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Abstract: While the practice of taking blood pressure readings at the physician’s office continues to
be valid, home blood pressure monitoring is being increasingly used to enhance diagnostic accuracy
and ensure a more personalized follow-up of patients. In the case of white coat hypertension and
resistant arterial hypertension, ambulatory blood pressure monitoring is indispensable. Recent studies
attach great importance to nocturnal blood pressure patterns, with a reduction in these becoming a
treatment goal, a strategy known as chronotherapy. Home blood pressure monitoring is useful for
both diagnosis and follow-up of arterial hypertension. Its use, particularly if combined with other
patient-support interventions, serves to improve blood pressure control. Telemonitoring is associated
with a decrease in blood pressure values and an increase in patient satisfaction. All studies highlight
the importance of patients being supported by a multidisciplinary health care team, since blood
pressure telemonitoring with a support team is more effective than simple data telemonitoring.
Further studies are called for, especially on the illiterate population, with difficulties posed by
technological accessibility and transcriptions into different languages. More cost-effectiveness studies
and long-term results are needed to ascertain the true benefit of blood pressure telemonitoring.
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Arterial hypertension (AHT) is a known risk factor for the development of cardiovascular
diseases in general, and cerebrovascular accident in particular. Blood pressure (BP) values display a
high degree of variability in each individual. Consequently, different methods have been designed for
out-of-office measurement of blood pressure, in order to ascertain patients’ “real” BP values. The
different BP measurement modalities must be performed under standardized conditions with
validated devices, to ensure that they can really contribute to correct decision-making in clinical
practice, and strengthen the relationship between patients and health professionals [1].

This paper seeks to update existing evidence on BP monitoring and its application in the
management of cardiovascular disease. To this end, we conducted a bibliographic search of the
Medline database, using the following keywords: ambulatory blood pressure; cardiovascular
medicine; cardiovascular diseases; hypertension, telemedicine; combined modality therapy;
telecommunications networks. Similarly, we reviewed the Cochrane Library, UpToDate, leading
clinical practice guidelines, and the recommendations of international scientific societies.

1. Blood Pressure Monitoring in the Diagnosis of Arterial Hypertension

There are three methods for diagnosis of arterial hypertension (AHT):
e ambulatory blood pressure monitoring (ABPM);
e home blood pressure monitoring (HBPM);
e office blood pressure monitoring (OBPM).

1.1. Ambulatory blood pressure monitoring

Using this technique, BP values are obtained with a device that the patient should ideally be
wearing over the course of 24-48 h. This monitor takes measurements every 15-20 minutes during
the day and every 30-60 minutes at night. With this method, AHT is defined as mean 24-hour
BP > 130/80 mmHg, mean daytime BP > 135/85, and mean nocturnal BP > 120/70 [2,3].
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ABPM is considered to be the most accurate method of diagnosis of AHT, and the best predictor
of future cardiovascular events. Hence, it should preferably be used to confirm diagnosis of AHT in
office measurements of elevated BP. Should ABPM be unfeasible, owing to scant availability or high
cost, HBPM would be an acceptable alternative. ABPM can be used in certain circumstances,
such as [4-6]:

e suspicion of white coat AHT;

e suspicion of episodic AHT (e.g., pheochromocytoma);

e resistant AHT;

e symptoms of hypotension in patients during hypertensive drug treatment;
e autonomic dysfunction;

e suspicion of masked hypertension.

In addition to the above, other potential indications include:

* determination of nocturnal AHT or “nondipper” status;

» evaluation of large variations in self-measurements of BP;

 evaluation of whether antihypertensive treatment moderates morning blood pressure;
» evaluation of BP in pregnant women with suspicion of pre-eclampsia.

ABPM reveals the BP load that represents the increase in BP during daytime and nighttime
hours which exceeds the systolic blood pressure (SBP) and diastolic blood pressure (DBP) values
established in the normal range. This load is closely related to the variations resulting from the
circadian rhythm described by BP. In most subjects, BP follows a circadian rhythm, with values
decreasing during the period of sleep. This corresponds to a fall of 10-20% in nocturnal blood
pressure values, a phenomenon that is known as the normal or “dipper” pattern, and is in contrast to
the so-called reduced dipper pattern characterized by a 1-10% decline, the nondipper or riser pattern
characterized by a zero reduction or, on the contrary, an increase, or the extreme dipper pattern
characterized by a fall of >20%. Patients with no such 10-20% reduction in their nocturnal BP have
an increased cardiovascular risk, e.g., appearance of left ventricular hypertrophy, cardiac failure or
vascular complications, while those who are diabetic display an association between increased
albuminuria and increased progression of nephropathy [7-9].

1.2. Home blood pressure monitoring

This technique consists of BP being taken by the patient him/herself with the aid of automatic
and semiautomatic devices. Twelve to fourteen readings should be taken over the course of a week,
including measurements in the morning and evening. Measurements obtained with this method show
a closer correlation with ABPM than with OBPM readings. With this type of measurement, AHT is
defined as BP > 135/85 mmHg. As compared to OBPM, HBPM enables multiple BP readings to be
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taken on a number of days in the subject’s home environment. As compared to ABPM, HBPM allows
for day-to-day measurements of BP, and is less expensive, more readily available and more easily
repeatable: it should be borne in mind, however, that, unlike ABPM, it does not allow for readings to

be taken during the patient’s daytime activities or rest period [10-14].

1.3. Office blood pressure monitoring

Notwithstanding the above, OBPM continues to be the method of choice for diagnosis and
management of AHT in cases where ABPM is not available [15,16].
A series of guidelines must be followed to ensure that the data are reliable [17,18]:
* Time of measurement: readings should always be taken at the same time, and patients should
refrain from all physical exercise, tobacco use and/or caffeine intake in the preceding 30 minutes.

* Type of device: mercury sphygmomanometers are no longer used in many European countries,
and have been replaced by semiautomatic or oscillometric sphygmomanometers. The instruments
most frequently used for both OBPM and HBPM are semiautomatic devices [15,19].

Some oscillometric and semiautomatic devices are capable of taking a number of office BP
readings whilst the patient is alone or resting, without the need for a health professional to intervene.
Compared with the conventional measurement method, this may serve to reduce white coat AHT [4].

e Cuff size: use of an appropriate size is essential; if the cuff is too small, blood pressure values
will be overestimated [20].
e Patient position: patients should remain seated, with their backs resting against a chair,

without having their legs crossed. The patient’s arm should be positioned at the height of
his/her heart, and he/she should be left sitting in a quiet, relaxed environment for the space of
5 minutes prior to measurement. DBP may rise by around 6 mmHg if the patient’s back is not
supported, while SBP may rise by 2 to 8 mmHg if the patient’s legs are crossed [19,21,22].

e Cuff position: the cuff should be placed over the brachial artery, 3 cm from the antecubital
fossa, and the patient should not be wearing any tight-fitting garment that might compress or
exert pressure on his/her body [19].

e Measurement techniqgue: Neither the patient nor the observer should talk. Two measurements
should be taken at an interval of 1-2 minutes. Should the second measurement differ from the
first by 5 mmHg, readings should continue to be taken until a stable figure is obtained. The
final result will be the mean of the last two measurements. For diagnosis of AHT, elevated BP
values must be obtained on three consecutive visits, separated by one or more weeks [23].

1.4. White coat hypertension

BP is usually higher when measured at the physician’s office, a phenomenon that may be
attributable to an alert response and anxiety, or to a response influenced by an unusual situation. This
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is the so-called "white coat effect", a phenomenon to be distinguished from the term, “white coat
AHT?”, defined as an entity in which BP readings at the physician’s office are elevated, with numbers
indicative of AHT, but then decline when BP is taken at home. White coat AHT is also known as
isolated clinic AHT or masked normotension. Masked AHT would correspond to patients with
normal office BP and elevated home BP. The term persistent AHT is used when values are abnormal
at both measurement sites [20].

Prevalence of white coat AHT is found in 15% to 30% of the population, and is most frequent in
women, elderly persons and non-smokers [24].

White coat AHT is defined as office BP > 140/90 mmHg and out-of-office BP < 140/90. A
number of studies have shown that patients with elevated office BP values may undergo a decrease
of 15/7 mmHg in SBP and DBP, respectively, when the BP reading is taken at a third visit. There are
some cases in which the decrease is not seen until the sixth visit [4,24].

In patients with figures indicative of isolated AHT, the frequency of organ damage,
cardiovascular risk factors and appearance of AHT and diabetes is double that of the normotensive
population. Yet, there is debate as to whether this causes more long-term cardiovascular
complications than does normotension. The risk of cardiovascular damage is less prevalent in
isolated office AHT than in persistent AHT [4,20].

The Task Force of the English International Consensus Conference on Blood Pressure
Monitoring recommends the use of ABPM for diagnosis of white coat AHT, in any case where the
patient presents with office BP > 140/90 mmHg on 3 visits, with 2 home BP readings < 140/90
mmHg, and displays no end-organ damage [23].

The NICE guideline recommends that all persons over the age of 18 years with elevation of
blood pressure should undergo ABPM, to rule out white coat AHT and potentially prevent
unnecessary antihypertensive treatment [25].

