Chapter 2
Assessment of Hypertension in Chronic
Kidney Disease

Aldo J. Peixoto

Hypertension is highly prevalent in chronic kidney disease (CKD). It is estimated
that up to 80 % of patients have high blood pressure (BP) by the time they reach
advanced stages of kidney disease (glomerular filtration rate <15 ml/min), and
remains highly prevalent among dialysis [1] and kidney transplant [2] patients.
Because of the importance of BP control to decrease cardiovascular risk and limit
the progression of CKD, adequate assessment of hypertension is essential to the
care of CKD patients. In this chapter, we review relevant aspects of the assessment
of BP in the office and out-of-office environments in patients with CKD (not on
dialysis) and with kidney transplants. Issues related to dialysis patients are dis-
cussed in Chap. 7.

General Elements of the Assessment of Hypertension Burden

Besides the careful measurement of BP, the evaluation of hypertension in patients
with CKD should include the same general approach as used in any patient with
hypertension. Other critical components of the clinical evaluation include the con-
sideration of features that suggest secondary causes of hypertension other than
CKD itself, the identification of comorbid conditions that may impact on treatment
decisions, the discussion of lifestyle practices and preferences that may affect man-
agement, and the systematic evaluation of extra-renal target organ involvement,
such as cerebrovascular disease, cognitive impairment, left ventricular hypertrophy,
heart failure, coronary disease, and peripheral arterial disease.
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Mounting evidence indicates that the objective assessment of extracellular fluid
volume expansion and systemic hemodynamics can improve BP management. Such
measurements can be obtained with different non-invasive technologies. Although it
is cumbersome to directly measure extracellular fluid volume, various methods exist
to estimate it indirectly and include bioimpedance, ultrasonographic measurement of
inferior vena cava diameter and collapsibility with inspiration, estimation of right
atrial pressure with hepatic vein flow patterns, or through thoracic ultrasound to esti-
mate the amount of extravascular lung water. Systemic hemodynamics, on the other
hand, can be easily determined non-invasively through echocardiography, imped-
ance cardiography, bioreactance, and several oscillometric methods. Impedance
cardiography can simultaneously measure volume (thoracic fluid content) and hemo-
dynamic variables (cardiac output, systemic vascular resistance). In patients with
resistant hypertension, use of this technology to guide treatment resulted in better BP
control in two randomized trials [3, 4]. The experience in non-dialysis CKD is small,
but some have called for more extensive use of formal volume assessment in the
treatment of hypertension [5], particularly in the setting of kidney disease, where
extracellular fluid volume expansion is common, and often covert.

Most relevant to the present discussion is the careful measurement of BP both in
the office and in the home and ambulatory setting. The following sections will cover
each of these elements in detail.

Principles of Blood Pressure Measurement

Adequate management decisions demand accurate BP measurement. Cuff-based
brachial BP is the most commonly used method to measure BP, typically in the
office setting. However, current evidence progressively points to the value of out-of-
office BP methods, such as 24-hour BP monitoring (ABPM) and home BP monitor-
ing, as superior methods to evaluate BP burden and BP-related risk in hypertensive
patients [6-8].

Conventional Office Blood Pressure Measurement

BP measurement is traditionally made in the office using either the auscultatory tech-
nique or oscillometric method (manual or automated cuff following specific propri-
etary algorithms to impute systolic and diastolic BP). In some countries such as in
the USA, mercury sphygmomanometers are now seldom available in clinical prac-
tice because of environmental concerns [9], so most measurements are made either
with aneroid devices or electronic oscillometric manometers. Both types of manom-
eters are accurate but should have periodic maintenance to ensure that they are prop-
erly calibrated. This is typically done every 12 months or anytime poor function is
suspected or anticipated (such as following drop from height of the instrument).
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Table 2.1 Technique of office blood pressure measurement

Patient rests quietly for at least 3—5 min prior to measurements.
Patient sits on a chair with arm and back support, with both legs on the floor.

The arm is the preferred site of measurement, using a well-fitting cuff based on arm
circumference. The bladder length covers at least 80 % of the arm circumference.
Recommended cuff sizes for adults are:

e “Small adult” (12x22 cm): for arm circumferences between 22 and 26 cm.

e “Adult” (16 x30 cm): for arm circumferences between 27 and 34 cm.

e “Large adult” (16 x36 cm): for arm circumferences between 35 and 44 cm.

e “Adult thigh” (16 x42 cm): for arm circumferences between 45 and 52 cm

Lower end of the cuff rests 2-3 cm above the antecubital fossa.
Arm is positioned at the level of the heart.

