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Abstract

The majority of patients with chronic kidney disease (CKD) have elevated blood pressure (BP). In 

patients with CKD, hypertension is associated with increased risk for cardiovascular disease, 

progression of CKD, and all-cause mortality. New guidelines from the American College of 

Cardiology/American Heart Association (ACC/AHA) recommend new thresholds and targets for 

the diagnosis and treatment of hypertension in patients with and without CKD. A new aspect of 

the guidelines is the recommendation for measurement of out-of-office BP to confirm the 

diagnosis of hypertension and guide therapy. In this KDOQI (Kidney Disease Outcomes Quality 

Initiative) perspective, we review the recommendations for accurate BP measurement in the office, 

at home, and with ambulatory BP monitoring. Regardless of location, validated devices and 

appropriate cuff sizes should be used. In the clinic and at home, proper patient preparation and 

positioning are critical. Patients should receive information about the importance of BP 

measurement techniques and be encouraged to advocate for adherence to guideline 

recommendations. Implementing appropriate BP measurement in routine practice is feasible and 

should be incorporated in system-wide efforts to improve the care of patients with hypertension. 
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Hypertension is the number 1 chronic disease risk factor in the world; BP measurements in the 

office, at home, and with ambulatory BP monitoring should adhere to recommendations from the 

AHA.

Introduction

The number of US adults with hypertension is now more than 100 million according to the 

new guidelines from the American College of Cardiology/American Heart Association 

(ACC/AHA).1 Of these individuals, more than 80 million qualify for treatment with 

antihypertensive medications.1 Hypertension is an especially important comorbid condition 

in patients with chronic kidney disease (CKD); 86% of participants in the Chronic Renal 

Insufficiency Cohort (CRIC) Study had hypertension at baseline.2 A key component for 

quality of care in adults with hypertension is measurement of blood pressure (BP).

In this KDOQI (Kidney Disease Outcomes Quality Initiative) perspective, we summarize 

recommendations for proper clinic/office, home, and ambulatory BP measurements and 

highlight areas that are especially pertinent in patients with CKD. A separate KDOQI 

commentary discussed the relevance of the 2017 ACC/AHA guidelines for management of 

BP in patients with CKD.3

Critical Aspects of BP Measurement Technique Office BP

Introduction of cuff-based sphygmomanometry by Riva-Rocci4 in 1896 provided the first 

practical method for estimation of systolic BP. Diastolic BP readings became feasible in 

1905 when Korotkov5 described his auscultatory measurement method. These methods were 

disseminated rapidly and by 1918, all US insurance companies considered measurement of 

BP to be an essential part of their eligibility examination.6 The fact that BP varies 

dramatically from one reading to another was recognized and as early as 1904, Janeway7 

focused attention on standardizing BP measurement methods to avoid errors in estimation. 

However, as is still the case, there was much variation in technique and minimal attention to 

quality control.8 By the mid-1960s, the relative importance of systematic errors such as digit 

preference demonstrated by a higher-than-expected proportion of patients with a given 

systolic BP (eg, 110, 120, and 138 mm Hg; Fig 1) and random (unpredictable) errors in BP 

measurement had been quantified.9,10 Based on this, BP guideline committees, professional 

societies, and government agencies repeatedly recommended specific approaches to improve 

the accuracy of measuring BP. This advice has been largely ignored by the practice 

community. A recent meta-analysis documents an average systolic BP in routine clinical 

practice close to 15 mm Hg higher than in research studies.11 However, in many of the 

studies, the order of routine and research BP measurements was not randomized and they 

were not obtained during the same visit.12,13 Landmark BP risk and treatment studies have 

devoted considerable attention to the accuracy of BP measurement. To take full advantage of 

these reports, accurate BP measurements should be an essential part of clinical practice.