2. Blood Pressure Monitoring in the Follow-up of Patients with Arterial Hypertension

The different methods that can be used for follow-up of BP control in patients who are already
diagnosed are the same as those used for their diagnosis [20,25,26], namely:
- OBPM: the goal in patients with treated hypertension is to reduce BP to 140/90 mmHg in
those aged under 80 years, and to below 150/90 mmHg in those aged 80 years or over.
- ABPM or HBPM: the goal of control is to achieve BP numbers of less than 135/85 mmHg in
persons aged under 80 years, and less than 145/85 mmHg in persons aged 80 years or over.

As part of AHT patient follow-up, after the treatment has been established visits should be made
every 2—4 weeks to adjust it until the target BP is attained. Once the control goal has been achieved,
patients must be examined every 3—6 months by the nursing staff and annually at the physician’s
office: exceptions to the rule are patients that present with associated comorbidity, who should be
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controlled more frequently. In cases where there are changes in therapy, patients should be examined
at 2—-3 weeks to test their tolerance and adherence to treatment [21,27].

In patients with isolated systolic hypertension, care must be taken to avoid reducing DBP
aggressively (<55 to 60 mmHg), since excessively low values have been associated with increased
risk of myocardial infarction and cerebrovascular accident [28-30].

As with ABPM, HBPM readings vary widely over the course of the day, being influenced by
factors such as stress, smoking habit, caffeine intake, natural circadian variation, and exercise, with
the result that multiple readings are  required to determine the average level [34].

In view of the cost and limited availability of ABPM, increasing attention is being paid to
HBPM using lower-cost semiautomatic devices. Such measurements correlate more closely with the
values yielded by ABPM (both 24-hour and diurnal) than with those yielded by OBPM [11,35].

Furthermore, HBPM measurements afford a better prognostic predictive value of adverse events
(e.g., cerebrovascular accident, end-stage renal disease) than do OBPM measurements [13,35,36].

In addition, self-measurement of BP can improve control of AHT, especially if combined with
other patient support interventions [37—40] and a personalized medication education plan [41,42].

In 2013, a meta-analysis of 52 trials which randomly assigned patients to this type of
surveillance or to standard OBPM, found significant benefits associated with self-measured BP, with
the following results [38]:

e adecrease in BP at 6 months of 3.9 with HBPM versus 2.4 mmHg with OBPM,;

e a decrease in BP at 12 months of 8.3 with HBPM (when combined with additional support

interventions) versus 4.4 mmHg with OBPM.

Even so, the effectiveness of HBPM in reducing and controlling BP is less clear in patients
having a low socioeconomic level, e.g., in an urban study of 900 patients, most of whom were black
or Hispanic, self-measurement of BP along with training in its use had no effect on reducing SBP
(which decreased by 15 mmHg in comparison with 14 mmHg in the control group) or the proportion
of patients who achieved BP goals (39% in both groups) [43].

HBPM is a valuable tool in the daily management of hypertensive patients. It can be said that
any individual with elevated BP could perform HBPM, provided that he/she possessed the requisite
physical conditions and ability to comprehend the technique. HBPM should always be used under
medical supervision, with regular re-assessment by healthcare staff [20,27,32,44].

Insofar as AHT patient follow-up is concerned, HBPM may be useful in the following cases:

v' identification of white coat effects in AHT patients;

v" variability of BP during a specific medical visit or over the course of series of such
visits;

v/ autonomic, postural, postprandial hypotension after a short nap or rest (siesta) or
induced by drugs;

v' elevated office BP or suspicion of pre-eclampsia in pregnant women;
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v'confirmation of resistant AHT;
v’ evaluation of response to treatment;
v" suspicion of non-adherence to antihypertensive treatment.

HBPM would thus be indicated in all patients with treated AHT, provided that there were no
contraindications to its use (such as the existence of a physical or mental disability that hindered the
performance or comprehension of the technique, lack of motivation, obsessive personality,
hypochondria or extreme anxiety about the technique, arrhythmias such as atrial fibrillation,
numerous extrasystoles, extreme bradycardia, pronounced tremor, increased arterial stiffness or risk
of selfmedication), and in patients who needed rigorous BP control, such as hypertensives with
limited access to the healthcare system (for reasons of timetable, geography, etc.), in order to manage
the space between visits and to confirm hypertension where ABPM was not tolerated, was rejected
by the patient, or was unavailable [45]. Existing evidence suggests the need to obtain a minimum of
12 to 14 readings, taken in the morning and evening, over a period of one week [10-12,44,46].

The appropriate way for patients to measure BP, as suggested by the American Heart
Association (AHA) and the European Society of Hypertension and European Society of Cardiology
(ESH/ESC) [11,20], is for two readings to be taken (at an interval of one to two minutes), while the
patient is seated, in the morning and again at night (i.e., four measurements per day) on a minimum of
three, but preferably seven, consecutive days. The measurements of the first day must be discarded.

Once blood pressure values have been stabilized after the introduction of treatment, the
frequency of control depends on the stability of BP and any changes in treatment, where required. In
stable hypertensive patients with controlled BP, HBPM should be performed for a minimum of one
week per trimester, i.e., an average of 12 measurements in the morning and at night, to ascertain
whether BP remains controlled.

3. Blood Pressure Monitoring in Children

There is a growing body of evidence to show that BP in children predicts BP in adults [47,48].
AHT in children is defined by reference to percentiles, obtained on the basis of a normal distribution
of BP in healthy children [49,50]. The major determinant of BP in children and adolescents is weight.
Consequently, the numbers obtained must be adjusted according to patients’ height, age and sex [51].

Diagnosis of AHT is made after obtaining BP values higher than the 95th percentile on three
separate Visits.

The AHA classifies blood pressure at pediatric age into various categories [52]:

e  Normal BP—both office/casual (< 90™ percentile) and ambulatory BP (mean SBP or
DBP < 95" percentile, and SBP or DBP load < 25%) are normal.

e  Prehypertension—office/casual BP > 90" percentile but < 95™ percentile, and mean
ambulatory BP is normal (mean SBP or DBP < 95" percentile), but BP load is elevated (SBP
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or DBP load > 25%).

e  Ambulatory hypertension (also referred to as sustained hypertension)—both
office/casual BP (> 95" percentile) and ambulatory BP are elevated (mean SBP or DBP > 95"
percentile, and SBP or DBP load of 25-50%).

e  Severe ambulatory hypertension (at risk of end-organ damage)—office/casual BP
(> 95" percentile) is elevated and ambulatory BP is elevated with a markedly elevated BP
load (mean SBP or DBP > 95™ percentile, and SBP or DBP load > 50%).

e  White coat hypertension—office/casual BP is elevated (> 95" percentile) but out-of-office
BP is normal (mean SBP or DBP < 95™ percentile, and SBP or DBP BP load < 25%).

e  Masked hypertension—office/casual BP is normal (< 90" percentile), but ambulatory
BP is elevated (mean SBP or DBP > 95" percentile, and SBP or DBP load of 25-50%).

Clinical monitoring of BP is indicated in children aged under 3 years only where they have
presented with complications during the neonatal period, systemic diseases, or family history of AHT. In
children aged over 3 years, measurements on each visit to the pediatrician are indicated [19,50,53].

For correct measurement of BP in children, the following must be borne in mind:

- Suitable cuff size
- Correct technique:
(@) prior to BP measurement, no stimulants or food should be taken;
(b) prior to BP measurement, the patient should be left sitting in a quiet, relaxed environment
for the space of 5 minutes;
(c) measurement should be preferably made on the right arm in line with standard tables;
(d) electronic devices should be used but if the reading exceeds the 90™ percentile, it should
be checked using auscultatory techniques;
(e) if coarctation of the aorta is suspected, BP should be obtained in all four extremities;
() at least 2 BP readings must be taken at each visit, at an interval of 1 to 2 minutes.

Among adults, BP measurements yielded by ABPM show a closer correlation with
cardiovascular complications than do those yielded by OBPM. In children the evidence is more
limited. Most of the data pertain to children from European countries, and the degree to which these
are applicable to other ethnic populations is thus uncertain. Efforts are therefore needed to establish
ABPM rules for all pediatric populations [54].

In the interim, the usual practice is to use the AHA guidelines for ABPM of children. The
devices used for taking 24-hour BP readings in children employ the oscillometric method, which
calculates mean blood pressure directly using an algorithm. The algorithms must be adapted to the
absence of variations in DBP with respect to weight and age in children, in contrast to the
appropriate variation in SBP. Devices which rely on the auscultatory method are less used in
pediatrics because children find them uncomfortable and there are no pediatric guidelines for such
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devices [50].

White coat AHT in children ranges from 13% to 46%, according to the different studies
published. The use of ABPM is cost effective in such cases and can generate cost savings before
embarking on routine evaluations of children with AHT (blood analysis, electrocardiogram,
echography, echocardiography). While some studies report that white coat AHT in children is
associated with left ventricular hypertrophy and carotid artery intimal wall thickening, it is not
altogether clear that that this would correlate with progression of AHT as in adults [55,56].

