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Abstract

Background Treatment resistant hypertension (TRH) is defined as uncontrolled blood
pressure (>140/90 mm Hg) after treatment with the intensified dose of three standard anti-
hypertensive drugs. Management of TRH involves addition of fourth line drugs on stan-
dard care or interventional therapies (Renal denervation, Baroreceptor activation, Central
venous anastomosis). However, evidence concerning cost-effectiveness of interventional
therapies is inconclusive.
Objective This systematic review was conducted to extract the level of evidence on
cost-effectiveness of interventional therapies for TRH.
Method We systematically searched articles written in English language since January
2000 to January 2020 from the following databases: PubMed/Medline, Ovid/Medline,
Embase, Scopus, Web of Science, Google scholar and other relevant sources.
Key findings Twelve pharmacoeconomic studies were included in this systematic review.
Renal denervation (RDN) is the most commonly studied intervention therapy for treatment of
TRH. Participants included in the study vary from age 18-99 years. The incremental cost-ef-
fectiveness ratio (ICER) of RDN ranged from $1,709.84 per QALY gained in Netherlands to
66,380.3 per QALY gained in Australia. RDN was cost-effective in high-risk patients in UK,
Australia, Canada, Netherlands, USA, Germany, Russia and Korea. The cost-effectiveness
was influenced by the magnitude of effect of RDN on systolic blood pressure, the rate of
RDN nonresponders, and the procedure costs of RDN and assumption of long-term time hori-
zon. However, the ICER of RDN in Mexico was above MXN$ 139,000 GDP/capita of the
country. The ICER of implantable carotid body stimulator was $64,400 per QALYs gained.
The cost-effectiveness of baroreceptor activation didn’t improve with age.
Conclusion Overall cost-effectiveness of interventional therapies for treatment of TRH
was inconclusive based on the current available evidence. Therefore, strong clinical trials
and pharmacoeconomic evaluations from different perspectives in various candidate popu-
lations are needed to generate adequate clinical and cost-effectiveness evidence for using
interventional therapies in treatment of treatment resistant hypertension.

Keywords baroreceptor activation; central arteriovenous anastomosis; cost-effectiveness;
renal denervation; systematic review; treatment-resistant hypertension

Background

Hypertension is a global burden and major modifiable risk factor for cardiovascular diseases.
Globally, the blood pressure control rate is below 20%. For example, Sub-Saharan Africa less
than one out of ten people have achieved blood pressure control target (BP < 140/90mmHg).[1].

A significant number of factors are contributing for failure to blood pressure control.
These factors include the following: poverty, poor health literacy, unhealthy lifestyle,
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poor adherence, misdiagnosis of resistance, improper BP
readings, physician inertia, poor lifestyle education and drug
interactions.[2].

Treatment-resistant hypertension (TRH) is defined as
uncontrolled blood pressure (>140/90 mm Hg) after treat-
ment with the intensified dose of three standard antihyper-
tensive drugs with ensured treatment adherence. These three
antihypertensive drugs are angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers (ACEIs/ARBs), a
calcium channel blocker and a diuretic. Diagnosis of TRH
should be made after excluding pseudo-resistance (false-
resistance), non-adherence to medication, intolerance to
medications, secondary hypertension and white coat hyper-
tension.[3–6]

Although patients with TRH may have elevations in both
systolic and diastolic pressures, isolated systolic BP resis-
tance is more common. Treatment of older adults with iso-
lated systolic resistance is more difficult since dose
intensification of the regimen may lead to unacceptably low
diastolic pressures.[7]

A systematic review conducted to determine the global
burden of treatment-resistant hypertension showed that the
prevalence of true-resistant and apparent treatment-resistant
among general population treated for hypertension, was
10.3% and 14.7% respectively. The prevalence among CKD
patients was 22.9% [1]. Patients with TRH are exposed to
threefold to fivefold higher risk of cardiovascular events
including ischaemic heart disease, heart failure, stroke,
CKD and peripheral vascular disease.[8]

Risk factors for TRH include black race, older age, male
sex, obesity, suboptimal therapy, lifestyle and diet, medica-
tions, left ventricular hypertrophy, albuminuria, diabetes mel-
litus, CKD, higher Framingham 10-year risk score,
obstructive sleep apnoea (OSA), peripheral and carotid artery
atherosclerosis, impaired endothelial function, reduced arte-
rial compliance and raised systemic vascular resistance.[9]