Detailed guidance for BP measurement has been provided in the 2017 ACC/AHA BP 

guideline, the 2018 European Society of Cardiology/European Society of Hypertension 

(ESH) guidelines, a 2019 National Heart, Lung, and Blood Institute Working Group report, 
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and a 2019 AHA Scientific Statement.14–17 Key elements for success in office settings 

include proper preparation of the patient, use of a validated upper-arm BP measurement 

device, correct technique, and averaging of readings (Table 1). Unfortunately, most of the 

devices have not been validated in patients with CKD. Patients should be instructed to empty 

their bladder and avoid smoking, caffeine, and exercise for at least 30 minutes before 

measuring their BP. They should be seated comfortably with their back supported and feet 

on the ground for 3 to 5 minutes before the readings. The patient and observer should refrain 

from talking during the rest period and during BP measurement.

A variety of BP measurement devices can be used, but oscillometric devices have become 

the clinical standard for BP measurement.14,17 This is due to environmental concerns about 

mercury toxicity, the need for frequent calibration with aneroid sphygmomanometers, errors 

due to auscultation and inappropriately rapid deflation of the cuff, and the greater 

convenience and cost savings associated with use of oscillometric devices. Oscillometric 

devices should be preprogrammed (when possible) to record repeated measurements at 1-

minute intervals after the 5-minute rest period.

Whatever instrument is used, brachial artery BPs are preferred. In those for whom it is not 

feasible to measure BP in the brachial artery (eg, size of arm too large), radial artery 

pressures measured with a validated oscillometric wrist device are favored.17 The patient’s 

arm should be supported and clothing at the site of the cuff should be removed. Cuff size 

should be appropriate for the individual’s arm circumference, and the cuff should be 

positioned at heart level (midsternum). Guidelines recommend averaging 2 or more readings 

obtained on 2 or more occasions to obtain the best estimate of BP.14,15 Patients should be 

informed of their BP values.

Implementation of appropriate BP measurement protocols in routine clinical practice can be 

challenging due to time and space constraints. Results from the Systolic Blood Pressure 

Intervention Trial (SPRINT) indicate that unattended and attended automated office BP 

measurements result in similar BPs when the core recommendations for accurate BP 

measurement are followed.18,19 Therefore, it is possible for rooming staff to initiate BP 

measurement on a patient, leave to begin rooming another patient, and return to the first 

patient only to remove the BP cuff and record the BPs. Measuring clinic BP appropriately 

also reduces or even eliminates the need for repeat measurements to confirm low or high 

readings. These gains in efficiency increase the feasibility of appropriate BP measurement in 

the routine clinical setting. Additionally, increased use of home and ambulatory BP 

monitoring (ABPM) can also alleviate these constraints on time, space, and personnel.

Home BP

Investigators have evaluated the utility of home BP measurements since the 1970s.20,21 

Measurement of home BPs allows for identification of patients with white-coat and masked 

hypertension, the latter of which is more prevalent in patients with reduced kidney function,
22,23 is associated with target-organ damage and adverse outcomes,22,24 and will be missed 

in the absence of out-of-office BP measurements. Additionally, measurement of home BP 

can be an effective method to overcome therapeutic inertia, improve medication adherence, 
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and improve BP control, especially in combination with education and other strategies such 

as pharmacist or nurse case manager care.17 Newer devices allow for measurement of BP at 

night and telemonitoring with automatic transmission of BPs to providers.

As with clinic BP, the accuracy of home BPs depends on adherence to recommended 

guidelines.14–17 Patient training should provide information about hypertension, including 

the variable nature of BP and how to interpret BP readings. Guidelines recommend use of an 

upper-arm automated home BP monitor that has been validated and preferably has the 

capacity to store BP readings. Similar to clinic devices, nearly all of the validation studies 

for home BP monitors were conducted in the general population with normal kidney 

function. The important aspects of home BP measurement are similar to measurements in he 

clinic: empty bladder; avoidance of tobacco, alcohol, and exercise 30 minutes before BP 

measurement; proper positioning with feet on the floor, back straight and supported, and arm 

supported at heart level; at least 5 minutes of quiet rest before measurement; and use of an 