Among children, a nondipper pattern in ABPM is most common in secondary AHT and obese
subjects. However, there are no long-term data that would support an increased cardiovascular risk in
children with zero nocturnal decline in blood pressure. The absence of a nocturnal decrease in BP is
more common in children with secondary AHT than in those with primary untreated AHT: hence,
ABPM may be useful to differentiate primary from secondary AHT [57]. Its use may provide
important information on patients with chronic kidney disease, diabetes, autonomic dysfunction or
suspicion of white coat AHT, or for the purpose of assessing response to antihypertensive drugs [58].

In pediatric patients, ABPM would be indicated in the following cases [59]:

e differentiation between ambulatory and white coat hypertension;

e detection of masked hypertension;

e determination of the effectiveness of antihypertensive treatment;

e evaluation of BP in patients with chronic diseases associated with hypertension, such as
chronic kidney disease, diabetes mellitus, autonomic dysfunction, obesity, sleep apnea, and
genetic syndromes (e.g., neurofibromatosis type 1, Turner syndrome, or Williams syndrome).

4. Blood Pressure Monitoring in Elderly Patients

Despite the paucity of evidence, what does seem clear is that there is an increase in prevalence
of white coat AHT [60-62]. ABPM would be wuseful, not only to unmask this
phenomenon [3,20,25,45,60,63,64], but also to prevent overtreatment in hypertensive elderly,
something that paradoxically appears to increase cardiovascular risk [65,66]. Lastly, it seems clear
that masked hypertension is not more frequent in patients of advanced age [67,68].

Atrial fibrillation (AF) is the most common arrhythmia in clinical practice. It has an estimated
prevalence of 1-2% in the general population and is a very important risk factor in cerebrovascular
accidents. In this connection, some clinical practice guidelines recommend palpation of the radial
pulse during routine measurement of BP, by way of opportunistic screening of this arrhythmia in
patients aged over 65 years [25].

Palpation of the pulse, albeit inexpensive, is only a moderately accurate method, with a
sensitivity of 87% and a specificity of 81%. In this respect, there are new automatic BP monitors that
detect alterations in heart rate: these devices have an algorithm to detect variations of over 25% in
heart rate during measurement of BP. This type of device can be useful to screen for AF, both chronic
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and paroxysmal, since it achieves a sensitivity of 98% (95% CI: 95-1.0) and a specificity of 92% in
its validations (95% CI: 88-96). Three successive readings should be taken, and if there is suspicion
of AF, an electrocardiogram should be performed to settle the issue. If paroxysmal AF is suspected, a
greater number of measurements should be considered, in order to enhance diagnostic accuracy [69].

5. Blood Pressure Monitoring in Resistant Arterial Hypertension

RAH is defined as any case where, despite showing good compliance with treatment and
receiving adequate doses of triple antihypertensive therapy including a diuretic, the patient’s control
figures continue to lie outside the target range, i.e., SBP > 140 and DBP > 90 in the general
population, and > 140/85 in patients with diabetes or chronic kidney disease. Patients who require
four or more drugs for good control are also included [20,70].

Prevalence ranges from 10% to 30% in the different series [71,72]. ABPM plays a fundamental
role in the approach to such patients, in terms of diagnosis, prognosis and treatment, preventing
erroneous diagnosis of resistant hypertension as well as unnecessary overtreatment [73,74]. On being
presented with a patient with RAH, the first thing to do is to confirm that it is a genuine case of RAH,
by ruling out both secondary AHT and possible “pseudo-resistance”. Pseudo-resistance is said to
exist where the cause of poor control is linked, among other things, to inappropriate measurement of
BP, problems of adherence to treatment (both pharmacologic and non-pharmacologic), use of pressor
agents, or white coat AHT.

The prevalence of white coat AHT among patients with RAH is high, with approximately one in
four patients presenting with it. 24-hour ABPM is an appropriate initial step before investigating or
treating patients with seemingly resistant hypertension [71,75]. Rios et al., [76] examined
ABPM-based control of 3042 patients who complied with RAH criteria, with the following results:
522 (17.2%) had true isolated office hypertension (elevated office BP with good diurnal and
nocturnal ABPM control); 260 (8.6%) had false office isolated hypertension (elevated office BP with
good diurnal control but elevated SBP or DBP in the nocturnal period as measured by ABPM);
and74.3% were true resistant hypertensives. Without the performance of ABPM, it would not have
been possible to identify such patients.

To sum up, ABPM measurements enable patients with RAH to be classified into four subgroups,
i.e., true RAH, white coat AHT, controlled AHT, and masked AHT. This classification is important
because it determines a different therapeutic and follow-up approach. Some studies have shown that
ABPM parameters can provide a better stratification of cardiovascular risk than can office BP. High
ambulatory BP values are a predictor of cardiovascular morbidity and mortality in patients with RAH,
whereas office BP has no prognostic value [77,78]. The risk is also higher for patients with a
nondipper pattern. On evaluating the decline in nocturnal SBP with ABPM, Hermida et al., [79] have
shown it to be a predictor of better cardiovascular prognosis, with every 5-mmHg reduction in
nocturnal SBP being associated with a 15% reduction in future events.
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Treatment of RAH is complex. It wusually includes the triple combination of
angiotensin-converting enzyme inhibitors or angiotensin 1l receptor antagonists, a long-acting
dihydropyridine calcium-channel blocker (usually amlodipine) and a long-acting thiazide diuretic
(preferably chlorthalidone or indapamide). If the triple therapy at the maximum recommended and
tolerated dosage fails to achieve control of BP, the recommendation is to add a fourth drug, normally
a mineralocorticoid receptor antagonist, and, if necessary, to continue adding drugs sequentially. In
selected cases where the drugs have failed, consideration may be given to experimental invasive
treatment with techniques such as radiofrequency ablation of renal sympathetic nerves (renal
denervation) or electric stimulation of the carotid sinus baroreceptors [80,81].

ABPM is a tool of great use in the treatment of patients with RAH. On the one hand, it enables
the effectiveness of such monitoring to be tested, and on the other, it helps decide on the best time of
day for taking the drug. If ABPM values are available for treatment adjustment purposes, therapy can
be adjusted to the nocturnal pattern of blood pressure control, thereby making it possible to check,
not only whether BP has been normalized, but also whether nocturnal BP has been reduced. By
basing the treatment regimen on chronotherapy, good control can thus be optimized [79,82,83].

In a percentage of RAH patients, estimated at around 3%, control cannot be achieved, despite
maximum doses of 5 or more drugs, including chlorthalidone and a mineralocorticoid-receptor
antagonist [84]. Some authors suggest that in these patients with refractory hypertension, it is
adrenergic hyperactivity and not hypervolemia that is the cause of the problem [85]. Before
concluding that a patient presents with resistant refractory hypertension, ABPM should be performed
to confirm this. Decision-making in these complex patients should not be governed by isolated office
or out-of-office determinations but rather by ABPM. Chronotherapy based on ABPM values makes
for a more rational treatment regimen.

In conclusion, ABPM should, if possible, be performed on all patients with RAH. However, it is
essential in any case where there are differences between home- and office-based controls and in
patients with RAH without organ damage. ABPM provides data of prognostic value and is of
undeniable use in the treatment and follow-up of patients with RAH.

6. Ambulatory Blood Pressure Monitoring in Patients at High Cardiovascular Risk, i.e.,
Those Suffering from Diabetes Mellitus, Cardiovascular Disease, Kidney Disease or
Cerebrovascular Accident

Research has highlighted the role of nocturnal BP as an independent and highly important
determinant of cardiovascular risk in patients with high cardiovascular risk, including those with
established cardiovascular disease. In the latter, nocturnal BP tends to be elevated, with an increase
in the prevalence of nondipper patients, who experience almost three times the number of
cardiovascular events than do dipper patients. Consequently, ABPM has demonstrated its relevance
in these patients for diagnosis, follow-up and choice of optimal treatment, owing to the
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chronotherapeutic effect. A number of studies consider it important for office BP measurements to be
supplemented with HBPM and ABPM-based measurements for diagnosis of arterial hypertension in
patients with high cardiovascular risk. At present, there are insufficient data to recommend the
routine use of such measurements, yet there are ongoing studies aimed at definitively establishing the
importance of their use [86,87].

Stress has been laid on the importance of ABPM and HBPM in the follow-up of diabetic
patients, since these are better than office BP in terms of correlation with clinical repercussions and
long-term disease course, and prediction of progression to diabetic nephropathy. ABPM and HBPM
are useful instruments for establishing treatment and individual cardiovascular risk because diabetic
patients tend to have elevated nocturnal BP values and a high prevalence of nondipper hypertension
pattern. Proposed changes to the guidelines for the use of ABPM in diabetic patients seek to extend
its use in routine practice and as an instrument of routine diagnosis, in order to reduce
underdiagnosis of “masked AHT”, elevation of nocturnal BP, white coat AHT, and isolated AHT.
Moreover, once the treatment has been established, both HBPM and ABPM are important for patient
follow-up, in order to provide an objective measure of the efficacy of the antihypertensive treatment
and to prevent nocturnal hypotension [88-91].

Elevated ABPM values in the first 24 hours after a cerebrovascular accident are associated with
an increase in the incidence of formation of acute edema, while variations in the first week increase
the risk of a new cerebrovascular accident in the following three months. Studies have shown
ABPM’s important role in establishing the antihypertensive treatment, its greater sensitivity as
compared with office BP, and its use as a follow-up tool in these patients. This is due to the fact that
there is an observed loss of control of circadian rhythm of BP in the first 24 hours after a
cerebrovascular accident, which in most instances is maintained across time, so that there is an
increase in elevated nocturnal blood pressure among such cases [92-94].