At least two BP measurements are obtained and averaged. Obtain more measurements if there
is disparity between the first two values. Allow at least 1 min between readings.

BP is checked in both arms to identify inter-arm differences. If different, report the values
obtained on the arm with higher BP.

If using the auscultatory method with a stethoscope, first confirm the approximate systolic BP
through palpation to avoid errors due to the auscultatory gap. Use Korotkoff phase I
(appearance) and V (disappearance) to define systolic and diastolic BP, respectively. Record the
value that is the nearest even number (nearest 2 mmHg).

If using an aneroid or mercury manometer, the cuff is deflated at 2-3 mmHg/s. (Deflation rates
with oscillometric devices are defined by proprietary algorithms and usually not adjusted by the
clinician.)

Most patients should have their BP measured in the arm in the seated position
[10]. In selected situations, such as malformations, injuries or vascular disease of
the upper extremities, or when comparisons of BP levels in the upper and lower
extremities is warranted, it may be necessary to use thigh measurements with an
appropriately sized thigh cuff, which should be obtained in the supine position to
allow the cuff to be at the level of the heart. Thigh cuffs are most easily used with
an oscillometric automated device, but can also be used with the auscultatory
method (Korotkoff sounds are auscultated in the popliteal fossa). Table 2.1 provides
the essential elements of proper BP measurement in the office.

Inter-Arm Blood Pressure Differences

As noted in Table 2.1, patients should have their BP measured in both arms at the
time of their initial evaluation and periodically thereafter. Differences >10 mmHg
between arms can occur in a variable proportion of hypertensive patients (average
~14 %) [11]. Inter-arm BP differences had been thought to be due to occlusive arte-
rial disease of the upper extremities, but this has not been confirmed by prospective
imaging studies [11], and the underlying mechanisms remain uncertain, possibly
related to vascular calcification and arterial stiffness. Regardless of this uncertainty
there is general agreement that clinical decisions should be made based on BP levels
from the arm with higher BP.
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A recent meta-analysis indicates that the presence of an inter-arm SBP difference
>10 mmHg is associated with a 2.7-fold increase in risk of fatal and non-fatal car-
diovascular events in populations with increased vascular risk, including one with
CKD [11]. Reproducibility of the difference, however, is limited. In one study of
443 patients with simultaneous bilateral measurements on two separate occasions,
the reproducibility of an inter-arm difference >10 mmHg or >20 mmHg was only
27% and 41 %, respectively [12]. Therefore, while recognizing inter-arm differ-
ences should be noted to optimize decisions on which BP level to use on a given
visit, the limited reproducibility makes the prognostic implications of that differ-
ence still uncertain.

Pseudohypertension

Pseudohypertension is the detection of spuriously elevated BP due to poor compress-
ibility of the brachial artery and its branches. In the past, the Osler maneuver, or palpa-
tion of the radial artery during cuff inflation above the systolic BP level, was purported
to effectively diagnose pseudohypertension. However, several studies have repudiated
this, and it is no longer considered to be a useful test [10]. Therefore, if pseudohyper-
tension is being considered in a patient, the only definitive means of confirming it is
through arterial cannulation and direct measurement of intra-arterial pressure.

The Auscultatory Gap

A common source of error when using the auscultatory method is the auscultatory
gap, which consists of a prolonged period of disappearance of Korotkoff sounds
after their initial appearance. Therefore, if the cuff is not inflated high enough, the
observer may record an incorrectly low systolic BP. The auscultatory gap is most
common in older patients with underlying vascular disease and systolic hyperten-
sion with wide pulse pressure [10]. It can be easily avoided by identification of the
systolic BP through palpation of the radial or brachial artery so as to guarantee that
the cuff is being inflated to a pressure that is above the systolic BP. The auscultatory
gap does not occur with oscillometric BP measurements.