appropriate-sized cuff. Patients should measure their BP in the morning before taking 

antihypertensive medications and in the evening before dinner, with 2 readings at each time 

of day 1 minute apart. Patients do not need to measure home BPs daily but should obtain 

readings for 3 to 7 days a few weeks after initiating or changing medication and before clinic 

visits. Clinicians should adjust hypertension therapy based on the average of all readings 

over the 3- to 7-day monitoring period (minimum of 12 readings).17

Ambulatory BP

Proper technique for BP measurement is important not only for home- and office-based 

random measurements, but also for ABPM. Technical considerations include selection of a 

device validated for clinical accuracy and appropriate software that allows for analysis of the 

ABPM data. As with clinic and home devices, few devices have been validated for adults 

with CKD or kidney failure.25 Patients should receive explanations about the measurement 

device; selection of an appropriate arm, cuff, and bladder for their measurements; and 

instructions regarding completion of a diary to identify sleep and wake periods, as well as 

the timing of antihypertensive medication dosing.26

Many patients with CKD have comorbid conditions that complicate the use of ABPM 

devices (as well as clinic and home devices), including older age, obesity, arterial stiffness, 

and arrhythmias.17 In addition, hemodialysis patients may have restrictions on placement of 

the BP cuff due to access considerations.27 Finally, oscillometric diastolic BP readings may 

be less reliable in the presence of arterial stiffness.28,29

Software requirements, as recommended by the ESH, are shown in Box 1. The report 

generated by the software should include easily readable graphics for systolic and diastolic 

BP, mean BP, and pulse, with clearly demarcated daytime and nighttime intervals, summary 

statistics, and the ability to note current medications.30 Softwaregenerated reports that have 

been validated by comparison to expert interpretation are preferred to eliminate the potential 

for human variability in routine clinical settings.31 Other desirable ABPM software 

characteristics include the capacity to generate trend reports that allow for the comparison of 

ABPM measurements over time, research reports that allow for additional statistical analysis 
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such as measurements of short-term BP variability, BP load parameters and the ambulatory 

arterial stiffness index, and the ability to store and export such data. Some ambulatory BP 

monitors have additional features that allow for measurement of arterial stiffness, position of 

the patient (standing or lying), and/or activity of the patient.

Staff using ABPM devices should be trained in placement of the monitor, educating the 

patient about how the monitor works (including discomfort from cuff inflation), the 

importance of maintaining a diary, and choice of the appropriate BP cuff size and arm for 

placement of the cuff. BP measurements should be performed on a typical work day. BP 

readings should be obtained every 15 to 30 minutes during the day and typically every 30 

minutes at night. Usually the nondominant arm is chosen to place the cuff, unless the 

dominant arm is found to provide significantly higher BP readings. Most ABPM devices 

provide at least 3 cuff sizes and, as with clinic and home BPs, the appropriate cuff should be 

used for ABPM measurements.32 If the patient’s arm circumference is greater than the 

largest available cuff, consideration should be given to placing the cuff on the wrist if the 

largest cuff has a bladder that is too small. Under these circumstances, the patient should be 

told to keep the forearm at heart level during their BP measurements and results should note 

the use of forearm readings, which are not equivalent to brachial BPs.33,34 There is some 

controversy regarding the editing of ABPM records for “outlier” values. At the present time, 

it is usually adequate to omit only physiologically impossible readings. In the presence of 

excessive outlier or artifact values, ABPM measurements should be repeated. An adequate 

recording should have a minimum of 70% of expected measurements after editing. The ESH 

guidelines also recommend a minimum of 20 daytime and 7 nighttime BP measurements.26