Elevated blood pressure values in ABPM are the best instrument for prediction of left
ventricular hypertrophy in the long term and progression of renal dysfunction, inasmuch as ABPM is
a significant long-term predictor when compared to other ways of measuring blood pressure. In end-
stage renal disease, the data suggest higher mortality in patients undergoing hemodialysis, in whom
higher ABPM values are obtained. Furthermore, the data support the fact that HBPM is indispensable
for management of hypertension in patients with chronic kidney disease, whether or not they are
receiving dialysis, since hypertension displays a strong predictive value in the outcomes of end-stage
renal disease, thereby establishing itself as an independent risk factor of end-stage renal disease.
Despite the evidence, however, there are still very few study results available [95-98].

Even so, notwithstanding all the results obtained, there are relatively few data on BP as
measured by ABPM in patients with high cardiovascular risk, and those data that do exist come from
small-scale studies. There is nothing definitively established as regards the role of ABPM, how it is
to be performed, its duration, the need for repetition, the time period in which it should be performed,
and diagnostic thresholds in patients with high cardiovascular risk. Currently, the normality reference
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values are similar for all population groups. Some societies and studies, such as that by Hermida et
al., have set lower blood pressure values for patients with high cardiovascular risk, based on studies
which evaluate the appearance of cardiovascular events. Accordingly, the following objective ABPM
values have been set for patients with high cardiovascular risk, including those with diabetes, chronic
kidney disease and previous cardiovascular episodes: active waking BP < 120/75 mmHg and mean
resting BP of 105/60 mmHg. As yet, however, there is no consensus on accepting these numbers as
objective values for patients with high cardiovascular risk [86].

7. Pharmacologic Applications of Blood Pressure Monitoring: Chronotherapy

Studies of 24-hour BP records indicate that the mean nocturnal and diurnal readings are as
important as the reading taken at the time of day when BP surges, and BP load (construed as the
percentage of BP that exceeds a specific pre-established level, accepted by most clinical guidelines),
and that these values are fundamental for calculating a given patient’s cardiovascular risk. In most
patients, BP, like other clinical variables, has a circadian rhythm. Hence, in the majority of patients
—Dboth normotensive and hypertensive—this circadian pattern is characterized by a sharp surge in
BP in the early hours of the morning, coinciding with awakening, which is then maintained
throughout the day until the evening, when it begins to fall and reaches its lowest level during sleep.
Clinical studies indicate that such repetitive measurements of BP are superior to measurement of
clinic BP in predicting the appearance of cardiovascular complications [99].

Different studies have shown increased cardiovascular risk in patients who do not present with a
decline in nocturnal BP [9,99].

In the majority of individuals, this decline ranges from 10% to 20%. Patients in whom BP does
not fall by this percentage are known as “nondipper”, a term coined by O'Brien [100].

24-hour BP monitoring can detect surges in BP in the early hours of the morning, which can
contribute to the rise in incidence of sudden death, myocardial infarction and cerebrovascular
accident [101-103]. Theoretically, such surges cannot occur with drugs that cover the 24 hours of the
day (long-acting agents). Some drugs, including atenolol and enalapril, can lose a great part of their
effect in the early hours of the morning and may therefore have to be taken twice per day [104,105].
Furthermore, in patients with nocturnal or nondipper hypertension, ABPM can help determine the
best time of administration of antihypertensive agents. In one study, valsartan taken at bedtime
succeeded in re-establishing the nocturnal reduction in BP [106].

Chronotherapy can be defined as the scheduled administration of medication aimed at adapting
it to the body’s circadian rhythm. The impact of chronotherapy involving the taking at least one
medication at bedtime could be of clinical importance, based on the growing number of ABPM-
based studies which show that the decline in nocturnal BP is associated with better cardiovascular
outcomes than is either the diurnal or 24-hour mean [107-111].

The MAPEC (Monitorizacicn Ambulatoria de la BP y Eventos Cardiovasculares/Ambulatory
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monitoring of BP and cardiovascular events), a prospective single-centre study which investigated
3344 normotensive and hypertensive subjects [112,113], together with its substudies corresponding
to diabetic [114] and kidney patients [115], showed that nocturnal administration of at least one
antihypertensive drug across a mean follow-up of 5.6 years led to an approximately 70% reduction in
risk in respect of the principal variable, namely, total mortality and cardiovascular events. This
principal outcome was linked to reduction in nocturnal BP, reduction in nondipper cases, and
enhanced general control of ambulatory BP. The authors reported that, after a follow-up of 5.6 years,
the baseline parameters of ambulatory BP monitoring, including mean diurnal SBP, nocturnal SBP
and reduction in SBP during sleep, showed a better correlation with the appearance of cardiovascular
events (n = 331) than did clinic BP. They found that there was a 13% decrease in cardiovascular risk
for every 5-mmHg drop in BP during sleep (p < 0.001), and that this reduction in risk was
independent of the changes in other aspects of the circadian BP pattern. The reduction in BP levels
during sleep and the difference in BP between periods of diurnal activity and nocturnal rest were the
most powerful predictors of future cardiovascular events.

Nocturnal AHT is highly predominant in patients with chronic kidney disease [35,116]. There
are studies on hypertensive patients with kidney disease which show that, if at least one
antihypertensive is administered at bedtime, patients present with better control of BP and a clearer
reduction in cardiovascular risk than if medications are ingested on awakening [117].

Several trials also go to confirm that the intake of at least one antihypertensive medication at
bedtime, as compared to the administration of all medication in the morning coinciding with patient’s
awakening, is associated with enhanced BP control, a significant decrease in the prevalence of
nondipper patterns, and a reduction in urinary protein excretion [118,119].

Chronotherapy of AHT ensures individualized treatment of the hypertensive patient in line with
the circadian profile of his/her BP, thus being a good guideline for achieving optimal 24-hour control,
and affords greater cardiovascular protection to nondipper patients. However, several evaluations in
ophthalmology have found that nocturnal arterial hypotension precipitated ocular vascular disorders
such as ischemic optic neuropathy. Some authors have suggested that additional studies of nighttime
dosing need to be conducted [118]. In conclusion, studies show that, in comparison with
hypertensive patients to whom all medication is administered in the morning on awakening, those to
whom one or more antihypertensive drugs are administered at night display improved 24-hour
control of BP and a decrease in cardiovascular complications.

8. Blood Pressure Monitoring: What do the Leading Clinical and Scientific Society
Guidelines Say?

In their recommendations, different guidelines include ABPM in the management of the
hypertensive patient [3,25,45,86]. These guidelines recommend ABPM in the following situations:
o for diagnostic confirmation in patients with elevated clinic blood pressure, if ABPM is
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available;

where there is a large difference between clinic BP and that obtained in HBPM;

suspicion of white coat AHT;

discordance between BP values or time of progression of AHT and absence of end-organ
damage;

resistant AHT which does not respond to conventional pharmacologic treatment;

masked AHT (patient with normal clinic and elevated ambulatory BP);

patients with signs or symptoms of hypotension during antihypertensive treatment;

in evaluation of AHT in elderly patients, children and adolescents, pregnancy, patients
with high cardiovascular risk, AHT of suspected endocrine origin, and patients with

Parkinson’s disease.

A validated device is required. The following web page contains a permanent update of all
recommended blood pressure measurement devices that meet international standards:
www.dableducational.org.

Other
1.

10.
11.

12.

pointers contained in clinical practice guidelines include the following:

ABPM must be performed with instruments validated in accordance with the
international standards of the AAMI (Association for the Advancement of Medical
Instrumentation), British Hypertension Society or European Society of Hypertension;
mean 24-hour BP values as measured by ABPM, which define a person as hypertensive
are SBP > 130 mmHg and DBP > 80 mmHg;

mean diurnal BP values as measured by ABPM, which define a person as hypertensive
are SBP > 135 mmHg and DBP >85 mmHg;

mean nocturnal BP values as measured by ABPM, which define a person as hypertensive
are SBP > 120 mmHg and DBP > 70 mmHg;

dipper pattern is defined as a fall in nocturnal blood pressure of 10-20%;

reduced dipper pattern is defined as a fall of 1-10%;

nondipper or riser pattern is defined as any case that fails to register a reduction or
increase in nocturnal BP;

extreme dipper pattern is defined as a nocturnal reduction of over 20%;

if there is suspicion of white coat hypertension, ABPM must be performed,;

in the event of HBPM being used in a case of suspected white coat AHT, values of
145/95 mmHg or over must be deemed to confirm diagnosis of AHT, whereas lower
values require the performance of ABPM;

patients with isolated clinic AHT must be controlled by OBPM and ABPM, to identify
possible progression to maintained AHT;

BP values as measured by ABPM correlate with cardiovascular morbidity and mortality
in both the general and hypertensive population [120];
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13. mean 24-hour SBP values > 135 and DBP values > 80 as measured by ABPM are
associated with increased mortality [120].