Ensuring adherence to drug treatment is the first step in
management of TRH as non-adherence is a major case of
apparent TRH.[10] Determining serum concentration of
drugs or its metabolites by using advanced instruments like
high-performance liquid chromatography integrated with
mass spectrophotometry (HPLC/MS) is the gold standard
measure of medication adherence.[4] After addressing barri-
ers to adherence, ensuring effectiveness and simplifying the
regimen if feasible is important before adding fourth-line
agent.[11] Addition of fourth-line agents, especially spirono-
lactone in patients with normal blood potassium level is rec-
ommended.[4] Other Medications that can be considered for
add-on therapy include the following: furosemide, doxa-
zosin, terazosin, beta blockers, aliskiren, clonidine, methyl-
dopa, hydralazine and minoxidil.[12]

In addition to add-on drug therapies, there are interven-
tional therapies that have been tried in treating TRH. These
include the following: renal denervation (RDN), carotid
baroreceptor activation and central arteriovenous anastomo-
sis.[13–18]

Renal sympathetic nerve activation is a key to pathogen-
esis of hypertension. Hyperstimulation of the renal efferent
nerves mediates hypertension by promoting sodium reten-
tion, decreasing renal blood flow and glomerular filtration

and increasing renin release, thus promoting activation of
the renin–angiotensin–aldosterone neurohormonal cas-
cade.[19] Pocket evidences suggest that denervation of the
renal sympathetic nerves, either by catheter-based radiofre-
quency ablation or by catheter-based ultrasound ablation,
reduces blood pressure.[20–22] However, efficacy and safety
of RDN are comparable to standard pharmacotherapy for
treating patients with TRH.[23,24]

Sympathetic nervous system is playing central role for
CVD.[25] Stimulation of the carotid sinus baroreflex system
or baroreflex activation therapy (BAT) may decrease blood
pressure in patients with TRH.[26] However, one large trial
showed no significant difference in BP reduction, increased
procedure-related adverse event, including nerve injury.[27]

Third investigational strategy that has been tried for the
treatment of TRH is formation of central arteriovenous
anastomosis. It targets the pathophysiological mechanisms
that predominate in adult hypertension. This is because cre-
ation of an arteriovenous anastomosis between large vessels
shunts a substantial amount of blood into the high-capacity,
low-resistance venous system, which can decrease total sys-
temic vascular resistance and therefore decrease blood pres-
sure.[28] An open-label trial of 83 adults with resistant
hypertension showed that percutaneous placement of an
iliac arteriovenous anastomosis significantly lowered office
systolic pressure and 24-h ambulatory systolic pressure
compared with usual care. However, the effects on cardiac
output and central haemodynamics, as well as the long-term
safety of the procedure, were not assessed.[29]

The role for interventional strategies, alongside medica-
tions, is a growing area of interest as a possible solution for
the treatment of management of TRH.[8,30] The evidence on
cost-effectiveness of interventional therapies remains incon-
clusive to adopt these methods in routine clinical practice.[4]

Therefore, this review was conducted to extract the level of
evidence on cost-effectiveness of interventional therapies for
true treatment-resistant hypertension based on pharmacoeco-
nomic studies.

Methods

Data sources and search strategy

We searched articles written in English language since Jan-
uary 2000 from the following databases: PubMed/MED-
LINE, Ovid/MEDLINE, EMBASE, Scopus, Web of
Science and Google scholar with systematic search query
(available in Supplementary file Appendix S1).

PICO for the systematic review

1 Population: Adult patients 18 years and older with drug-
resistant hypertension

2 Intervention: Interventional therapies (renal denervation,
carotid baroreceptor stimulation and central arteriove-
nous anastomosis)

3 Comparison: Standard antihypertensive pharmacotherapy
for the treatment of treatment-resistant hypertension

4 Outcome: Cost-effectiveness of interventional therapies,
quality-adjusted life-years (QALY), life-years lost (LYs),
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incremental cost–utility ratio (ICUR/QALY), incremental
cost-effectiveness ratio (ICER), relative risk for clinical
endpoints

Study types

Pharmacoeconomic studies (cost-effectiveness analysis,
cost–benefit analysis and cost–utility analysis).