Orthostatic Blood Pressure Measurements

Orthostatic hypotension is common in patients treated for hypertension, especially
in older patients (8-34 %) [13, 14]. It is recommended that standing BP be obtained
as a screen for orthostatic hypotension in elderly patients with hypertension, as well
as in patients at increased risk of autonomic dysfunction, such as those with diabe-
tes and kidney disease [7, 15]. Orthostatic vital signs (heart rate and BP) should be
obtained after at least 5 min in the supine position followed by immediate assump-
tion of the standing position for up to 3 min [14]. The practical difficulties of
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following this method in a busy office cannot be ignored, so it is acceptable to com-
pare values in the seated position with those after standing for 1 min. This method
is less sensitive for the detection of orthostatic hypotension but is better than no
measurement at all [14]. The definition of orthostatic hypotension is a drop in BP
>20/10 mmHg after 3 min of standing [16]. Among patients with supine hyperten-
sion, the required systolic fall in BP for the diagnosis is >30 mmHg because the
level of baseline supine BP is directly proportional to the orthostatic BP drop [14,
16]. Integration of the heart rate response to changes in BP with standing is impor-
tant to guide the differential diagnosis and further evaluation of orthostatic hypoten-
sion. In the absence of medications that slow heart rate, the lack of a rise in heart
rate by at least 20 bpm in response to hypotension suggests baroreflex or sympa-
thetic autonomic dysfunction. Conversely, patients with an appropriate heart rate
response likely have volume depletion or excessive vasodilatation.

Office BP Measurement During Exercise

BP measurement is necessary during exercise stress testing, which is commonly per-
formed in the office setting. There are issues related to both the measurement and the
interpretation of BP levels during exercise. BP measurement may be difficult during
exercise; auscultatory measurements can be plagued by difficulties hearing Korotkoff
sounds due to equipment noise, and many of the available automatic devices are
inaccurate during exercise testing or have not been appropriately validated in this
setting. As a general rule, the auscultatory method should be used preferentially, as it
is less susceptible to systematic or random error during exercise. Oscillometric mea-
surements are not recommended to assess BP response to exercise. Some automated
devices are available that concurrently record Korotkoff sounds with EKG which
enable better separation of signal from noise during exercise.

On average, systolic BP increases by ~10 mmHg per metabolic equivalent
(MET) of exercise (~30 mmHg during the early stages of aerobic exercise and by
50-60 mmHg above baseline at peak exercise), with average increases higher in
men than women [17]. Diastolic BP response is less adequately characterized; typi-
cally it stays the same or is slightly lower but may increase during exercise. Despite
lack of formal guidelines, the generally accepted upper limit of BP during peak
exercise is 210/110 mmHg for men and 190/110 mmHg for women [17].

Several studies suggest that the delayed rate of recovery of systolic BP after
exercise has been associated with the presence of coronary artery disease.

Automated Office Blood Pressure Measurement

Multiple office BP measurements can now be performed automatically while the
patient is alone in the room. The devices are programmed to perform several sequen-
tial readings (typically 6), discard the first reading, and provide an average that is
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used as the value for the visit. Using this method, the white coat effect is largely
eliminated [18, 19]. In addition, this automated approach results in better correla-
tions with ambulatory BP averages and left ventricular mass than routine office BP
[19, 20]. Obviously, this may lead to significant slowing of patient flow in physician
offices, but if planned appropriately, can be performed as the patient waits while the
clinician see other patients. Using this technology is particularly relevant for patients
who are being treated for hypertension and those who cannot or do not want to per-
form self-measured BP monitoring in the home environment (see below). This idea
was initially launched by the BpTRU company (and the method is often referred to
as “the BpTRU”), but others are now available on the market such as the Omron
HEM-907 and the Welch-Allyn ProBP 2400.

Out-of-Office Blood Pressure Monitoring

Even though office BP has been the most commonly used measure to guide hyper-
tension diagnosis and treatment, growing evidence indicates that out-of-office tech-
niques (home BP and ABPM) are better markers of hypertension-related risk and as
such, have been increasingly used in research and clinical practice. Indications for
home BP and ABPM are listed in Table 2.2 and a summary of the advantages and
shortcomings of these monitoring methods is presented in Table 2.3.

Home Blood Pressure Monitoring

Home BP monitoring is performed by the patient in the home and/or work environ-
ment and is increasingly used in practice; as many as 65 % of patients with hyper-
tension own a home monitor [21], although accessibility to low-income patients is
still a problem despite the availability of low cost devices ($40-50) and coverage by
many healthcare insurance plans.

Just as with office BP, it is important that the equipment works properly and fits
the patient well. Home BP measurements should be obtained using the same atten-
tion to technique as described for office BP (see Table 2.1). In general, it is preferred
that the automatic oscillometric method be used for self-measured BP. Unfortunately,
many of the marketed devices have not been appropriately validated and may not
provide accurate readings. A list of independently validated devices can be found at
www.dableducational.org. The preferred devices use arm cuffs. Finger cuffs are inac-
curate and wrist cuffs often provide incorrect readings because of inappropriate tech-
nique. As a result, only arm devices are recommended by current guidelines [21, 22].