In line with O’Brien’s methodology, the methodologic aspects for performance of ABPM are
outlined below [22]: the 2013 ESH/ESC Guidelines for Management of Arterial Hypertension [20]
indicate that patients must wear a portable blood pressure monitor on the non-dominant arm for
24-25 hours. When the patient is fitted with the portable blood pressure monitor, the difference
between initial BP and that obtained by the operator should not be > 5 mmHg. In the event of this
difference being greater, the cuff must be removed and refitted. The patient should not engage in
strenuous exercise. In the case of his/her usual daily activities, when the cuff inflates, the patient
must cease the activity, keep the arm still and the cuff at the height of the heart, and stop talking. In
clinical practice, measurements are normally taken at intervals of 15 to 20 minutes during the day
and every 30 minutes during the night. A minimum of 70% of the diurnal and nocturnal pressures
must be satisfactory, otherwise monitoring must be repeated.

Interpretation of ABPM:
Special attention must be paid to:

o mean BP values: the values to be borne in mind are 24-hour means of the active waking
and rest periods, according to the values indicate above [33,45].

Basing themselves on cardiovascular events, some authors suggest lower values for high-risk
patients [86];

« nocturnal pattern: some authors suggest that nocturnal BP is a better predictor of end-organ
damage and cardiovascular events, hence the importance of administering one or more
medications before going to bed [3,86];

e Dblood pressure variability: this may serve to assess a patient’s cardiovascular risk and
adjust his/her medication. One study suggests that the morning surge in BP classically
associated with the appearance of cardiovascular events does not increase the risk of
cardiovascular events [121].

9. Telemonitoring of Blood Pressure

AHT is the most common chronic problem seen at primary care visits, affecting around 30% of
the population. It has been conclusively shown that AHT treatment prevents cardiovascular
complications, that the treatment is well tolerated, and that inexpensive medication is currently
available. Even so, the necessary degree of control of AHT is received by only half of all patients [20].

According to the most recent meta-analyses [122,123], the most effective method for improving
blood pressure control of hypertensive patients lies in organizational changes in clinical practice and
the empowerment of non-medical professionals (fundamentally nurses and pharmacists) able to
make changes in the medication. The use of health information technology can help to bring about
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the necessary change in the chronic cardiovascular disease healthcare model. As J.S. Floras has
observed [123], “Blood pressure measurement is one of the few arcas of medical practice where
patients in the 21st century are assessed almost universally using a methodology developed in the
19th century”.

The patient-centered medical home (PCMH) is a healthcare model that seeks to establish an
association between patients, their families and the healthcare team, outside the clinic. The PCMH [124]
has established operating principles which come within a vision of healthcare focused on the patient
at home and the use of new technologies [125]. Home-based telemonitoring is a form of telemedicine
where the patient performs the BP determinations at home and transmits them to his/her healthcare
team via a self-kept log or remotely via the telephone or e-health-related technology. It is estimated
that half of all AHT patients in the USA make use of HBPM. Most of the studies which use blood
pressure telemonitoring include an educational component, reminder systems [127], environmental
modifications, and/or changes in medication (see a recent review of the topic by Leah et al.) [126].

One of the most recent studies to be undertaken was the HyperLink Cluster Randomized Trial [127].
In this clinical trial, Margolis et al., used BP telemonitoring, with the participation of community
pharmacists who could adjust the treatment in poorly controlled hypertensive patients. On conclusion
of the 12-month study period, the researchers reported achieving a total of 71.2%
(95% CI: 62.0-78.9) of well-controlled patients in the intervention group versus 52.8% (95% CI:
45.4-60.2) in the control group, with a mean decrease of 9.7 (95% CI: 6.0-13.4) mmHg in SBP and
5.1 (95% CI: 2.8-7.4) mmHg in DBP. The intervention group intensified the treatment to a greater
extent, improved adherence to both drugs and salt restriction, and reported greater patient satisfaction.
The benefit persisted at 6 months post-intervention. The cost was US$1350 per patient per year, an
amount which could be reduced, according to the authors, by selecting those patients who would
benefit most from the intervention.

In a subsequent analysis of the same clinical trial [128], the authors examined which part of the
intervention had been the most effective, and concluded that intensification of treatment and greater
use of HBPM (weekly measures) were the factors that accounted for 43% of the benefit.
Self-reported compliance with adherence and salt intake had a small effect. Changes in lifestyle
(exercise, weight, alcohol) had no significant benefits. In the Electronic Communications and Home
Blood Pressure Monitoring Trial (e-BP) [129], a twofold improvement in BP control was achieved at
a relatively low cost in patients in the intervention group vis-avis those in ordinary care, by
incorporating a pharmacist who intensified BP management strategies through secure web messaging [130].
In the Collaboration Among Pharmacist and Physicians to Improve Blood Pressure Now trial, the
cost to increase the rate of hypertension control by one percentage point was US $22.55 [133].

In real application of these telemonitoring programs in clinical practice, the following
determinants are found [131,132]:

Facilitators in the form of better perception of care, patient satisfaction and empowerment, and
freeing up of patient-physician consultation time;
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Barriers in the form of difficulty of integrating pharmacists in the usual healthcare team,
absence of information on computing and software resources, and resistance to the application of
protocols.

The Hypertension Intervention Nurse Telemedicine Study (HINTS) [133] reported a 13%
improvement in the control of blood pressure at 12 months of study, with improvements in lifestyle
and changes in medication by trained nurses. The intervention proved most effective in patients with
the worst baseline BP numbers.

The inclusion of community pharmacists in the AHT patient’s healthcare team can provide [134,135]:

.education in hypertension and healthy lifestyles;

.counseling on medications and treatment regimens;

.drug safety monitoring;

.BP monitoring based on validated, calibrated devices;

.BP measurement procedure according to current guidelines;

.availability of out-of-office BP monitoring facilities (home and ambulatory);
high accessibility of pharmacy.

BP telemonitoring at pharmacies may be of use in general-population hypertension screening,
though there is less evidence than in the control of established AHT [136]. A pilot study has been
conducted on patients with pre-hypertension using smartphone applications [137]. BP telemonitoring
has also shown benefits in specific populations, such as older adults with kidney disease and ethnic
minorities [138,139].

In conditions other than AHT, BP telemonitoring may also be of use. Hence, there are studies on
problems such as diabetes mellitus, where, apart from BP, telemonitoring normally includes
metabolic parameters such as glycemia, glycated hemoglobin or cholesterol, sent to the healthcare
team by means of mobile health technologies or computerized systems [140,141]. Similarly, there are
studies with benefits for overall cardiovascular risk, conducted by dieticians using e-mail [142]. The
use of telemedicine in the management of chronic heart failure has likewise shown its utility by
adding biomarkers, such as natriuretic peptide and intracavitary monitors, to BP control [143]. In
patients with kidney transplants too, there are studies which report achieving a reduction in costs by
optimizing pre- and post-transplant BP control with the aid of a telehealth system connected to the
multidisciplinary healthcare team [144].

Telematic transmission of clinical data requires a secure confidential environment. It is
therefore essential that all clinical parameters communicated, medical alarm/alert rules, and
intervention algorithms are clearly defined to ensure the quality of the telemedical application [145].

Conflict of Interest

All authors declare no conflicts of interest in this paper.

AIMS Medical Science \Volume 4, Issue 2, 164-191.



182

References

10.

11.

12.

13.

14.

15.

16.

Bonafini S, Fava C (2015) Home blood pressure measurements: Advantages and disadvantages
compared to office and ambulatory monitoring. Blood Press 24: 325-332.

Wolak T, Wilk L, Paran E, et al. (2013) Is it possible to shorten ambulatory blood pressure
monitoring? J Clin Hypertens (Greenwich) 15: 570-574.

O’Brien E, Parati G, Stergiou G, et al. (2013) European Society of Hypertension position paper
on ambulatory blood pressure monitoring. J Hypertens 31: 1731-1768.

Norma M Kaplan, George Tomas, Marc Pohl, et al. (2016) Blood pressure measurement in the
diagnosis and management of hypertension in adults.

Krause T, Lovibond K, Caulfield M, et al. (2011) Management of hypertension: summary of
NICE guidance. BMJ (Clinical Res) 343: 1-6.

Siu AL, U.S. Preventive Services Task Force (2015) Screening for high blood pressure in adults:
U.S. Preventive Services Task Force recommendation statement. Ann Intern Med 163: 778-786.
Chobanian AV, Bakris GL, Black HR, et al. (2003) Seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure.
Hypertension 42: 1206-1252.

Kaplan NM, Townsend RR (2015) Ambulatory and home blood pressure monitoring and white
coat hypertension in adults.

Hermida RC, Ayala DE, Portaluppi F (2007) Circadian variation of blood pressure: The basis for
the chronotherapy of hypertension. Advance Drug Delivery Rev 9: 904-922.

Andersen MJ, Khawandi W, Agarwal R (2005) Home blood pressure monitoring in CKD. Am J
Kidney Dis 45: 994-1001.

Pickering TG, Miller NH, Ogedegbe G, et al. (2008) Call to action on use and reimbursement for
home blood pressure monitoring: a joint scientific statement from the American Heart
Association, American Society Of Hypertension, and Preventive Cardiovascular Nurses
Association. Hypertension 52: 10-29.

Parati G, Pickering TG (2009) Home blood-pressure monitoring: US and European consensus.
Lancet 373: 876-878.

