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Ambulatory blood pressure monitoring (ABPM) became a subject of considerable scientific interest. Due to the increasing use of the ABPM in
everyday clinical practice it is important that all the users have a correct knowledge on the clinical indications, the methodology of using the
device including some technical issues and the interpretation of results. In the last years several guidelines and position papers have been
published with recommendations for the monitoring process, reference values, for clinical practice and research. This paper represents a
summary of the most important aspects related to the use of ABPM in daily practice, being a synthesis of recommendations from the recent
published guidelines and position papers. This reference article presents the practical and technical issues of ABPM, the use of this method
in special situations, the clinical interpretation of measured values including the presentation of different ABPM patterns, derived parameters,

the prognostic significance and the limitations of this method.
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Introduction

The initial evaluation of a patient with hypertension should
confirm the diagnosis of hypertension, detect causes of
secondary hypertension, and evaluate cardiovascular risk,
target organ damage and concomitant clinical conditions.
Ambulatory blood pressure monitoring has a considerable
scientific interest with a large number of articles listed on
PubMed in 2015. Due to the increasing use of the ABPM
in everyday clinical practice, it is important for all the users
(specialists, general practitioners) to have a correct knowl-
edge about the clinical indications, the way to use this de-
vice and to interpret the results.

In the last years, several guidelines and position papers
have been published with recommendations for the moni-
toring process, reference values, for clinical practice and
research. In 2013, the European Society of Hypertension
Working Group on BP Monitoring and Cardiovascular Vari-
ability published a position paper presenting the all aspects
of this technique, based on the available scientific evidence
for ABPM [1].

The latest NICE guidelines (2013), recommend the use
of ABPM to confirm the diagnosis of hypertension if the
clinic blood pressure is 140/90 mm Hg or higher [2]. The
Canadian Education Program in Hypertension also rec-
ommend ABPM or HBPM home monitoring during the
second consultation for assessment of hypertension in pa-
tients without target organ damage, diabetes mellitus or
chronic kidney disease but with BP lower than 180/110
mm Hg. Recent guidelines in hypertension management
from the American Heart Association and from the Joint
National Committee (JNC) 8 did not include specific
comments on ABPM [3].
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This article represents a schematic summary of the most
important aspects related to the use of ABPM in daily
practice, being a synthesis of the recommendations from
the recent published guidelines and position papers [4-6].

Indications for ambulatory blood
pressure monitoring
There are some advantages of ABPM over office BP meas-
urement such as: a larger number of readings, profiles of BP
behavior during the usual daily activity of the individual,
reproducible mean day and night time values. ABPM has
an important role in identifying masked and white-coat
hypertension phenomenon, in evaluation of dipping pat-
terns, nocturnal hypertension, BP variability throughout
the day, assessment of the 24h efficacy of antihypertensive
medication. In conformity with the latest published stud-
ies, ABPM is a much stronger predictor of cardiovascular
morbidity and mortality than office BP measurements or
HBPM.

The indications of ABPM in clinical practice recom-
mended by ESH Position Paper (2013) and Practice
Guidelines Consensus Document (2014) are:

Compelling indications:
* Identifying white-coat hypertension phenomenon
— White-coat hypertension in untreated individuals
— White-coat effect in treated or untreated individu-
als
— False resistant hypertension due to white-coat effect
in treated individuals
* Identifying masked hypertension phenomenon
— Masked hypertension in untreated individuals
— Masked uncontrolled hypertension in treated indi-
viduals

* Identifying abnormal 24h BP patterns
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— Daytime hypertension

— Siesta dipping/post-prandial hypotension

— Nocturnal hypertension

— Dipping status/isolated nocturnal hypertension
* Assessment of treatment

— Assessing 24h BP control

— Identifying true resistant hypertension

Additional indications:
* Assessing morning hypertension and morning BP
surge
* Screening and follow up of obstructive sleep apnea
* Assessing increased BP variability
* Assessing hypertension in children and adolescents
* Assessing hypertension in pregnancy
* Assessing hypertension in the elderly
* Assessing hypertension in high-risk patients
* Identifying ambulatory hypotension
* Assessing endocrine hypertension

Technical issues, satisfactory

number of measurements

The technique of ABPM: the patient wearing a portable
blood pressure measuring device, preferably on the non-
dominant arm, for a period of 24 hours. This device gives
information on BP during daily activities and at night dur-
ing sleep. At the time of fitting of the portable device, the
difference between the initial values and those from BP
measurement by the physician should not be more than
5 mmHg, if the difference is greater than 5 mmHg, the
cuff is recommended to be removed and replaced again.
The examining physician trains the patients for perform-
ing normal activity during the ABPM. At the time of cuff
inflation, the patient should stop moving and keep the arm
still with the cuff at the level of the heart. The patient is
asked to provide information in a diary on symptoms and
events that may influence BP, in addition to the times of
drug ingestion, meals, physical activity, and extreme stress.