The reliability of reporting of home BP values by patients has been questioned in
the past. This problem has been circumvented by the universal availability of a
memory function in automated BP devices. Therefore, if the clinician has concerns
about the values being reported, he can ask the patient to bring the machine and
personally review the values recorded in the device memory.
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Table 2.2 Indications for home BP and ABPM

Indication HBP |ABPM | Comment

Identify white coat ++ +++ ABPM still the “gold-standard” when patients

hypertension have HBP values that are “borderline”

Identify masked ++ +++ (125-135/80-85 mmHg)

hypertension

Identify true resistant ++ +++

hypertension

Evaluate borderline office ++ +++

BP values without target

organ damage

Evaluate nocturnal - +++

hypertension

Evaluate labile ++ ++ HBP better for infrequent symptoms or

hypertension paroxysms, ABPM better if frequent within a

Evaluate hypotensive +++ | ++ 24-h period

symptoms

Evaluate autonomic + ++ HBP useful to monitor orthostatic hypotension.

dysfunction ABPM useful to quantify supine hypertension
and determine overall (average) BP levels

Clinical research ++ +++

(treatment, prognosis)

From Elliott W, Peixoto AJ and Bakris G. Primary and Secondary Hypertension. In: Skorecki K,
Chetow G, Marsden P, Taal M, Yu A (Eds.), Brenner & Rector’s The Kidney, 10th edition.
Philadelphia: Elsevier 2016:1522-66, with permission

Table 2.3 Pros and cons of home BP and ABPM

Home BP ABPM
Pros Cons Pros Cons
Multiplicity of Requires patient Multiplicity of Inconvenient to patients,
measurements over a training measurements especially if multiple
prolonged period of monitoring periods are
time necessary
Good reproducibility Devices are Excellent High cost

possibly inaccurate | reproducibility

Elimination of the
white coat effect

Patient reporting
may be biased

Low reimbursement
rates

Elimination of the
white coat effect

Low cost

No reimbursement

BP measurement
during sleep

Increases patient
engagement

Superior prognostic
value

Better prognostication
than office BP

For most patients, a BP log obtained over 7 days before each office visit provides
reproducible information that allows good prognostication and treatment decisions
[22]. We instruct our patients to obtain readings in duplicate (about 1 min apart),
twice daily (in the morning before taking medications and in the evening before
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Table 2.4 Accepted upper 24-hour ambulatory BP monitoring
limits of normal for home 24-hour BP 131/79 mmH
and ambulatory blood £
pressure Awake BP 138/86 mmHg
Sleep BP 120/71 mmHg
Home BP monitoring
Average BP* 133/82 mmHg

*Average of all values during the monitoring period,
usually 7 days

Data based on equivalent of cardiovascular event rates
observed at office BP of 140/90 mmHg. Based on data

from Kikuya et al. [29] and Niiranen et al. [23]

dinner) for a 7-day period. In some clinical situations, more frequent or more
prolonged monitoring may be needed. For example, patients with symptoms sug-
gestive of intermittent hypotension may benefit from BP measurements during peak
action of medications, such as in the mid-to-late morning or late evening, depending
on the time when medications are taken. Patients with wide fluctuations in BP can
be monitored more often to better quantify the overall BP variability, though we
prefer to use 24-hour ABPM in such patients. Detailed guidelines on the use of
home BP are available from the European Society of Hypertension [22] and the
American Heart Association [21].

Normative values for home BP based on observed outcomes are now available
[23]. These threshold levels were established using the observed cardiovascular event
rates equivalent to those observed for office BP of 120/80 mmHg (“optimal”) and
140/90 mmHg (“hypertension”) in a large multinational cohort of patients [23]. Using
this approach, the currently accepted level of “optimal” home BP is 121/78 mmHg,
and the level defining “hypertension” is 133/82 mmHg (see Table 2.4).