Use of Home BP Monitoring and ABPM

The current ACC/AHA guideline for the detection and treatment of hypertension 

recommends use of out-of-office BP measurement to confirm the diagnosis of hypertension 

and to monitor treatment.14 This recommendation is based on observational studies showing 

that out-of-office BPs are associated with adverse events. Ambulatory BPs are more strongly 

associated with cardiovascular disease events and mortality than clinic BPs.35–38 Home BP 

measurements also show a stronger association with cardiovascular events and mortality 

compared with office BP measurements.39,40 In a meta-analysis that included 8 

observational studies with 17,698 participants, cardiovascular disease mortality was 

increased by 1.29-fold (95% confidence interval [CI], 1.02-1.64) for every 10–mm Hg 

greater home systolic BP and by 1.15-fold (95% CI, 0.91-1.46) for every 10–mm Hg greater 

clinic systolic BP.41 In patients with CKD, ambulatory and home BPs are stronger predictors 

of kidney failure, cardiovascular events, and all-cause mortality than clinic BPs.24,42–44

Use of out-of-office BP measurement is important because office BP may not be 

representative of patients’ home or ambulatory BP.45 Patients with CKD are at increased risk 

for masked hypertension, which is defined by elevated ambulatory BP with normal office 

BP.23 Patients with CKD and masked hypertension are at increased risk for target-organ 

damage, kidney failure, cardiovascular disease, and all-cause mortality.22,24 Additionally, 

lack of nocturnal dipping of BP is a strong predictor of cardiovascular disease events46 and 

is present in a significant number of patients with CKD.47 In patients with CKD, nondipping 
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is an independent risk factor for a composite outcome of kidney failure or death.48 Given the 

increased prevalence of nondipping and elevated nighttime BP, ambulatory BP may be 

preferred over home BP for identifying masked hypertension in patients with CKD, 

especially those with more advanced CKD or severe proteinuria.

Currently, Medicare and most insurance companies do not provide financial coverage for 

ABPM in patients with established hypertension but provide coverage for its use to diagnose 

white-coat hypertension. This lack of coverage may soon change. The Centers for Medicare 

& Medicaid Services (CMS) recently proposed expansion of Medicare coverage for ABPM 

and may soon announce a decision regarding coverage for such monitoring for patients with 

established hypertension. ABPM provides information regarding nocturnal BP, but its 

disadvantages include the need for administrative oversight, limited availability, analysis of 

BP values, and lack of coverage by most insurance carriers.

In contrast, home BP monitoring can be completed independently by most patients and 

measurements can be obtained over extended periods (eg, several BP readings per day for 

several weeks or months). It is reasonable to use clinic BP as a screening tool, ABPM for 

diagnosis, and home BP for treatment monitoring and adjustment.16 However, treatment in 

all the landmark treatment trials to date has been based on clinic BPs. Of note, home and 

ambulatory BPs are not interchangeable; between 20% and 50% of patients will have 

discordant ambulatory and home BPs.49,50 Use of home BP measurements can: (1) improve 

patient engagement and medication adherence,14 (2) avoid issues of white-coat hypertension 

and help diagnose masked hypertension, and (3) reduce provider inertia for drug titration.51 

Given the new recommendations will likely increase use of home BP monitoring, ongoing 

research is needed to better understand longitudinal changes in home BPs, how to best 

incorporate home BP monitoring into clinical practice, and how to implement measurements 

into the electronic medical record to reduce provider inertia for medication titration. 

Although some home BP monitors can be programmed for nocturnal BP readings, many 

devices do not have this capability. Some patients may be unduly worried about their level of 

BP, leading to excessive measurements and a cycle of anxiety. If patients are not taught 

proper techniques for home BP measurement, the readings will likely not provide accurate 

guidance for medication titration and treatment.

Observational studies and clinical trials have shown that clinicians often do not intensify 

antihypertensive drug therapy despite failure to meet the BP target. This has been termed 

provider inertia.52,53 For this reason, health systems, clinics, and providers should consider 

implementation of patient-centric tools that facilitate attainment of BP goals. Provider and 

web-based communication combined with care management has demonstrated success for 

attaining BP goals in studies of patients with hypertension.54,55 Increasingly, technology has 

begun to enable patients to upload self-measured home BP information to their medical 

record, a practice that may lead to eliminating the need for additional health personnel. 

