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Abstract: 

The control over hypertension has been a greater challenge in the health care sector. Lack in hypertension 

control accounts to a lot of reasons. The prime reason accounts to the lack of adherence to the medication 

regime. This review article mainly discuss on the factors on which leads to the medication non adherence. 

Usually the complex medication schedule sites out to be the prime reason in the control of hypertension. 

Medication regime that has more than 3 pills have the least rate of adherence and patients who follow 1 pill 

regiment have higher rates of adherence.  

This non ability to adhere to the medications were the reasons why this research on using pacemaker to control 

hypertension. The pacemaker uses a particular algorithm to control hypertension by regulating the AV pumping 

interval. 

A ModeratoTM pulse generator that administers PHC therapy was implanted in patients who were 

recommended for dual-chamber pacing and had office systolic blood pressure (oSBP) >150 mm Hg despite 

stable medication therapy. 

A month was spent running the trail at a regular pace. PHC was activated and patients with oSOP (Office 

Systolic Blood Pressure) > 140 mm Hg were admitted to the study. 

The 3-month therapy phase, which comprised PHC therapy, was opened to patients who during the Run-In 

phase met the blood pressure standards for inclusion (oSBP >140 mm Hg at 2 and 4 weeks). The day PHC 

therapy began (time=0) was the trial's start date. 

The co-primary efficacy end objectives were changes in 24-hour ambulatory systolic blood pressure and oSBP 

between baseline and three months. As a safety measure, bad incidences were monitored. 

In New Hope, Pennsylvania, BackBeat Medical manufactures the Moderato System, a dual-chamber, rate-

responsive pacemaker implantable pulse generator (IPG). A sequence of variable-timed, alternately shorter (20–

80 ms) and longer (100–180 ms) atrioventricular intervals are used to pace the heart using PHC algorithms. 

Key words: Hypertension, Medication non adherence, Ambulatory blood pressure, Office systolic blood 

pressure, PHC and Moderato
TM

. 

Introduction: 

Since its first introduction in the 1960s, the pacemaker has grown to be a marvel of modern invention. When the 

heart beat becomes sluggish or misses a beat, pacemakers are utilized to control the heartbeat. Therefore, this 

pacemaker sends out an impulse to get the heart beating normally. [1] 
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Pacemakers' features and specifications changed over time. There are different kinds of pacemakers. Depending 

on your symptoms and the particular heart problem you have, a pacemaker may be necessary. We share our 

recommendations with you after performing our diagnostic assessment so you may select the best pacemaker for 

your requirements. [2] 

1. Single Chamber Pacemaker: 

With this type of pacemaker, one lead is used to connect the pulse generator to one of the chambers of your 

heart. To regulate patients' heartbeat pacing, we most frequently attach the lead to your right ventricle while 

using a single-chamber pacemaker (lower heart chamber). Depending on your symptoms and the type of pacing 

you require, the lead is attached to your right atrium (upper heart chamber) to induce pacing there. [3] 

 

2. Dual Chamber Pacemaker: 

The right atrium and right ventricle, the two chambers on the right side of your heart, are connected by two 

leads that are part of this device. The doctor configures the dual-chamber pacemaker to regulate the rate at 

which each chamber contracts. 

With the aid of this pacemaker, the two chambers contract and relax at the proper rate. The contractions allow 

for efficient blood exchange between the right atrium and right ventricle. [4] 

3. Biventricular Pacemaker: 

This pacemaker, also known as a cardiac resynchronization treatment (CRT) device, has three leads linked to 

the right atrium and both ventricles. Patients with arrhythmias linked to progressive heart failure are treated with 

the biventricular pacemaker. 

 

The left and right ventricles do not always pump in unison in persons with heart failure. The biventricular 

pacemaker is programmed by our experts to synchronise the ventricle contractions so that they both pump at the 

same time. [4] 

 

Your heart pumps blood more effectively when the ventricles are coordinated, which can lessen the symptoms 

of heart failure. Because it resynchronizes the ventricles' pumping function, the procedure is referred to as 

cardiac resynchronization therapy. [5]  

Since pacemakers are surgically implanted devices, they must pass numerous safety tests, and patients must also 

go through numerous examinations to determine whether they are eligible for pacemaker installation. [5] 

Early evidence of device based therapy for controlling hypertension: 

Renal denervation: 

2009 saw the publication of the first case study of catheter-based RDN (renal denervation) in a patient with 

chronic resistant hypertension (mean office BP, 161/107 mmHg). The patient was a male patient, age 59. 13 The 

patient's blood pressure stabilised to 127/81 mmHg at twelve months after bilateral treatment with a highly 

specialised radiofrequency RDN device, and renal norepinephrine spillover from the left and right kidneys also 

decreased (by 48% and 75%, respectively), indicating successful renal nerve ablation. The clinical development 

of catheter-based RDN might be seen as beginning with this clinical example, which generated a lot of interest 

in this novel approach. [6][7] 