Inclusion and exclusion criteria

1 Pharmacoeconomic studies comparing cost-effectiveness
of standard antihypertensive drugs and interventional
therapies with standard antihypertensive drugs and add-
on drug therapy among adults with true-resistant hyper-
tension are included

2 Interventional therapies that have been tried for TRH
(renal denervation, carotid baroreceptor stimulation and
central arteriovenous anastomosis) were included

3 Studies conducted before January 2000 are excluded
4 Articles that are not considering cost-effectiveness

(CEA, CBA, CUA) are excluded
5 Guidelines are excluded because their recommendations

sometimes could be based on expert opinions and finan-
cial capacity of the corresponding health system

6 Review articles, short communications and conference
proceedings are excluded

7 Articles that do not met quality evaluation criteria are
excluded. Quality of pharmacoeconomic studies was
evaluated by using critical appraisal tool designed by
Drummond and Jefferson and colleagues to evaluate
quality of pharmacoecomic studies.[31–34]

Study selection

From a total of 427 articles identified by literature search,
45 potentially relevant articles were selected, after applying
the inclusion–exclusion criteria listed above only 14 articles
were found to be relevant. With intention to have strong
evidence, we applied quality check for selected 14 articles
and 12 were found to meet our quality check and consid-
ered for review[35] (Figure 1). Three investigators indepen-
dently reviewed each study’s abstract against pre-specified
inclusion and exclusion criteria. In case of disagreement on
quality of the article, two authors discussed in the presence
of the third and fourth authors. We included good quality
Pharmacoeconomic studies that assessed the cost-effective-
ness of interventional therapies for the treatment of true
drug-resistant hypertension.

Risk of bias assessment

We evaluated the risk of bias by using a critical appraisal
tool to assess the quality of cross-sectional studies (AXIS)
which is developed by experts.[36] The AXIS tool contains
20 questions, of which six questions are related to the possi-
bility of bias.[36] In addition to this, we used model-based
economic evaluations (ECOBIAS) bias checklist.[37] The

tool contains three major biases associated with model-eco-
nomic evaluations including bias related to structure (struc-
tural assumption bias, no treatment comparator bias, wrong
model bias, limited time horizon bias); bias related to data
(data identification bias, baseline data-related bias, treatment
effects bias, quality-of-life weights bias, non-transparent
data incorporation bias, limited scope bias); and bias related
to internal consistency.[37] All authors evaluated the risk of
bias of included studies independently. Based on AXIS tool
and ECOBIAS checklist, pharmacoeconomic studies
included in this review have low risk of bias (Table 1).

Critical appraisal and quality assessment

The quality of cost-effectiveness studies was assessed using
a critical appraisal checklist based on that by Drummond,
Jefferson et al.[31–33] (Table 2). Two investigators indepen-
dently assessed each study’s quality as ’good’, or ’poor’ by
using this checklist. We excluded all poor-quality pharma-
coeconomic studies. In general, a good quality studies did
not meet at most one pre-specified criteria. A poor-quality
study did not meet at least two criteria and had a fatal
limitation.

Data extraction

Two investigators extracted study design information, base-
line population characteristics, intervention details, disease
incidence, mortality and harms data from all included stud-
ies into a standardised evidence tables. A second investiga-
tor checked these data for accuracy. Disagreements among
us are managed through discussion in the presence of other
authors.

Sensitivity analysis

Pharmacoeconomic studies with sensitivity analysis were
included. The results of sensitivity analysis were reported in
evidence table (Table 3).

Data synthesis and analysis

We qualitatively described and summarised the evidence on
cost-effectiveness of interventional therapies from selected
pharmacoeconomic studies. We stratified results by method
(renal denervation, baroreceptor stimulation and central arte-
riovenous anastomosis) screening, perspective of pharma-
coeconomic evaluation, target population included and
synthesised the results of included studies by examining
outcomes and the respective recommendations.

Results

We screened 335 abstracts, reviewed 45 full-text articles
and included 12 articles in this review (Table 3). Almost all
studies were from developed countries. Two studies from
USA,[15,17] two studies from Australia[38,39] two studies
from UK[40,41] and one study from each of six countries:
Canada,[42] the Netherlands,[43] Germany,[44] Russia,[45]
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Korea,[46] Mexico[47] were included. Concerning the per-
spectives of the studies, seven were done from payer per-
spective, followed by four from health system perspective
and one from societal perspective.

Most of the studies used lifetime Markov’s model to
quantify cost-effectiveness of interventional therapies for the
treatment of true drug-resistant hypertension. With regard to
types of interventional methods studied, almost all 11
(91.7%) evaluated cost-effectiveness of renal denervation
therapy[15,38–47] and only one study evaluated the cost-effec-
tiveness of ceratoid baroreceptor stimulation therapy[17]

(Table 3).
Participants included in the study vary from age 18–

99 years. Four studies were among adult patients, 4 were
among adults aged 45–70 years and one study was among
each of the following age groups 15–85 years, 45–64 years,
30–99 years and 50 years old patients. The incremental
cost-effectiveness ratio (ICER) of RDN ranges from
$1709.84/QALY gained in the Netherlands to 66 380.3/
QALY gained in Australia, while ICER of implantable caro-
tid body stimulator was $64 400/QALYs gained. All costs
and QALYs were discounted at annual rate of three to 3.5%
(Table 3).