Advances in electronic health records, capture of patientcentric data, and development of a 

learning health care system are emerging tools that may be used to implement BP 

monitoring without additional burden or delay in the practitioner’s workflow or use of 

additional resources.
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Patient Education Regarding Proper BP Measurement Technique

A common concern regarding the validity of applying SPRINT findings to routine clinical 

practice is that SPRINT BP measurements were “research protocol” measurements and 

therefore cannot be applied in the busy clinical practice. The major flaw with this argument 

is that standardization of techniques has been the norm in most of the landmark BP–

cardiovascular disease risk and antihypertensive treatment trials. In the context of diagnosis 

and management of high BP, evidence-based medicine assumes BP measurements that 

mimic those conducted in these studies. Standardization is common in other clinical 

measurements. For instance, electrocardiogram leads need to be placed correctly for proper 

interpretation. If laboratory measurements were performed using nonstandardized 

techniques, patient care would suffer tremendously. Given this, it is hard to understand the 

common use and acceptance in routine clinical practice of BP measurements that are not 

standardized.

The obvious answer is that there are no financial incentives or penalties associated with 

incorrect office BP measurements. There are no Medicare pay-for-performance measures for 

correct office BP measurements. None of the national regulatory or professional standards 

agencies require certification of proficiency in office BP measurement, whereas there are 

national standards for appropriate measurement of analytes in clinical laboratories. This 

omission needs to be urgently corrected. A simple measure of adherence could be the 

presence of 3 BP readings at a single clinic visit.

Although clinicians, clinics, and insurance companies are stakeholders in correct office BP 

measurement, patients are the most important stakeholders. Incorrect office BP 

measurements can lead to overdiagnosis and overtreatment, leading to unnecessary use of 

and potential adverse effects from antihypertensive medications, as well as unnecessary 

office visits. Less frequently, incorrect measurements can lead to undertreatment of 

hypertension with consequent higher risk for stroke, heart attacks, heart failure, and death.

Current patient education materials do not provide adequate and simple instructions 

regarding BP measurement. This should be corrected. Furthermore, insurers such as 

Medicare should insist on documentation of BP measurement proficiency. Patients should 

ensure that their office BP measurements were performed correctly and postclinic patient 

surveys should include questions regarding specific aspects of their BP measurements. 

Finally, there has to be a major patient education campaign by societies such as the National 

Kidney Foundation and others on proper measurement of BP in the clinic. Informational 

posters that demonstrate proper BP measurement techniques could be displayed in office 

settings (eg, Fig 2). The AHA-American Medical Association Target: BP Initiative and the 

Million Hearts initiative from CMS are important steps in the right direction.

Empowered knowledgeable patients who post on social media whether their clinic BP 

measurements were performed correctly may be the best advocates for accurate BP 

measurements in routine clinical practice.
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Systems Design Approaches for Optimal Assessment and Management of 

Hypertension

Management of patients with hypertension is amenable to a systems design approach. Many 

studies have demonstrated that multifaceted team-based interventions are effective at 

improving BP control rates.14 However, only a few of these investigations have included 

improvement of BP measurement techniques as a component of their interventions. The 

Kaiser Permanente Northern California hypertension program included a registry, reports on 

control rates, dissemination of effective strategies to medical centers, development of an 

evidence-based practice guideline, and standardized training of medical assistants combined 

with BP competency assessments.56 The Kaiser Permanente Northern California program 

led to an improvement in hypertension control from 44% in 2001 to 80% in 2009.56

In a more recent study, investigators at Johns Hopkins University attempted to reduce racial 

disparities in hypertension care with a multilevel system quality improvement intervention 

that included standardization of clinical BP measurement.57,58 The BP measurement bundle 

included use of an automated device (Omron HEM-907XL), didactic and hands-on training 

for office staff, and weekly site visits to assess adherence. The protocol called for a 3-minute 

rest period followed by 3 BP readings at intervals of 30 seconds. Despite challenges that 

included overcoming workflow and time management issues, clinics successfully 

implemented the new protocol in 72% of encounters. Providers were less likely to recheck 