The ABPM devices and software must correspond to
some technical requirements and must be validated inde-
pendently according to the internationally accepted valida-
tion protocols, which is essential for clinical use. The soft-
ware should be able to provide a standardized plot format
on one page, with different windows during the 24 hour
period, identified and normal bands clearly demarcated
showing the subject’s awake and asleep time intervals. The
data should include summary statistics for time-weighted
systolic and diastolic BP and heart rate in the windows of
the 24 hour period and separately for the awake and asleep
periods (with standard deviations) and the number of valid
BP readings included in the analysis.

Regarding the number of measurement for a satisfactory
ABPM, it was considered acceptable to have a minimum of
20 valid daytime (awake) measurements and seven meas-
urements at night (asleep), based on the requirement to
have at least 70-80% of the measurements, obtained at

least every 30 min, or more frequently, throughout the en-
tire 24 hour period.

When to repeat ABPM

The recommendation of repeating ABPM depends on a
large number of factors and clinical situations. Some indi-
cations of repeated ABPM are: resistant hypertension, ex-
istence of comorbidities or target organ damages (diabetes,
renal diseases, PAOD), family history of premature cardio-
vascular disease. Specific situations for repeating ABPM
at relatively short intervals (3—6 months) are: the need to
confirm the diagnosis of white-coat or masked hyperten-
sion, nocturnal hypertension, follow-up of high-risk pa-
tients. In cases of mild hypertension and low cardiovascu-
lar risk, ABPM may be repeated at 1 or 2-year intervals and
regular home blood pressure monitoring is recommended
for long-term follow-up.

Special situations - difficult to perform ABPM
Patients with atrial fibrillation: due to some special charac-
teristics (increased beat-to-beat BP variability due to vari-
ations in ventricular filling time, stroke volume, and con-
tractility) the blood pressure measurement in patients with
atrial fibrillation is less accurate. There are no studies and
published evidence regarding the utilization and the role
of ABPM in patients with arrhythmias and, specifically
with atrial fibrillation. Despite of these limitations there
is no reason at the present time, to not perform ABPM in
such patients. Larger trials in performing and evaluating
patients on atrial fibrillation are needed.

Obese persons: The prevalence of hypertension and other
specific comorbidities (obstructive sleep apnea, type 2 dia-
betes) is higher in obese patients and the ABPM is often
needed for correct diagnosis of hypertension. In obese per-
sons some technical difficulties, such as miscuffing may
be present but these should not prevent them from un-
dergoing this investigation. In such cases, when available,
conically shaped cuffs with proper sizes should be used.
Cuff dimensions are most important, and the appropri-
ate cuff size according to arm diameter should be used (to
cover 80—-100% of the individual’s arm circumference)
and width (40% of the arm circumference). In patients
with very large arms, the cuff can be placed on the forearm
and the wrist must be kept at the level of the heart during
measurement. Further investigations in the obese patients
for a correct ABPM technique are required.

Interpretation of ABPM, diagnosis

of hypertension [7-9]

Daytime, night-time and 24-h blood pressure

The average “awake” (day-time) and “asleep” (night-time)
values and the mean 24 hours systolic and diastolic values
are the most common parameters used in interpretation
of ABPM. The night-to-day BP ratio represents the ratio
between average night-time and daytime BP. BP normally
decreases during the night - dipping phenomenon. Al-
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though the degree of night-time dipping has a normal dis-
tribution in a population setting, it is generally accepted
that nocturnal BP presents a decrease of >10% comparing
to daytime values (night-day BP ratio <0.9). This is an
arbitrary accepted cut-off value for definition of “dippers”.
Recently, more dipping categories have been proposed (see
in ,Patterns of diurnal variations of BP” section). Possi-
ble reasons for absence of dipping are: sleep disturbances,
obesity, high salt intake, obstructive sleep apnea (OSAS),
diabetic neuropathy (orthostatic hypotension, autonomic
dysfunction), chronic kidney disease and old age.