Device-based hypertension treatment is a supplement to, and maybe an alternative to, traditional lifestyle 

changes combined with antihypertensive medications with the purpose of achieving and maintaining optimal 

blood pressure (BP) management. Current device-based hypertension therapies include cardiac pacemaker-

mediated hypertension treatment, baroreceptor activation therapy, endovascular baroreflex amplification, and 

endovascular catheter-based renal denervation (RDN). Clinical trials examining various cutting-edge 

technologies are also still being conducted. [8] 
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Despite not meeting its primary effectiveness target, the SYMPLICITY HTN-3 randomised, blinded, sham-

controlled trial did confirm renal denervation's safety (RDN). RDN research from the past has demonstrated that 

blood pressure can be dramatically and permanently decreased. [9,10] 

Baroreflex activation therapy: 

A tool employed in the baroreflex activation treatment study for the treatment of hypertension was the CVRx 

Rheos system. This device comprises of two carotid arteries that are joined together at the level of the carotid 

sinus with implanted electrodes. [11,12] 

The trial included patients who were on more than three anti-hypertensive drugs and had refractory, 

uncontrolled hypertension. According to the trail, there was a significant drop in workplace SBP and office DBP 

within three months. Nevertheless, there was no discernible reduction in ambulatory blood pressure (AbBP). 

[13] [14] 

Later, a six-month long sham controlled randomised research with 265 patients with drug-resistant hypertension 

was conducted. The protocol-specified objectives for acute efficacy and procedural safety, however, were not 

met by the experiment. As a result, the USFDA was compelled to refuse to approve the device. [15] [16] 

Endovascular Baroreflex amplification: 

First human study that was uncontrolled and unbound was "The controlling and lowering of blood pressure with 

the Mobius HD." On 30 patients, the study was intended to evaluate the device's effectiveness and safety. [17] 

Here, detecting the incidence of major side effects for six months, including any unexpected side effects, was 

the main goal. [18,19] 

The ambulatory blood pressure (AbBP) and office blood pressure variations during a 24-hour period, coupled 

with the use of anti-hypertensive drugs, were the secondary end points. [19] 

No strokes or transient ischemic episodes were reported, although 5 patients had substantial side effects. The 

anti-hypertensive drugs were decreased during a six-month period, but lengthier safety and efficacy data were 

not made public. [19] 

Patient selection for device-based antihypertensive therapy: 

 When selecting the best device-based hypertension therapy for each particular patient, the procedural 

risk must not be greater than the danger associated with the underlying illness directly. [20] 

 Patients with hypertension that is difficult to control may benefit the most from device-based 

hypertension therapy in normal clinical care. Patients need to be informed in a balanced manner 

regarding the blood pressure response's variability, the consequences of blood pressure lowering's 

unknowable side effects, and long-term safety. [21] 

 The most suitable group for future clinical studies in the use of devices to treat hypertension should be 

high-risk hypertensive patients with comorbidities such CAD, diabetes, and CKD in the short term (2–

3 years). [22] 

 Future research should examine shifting the emphasis from treating severe and resistant hypertension to 

including individuals who have mild to moderately increased blood pressure. [23][24] 

 

Hypertension Medication Adherence: 

One of the main causes of poor blood pressure regulation is thought to be medication non-adherence. The 

medicine schedule typically calls for more than three pill doses, which makes it difficult for the patient to follow 

it. [25] Patients who use one stick with the treatment more consistently. They can easily remember the 

medication and properly give it because of this. 

People who faithfully followed the medication regimen were found to have greater control over their 

hypertension and make up more than 45% of the population. [26].   
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Lack of adherence of hypertension can be accounted for the following reasons: 

1. Prescription error: 

The prescribing error is a common drug error that can be prevented in hospitals around the world. The study 

found that up to 6.2% of drugs ordered during hospital stays in the USA and the UK had mistakes. [27]. It was 

shown that 70% of drug errors were due to prescription errors. [28]. According to the study, medication errors 

(MEs) were to blame for one-third of adverse drug reactions (ADR) in Saudi Arabia. [29]. According to the 

National Coordinating Council for Medicine Error Reporting and Prevention, handwriting issues, abbreviation 

issues, and incomplete pharmaceutical orders account for 15% of medication errors. [30] A minimum of one 

inaccuracy per prescription was recorded in the study conducted in Eastern Nepal. [31].  A study of elderly 

patients at a Nepalese teaching hospital found that there were potentially more mistakes with prescriptions. They 

discovered that 53% of patients had at least one potentially inappropriate prescription supplied to them, and that 

each patient had an average of 0.37 drug interactions. [32] [33]. 