A study conducted in USA from societal perspective
showed that RDN increased costs by $2013 over a lifetime
compared to standard care. The incremental cost per life-
year gained with renal denervation over standard of care
was $2715, and the incremental cost per QALY gained was
$3071.[15] The incremental cost per QALY was below the
threshold of $30 000 in 97% of the simulations and below
$50 000 per QALY in 99.6% of the simulations. The RDN

was compared to the conventional treatment. Clinical inputs
were obtained from published sources by systematic review
of literatures. Treatment effect was taken from an RCT that
was likely to have high internal validity. Transition proba-
bilities were taken from well-known observational studies.
No details of sources of utility weights were provided. The
societal perspective was adopted, but the whole economic
analysis was not clear as most details of the analysis were
not reported. Costs were taken from published sources that
were likely to be representative of the USA setting, but
these were not described. The price year was reported
clearly but overall the economic analysis was not reported
transparently. An incremental approach was appropriate to
synthesise costs and benefits of the various strategies. One-
way and a comprehensive probabilistic sensitivity analysis
were done to address the issue of uncertainty. The study
limitations were acknowledged. Study findings were specific
to the USA setting and did not appear to be directly trans-
ferable to other countries.[15]

Another study conducted in USA to investigate evidence
on cost-effectiveness of an implantable carotid body stimu-
lator showed that the intervention may be cost-effective,
with an ICER $50 000 to $100 000/QALY gained. How-
ever, the cost-effectiveness of the intervention does not
improve beyond 60 years and it was more cost-effective in
hypertensive females than males.[17] A lifetime cost-effec-
tiveness modelling done was appropriate since hypertension
chronic illness.[48]. Input parameters were derived from
RCTs with good quality. Implantable carotid body stimula-
tor was compared with failed best medical therapy. Cost-ef-
fectiveness modelling was done from the USA health

Figure 1 PRISMA flowchart repre-
senting the result of search and the
number of articles excluded and eligi-
ble for review.
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system payer perspective. All relevant costs including costs
of device, the surgical implantation or removal procedure,
and ongoing maintenance were included. All future costs
and utilities were discounted at 3%, and a series of one-way
and two-way sensitivity analyses tested the individual
assumptions in the model. The conclusion was made based
on the findings. The cost-effectiveness was influenced by
cohort characteristics and efficacy the intervention.[17]

A study conducted in Australia from payer perspective
revealed that RDN is associated with higher incremental
costs ($5951.04). Resulting in an incremental cost per
QALY gained of $13 852 and it is a cost effective for treat-
ment-resistant hypertension at willingness-to-pay thresholds
of $25 000 and $50 000/QALY for 18.2 and 12.2 mmHg
systolic blood pressure reductions, respectively.[39] The
cost-effectiveness was evaluated for 10 years and lifetime
horizon. Input parameters were based on meta-analysis of

all studies. All relevant costs were considered from health
system perspective was considered. Both ICER and QALY
discounted at 3% per year and sensitivity analyses demon-
strated reliability of the base case results. Renal denervation
is a cost-effective treatment option for patients with TRH in
Australia at the stated willingness-to-pay level. The cost-ef-
fectiveness was influenced by magnitude of SBP reduction
with RDN and long-term patient outcome assumptions.[24]

Cost-effectiveness and cost–utility study conducted in
Australia among TRH patients aged 60 years with an initial
10-year predicted cardiovascular disease risk of at least
13.2% would represent a cost-effective approach assuming a
willingness-to-pay threshold of AUD 50 000 compared with
SoC alone.[38] The study compared SoC with SoC and
RDN. Clinical inputs were obtained from published sources
selected by means of a systematic review of the literature
that should have identified relevant studies. Treatment effect
was appropriately taken from a RCT that was likely to have
high internal validity. Transition probabilities were taken
from well-known observational studies. Details of sources
of utility weights were provided for different health states.
Whole economic analysis was clearly reported from health-
care perspective. Costs were taken from published sources
that were likely to be representative of the Australia. Appro-
priate sensitivity analysis was done to examine the issue of
uncertainty.[49] The limitations of study were not reported
clearly. Study findings were specific to Australia setting and
could not be generalised to other countries.[38]