Niiranen TJ, H&ninen MR, Johansson J, et al. (2010) Home-measured blood pressure is a
stronger predictor of cardiovascular risk than office blood pressure: The finn-home study.
Hypertension 55: 1346-1351.

Verberk WJ, Kroon AA, Kessels AGH, et al. (2005) Home blood pressure measurement: A
systematic review. J Am College Cardiology 46: 743-751.

Myers MG (2010) A proposed algorithm for diagnosing hypertension using automated office
blood pressure measurement. J Hypertension 28: 703-708.

Powers BJ, Olsen MK, Smith VA, et al. (2011) Measuring blood pressure for decision making
and quality reporting: Where and how many measures? Ann Intern Med 154: 781-788.

AIMS Medical Science \Volume 4, Issue 2, 164-191.



183

17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

217.

28.

29.

30.

31.

32.

33.

34.

Mesas A E, Leon-mufdz L, Rodriguez-artalejo F, et al. (2011) The effect of coffee on blood
pressure and cardiovascular disease among hypertensive individuals: Meta-analysis. J Clinical
Hypertension 13: A42.

Other U (2001) Blood pressure measurement. BMJ 322: 1043-1047.

Pickering TG, Hall JE, Appel LJ, et al.(2005) Recommendations for blood pressure measurement
in humans: an AHA scientific statement from the Council on high blood pressure research
professional and public education subcommittee.J Cinical Hypertens 7: 102—-109.

Mancia G, Fagard R, Narkiewicz K, et al. (2013) ESH/ESC Guidelines for the management of
arterial hypertension. J Hypertens 31: 1281-1357.

Mancia G, De Backer G, Dominiczak A, et al. (2007) ESH-ESC Practice Guidelines for the
Management of Arterial Hypertension: ESH-ESC Task Force on the Management of Arterial
Hypertension. J Hypertens 25: 1751-1762.

O’Brien (2005) Practice guidelines of the European Society of Hypertension for clinic,
ambulatory and self blood pressure measurement. J Hypertens 23: 697—701.

U.S. Preventive Services Task Force (2007) Screening for high blood pressure: U.S. Preventive
Services Task Force reaffirmation recommendation statement. Ann Intern Med 147(11):783-786.
Franklin SS, Thijs L, Hansen TW, et al. (2013) White-coat hypertension new insights from
recent studies. Hypertension 62: 982-987.

NICE (2011) Hypertension in adults: diagnosis and management. NICE Guidel :1-38.

James PA, Oparil S, Carter BL, et al. (2013) Evidence-Based Guideline for the Management of
High Blood Pressure in Adults. Jama 1097: 1-14.

Coca A, Bertomeu V, DalfOA, et al. (2007)Blood pressure self measurement: Spanish consensus
document. Nefrol Publicacion La Soc Espariola Nefrol 27: 139-153

Bangalore S, Qin J, Sloan S, et al. (2010) What is the optimal blood pressure in patients after
acute coronary syndromes? Circulation 122: 2142-2151.

VokdZ, Bots ML, Hofman A, et al. (1999) shaped relation between blood pressure and stroke in
treated hypertensives. Hypertension 34: 1181-1185.

Pahor M, Shorr RI, Cushman WC, et al. (1999) The role of diastolic blood pressure when
treating isolated systolic hypertension. Arch Intern Med 159: 2004—-2009.

Pickering TG (1988) The influence of daily activity on ambulatory blood pressure. Am Hear Jan
116: 1141-1146.

Agarwal R, Andersen M (2006) Prognostic importance of ambulatory blood pressure recordings
in patients with chronic kidney disease. Kidney Int 69: 1175-1180.

Asayama K, Ohkubo T, Kikuya M, et al (2004) Prediction of stroke by self-measurement of
blood pressure at home versus casual screening blood pressure measurement in relation to the
Joint National Committee 7 classification: The Ohasama study. Stroke 35: 2356-2361.

Agarwal R, Bills JE, Hecht TJW, et al. (2011) Role of home blood pressure monitoring in
overcoming therapeutic inertia and improving hypertension control. Hypertension 57: 29-38.

AIMS Medical Science \Volume 4, Issue 2, 164-191.



184

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.
51.

Uhlig K, Patel K, Ip S, et al. (2013) Self-Measured Blood Pressure Monitoring in the Management
of Hypertension. A systematic review and meta-analysis. Improve Patient Care 159.

Cappuccio FP, Kerry SM, Forbes L, et al. (2004) Blood pressure control by home monitoring:
meta-analysis of randomised trials. Br Med J 329: 145.

Powers BJ, Adams MB, Svetkey LP, et al. (2009) Two Self-management Interventions to
Improve Hypertension Control. Ann Intern Med 151: 687-696.

McManus RJ, Mant J, Haque MS, et al.(2014) Effect of Self-monitoring and Medication Self-
titration on Systolic Blood Pressure in Hypertensive Patients at High Risk of Cardiovascular
Disease. Jama 312: 799.

McManus RJ, Mant J, Bray EP, et al (2010) Telemonitoring and self-management in the control
of hypertension (TASMINH2): A randomised controlled trial. Lancet 376: 163-172.

Yi SS, Tabaei BP, Angell SY, et al. (2015) Self-blood pressure monitoring in an urban, ethnically
diverse population: a randomized clinical trial utilizing the electronic health record. Circulation
138-145.

Parati G, Stergiou GS, Asmar R, et al. (2010) European Society of Hypertension practice
guidelines for home blood pressure monitoring. J Hum Hypertens 24: 779-785.

Dasgupta K, Quinn RR, Zarnke KB, et al.(2014) The 2014 Canadian hypertension education
program recommendations for blood pressure measurement, diagnosis, assessment of risk,
prevention, and treatment of hypertension. Can J Cardiol 30: 485-501.

Daskalopoulou SS, Rabi DM, Zarnke KB, et al. (2015) The 2015 Canadian Hypertension
Education Program Recommendations for Blood Pressure Measurement, Diagnosis, Assessment
of Risk, Prevention, and Treatment of Hypertension. Can J Cardiol 31: 549-568.

Avenue G (2011) Optimal Schedule for Home Blood Pressure Measurement. Hypertension
1081-1086.

Lauer RM, Clarke WR (1989) Childhood risk factors for high adult blood pressure: the
Muscatine Study. Pediatrics 84: 633-641.

Sun SS, Grave GD, Siervogel RM, et al. (2007) Systolic blood pressure in childhood predicts
hypertension and metabolic syndrome later in life. Pediatrics 119: 237-246.

Blumenthal S, Epps R, Heavenrich R (1987) Report of the Second Task Force on Blood Pressure
Control in Children. Pediatrics 79: 797-820.

The Fourth Report on the Diagnosis, Evaluation and T of HBP in C and A (2004) National High
Blood Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents. Pediatrics 114: 555-576.

Rosner B, Prineas RJ, Loggie JMH, et al. (1993) Blood pressure nomograms for children and
adolescents, by height, sex, and age, in the United States. J Pediatr 123(6): 871-886.

Joseph T Flynn (2017) Ambulatory blood pressure monitoring in children.

Williams CL, Daniels SR, Robinson TN, et al. (2002) Cardiovascular health in childhood. A
statement for health professionals from the committee on atherosclerosis, hypertension, and

AIMS Medical Science \Volume 4, Issue 2, 164-191.



185

52.

53.

54.

55.

56.

57,

58.

59.

60.

61.

62.

63.

64.

65.

obesity in the young of the council on cardiovascular disease in the young, Americam Heart
Association. Circulation 106: 143-160.

Flynn JT (2011) Ambulatory blood pressure monitoring in children: imperfect yet essential.
Pediatr Nephrol 26: 2089-2094.

Sorof JM, Poffenbarger T, Franco K, et al. (2001) Evaluation of white coat hypertension in
children: Importance of the definitions of normal ambulatory blood pressure and the severity of
casual hypertension. Am J Hypertens 14: 855-860.

Lande MB, Meagher CC, Fisher SG, et al. (2008) Left ventricular mass index in children with
white coat hypertension. J Pediatr153: 50-54.

Seeman T, Palyzova D, Dusek J, et al. (2017) Reduced nocturnal blood pressure dip and
sustained nighttime hypertension are specific markers of secondary hypertension. J Pediatr 147:
366-371.

Flynn J, Daniels S, Hayman L, et al.(2014) Update: Ambulatory blood pressure monitoring in
children and adolescents: A scientific statement from the American Heart Association.
Hypertension 63: 1116-1135.

Urbina E, Alpert B, Flynn J, et al. (2008) Ambulatory Blood Pressure Monitoring in Children
and Adolescents: Recommendations for Standard Assessment: A Scientific Statement From the
American Heart Association Atherosclerosis, Hypertension, and Obesity in Youth Committee of
the Council on Cardiovas. Hypertension 52: 433-451.

Aronow WS, Fleg JL, Pepine CJ, et al. (2011) Expert Consensus Document ACCF/AHA 2011
Expert Consensus Document on Hypertension in the Elderly. J Am College Cardiology 57:
2037-2114.

Ishikawa J, Ishikawa Y, Edmondson D, et al. (2011) Age and the difference between awake
ambulatory blood pressure and office blood pressure: a meta-analysis. Blood Press Monit 16:
159-167.