BPs after the intervention than before (8% vs 24%).57,58

Investigators in Canada evaluated automated office BP measurement compared to routine 

manual office BP in the CAMBO cluster-randomized trial.59,60 The automated protocol 

called for 5 readings taken every 2 minutes with the patient alone in the room. No specific 

instructions were provided concerning other important aspects such as positioning, 

appropriate cuff size, or arm support. After 2 years, BP was significantly reduced in the 

clinics using automated measurements (−14.3/−4.0 mm Hg) compared with those using the 

routine approach (−8.0/−1.5 mm Hg). Additionally, the difference in systolic BP compared 

to awake ambulatory BP was smaller using the automated protocol versus the manual 

approach (−1.8 vs −7.3 mm Hg).59

These studies demonstrate the feasibility of implementing BP measurement protocols in 

routine clinical practice, as well as some of the potential benefits that result, including 

greater adherence to the methods used in landmark risk and treatment studies, reduced need 

for rechecking of BPs, and lower BPs. However, no studies have compared implementation 

of proper versus routine BP measurement technique on important outcomes such as 

hypertension incidence, BP control rates, number of antihypertensive medications 

prescribed, and cost. Convincing studies of this type could have a profoundly positive impact 

on the accu racy of BP measurements in routine clinical practice.

Conclusion

Proper BP measurement technique has been a cornerstone of both the observational studies 

that have established hypertension as one of the leading risk factors for chronic disease and 
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the clinical trials that have demonstrated the benefits of treating elevated BP. Regardless of 

whether BP is measured in the clinic, at home, or with ABPM, proper technique is critically 

important to ensure as accurate an assessment as possible given the inherent variability of 

BP. Several issues can complicate the measurement of BP in patients with CKD, including 

an increased likelihood of arrhythmias, arterial stiffness,61 and masked hypertension. 

Accurate BP measurement is particularly important in high cardiovascular disease settings 

such as those that prevail in patients with CKD.
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Box 1.

ABPM Software Requirements

Clinical report

• Ambulatory blood pressure measurement analysis and report should be 

standardized independent of the monitor type

• Standardized plot of all blood pressure measurements with daytime and 

nighttime windows and normal blood pressure bands demarcated

• Average SBP, DBP, and heart rate to be displayed

• Nocturnal blood pressure decline (%) for SBP and DBP

• Summary statistics for time-weighted average SBP and DBP and heart rate 

for the 24-h period, daytime and nighttime, with SDs and number of valid 

blood pressure readings

• Facility for showing error readings, if required

Optional requirements

• Automated software-generated interpretative report indicating the normal or 

abnormal patterns and whether the requirements for a valid recording are 

fulfilled

• Facility to plot heart rate and mean blood pressure

• Trend report for comparing repeated ambulatory blood pressure measurement 

recordings

• Ability to centrally host data

Research report

• Data storage and raw data export capability for research analysis and audit

• Parameters include variability measures (such as 24-h SD, 24-h weighted SD, 

average real variability, coefficient of variation), area under the curve 

calculations, blood pressure load parameters, rate-pressure product, trough 

and peak levels, smoothness index (the last 2 parameters requiring ABPM 

data before and during treatment to be available), custom-derived statistics, 

and ambulatory arterial stiffness index

Abbreviations: ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood 

pressure; SBP, systolic blood pressure; SD, standard deviation.

Reproduced from O’Brien et al26 with permission of Wolters Kluwer Health, Inc; 

original content ©2013 Lippincott Williams & Wilkins.
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Figure 1. 
Proportion of systolic blood pressure readings from primary care visits by chronic kidney 

disease (CKD) status.
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Figure 2. 
Improper (left) and proper (right) blood pressure measurement technique. Original image © 

Tom Mattix; reproduced with permission of the copyright holder.
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