHTN.1

The current study, in a proof-of-concept design, was 
conducted to directly test the hypothesis that patients with 
confirmed RfHTN have heightened sympathetic tone un-
derlying their treatment failure. The enrolled patients were 
determined to be truly refractory to antihypertensive treat-
ment based elevated office and ambulatory BP levels in spite 
of use of 5 classes of antihypertensive agents, including 
chlorthalidone and an MRA in maximally tolerated doses. 
Adherence to antihypertensive medications was confirmed 
by direct measurement of urinary drug and drug metabolite 
levels by liquid chromatography–tandem mass spectrom-
etry.10 In this setting, reserpine 0.1 mg once daily substan-
tially lowered both clinic and ambulatory BP. The mean 
reduction in 24-hour systolic and diastolic BP was 21.8  ± 
13.4/15.3 ± 9.6 mm Hg. One patient had an extreme 24-hour 

Table 2.  Blood pressure, heart rate and biochemistry in patients with refractory hypertension at baseline and after treatment with reserpine

Variables Baseline After reserpine intervention

Automated office blood pressure

  Systolic BP (mm Hg) 161.5 ± 25.5 132.2 ± 18.9

  Diastolic BP (mm Hg) 100.0 ± 16.2 78.0 ± 11.6

  Heart rate (beats/min) 80.3 ± 12.3 68.3 ± 13.3

24-Hour ambulatory blood pressure

  24-Hour (overall) systolic BP (mm Hg) 171.5 ± 21.3 149.7 ± 13.7

  24-Hour (overall) diastolic BP (mm Hg) 101.8 ± 15.0 86.5 ± 10.9

  24-Hour (overall) mean arterial pressure (mm Hg) 125.2 ± 16.3 107.8 ± 10.6

  24-Hour (overall) heart rate (beats/min) 77.3 ± 7.1 67.2 ± 5.5

  Awake (daytime) systolic BP (mm Hg) 174.3 ± 20.1 150.5 ± 13.6

  Awake (daytime) diastolic BP (mm Hg) 105.8 ± 14.7 88.0 ± 9.6

  Awake (daytime) mean arterial pressure (mm Hg) 128.8 ± 15.4 108.8 ± 9.4

  Awake (daytime) heart rate (beats/min) 77.5 ± 6.9 67.0 ± 5.9

  Asleep (nighttime) systolic BP (mm Hg) 161.8 ± 22.8 140.3 ± 13.5

  Asleep (nighttime) diastolic BP (mm Hg) 90.8 ± 12.8 77.2 ± 9.6

  Asleep (nighttime) mean arterial pressure (mm Hg) 114.5 ± 15.2 98.3 ± 9.8

  Asleep (nighttime) heart rate (beats/min) 78.5 ± 7.4 68.7 ± 6.0

Biochemistry

  Sodium (mmol/l) 138.0 ± 4.7 138.6 ± 0.8

  Potassium (mmol/l) 4.4 ± 0.4 4.3 ± 0.4

  Bicarbonate (mmol/l) 24.5 ± 3.3 23.8 ± 1.7

  Blood urea nitrogen (mg/dl) 17.6 ± 7.2 16.4 ± 10.2

  Creatinine (mg/dl) 1.1 ± 0.2 1.1 ± 0.3

Abbreviation: BP, blood pressure.
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systolic and diastolic ABP reduction of 47/33 mm Hg, but 
even after excluding her from the analysis, the mean reduc-
tion in the 24-hour ABP of the other 5 participants remained 
significant (mean reduction of 24-hour systolic ABP was 
16.8  ± 5.7, P-value  =  0.003 and diastolic ABP was 11.8  ± 
4.4 mm Hg, P-value = 0.004).

The current results provide important preliminary evidence 
that antihypertensive treatment failure in the presence of ap-
propriately dosed diuretic therapy, including chlorthalidone 
and an MRA is attributable, at least in part, to heightened 
sympathetic output. Failure of regimens that include effective 
diuretic therapy, i.e., a long-acting thiazide diuretic and an 
MRA is likely an important discriminating factor; by failing 
generally effective antihypertensive regimens, including spe-
cifically blocking aldosterone, volume dependent causes of 
treatment resistance have likely been overcome, leaving other 
undertreated etiologies of treatment resistance, which the cur-
rent and prior findings suggest may be in large part sympa-
thetic hyperactivity. If so, it is hypothesized that these patients 
may preferentially benefit from effective sympatholytic 
therapies, such as long-acting and well-tolerated medications 
or device-based treatments.

The current findings are clearly preliminary given the 
small cohort size and open-label, uncontrolled study design. 
Larger, blinded, and controlled trials will be needed to more 
rigorously test this hypothesis. Such assessments will likely 
need to be multicenter in design given the low prevalence of 
true RfHTN and the fact that such patients tend to present 
with serious comorbidities related to their uncontrolled and 
often severe hypertension that may preclude participation in 
a clinical trial.

Reserpine, a potent sympatholytic agent, substantially 
lowers BP in patients whose BP remained uncontrolled on 
maximal antihypertensive therapy, lending support to the 
hypothesis that excess sympathetic output contributes im-
portantly to the development of RfHTN.

SUPPLEMENTARY MATERIAL

Supplementary data are available at American Journal of 
Hypertension online.

Supplementary Figure 1.  Automated office and ambu-
latory BP and heart rate at baseline and after reserpine 
treatment.

Supplementary Figure 2.  Individual drop in automated 
office and ambulatory BP and heart rate after reserpine 
treatment.
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