Threshold for hypertension diagnosis based on ABPM
Definitions of hypertension by office and out-of-office
blood pressure levels (ESC-ESH Guideline 2013) are:
* Ofhice BP: systolic blood pressure (SBP)2140 mmHg
and/or diastolic blood pressure (DBP)=90
e ABPM 24-h Average: SBP>130 mmHg and DBP
>80 mmHg
* ABPM awake (daytime) average: SBP>135 mmHg
and DBP >85 mmHg
* ABPM asleep (night-time) average: SBP>120 mmHg
and DBP>70 mmHg
* Home BP: SBP>135 mmHgand/or DBP>85 mmHg

BP variability

BP being a dynamic parameter is characterized by contin-
uous beat-to beat variations (very short term variability),
within 24 hours (short term variability) and over the days,
weeks or months (long term variability). The short-term
BP variability can be evaluated with ABPM, the long-
term variability requires repeated BP measurements over
days, weeks with repeated measurements (office BE, home
blood pressure monitoring or ABPM). The short-term
BP variability might be considered for risk stratification
in population and cohort studies, but currently it does
not represent a parameter for routine use in clinical prac-
tice [10,11]. The proposed mechanisms influencing the
short term variability are: increased central sympathetic
drive, reduced arterial/cardiopulmonary reflex, reduced
arterial compliance, humoral effects, rheological factors,
emotional factors, behavioral influences/physical activity,
sleep, postural changes. The clinical assessment of short-
term BPV has been based on calculation of the standard
deviation (SD) of 24-hour average BP values, obtained
through ABPM. Other newer ABPM parameters quan-
tifying short-term BPV are: day-time/night time stand-
ard deviation (SD), coefficient of variation (CV), 24 hour
weighted SD, residual BPV (remaining after exclusion of
the slower components of the 24 hour BP profile through
spectral analysis), average real variability (ARV - the aver-
age of the absolute differences between consecutive meas-
urements). These newer parameters have been suggested
to be better predictors of organ damage and cardiovascular
risk than the conventional 24 hour SD [10,11].

Specific hypertension patterns

White-coat hypertension

The prevalence of white-coat hypertension is 20% to 25%.
Therefore, it is crucial to make a correct and accurate di-
agnosis and establish a correct therapeutic plan, which can
be achieved using ABPM and home BP monitoring be-
fore prescribing antihypertensive therapy. The suspicion
of white-coat hypertension is present when patients have
high office BP values and normal BP out-of-office read-
ings. One of the most important indications for ABPM in
all international guidelines is to detect untreated patients
with high office BP values, but normal readings during
daily activities [12].

The traditional definition of white-coat hypertension is:
elevated office blood pressure with a normal blood pressure
during the awake period with ABPM. However, because
of the contribution of asleep blood pressure as a predic-
tor of outcome, it seems counterproductive to exclude this
period from consideration. The 2013 ESH guidelines pro-
pose an alternative definition of white-coat hypertension,
which encompasses subjects with office systolic/diastolic
blood pressure readings of 2140/90 mm Hg and a 24 hour
blood pressure <130/80 mm Hg,.

The definition of white-coat (or isolated office) hyper-
tension is:

* untreated individuals with elevated office BP 140/90
mmHg

* and 24h  ABPM<130/80 mmHg/awake
ABPM<135/85 mmHg/sleep ABPM<120/70 mmHg

* or Home BP<135/85 mmHg

The NICE guidelines recommend ABPM for all patients
suspected of having hypertension because of a previously
elevated office BP measurement, whereas the 2013 ESH
guidelines recommend ABPM for the detection of white-
coat hypertension in low- or moderate - risk patients with
elevated office BP. The ESH Position Paper recommends
that “people with white-coat hypertension should have the
diagnosis confirmed in 3 to 6 months and be followed at
yearly intervals with ABPM, or home BP monitoring, so
as to detect whether and when sustained hypertension oc-
curs’[1].

White coat effect

The definition of white coat effect is: a certain elevation
of BP regardless of the daytime ABPM values or the use
of antihypertensive drugs that occurs in medical environ-
ment. The white-coat effect is present when the office BP is
higher than the daytime mean ABPM measured BP values.
Despite this, the white-coat hypertension is defined if the
office BP is high, and the awake ABPM mean value is nor-
mal and the patient is not receiving any antihypertensive
drug. The white-coat effect is a possible cause of false resist-
ant hypertension and may be present in any hypertensive
patient, regardless of the type and dose of antihypertensive
drug taken [13].
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Masked hypertension