Ambulatory Blood Pressure Monitoring

ABPM combines the ability to evaluate BP in the ambulatory setting with the unique
feature of allowing the measurement of BP during sleep, which, as will be discussed
below, provides additive prognostic information. ABPM is performed with a vali-
dated automated device (for a list, refer to www.dableducational.org) that is fitted
on the patient using an appropriately sized cuff. ABP is usually performed over a
24-hour period, although most devices can run for longer periods of time as allowed
by battery life and number of readings stored in the memory. In some clinical situ-
ations, 48-hour monitoring is quite useful, such as in patients undergoing hemodi-
alysis, so that the entire interdialytic period can be evaluated. The device is
programmed to inflate periodically; a typical measurement interval is every 20 min
during the daytime (7 AM—11 PM) and every 30 min at night (11 PM-7 AM),
though these schedules can be adjusted based on individual needs. The patient keeps
a log of activities during the monitoring period including the time of going to bed
and waking up and time of taking antihypertensive medications (if any). It is
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preferred that the periods designated as “night and day” reflect the actual periods of
sleep and wakefulness obtained from the patient’s diary. Most patients accept
ABPM well, although sometimes sleep is affected (<10% of cases) and rarely,
patients have bruising or pain from the frequent cuff inflations. Up-to-date guide-
lines that include practical information on ABPM are available from the European
Society of Hypertension [24, 25].

The generally accepted indications for ABPM are listed in Table 2.2. The most
commonly used indication is to rule out white coat hypertension. In fact, it is this
property that has made ABPM recommended for definitive initial diagnosis of hyper-
tension by the British Hypertension Society [6] and the United States Preventive
Services Task Force [8]. Another important clinical use is in the evaluation of patients
with resistant hypertension. Mounting evidence indicates that almost 40 % of patients
with “office resistance” have controlled BP levels on ABPM, i.e., “office resistance”
[26]. Identification of patients with true resistance is important to identify those with
increased risk of adverse cardiovascular and renal outcomes [27, 28].

Similar to home BP, outcomes-based normative values are available for ABPM
(Table 2.4) [29]. When interpreting an ABPM recording, the clinician needs to take
into account the total number of successful measurements; a generally accepted
minimum of valid readings is 20 during wakefulness and 7 during sleep [25]. The
key elements of the 24-hour BP profile are the awake, asleep, and overall 24-hour
BP levels, as these are the prognostic determinants in hypertension.

The blood pressure decline during sleep (“dipping”) is also calculated as the ratio
between the asleep and awake BP. Normally, BP declines by ~15% during sleep
(i.e., a night/day ratio of 0.85). When evaluating the circadian BP profile based on
the behavior of BP during sleep, four patterns are described:

1. Dipper: normal BP decline during sleep, arbitrarily defined as between 10 and 20 %.

2. Non-dipper: smaller than normal BP decline during sleep (between 0 and 10 %).
This pattern is observed in 20-25 % of patients with essential hypertension, and
with increasing frequency in patients with cardiovascular disease, kidney dis-
ease, and other causes of secondary hypertension.

3. Reverse dipper (also called “Riser”): BP increases during sleep. This pattern is
often observed in patients with advanced kidney disease, sleep apnea, or auto-
nomic dysfunction.

4. Extreme dipper: greater than normal BP fall during sleep (>20 %).

In large observational studies, extreme dippers have lower fatal and non-fatal
cardiovascular event rates than those whose BP decreases by less <20 %. Reverse
dippers, on the other hand, have significantly worse cardiovascular outcomes than
all other patients [30].

Most software packages provide information on the 24-hour BP variability (defined
as the standard deviation of systolic and diastolic BP for each of the monitoring peri-
ods) and the BP load (percentage of readings above a certain threshold). Although
some data have linked high BP variability and high BP load to adverse outcomes, they
do not appear to provide additional information beyond what is obtained from aver-
age BP values [31], so we give limited relevance to these values.
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Integrating Home BP and ABPM into Clinical Decision Making

In deciding between home BP and ABPM, the clinician must take into account
availability, costs, and patient preferences. For the initial evaluation of the patient,
home BP is an adequate method, particularly in the primary care setting. In subspe-
cialty practices, however, ABPM is more easily available and is particularly useful
for patients with borderline home BP values. A systematic review of 20 studies
compared the agreement between office, home and ABPM according to different
BP thresholds [32]. Using a 24-hour BP average of 135/85 mmHg as the definition
of HTN, an office BP of 140/90 mmHg has a sensitivity of 75 % (95 % CI, 61-85 %)
and specificity of 75 % (95 % CI, 48-90 %) for the diagnosis of HTN. Likewise, a
home BP average of 135/85 mmHg has a sensitivity of 86 % (95 % CI, 78-91 %) and
a specificity of 62 % (95 % CI, 48-75 %) for the diagnosis. Therefore, neither office
nor home BP has sufficient sensitivity or specificity for the diagnosis of HTN based
on this analysis [32]. However, the use of different thresholds can produce adequate
predictive values (positive and negative) that allow home BP to be integrated into
the decision to obtain ABPM or not with greater precision [21]. A structured
approach to this decision-making process is summarized below [21]:

e If office BP >140/90 mmHg, perform home BP monitoring.