Study conducted in UK from payer perspective among
45- to 70-year-old patients showed that RDN improved
health benefits when compared with pharmacological treat-
ment with an incremental cost per QALY of £4805. RDN is
cost-effective in long term using a conventional cost-effec-
tiveness threshold of £20 000–£30 000 per quality-adjusted
life-year.[40] The cost-effectiveness was evaluated for life-
time horizon, and it was appropriate. This is because hyper-
tension is chronic illness and measuring the cost-
effectiveness from lifetime is recommended to see the value
for money.[50] Sensitivity analysis and discounting for cost
and outcome were done. The conclusion was appropriate
for the country under study.[40]

Study conducted in UK from health service perspective
among 45–70 years old showed cost-effectiveness of RDN.
RDN reduced the relative risks for clinical endpoints and
all-cause mortality. The ICER was £4870/QALY gained
and it is cost effective in UK.[41] Lifetime horizon cost-ef-
fectiveness model was used which is appropriate for chronic
illnesses like hypertension. Input parameters were derived
from good quality RCTs and country-specific guidelines.
The comparator used was appropriate as RDN was com-
pared with regular treatment. Cost-effectiveness modelling
was done from health service perspective. Both costs and
QALYs were discounted at 3.5% per year, and sensitivity
analysis was done over � 50% cost and utility parameter
ranges.[41]

Cost-effectiveness study conducted in Canada form
health system perspective showed that renal denervation is a
cost-effective option for the treatment of resistant hyperten-
sion patients. The lifetime costs of OPT and RDN were
$62 076 and $65 471, respectively. RDN increased QALYs

Table 1 Rating risk bias of pharmacoeconomic studies included
based on a critical appraisal tool to assess the quality of cross-sectional
studies (AXIS) and model-based economic evaluations (ECOBIAS)
bias checklist

References Type of bias Risk of bias
score

% of authors
agreed

Intermediate 100%

Tilden
et al. 2014[39]

Structure related Low 100
Data related
Consistency related

Gladwell
et al. 2014[40]

Structure related Low 100
Data related
Consistency related

Geisler
et al, 2012[15]

Structure related Low 100
Data related
Consistency related

Sadri
et al, 2013[42]

Structure related Low 100
Data related
Consistency related

Henry
et al, 2015[43]

Structure related Low 100
Data related
Consistency related

Chowdhury
et al. 2018[38]

Structure related Low 100
Data related
Consistency related

Young
et al, 2009[17]

Structure related Intermediate 80
Data related
Consistency related

Kontsevaia
et al, 2014[45]

Structure related Low 100
Data related
Consistency related

Kang
et al, 2014[46]

Structure related Low 100
Data related
Consistency related

Ceballos
et al, 2013[47]

Structure related Low 100
Data related
Consistency related

Pietzsch
et al, 2012[41]

Structure related Low 100
Data related
Consistency related

Dorenkamp
et al, 2013[44]

Structure related Low 100
Data related
Consistency related
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by 0.60 and LYs by 0.65 compared to optimal therapy
(OPT). ICERs for RDN were $5648/QALY and $5171/LY.
Considering willingness-to-pay thresholds of $25 000 and
$50 000/QALY, RDN was cost-effective down to effect
sizes of 18.2 and 12.2 mmHg systolic blood pressure reduc-
tions, respectively.[42]

The proposed intervention was compared to the optimal
pharmacotherapy (OPT) from a Canadian provincial health-
care system perspective. Clinical inputs were obtained from
RCT that was likely to have high internal validity. Cost data
and utility scores were derived from published literature and
provincial public databases. Transition probabilities were
taken from studies with good quality. Assumptions on long-
term treatment effect were made. The price year was not
reported clearly. An incremental approach was used to syn-
thesise costs and benefits of the various strategies. Appro-
priate sensitivity was done used to address the issue of
uncertainty.[49] The study limitations were not acknowl-
edged. The intervention was cost-effective in Canada and
could not be generalised to other settings.[42]

A pharmacoeconomic study conducted in the Netherland
from the payer perspective showed that RDN is a cost-ef-
fective intervention for patients with resistant hypertension.
Treatment with RDN compared to SoC gave an incremental
QALY gain of 0.89 at an additional cost of 1315 Euros
over a patient’s lifetime, resulting in a base case ICER of
1474 Euros. Sensitivity analyses showed that treatment with
RDN therapy was cost-effective at conventional willing-
ness-to-pay thresholds 10 000–80 000 Euros/QALY
gained.[43]