The definition of masked hypertension is: normal office
BP<140/90 mmHg with elevated ABPM measured awake
BP (2135/85 mmHg) or HBP>135/85 mmHg. This form
of hypertension should not be diagnosed in patients with
antihypertensive medication; when treated subjects have
a normal office BD, but persistently elevated ambulatory
or home BP, the term masked uncontrolled hypertension
should be used. Recent evidence suggests that masked un-
controlled hypertension is very often present on high-risk
patients, and it is the isolated nocturnal hypertension as
the clinical characteristic of these patients; therefore the
major role of ABPM in the evaluation of patients with
high cardiovascular risk must be highlighted again. The
NICE guideline ignores to mention/highlight the useful-
ness of ABPM in detecting masked hypertension. The
ESH/ESC 2013 guideline recommend ABPM for detect-
ing masked hypertension in all subjects with high-normal
office BP or normal office BP with asymptomatic organ
damage or with high total cardiovascular risk.

Patterns of diurnal variations of BP

Dipping:
* Nocturnal systolic and diastolic BP fall>10% of day-
time values or
* Night/day systolic and diastolic BP ratio<0.9 and
>0.8
* Normal diurnal systolic and diastolic BP pattern

Reduced Dipping:
* Nocturnal systolic and/or diastolic BP fall from 1 to
10% of daytime values or
* Night/day systolic and/or diastolic BP ratio <1 and
>0.9
* Reduced diurnal systolic and/or diastolic BP pattern
* Associated with increased cardiovascular risk

Non-dipping and rising:
* No reduction or increase in nocturnal systolic and/or
diastolic BP or
* Night/day systolic and/or diastolic BP ratio
* Associated with increased cardiovascular risk

Extreme dipping:
* Marked nocturnal systolic and/or diastolic BP fall
>20% of daytime systolic and/or diastolic values or
* Night/day systolic and/or diastolic BP ratio <0.8
* Debatable association with cardiovascular risk

Nocturnal hypertension:
* Increased absolute level of night time systolic and/or
diastolic BP (120/70mmHg)
* Associated with increased cardiovascular risk - may
indicate obstructive sleep apnea

Morning surge

* Is defined as a rise in BP >55 mm Hg from the lowest
nighttime reading

* It presents a risk of stroke almost three times greater
than that seen in patients without a morning eleva-
tion of BP

* Other cardiovascular events (e.g. myocardial infarc-
tion, angina pectoris) are more frequent in the morn-
ing hours than at other times of day

* Greater carotid intima-media thickness and circulat-
ing inflammatory markers coexist in hypertensive pa-
tients with a morning BP surge and this might con-
tribute to the increased CV risk in these patients

Nocturnal Phenomenon

For assessing the blood pressure during the night (asleep
values) ABPM is the best measurement methodology. The
definition dipping status is based on the BP curve from
wakefulness to sleep, depending on whether BP falls, rises,
or remains constant. In some patients, the nocturnal de-
crease of BP may be absent — this phenomenon is defined
as nondipping status. In some cases, BP may even rise dur-
ing the night sleeping hours to reach levels that are higher
than daytime levels — this phenomenon is defined as reverse
dipping or rising. In other cases, there may be a marked
decrease of BP values during the night - this is the extreme
dipping phenomenon. Morning surge represent the extent
of the rise of BP values in the morning around the awaken-
ing period and this provides additional information about
the cardiovascular risk and additional prognostic informa-
tion about the patient.

A large amount of evidence was published about the
prognostic superiority of nocturnal BP compared to day-
time pressure in predicting outcome [14]. Isolated noctur-
nal hypertension (present in around of 7% of hypertensive
patients) can be diagnosed only with ABPM. The dipping
phenomenon (difference between awake and night-time
BP) has a normal distribution in a population, a nocturnal
BP decrease >10% of daytime values, corresponding to a
night/day BP ratio >0.9 [15].

Due to the demonstrated unfavorable cardiovascular
risk profile of nondippers recently, the ADA (American
Diabetes Association) recommends the administration of
more than one antihypertensive medication at bedtime.
The ESH/ESC Position Paper considers the evidence sup-
porting this reccommendation as inadequate; the main pur-
pose of antihypertensive treatment is the reduction of noc-
turnal hypertension and the achievement of a BP control
during the 24-hour period [16].

Additional analyses

A number of additional parameters may be derived from
ABPM recordings such as: BP variability, morning BP
surge, blood pressure load, percent time elevation and the
ambulatory arterial stiffness index. The predictive value of
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these indices has not yet clearly been determined; therefore
they should be used as experimental added parameters,
with no routine clinical use. Several of these indices are
discussed in detail in ESH position papers and guidelines.
The reference values of these ABPM derived indices and
their possible clinical interpretation is listed in Table .