e [If home BP <125/76, continue to monitor (or continue same treatment).

e If home BP >135/85 mmHg, start treatment (or escalate therapy).

e If home BP between 125/76 and 135/85 mmHg, obtain ABPM.

e If 24-hour ABPM average <130/80 mmHg, continue same strategy. If higher,
start or increase treatment.

Prognostic Relevance of Out-of-Office BP

Compared to isolated office BP measurements, home BP and ABPM generally
demonstrate stronger associations with target organ damage (especially left ven-
tricular hypertrophy and proteinuria) and cardiovascular and renal endpoints in
hypertension [6, 33, 34]. There are several possible reasons for the better prognostic
performance of home BP and ABPM. For example, home BP and ABPM include
more readings, thus leading have lower variability and higher reproducibility of
results, thus leading to a more precise determination of BP levels. Moreover, both
techniques allow the detection of the white coat (high BP in the office, normal at
home) and masked effects (normal BP in the office, high at home), which better
reflect overall BP burden to the patient. White coat hypertension affects 20-30 % of
patients with a diagnosis of office hypertension [35] and has generally been associ-
ated with similar cardiovascular outcomes as normotensive individuals [36],
although recent data from the International Database of Home Blood Pressure in
Relation to Cardiovascular Outcome (IDHOCO) indicated a 42 % increase in risk of
CV events compared with those with normal BP in the office and at home,
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especially among untreated patients [37]. Interestingly, treated hypertensive patients
who retained a “white coat effect” had the same overall risk as treated patients
whose BP was controlled both at home and in the office. Masked hypertension, on
the other hand, has a prevalence of 10—15% in population studies and has been
consistently associated with increased risk for adverse cardiovascular endpoints and
mortality to a level that is identical to that of sustained hypertension [36]. Lastly,
ABPM allows assessment of BP during sleep. Nighttime BP is a generally a slightly
better marker of cardiovascular risk than daytime or 24-hour average BP [38—40].

In a meta-analysis of studies that took into account both office and ABPM in the
assessment of cardiovascular events and mortality, only ABPM values, not office,
were significant predictors of outcomes [39]. Along the same lines, a large cohort
study that included simultaneous use of office and home BP to predict cardiovascu-
lar events and mortality, only home BP values were significant markers of risk [41].
The superiority of out-of-office methods over office BP has also been demonstrated
in patients with resistant hypertension [28, 42], chronic kidney disease [27, 43—-46],
hemodialysis [47], and in the general population [48-50].

Clinical trials testing the use of office and out-of-office BP during hypertension
treatment, however, have been unable to show any differences with respect to BP
control or changes in left ventricular mass [51-53]. However, these studies were all
relatively small and limited to 6-12 months in duration. A detailed analysis for the
United States Agency for Healthcare Research and Quality demonstrated that very
large sample sizes would be required for definitive clinical trials comparing office
and home BP (between 6500 and 59,000 subjects followed for 10 years depending
on the assumptions of baseline risk and differences between the two groups) [54],
making it doubtful that such a randomized trial will be performed.

In summary, prospective cohort studies convincingly show the superiority of
home BP and ABPM over office BP measurements for the diagnosis of hypertension
and to predict hypertension-related outcomes. This evidence is already being incor-
porated into clinical practice guidelines for diagnosis of hypertension. Because it is
unlikely that a definitive clinical trial will ever be performed in the treatment realm,
decisions to use out-of-office BP for hypertension management are now made pri-
marily on the basis of circumstantial evidence. We feel strongly that their use is
warranted and our practice is to routinely use out-of-office BP as a guide to hyper-
tension treatment. However, we acknowledge our practice is based on observational
and not on clinical trial evidence.