Selection of comparators was appropriate as the pro-
posed intervention was compared to the standard treatment
of care (SoC). Clinical inputs were obtained by systematic
review of relevant literatures. Treatment effect was taken
from a RCT that was likely to have high internal validity.
Transition probabilities were taken from observational stud-
ies with good quality. The use of QALYs was appropriate
given the impact of disease on mortality and morbidity.
Details of sources of utility weights were provided for dif-
ferent health states. Costs and outcomes were evaluated
reported from societal perspective. Costs were taken from
published sources that were likely to be representative of
the country under study. The study results and price year
were reported clearly. Deterministic and probabilistic sensi-
tivity analyses were used to investigate the issue of uncer-
tainty. The limitations of study were not reported clearly.
Study findings were specific to the Netherlands and could
not be generalised to other countries.[43]

Modelling study conducted in Germany from payer per-
spective showed that cost-effectiveness of RDN was influ-
enced by the magnitude of its effect on SBP, the rate of
non-response and procedure costs. Renal denervation ther-
apy consistently yielded more QALYs at lower costs in
lower age groups. Taking 35 000/QALY gained as willing-
ness-to-pay threshold, RDN could remain cost-effective up
to an age of 78 years in men and 76 years in women.[44]

Lifetime cost-effectiveness modelling was used. Input
parameters were derived from RCTs with good quality and
country-specific guidelines. The comparator used was appro-
priate as RDN was compared with best medical therapy

(BMT). Both outcomes and costs were discounted at 3%.
Deterministic and probabilistic sensitivity analyses were
done. For the stated willingness-to-pay level and early initi-
ation therapy improved cost-effectiveness RDN.[44]

Another study conducted in Russia to from payer per-
spective showed that RDN is cost-effective. There was sig-
nificant reduction in relative risk of adverse outcomes in
patients with resistant hypertension for 10 years (risk of
stroke is reduced by 30% and MI by 32%). RDN was cost-
effective at incremental cost-effectiveness ration of
203 791.6 rubles/QALY gained, which is below the one
GDP per capita, and the intervention is feasible in Rus-
sia.[45] Validated model was adapted to Russian population
of patients with TRH. Model input parameters were country
specific. A cost-effectiveness was evaluated for a lifetime
from National Health Insurance perspective was appropriate.
Appropriate comparator was used as the intervention is
compared with optimal medical therapy (OMT). Sensitivity
analysis, threshold analysis and discounting rate were not
reported.[45]

A study conducted in Korea from the national health
insurance perspective showed that ‘SOC plus RDN’ was
cost-effective treatment option for patients with TRH based
on the WHO recommendation that a treatment is very cost-
effective if the treatment’s incremental cost–utility ratio is
lower than the GDP per capita.[46] A cost-effectiveness was
evaluated for lifetime from Health Insurance perspective
was appropriate. Validated state-transition model with a
monthly cycle was used. Key model parameters were speci-
fic to the country under study. Appropriate comparator was
used as the intervention was compared with SoC. Both cost
and QALYs were discounted at 3%, and the results of sen-
sitivity analyses showed that the cost-effectiveness was sen-
sitive to the SBP-lowering effect of RDN.[46]

A study conducted in Mexico from the public payer per-
spective showed that RDN reduces and delays CVD events.
RDN is cost-effective when most international willingness-
to-pay thresholds are considered, but it is above one GDP/
capita of MXN$ 139 900/additional life-year.[47] Validated
lifetime cost-effectiveness model was used. Appropriate
comparator used (i.e. RDN with SoC). Costs and outcomes
were based on Mexican epidemiological and cost data. Dis-
counting and sensitivity analysis were done. The conclusion
that the intervention was not cost-effective from payer per-
spective was appropriate, since the cost-effectiveness thresh-
old for intervention was above one GDP/capita of the
country.[47]

Discussion

In this systematic review, we described the cost-effective-
ness of interventional therapies that have been tried for
treating TRH (RDN, carotid baroreceptor stimulation and
central arteriovenous anastomosis) for the treatment of true
treatment resistance hypertension. Almost all of studies were
from developed countries. Concerning the perspectives of
the studies, majority of 7 (58.3%) were done from payer
perspective, followed by Health system 4 (33.3%). With
regard to types of interventional methods studied, almost all
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11(91.7%) evaluated cost-effectiveness of renal denervation
therapy and only one study evaluated the cost-effectiveness
of carotid baroreceptor stimulation.[15,17,38–47]

Almost all of studies used appropriate model, lifetime
horizon and comparator and data sources for input parame-
ters as per recommendations. Hypertension being chronic
illness conducting cost-effectiveness analysis from lifetime
horizon is appropriate.[48,51] They also conduced sensitivity
analysis, threshold analysis and discounting. The study find-
ings were specific to the country under study and could not
be generalised to other countries.[15,17,38–47] This is due to
difference in socio-economic status of countries like GDP
per capita and difference in willingness to pay among dif-
ferent societies. There were a few studies from developing
countries, probably due to lack access to technology and
expertise in interventional cardiology. This highlights the
need for strong pharmacoeconomic studies involving
broader category of people from multi-nationalities.