Stergiou GS, Ntineri A, Kollias A (2017) Changing relationship among office, ambulatory, and
home blood pressure with increasing age: A neglected issue. Hypertension 64: 931-932.

US Preventive Services Task Force (2017) Final Recommendation Statement: High Blood
Pressure in Adults.

Weber MA, Schiffrin EL, White WB, et al. (2014) Clinical Practice Guidelines for the
Management of Hypertension in the Community. J Clin Hypertens 16: 14-26.

Bangalore S, Messerli FH, Wun CC, et al. (2010) J-curve revisited: An analysis of blood
pressure and cardiovascular events in the Treating to New Targets (TNT) Trial. Eur Heart J 31.:
2897-2908.

Maselli M, Giantin V, Franchin A, et al. (2014) Detection of blood pressure increments in active
elderly individuals: the role of ambulatory blood pressure monitoring. Nutr Metab Cardiovasc
Dis 24: 914-920.

Angeli F, Reboldi G, Verdecchia P (2010) Masked hypertension: Evaluation, prognosis, and

AIMS Medical Science \Volume 4, Issue 2, 164-191.



186

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

77,

78.

79.

80.

81.

treatment. Am J Hypertens 23: 941-948.

Cacciolati C, Hanon O, Alpé&ovitch A, et al. (2011) Masked hypertension in the elderly: cross-
sectional analysis of a population-based sample. Am J Hypertens 24: 674—680.

Verberk WWJ, Omboni S, Kollias A, et al. (2016) Screening for atrial fibrillation with
automated blood pressure measurement: Research evidence and practice recommendations. Int J
Cardiol 203: 465-473.

Calhoun D A, Jones D, Textor S, et al. (2008) Resistant hypertension: diagnosis, evaluation, and
treatment: a scientific statement from the American Heart Association Professional Education
Committee of the Council for High Blood Pressure Research. Hypertension 117: 1403-1419.

De la Sierra A, Segura J, Banegas JR, et al.(2011) Clinical features of 8295 patients with
resistant hypertension classified on the basis of ambulatory blood pressure monitoring.
Hypertension 57: 898-902.

Jimé&ez Navarro MF (2016) Comentarios a la gum ESC 2016 sobre prevencicn de la
enfermedad cardiovascular en la pré&tica cl mica. Rev Espafpla Cardiol 69: 894-899.

Pickering TG (1988) Blood pressure monitoring outside the office for the evaluation of patients
with resistant hypertension. Hypertension 11: 1196-100.

Lazaridis AA, Sarafidis PA, Ruilope LM (2015) Ambulatory Blood Pressure Monitoring in the
Diagnosis, Prognosis, and Management of Resistant Hypertension: Still a Matter of our
Resistance? Curr Hypertens Rep 17.

Brown MA, Buddle ML, Martin A (2001) Is resistant hypertension really resistant? Am J
Hypertens 14: 1263-1269.

RDs M, Dom mguez-Sardifa M, Ayala D, et al. (2013) Prevalence and clinical characteristics of
isolated-office and true resistant hypertension determined by ambulatory blood pressure
monitoring. Chronobiol Int 30.

Cardoso CRL, Salles GF (2016) Prognostic Importance of Ambulatory Blood Pressure
Monitoring in Resistant Hypertension: Is It All that Matters? Curr Hypertens Rep 18: 85.

Salles GF, Cardoso CL, Muxfeldt ES (2008) Prognostic influence of office and ambulatory
blood pressures in resistant hypertension. Arch Intern Med 168: 2340-2346.

Ayala DE, Hermida RC, Moj&n A, et al. (2012) Cardiovascular Risk of Resistant Hypertension:
Dependence on Treatment-Time Regimen of Blood Pressure—Lowering Medications.
Chronobiol Int 528: 1-13.

Calhoun DA, Raymond MD, Townsens MD (2016) Treatment of resistant hypertension.
Doroszko A, Janus A, Szahidewicz-Krupska E, et al. (2016) Resistant hypertension. Adv Clin
Exp Med 25: 173-183.

Muxfeldt E, Bloch K, Nogueira A, et al. (2003) Twenty-four hour ambulatory blood pressure
monitoring pattern of resistant hypertension. Blood Press Monit 8: 181-185.

Muxfeldt ES, Salles GF (2013) How to use ambulatory blood pressure monitoring in resistant
hypertension. Hypertens Res 36: 385-389.

AIMS Medical Science \Volume 4, Issue 2, 164-191.



187

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.
99.

Williams B, Macdonald TM, Morant S, et al. (2015) Spironolactone versus placebo, bisoprolol,
and doxazosin to determine the optimal treatment for drug-resistant hypertension (Pathway-2):
A randomised, double-blind, crossover trial. Lancet 386: 2059-2068.

Dudenbostel T, Siddiqui M, Oparil S, et al. (2016) Refractory hypertension: A novel phenotype
of antihypertensive treatment failure. Hypertension 67: 1085-1092.

Hermida RC, Smolensky MH, Ayala DE, et al. (2013) Recomendaciones 2013 para el uso de la
monitorizacién ambulatoria de la presidn arterial para el diagndstico de hipertensién en adultos,
valoracién de riesgo cardiovascular y obtencidn de objetivos terapéiticos (resumen). Clmica e
Investig en Arterioscler 25: 74-82.

Sheikh S, Sinha A, Agarwal R (2011) Home Blood Pressure Monitoring: How Good a Predictor
of Long-Term Risk? Curr Hypertens Rep 13: 192-199.

Hermida RC, Moy&A, Ayala DE (2015) Monitorizacién ambulatoria de la presicn arterial en
diabetes para valoraci??n y control de riesgo vascular. Endocrinologiay Nutricion 62: 400-410.
Mancia G, Verdecchia P (2015) Clinical Value of Ambulatory Blood Pressure: Evidence and
Limits. Circ Res 116: 1034-1045.

Leitd CB, Canani LH, Silveiro SP, et al. (2007) Ambulatory blood pressure monitoring and type
2 diabetes mellitus. Arq Bras Cardiol 89: 315-321, 347-354

Care D (2016) Standards of Medical Care in Diabetes : Summary of Revisions. Diabetes Care
39: S4-5.

Coca A, Camafort M, Doménech M, et al. (2013) Ambulatory blood pressure in stroke and
cognitive dysfunction. Curr Hypertens Rep 15: 150-159.

Castilla-Guerra L, Fernadez-Moreno M del C, Espino-Montoro A, et al. (2009) Ambulatory
blood pressure monitoring in stroke survivors: Do we really control our patients? Eur J Intern
Med 20: 760-763.

Castilla-Guerra L, Fernandez-Moreno (2016) Chronic Management of Hypertension after Stroke:
The Role of Ambulatory Blood Pressure Monitoring. J stroke 18: 31-37.

Agarwal R (2009) Home and ambulatory blood pressure monitoring in chronic kidney disease.
Curr Opin Nephrol Hypertens 18: 507-512.

Agarwal R, Peixoto AJ, Santos SFF, et al. (2009) Out-of-office blood pressure monitoring in
chronic kidney disease. Blood Press Monit 14: 2-11.

Parati G, Ochoa JE, Bilo G, et al.(2016) Hypertension in chronic kidney disease part 1: Out-of-office
blood pressure monitoring: Methods, thresholds, and patterns. Hypertension 67: 1093-1101.

Mehta R, Drawz PE (2011) Is nocturnal blood pressure reduction the secret to reducing the rate
of progression of hypertensive chronic kidney disease? Curr Hypertens Rep 13: 378-385.
Verdecchia P (2000) Prognostic value of ambulatory blood pressure: current evidence and
clinical implications. Hypertension 35: 844-851.

O’Brien E, Sheridan J, O’Malley K (1988) Dippers and Non-dippers. Lancet 332: 397.

Kario K, Pickering TG, Umeda Y, et al. (2003) Morning surge in blood pressure as a predictor of

AIMS Medical Science \Volume 4, Issue 2, 164-191.



188

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

silent and clinical cerebrovascular disease in elderly hypertensives: A prospective study.
Circulation 107: 1401-1406.

Muller JE, Abela GS, Nesto RW, et al. (1994)Triggers, acute risk factors and vulnerable plagues:
The lexicon of a new frontier. J Am College Cardiology 23: 809-813.

Li Y, Thijs L, Hansen TW, et al. (2010) Prognostic value of the morning blood pressure surge in
5645 subjects from 8 populations. Hypertension 55: 1040-1048.

Neutel JM, Schnaper H, Cheung DG, et al. (1990) Antihypertensive effects of p-blockers
administered once daily: 24-hour measurements. Am Heart J 120: 166-171.

Meredith PA, Donnelly R, Elliott HL, et al. (1990) Prediction of the antihypertensive response
to enalapril. J Hypertens 8: 1085-1090.

Hermida RC, Calvo C, Ayala DE, et al. (2005) Treatment of non-dipper hypertension with
bedtime administration of valsartan. J Hypertens 23: 1913-1922.

Kikuya M, Ohkubo T, Asayama K, et al. (2005) Ambulatory blood pressure and 10-year risk of
cardiovascular and noncardiovascular mortality: The Ohasama study. Hypertension 45: 240-245.
Ben-Dov 1Z, Kark JD, Ben-Ishay D, et al. (2007) Predictors of All-Cause Mortality in Clinical
Ambulatory Monitoring. Hypertension 49: 1235-1241.