Limitations of ABPM

Until recently, ABPM has been considered as being more
expensive than other measurement techniques. However, it
has been shown that ABPM is cost-effective, both in spe-
cialist services and in primary care. Unfortunately, ABPM
remains under-used in Romania. Possible reasons may be
the increased cost for patients, the limited availability of
ABPM and the knowledge gap for many physicians about
interpreting an ABPM recording versus a simple BP read-

ing.

Conclusions

The superiority of ABPM to ofhice BP in evaluating the
risk for developing cardiovascular and renal events has
been studied in a large spectrum of associated diseases
and populations. Despite the extensive clinical use and an
impressive number of scientific publications on this field,
there are still some questions before ABPM can totally or
partially replace office BP measurements for the diagnosis
of hypertension and in establishing the of a correct thera-
peutic approach [17].

The superiority of ABPM has been shown in men and
women, young and old, in untreated and treated hyperten-
sive patients. A large number of data published regarding
ABPM demonstrated that some specific markers of target
organ damage on hypertensive patients (increased carotid
intima media thickness, left ventricular hypertrophy, pulse
wave velocity, ankle-brachial pressure index) are closely
correlated with office BP values [17,18]. A large number
of studies argument the superiority of ABPM versus office
BP measurements: in the general population, in isolated
systolic hypertension, in resistant hypertension, in pa-
tients with coronary artery disease, diabetes mellitus, and
chronic kidney disease. All of these studies have obtained
positive results with only one ABP monitoring at the be-
ginning of the study, whereas the evaluated target organ
damages (cardiovascular mortality, myocardial infarction,
stroke, end-stage renal disease) occur years later [9,19].

In clinical practice, the average of 24 hour, awake and
asleep BP values are the recommended parameter for de-
fining hypertension, for monitoring the antihypertensive
treatment. Other derived parameters from ABPM have
been considered to be relevant as BP variability, day/night
ratio, morning surge, blood pressure load, percent time el-
evation, ambulatory arterial stiffness index. The potential
clinical values of these derived parameters still remain to be
confirmed because the value in risk stratification has not
been proven yet.

Some studies have demonstrated that night-time BP
values are a stronger predictor for cardiovascular additional
risk than daytime values [14]. The night-day ratio is a
significant predictor of cardiovascular outcome but, with
litcle prognostic information above the average 24 hours
ABPM values. The dipping pattern is the most consistent
ABPM finding with a strong correlation with the incidence
of cardiovascular events. Extreme dippers may have an in-
creased risk for stroke, and the data on the increased car-
diovascular risk of extreme dippers are in reduced number
- the clinical significance of this phenomenon is uncertain
[17]. Recent published studies have demonstrated that
increased short-term and long-term BP variability is asso-
ciated with the development, progression, and severity of
cardiac, vascular, and renal damage and with an increased
risk of cardiovascular events and mortality. The nondip-
ping pattern is associated with different comorbidities, and
is proposed to be produced by different mechanisms: ba-
roreflex or autonomic dysfunction, abnormal sodium me-
tabolism and nocturnal volume overload [20]. A particu-
lar characteristic of ABPM curve is the circadian variability
and especially the morning surge which was demonstrated
to be linked to vascular damage in the myocardium, large
arteries and in the renal and cerebral circulation [21,22].
In the presence of the comorbidities such as diabetes, car-
diac and renal disease, an increased risk for cardiovascular
events, such as myocardial infarction and stroke, has also
been described in patients with the presence of morning
surge. For the evaluation of the clinical importance of
short and long term variability, and also the role of the
morning surge in cardiovascular risk pattern, further stud-
ies are required.
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Table I. The reference values of ABPM derived parameters and their possible clinical interpretation

Parameter Reference value

Clinical interpretation

Average BP/24 hr
Average daytime BP
Average daytime BP

<125-130/80mmHg
<130-135/85 mmHg
<120/70 mmHg

>135/85mmHg - diagnostic criteria for arterial hypertension
> 140/90 mmHg - diagnostic criteria for arterial hypertension
>125/75 mmHg - diagnostic criteria for arterial hypertension
>53 mmHg - independent cardiovascular risc factor factor

>20 extreme dipping

PP - pulse pressure <50mmHg
Diurnal index - DI 10-20% <10% non-dipper
Percent time elevation - PTE <15%

>15% - diagnostic criteria for arterial hypertension

>45% - target organ damage

Blood pressure load or hyperbaric load <60mmHg x hour

>60mmHg x hour - pressure overload
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