Renal denervation is commonly studied interventional
therapy for the treatment of TRH. Cost-effectiveness of the
intervention was variable among countries. Study conducted
in Australia from payer perspective revealed that RDN is a
cost-effective treatment option for patients with TRH.[39]

However, the cost-effectiveness was influenced by magni-
tude of SBP reduction, long-term patient outcomes assump-
tions, RDN response rate and cost of RDN procedures. This
is in line with study from UK,[40] USA,[15] Canada,[42] the
Netherlands,[43] Russia[45] and UK[41] and Germany.[44]

Another cost-effectiveness and cost–utility study con-
ducted in Australia showed that using RDN in high 10-year
predicted CVD risk of at least 13.2% would be cost-effec-
tive compared with SoC alone.[38] This could be due to
increased number of comorbidities and increased risk of
these patients for developing TRH. Risk factors for TRH
are similar to 10-year predicted CVD risks. These include
higher baseline blood pressure (particularly systolic), pres-
ence of left ventricular hypertrophy, older age, obesity, Afri-
can-American race, chronic kidney disease, and diabetes
and lifestyle.[52,53]

Study conducted in Korea from health system perspec-
tive showed that ‘SOC plus RDN’ are cost-effective treat-
ment option for patients with resistant hypertension based
less than one GDP per capita/QALY gained.[46] This study
addresses renal denervation therapy as option to add-on
drug therapy. This could be due to the fact that RDN is
added to SoC for patients with treatment-resistant hyperten-
sion despite being on more than five antihypertensive drugs.
Renal sympathetic denervation appears to be effective and
safe in these patients.[23] Similarly, cost-effectiveness study
based on surrogate endpoints from renal denervation in
patients with resistant hypertension (DENERHTN) trial in
France compared cost-effectiveness of RDN + standardised
stepped-care antihypertensive treatment (SSAHT) in com-
parison with SSAHT alone from healthcare payer perspec-
tive among adults aged 18–75 years showed that
RND + SSAHT was cost-effective with ICER of €1450/
mmHg BP reduction when compared with SSAHT alone.
RDN + SSAHT continued to be cost-effective in 50% of
cases at threshold of €1540/mmHg reduction in daytime
ambulatory SBP. However, the study time horizon was only

6 months and extrapolation to other settings should be with
caution.[54]

Study conducted in Mexico from public payer perspec-
tive showed that RDN was not cost-effective (above one
GDP per capita/QALY gained).[47] There is inadequate evi-
dence on clinical and cost-effectiveness of RDN in develop-
ing countries, and further studies are important for
consistency of results. This is supported by recent recom-
mendations from American college of cardiology and Euro-
pean society of hypertension guidelines, which stated the
need further strong sham-controlled clinical trials and phar-
macoeconomic studies involving broad range of people to
ensure long-term treatment and cost-effectiveness of inter-
ventional therapies.[55]

Overall cost-effectiveness of RDN for the treatment-re-
sistant hypertension is inconclusive.[56] After adjusting for
medication adherence, effect of RDN on blood pressure
reduction was not significant.[57] In addition to this, clinical
efficacy of RDN therapy is comparable or sometimes infe-
rior to optimal pharmacotherapy. For example, RCT con-
ducted among 37- to 70-year-old adults TRH showed that
adjusted drug treatment has superior BP-lowering effects
compared with RDN in patients with TRH.[56] Another
study showed that RDN is as effective as intensified phar-
macological therapy in terms of BP-lowering effect among
patients with true-resistant hypertension.[58]

Another study conducted to compare the efficacy of opti-
mised drug therapy versus RDN in patients with resistant
hypertension showed that optimised drug therapy was more
effective than RDN in reducing 24-h systolic blood pressure
(SBP) and 24-h diastolic blood pressure (DBP). Priority
should be given to drug optimisation and addition of
spironolactone as fourth antihypertensive agent for all
patients with true drug-resistant hypertension if deemed well
tolerated before RDN.[59] Report form clinical consensus
conference for clinical trials in device-based hypertension
therapies showed that the presence of solid evidence on
effectiveness of RDN therapy for TRH among risk patients
with comorbidities including coronary artery disease, dia-
betes and CKD.[55] Concerning the safety of RDN, simplic-
ity trial which compared RDN with no treatment showed no
difference in serious procedure-related or device-related
complications and occurrence of adverse events between
groups.[23]