Out-of-Office BP in Chronic Kidney Disease

Patients with CKD have a high prevalence of abnormal diurnal BP profiles, with
decreased nocturnal BP dip [55]. Attention to this was raised by a landmark study
in 1991 showing uniformly blunted circadian BP profiles in patients with CKD not
on dialysis, patients on hemodialysis, and patients with a kidney transplant com-
pared with controls matched for age, sex, office systolic BP and presence/absence
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Fig. 2.1 Relative distribution of circadian BP profiles in patients with CKD. Prevalence of dip-
ping classifications in terms of the sleep-time relative SBP decline—=20% (extreme-dipper),
10-20 % (dipper), 0-10 % (non-dipper), <0 % (riser)—of hypertensive patients with CKD in rela-
tion to stage (disease severity)—Stage 1: GFR =90 ml/min/1.73 m?; Stage 2: GFR 60-89 ml/
min/1.73 m?; Stage 3A: GFR 45-59 ml/min/1.73 m?; Stage 3B: GFR 30-44 ml/min/1.73 m?; Stage
4: GFR 15-29 ml/min/1.73 m?; Stage 5: GFR <15 ml/min/1.73 m?. Reproduced with permission
from Hermida R et al., Nephrol Dial Transplant. 2014;29:1160-7

of antihypertensive drug therapy [56]. Average dipping during sleep (SBP%/DBP%)
was 7 %/11 % in CKD patients (vs. 18 %/24 % in controls), 4 %/8 % in hemodialysis
patients (vs. 14 %/24 % in controls), and 5%/9 % in transplantation patients (vs.
13 %/18 % in controls) [56]. Since then, many studies have confirmed these obser-
vations. In an important analysis of the African American Study of Kidney Disease
(AASK) in patients with hypertensive nephrosclerosis with an average GFR of
44 ml/min/1.73 m?, there was an 80 % combined prevalence of non-dipping (41 %)
or reverse dipping (39 %) [57]. Another large cohort study of CKD patients with
less severe loss of renal function (average eGFR 59 ml/min/1.73 m?) showed a 61 %
prevalence of non-dipping [58]. The prevalence of non-dipping, and more impor-
tantly, reverse dipping, which is associated with the highest cardiorenal risk,
increases as eGFR falls [59] (see Fig. 2.1).

As in essential hypertension, home BP and ABPM have been tested in their pre-
dictive ability for adverse clinical outcomes in CKD. Several small studies sug-
gested that the rate of loss of renal function and/or increase in proteinuria was
greater in non-dipping than dipping patients with different causes of CKD [60],
diabetic nephropathy [61], and IgA nephropathy [62]. However, more recent, larger
studies have not confirmed the relevance of non-dipping to CKD progression after
adjustments for average BP and other factors [43, 45].
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The evaluation of risk of progression to dialysis or death was performed in a
study of 217 male patients with CKD due to multiple etiologies, mostly diabetes
and hypertension (baseline eGFR 45 ml/min/1.73 m?) [44]. After a median follow-
up of 3.5 years, one standard deviation of home systolic BP (21 mmHg) was associ-
ated with 84 % increased risk (95% Cl=1.46-2.32) of death or progression to
ESRD after multiple relevant adjustments including office BP [44]. In a companion
paper published shortly thereafter, the same authors presented ABPM data for the
same cohort showing that one standard deviation increase in 24-hour systolic BP
(17 mmHg) resulted in a 62 % (95 % CI—1.21-2.18) increase in risk of dialysis or
death after adjustment for clinic BP [43]. However, this prognostic advantage did
not remain significant after adjustment for other clinical factors. Of the individual
components of ABPM, only nighttime systolic BP was a significant predictor of
death and dialysis risk on adjusted analyses (hazard ratio 1.79 for ESRD or death,
1.90 for death) [43].

In a multicenter study of 436 patients with CKD of varying etiologies, mostly
hypertension, diabetes, and tubulointerstitial diseases (baseline eGFR 43 ml/
min/1.73 m?), only ABPM, not office BP, was associated with cardiovascular events,
progression to dialysis or death during 4.2 years of follow-up [46]. The same group
of investigators recently published further data on outcomes based on the degree of
BP control in the office, on ABPM, both or neither [63]. They considered office BP
as being at goal if less than 140/90 mmHg, whereas ABPM was considered at goal
if daytime BP was <135/85 mmHg and nighttime BP was <120/70 mmHg. Among
the 489 study subjects, 17 % were controlled both at home and office, 22 % were
controlled only on ABPM (i.e., a white coat effect), 15 % only in the office (i.e., a
masked effect), and 47 % on neither (“uncontrolled”). The group with a “white coat
effect” had similar risk of cardiovascular events, dialysis, and death as the referent
group (controlled BP in both settings). Conversely, the “masked effect” and
uncontrolled groups had 2.3 to 3.9-fold greater risk of negative outcomes than
patients with controlled BP [63].