2. Forgetfulness: 

It may be difficult at first to incorporate taking medication into your daily routine, just like it is to form any new 

habit. To remain consistent, you need motivation, accountability, and prompts. Even seasoned mediators 

occasionally skip dosages because of scheduling conflicts or environment changes. People often neglect 

ordinary tasks, even when they are important. When taking medication, reminders are necessary because it's 

likely that a new drug will impair your memory. [34] [35] 

3. Complex medication schedule: 

With complex medication regimens, you need to assist your medication organisation in addition to setting 

reminders for when to take dosages throughout the day. Some patients, such as children, could need help from 

others to take their medications. Having a companion or caretaker on board is advantageous because 

accountability aids a patient in staying on track. Reminders that a medication has run out can be added to help 

patients be more proactive and maintain their adherence. [36] [37] 

Programmable Hypertension Control [PHC] Therapy: 

Comparing PHC therapy to traditional device-based therapies for hypertension can reveal a variety of possible 

advantages. The capacity to "tune" and alter PHC therapy as required to achieve personalized blood pressure 

control is the first. The ability to quickly detect acute blood pressure reactions, particularly the presence or 

absence of a blood pressure overshoot when PHC pacing is stopped, is a useful tool for adjusting the degree of 

blood pressure reduction and evaluating the impact on sympathetic activation (at least in the acute setting). In 

contrast, with other therapies, the treatment is "all or none" and the outcomes aren't usually obvious right away. 

Second, since the technique modifies both ventricular filling and baroreflexes, it is possible that PHC therapy 

mimics the effects of a number of different drug classes and can be utilised to treat individuals with isolated 

systolic hypertension. A concern with extended right ventricular pacing could be heart failure. When a 

pacemaker with considerable right ventricular pacing was later implanted in people with normal or low LVEF, 

up to 26% of those people developed clinical heart failure symptoms.  
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Study Procedure: 

• The patients gave their informed consent. Patients whose use of a dual chamber pacemaker is advised 

were included in the study. 

• A two-day eligibility test was held (one week apart from each day). Patients were deemed possibly 

eligible if their average systolic pressure was less than 150mmHg and their systolic pressure on average 

was greater than 140mmHg on both tests. Additionally, the patients received echocardiography, 24-

hour ambulatory systolic blood pressure (24hABSP) monitoring, and a blood test to check the renal 

function. 

• Without the PHC algorithm activation, the patients had the Moderato IPG implanted. Patients who met 

the inclusion criteria for at least two to four weeks were included in the RUN-IN Phase of the study, 

which was followed by a three-month study. The PHC began to function at this point, and the 

beginning of the study (time=0) was determined by the PHC's activation at that point. 

• The PHC algorithm was activated over the following three months for the primary safety and efficacy 

evaluation on patients who met the eligibility requirements after the RUN-IN Phase. The blood 

pressure was recorded using a non-invasive technique as part of the PHC algorithm's optimization. 

PHC activation was monitored and documented. By changing the PHC treatment settings, in particular 

the values for the shorter and longer atrioventricular intervals and the number of beats with each 

atrioventricular interval, a significant and consistent drop in SBP of at least 5 mm Hg was achieved. 

• For 1, 2, and 3 months, PHC therapy was recommended to the patients. Each appointment included a 

blood test, heart echocardiography, and a blood pressure measurement with and without PHC. 

• Blood tests were added during the visits in the second month of the experiment, and ambulatory blood 

pressure monitoring was implemented halfway through the first month. A six-month break was added 

to the PHC therapy at the end of the third month so that the safety and device functionality could be 

evaluated. For the following two years, blood tests and blood pressure readings were performed. 

• An impartial Data Safety Monitoring Board was in charge of keeping an eye on the trial; it made 

decisions on all major adverse occurrences and examined overall safety information. 

Limitations: 

The nonrandomized trial design, the small number of patients involved, and the relatively brief follow-up time 

are the key drawbacks of the current first-in-human study. Strong effectiveness indications and a high safety 

record from the current trial demand further research into strategies for overcoming these restrictions. 
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Furthermore, although it has not been studied, PHC pacing's possible effects on exercise tolerance should be 

taken into account in future research. 

Conclusions: 

Using a pacemaker-based device to pace the heart with varyingly timed shorter and longer atrioventricular 

intervals to treat hypertension is safe and effective, according to preliminary data from this first-in-human 

research. The risks associated with pacemaker insertion or replacement would have applied to the patients 

regardless of whether they took part in the trial or used PHC pacing therapy. As a result, the study greatly 

improves the therapy's safety profile. Another benefit of PHC therapy over other device-based therapies is the 

ability to "tune" it was necessary to offer individualised blood pressure control. According to the study 

conducted thus far, this therapy lowers blood pressure temporarily without displaying any signs of sympathetic 

activation. More information is required to evaluate safety (Effects on LV size and function, atrial size, and 

arrhythmias), as well as the impact on sympathetic nerve activity and efficacy, in longer-term randomised 

studies. Greater evidence of its effectiveness and safety could lead to the availability of such a therapy for those 

who do not require pacemakers. 
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