Concerning cost-effectiveness of carotid baroreceptor
stimulation, there is only one study conducted in USA from
payer perspective. The study revealed that approach was
cost-effective, with an ICER of $50 000 to $100 000 per
QALYs. The cost-effectiveness varies with age and gender
of patients.[17] This method is not promising because the
cost-effectiveness is not increasing with age, while majority
of elderly patients suffering from chronic illness like hyper-
tension are above 60 years. It was not approved by the US
Food and Drug Administration (FDA) for the indication of
resistant hypertension in the United States.[60]

With regard to clinical effectiveness of baroreceptor acti-
vation, it has been demonstrated to decrease office and
ambulatory blood pressure in patients with resistant hyper-
tension. However, there are reports of procedure-related
major adverse neurological and cardiovascular events

316 Journal of Pharmaceutical Health Services Research 2020; 11: 307–319

D
ow

nloaded from
 https://academ

ic.oup.com
/jphsr/article/11/4/307/6133279 by guest on 18 January 2023



including contralateral stroke, disturbance of wound healing
and postoperative haematoma.[61,62] In addition to this, the
presence of permanent implant which requires office-based
monitoring and repeated procedures for battery change will
impact the adherence to the procedure. Baroreceptor activa-
tion therapy provides exciting possibility for future treat-
ment of TRH, and it continues to be investigational and
more information is needed to recommend it as prime pro-
cedure.[63]

There was no full pharmacoeconomic study which
addressed the cost-effectiveness of central arteriovenous
anastomosis in the treatment of resistant hypertension. Con-
cerning its efficacy, RCT showed the intervention has
reduced mean office SBP significantly. However, implanta-
tion of the arteriovenous coupler was associated with late
ipsilateral venous stenosis in 12 (29%) of patients.[64] Simi-
larly recent review on central iliac arteriovenous anastomo-
sis for hypertension showed that high rate of procedural
complication rates was common (31%) including an ipsilat-
eral iliac artery dissection, which required no further inter-
vention, severe contrast reaction in a patient with known
dye allergy and localised time-limited pain. Therefore, fur-
ther safety and hard CV endpoint data and pharmacoeco-
nomic evaluations should be done before it becomes an
established approach treatment-resistant hypertension man-
agement.[65]

Generally, cost-effectiveness of interventional therapies
for the treatment of TRH was inconclusive based on the
current available evidence. This evidence is supported by
North American and European Society of Cardiology guide-
lines for the management of arterial hypertension. Both
guidelines stated that the use of device-based therapies is
not recommended for the routine treatment of hypertension
outside of clinical studies due to inadequacy of available
evidence and further sham-controlled trials of device-based
therapies were recommended. In addition to this, the guide-
lines pointed out the need of additional clinical evidence to
assume that device-based hypertension treatment remains
effective long-term and that device treatment-induced reduc-
tions in BP reduces the risk of events similar to drug treat-
ment reductions in BP as well as to estimate the cost-
effectiveness in the various candidate populations.[55,66]

Strength and limitations

Strengths of this systematic review were as follows: high-
quality pharmacoeconomic studies were used, systematic
searching of available databases was done, dual check and
data abstraction was done, and standard systematic review
protocol was used. However, the findings of this review
should be applied in light of its limitations. These limita-
tions include including articles only published in English
language, in adequate data on cost-effectiveness of barore-
ceptor stimulation therapy.

Conclusion

In conclusion, renal denervation is commonly studied inter-
ventional therapy for the treatment TRH. Cost-effectiveness

of renal denervation is variable among different countries
and among different patient populations. There was insuffi-
cient study concerning cost-effectiveness of carotid barore-
ceptor stimulation does not improve beyond 60 years. The
cost-effectiveness did not improve after 60 years of age.
The intervention was more cost-effective in hypertensive
females than males. This method is not promising because
the cost-effectiveness is not increasing with age, while
majority of elderly patients suffering from chronic illness
like hypertension are above 60 years.

Generally, cost-effectiveness of interventional therapies for
the treatment of TRH was inconclusive based on the current
available evidence they should not be recommended for the
routine treatment of TRH outside of clinical studies. Further
shame-controlled clinical trials and pharmacoeconomic evalu-
ations from different perspectives in various candidate popu-
lations are needed to generate adequate clinical and cost-
effectiveness evidence for using interventional therapies in
the treatment of treatment-resistant hypertension.
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