In a 5-year longitudinal analysis of 617 African-American patients with hyper-
tensive nephrosclerosis found ABPM to be better than office BP for prediction of
loss of renal function and cardiovascular events [45]. Both daytime and nighttime
BPs were associated with increased risk of cardiovascular events despite adjust-
ments for office BP and other variables. On the other hand, ABPM values were only
associated with the composite renal endpoint (doubling of serum creatinine, dialy-
sis, or death) in patients with controlled office BP (systolic BP <130 mmHg) [45].

In summary, similar to the general population, out-of-office BP measurements
are better predictors of renal and cardiovascular outcomes in patients with
CKD. However, the available data are not as strong as the studies are not as well
powered as studies in other hypertensive populations, and several inconsistencies
remain with respect to the prognostic role of individual ambulatory BP variables
(i.e., daytime vs. nighttime vs. 24-hour average vs. dipping status).
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Hypertension is present in the majority of kidney transplant recipients [64]. A recent
study found only 16 % of recipients to be normotensive without the need for antihy-
pertensive therapy [65]. This study also showed poor BP control in 44 %, while
10 % had white coat hypertension and 18 % had masked hypertension. Additionally,
only 16 % of the recipients had a normal nocturnal dipping blood pressure pattern.
This increased incidence of hypertension is in part a consequence of the immuno-
suppression regimen. In particular, corticosteroids and the calcineurin inhibitors
(cyclosporine more so than tacrolimus) are associated with hypertension [66].
Furthermore, and consistent with native kidney disease, hypertension can be both a
cause and a consequence of allograft renal insufficiency. A study addressing BP
control by ABPM and office BP in 868 kidney transplant recipients found that only
34 % of participants had controlled ambulatory BP [64]. Circadian BP patterns
showed a high proportion of reverse dippers (48 %) in addition to 34 % non-dippers,
and only a small proportion (14 %) of normal dippers [64]. Another study compared
office BP and ABPM in patients with CKD and patients with a kidney transplant
[67]. The investigators hypothesized that the immunosuppressants would lead to a
greater degree of hypertension compared to patients with CKD and similar levels of
renal insufficiency. While the office-based BP levels were similar, ABPM identified
a significant difference in both awake and asleep BP between the two groups (higher
in transplant), and transplant recipients less often had a normal diurnal BP rhythm
(21 % were dippers compared with 34 % of the CKD patients) [67]. In summary,
nocturnal hypertension and non-dipping are common in transplant recipients, and
likely occur to a greater extent than in patients with similar degrees of kidney dys-
function without a transplant.

Home BP monitoring has also been evaluated in kidney transplantation.
Consistent with data from the general population, home BP in kidney transplant
recipients better approximated ABPM than office BP readings (72 % concordance
versus 54 %) [68]. Moreover, compared with ABPM reference data, HBPM was
both more sensitive and specific at detecting hypertension than office-based BP
measurements for the recipients studied.

Limited data are available to compare the prognostic relevance of out-of-office
versus office BP in renal transplant recipients. ABPM correlates better with left
ventricular mass than office BP in renal transplant patients [69, 70]. Small prospec-
tive studies have shown stronger associations between ABPM-derived BP values
and serum creatinine levels [71, 72] and vascular injury in the allograft [72],
although not all studies have corroborated this [73]. The only long-term study eval-
uating graft failure and cardiovascular events in renal transplant patients included
126 patients followed for 46 months [74]. In this study, the presence of a reverse
dipper pattern on ABPM was associated with a 3.6-fold increase in risk of loss of
allograft or cardiovascular event during follow-up (P=0.02). Neither office BP nor
other measures derived from ABPM were associated with the outcomes in question
[74]. In summary, the strength of the association between ABPM levels and clinical
outcomes in renal transplantation is weak.
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One relevant point related to renal transplantation is the increasing use of ABPM

to evaluate potential kidney donors, as several studies indicate that donor candidates
with hypertension are at risk for worsened BP control following kidney donation
[75=77] and the prevalence of white coat hypertension may be as high as 62 % in
this patient group [78, 79]. Therefore, the use of ABPM allows for better risk strati-
fication prior to donation.
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