Boggia J, Li Y, Thijs L, et al.(2007) Prognostic accuracy of day versus night ambulatory blood
pressure: a cohort study. Lancet 370: 1219-1229.

Fagard RH, Celis H, Thijs L, et al. (2008) Daytime and nighttime blood pressure as predictors
of death and cause-specific cardiovascular events in hypertension. Hypertension 51: 55-61.

Fan H-Q, Li Y, Thijs L, et al. (2010) Prognostic value of isolated nocturnal hypertension on
ambulatory measurement in 8711 individuals from 10 populations. J Hypertens 28: 2036-2045.

110.Hermida RC, Ayala DE, Moj&n A, et al. (2011) Decreasing sleep-time blood pressure determined by

111.

112.

113.

114.

115.

116.

ambulatory monitoring reduces cardiovascular risk. J Am Coll Cardiol 58: 1165-1173.

Hermida RC, Ayala DE, Moj&n A, et al. (2010) Influence of circadian time of hypertension
treatment on cardiovascular risk:results of the MAPEC study. Chronob 278: 1629-1651.
Hermida RC, Ayala DE, Mojcn A, et al. (2011) Influence of time of day of blood pressure—
lowering treatment on cardiovascular risk in hypertensive patients with type 2 diabetes.
Diabetes Care 34: 1270-1276.

Hermida RC, Ayala DE, Mojon A, et al. (2011) Bedtime Dosing of Antihypertensive
Medications Reduces Cardiovascular Risk in CKD. J Am Soc Nephrol 22: 2313-2321.

Pogue V, Rahman M, Lipkowitz M, et al. (2008) Disparate Estimates of Hypertension Control
From Ambulatory and Clinic Blood Pressure Measurements in Hypertensive Kidney Disease.
Hypertension 53.

Hermida RC (2007)Ambulatory blood pressure monitoring in the prediction of cardiovascular
events and effects of chronotherapy: rationale and design of the MAPEC study. Chronobiol Int
24: 749-T775.

Minutolo R, Gabbai FB, Borrelli S, et al.(2007) Changing the Timing of Antihypertensive

AIMS Medical Science \Volume 4, Issue 2, 164-191.



189

Therapy to Reduce Nocturnal Blood Pressure in CKD: An 8-Week Uncontrolled Trial. Am J
Kidney Dis 50: 908-917.

117. Hermida RC, Ayala DE, Fernandez JR, et al. (2008) Chronotherapy improves blood pressure
control and reverts the nondipper pattern in patients with resistant hypertension. Hypertension
51: 69-76.

118. Carter BL, Chrischilles EA, Rosenthal G, et al. (2014) Efficacy and Safety of Nighttime Dosing
of Antihypertensives: Review of the Literature and Design of a Pragmatic Clinical Trial. J Clin
Hypertens 16: 115-121.

119. Ohkubo T, Imai Y, Tsuji I, et al. (1997) Prediction of mortality by ambulatory blood pressure
monitoring versus screening blood pressure measurements: a pilot study in Ohasama. J
Hypertens 15: 357-364.

120. Guidelines JCS (2012) Guidelines for the Clinical Use of 24 Hour Ambulatory Blood Pressure
Monitoring (ABPM) (JCS 2010). Circ J 76: 508-519.

121. Verdecchia P, Angeli F, Mazzotta G, et al. (2012) Day-night dip and early-morning surge in
blood pressure in hypertension: Prognostic implications. Hypertension :34-42.

122. Glynn LG, Murphy AW, Smith SM, et al. (2010) Interventions used to improve control of blood
pressure in patients with hypertension. The Cochrane.

123. Santschi V, Chiolero A, Colosimo AL, et al. (2014) Improving Blood Pressure Control Through
Pharmacist Interventions: A Meta-Analysis of Randomized Controlled Trials. J Am Heart Assoc
3:e000718.

124. Floras JS (2007) Ambulatory blood pressure: facilitating individualized assessment of
cardiovascular risk. J Hypertens 25: 1565-1568.

125. Home. Available from: https://medicalhomeinfo.aap.org/Pages/default.aspx

126. Ahern DK, Stinson LJ, Uebelacker LA, et al. (2012) E-health blood pressure control program. J
Med Pract Manag 28: 91-100.

127. Anthony CA, Polgreen LA, Chounramany J, et al. (2015) Outpatient blood pressure monitoring
using bi-directional text messaging. J Am Soc Hypertens 9: 375-381.

128. Zullig LL, Dee Melnyk S, Goldstein K, et al. (2013) The role of home blood pressure
telemonitoring in managing hypertensive populations. Curr Hypertens Rep 15: 346-355.

129. Margolis KLK, Asche SES, Bergdall AAR, et al. (2013) Effect of Home Blood Pressure
Telemonitoring and Pharmacist Management on Blood Pressure Control. Jama 310: 46.

130.Margolis KLK, Asche SES, Bergdall ARA, et al (2015) A Successful Multifaceted Trial to Improve
Hypertension Control in Primary Care: Why Did it Work? J Gen Intern Med 30: 1665-1672.

131. Green B, Cook A, Ralston J, et al. (2008) Effectiveness of Home Blood Pressure Monitoring,
Web Communication, and Pharmacist Care on Hypertension Control: The e-BP Randomized
Controlled Trial. Jama 299: 2857-2867.

132. Fishman PA, Cook AJ, Anderson ML, et al. (2013) Improving BP control through electronic
communications: An economic evaluation. Am J Manag Care 19: 709-716.

AIMS Medical Science \Volume 4, Issue 2, 164-191.



190

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Polgreen LA, Han J, Carter BL, et al. (2015) Cost-Effectiveness of a Physician-Pharmacist
Collaboration Intervention to Improve Blood Pressure Control. Hypertension 66: 1145-1151.
Robins LS, Jackson JE, Green BB, et al. (2013) Barriers and facilitators to evidence-based
blood pressure control in community practice. J Am Board Fam Med 26: 539-557.

Magid D J, Olson K L, Billups S J, et al. (2013) A pharmacist-led, American heart association
Heart360 web-enabled home blood pressure monitoring program. Circulation 6: 157-163.
Bosworth H B, Powers B J, Olsen M K, et al. (2011) Home blood pressure management and
improved blood pressure control: Results from a randomized controlled trial. Arch Int Med 171.:
1173-1180.

Omboni S, Sala E (2015) The pharmacist and the management of arterial hypertension: the role
of blood pressure monitoring and telemonitoring. Expert Rev Cardiovasc Ther13: 209-221.
Ernst ME (2013) Ambulatory blood pressure monitoring: recent evidence and clinical pharmacy
applications. Pharmacotherapy 33: 69-83.

James K, Dolan E, O’Brien E (2014). Making ambulatory blood pressure monitoring accessible
in pharmacies. Blood Press Monit 19: 134-139.

Gregoski MJ, Vertegel A, Shaporev A, et al. (2013) Tension Tamer: delivering meditation with
objective heart rate acquisition for adherence monitoring using a smart phone platform. J Altern
Complement Med 19: 17-19.

Rifkin DE, Abdelmalek JA, Miracle CM, et al. (2013) Linking clinic and home: a randomized,
controlled clinical effectiveness trial of real-time, wireless blood pressure monitoring for older
patients with kidney disease and hypertension. Blood Press Monit 18: 8-15.

Kim KB, Han HR, Huh B, et al. (2014). The effect of a community-based self-help multimodal
behavioral intervention in Korean American seniors with high blood pressure. Am J Hypertens
27:1199-1208.

Sieverdes JC, Treiber F, Jenkins C, et al. (2013). Improving Diabetes Management With Mobile
Health Technology. Am J Med Sci 345: 289-295.

O’Reilly DJ, Bowen JM, Sebaldt RJ, et al. (2014) Evaluation of a Chronic Disease Management
System for the Treatment and Management of Diabetes in Primary Health Care Practices in
Ontario: An Observational Study. Ont Heal Technol Assess Ser14: 1-37.

Green BB, Anderson ML, Cook AJ, et al. (2014) E-care for heart wellness: A feasibility trial to
decrease blood pressure and cardiovascular risk. Am J Prev Med 46: 368-377.

Gandhi PU, Pinney S (2014) Management of chronic heart failure: biomarkers, monitors, and
disease management programs. Ann Glob Heal 80: 46-54.

Aberger EW, Migliozzi D, Follick MJ, et al. (2014). Enhancing Patient Engagement and Blood
Pressure Management for Renal Transplant Recipients via Home Electronic Monitoring and
Web-Enabled Collaborative Care. Telemed J e-Health 20: 850-854.

Neumann CL, Schulz EG (2014) Interventionelles dezentrales Telemonitoring: Md&gliche
Indikationen und Perspektiven einer neuen Methode in der Telemedizin. Praxis 103: 519-526.

AIMS Medical Science \Volume 4, Issue 2, 164-191.



191

X ‘; vs AIMS Press

AIMS Medical Science

© 2017 Carlos Menéndez Villalva et al., licensee AIMS Press.
This is an open access article distributed under the terms of the
Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

\Volume 4, Issue 2, 164-191.



