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yuan Hsu, MD4

1Division of Nephrology, Kidney Research Institute, University of Washington

2Department of Epidemiology and Biostatistics, University of California, San Francisco

3Division of Nephrology, University of Pennsylvania

4Division of Nephrology, University of California, San Francisco

Abstract

Rationale and Objective: Observational studies have reported a U-shaped association between 

pre-dialysis blood pressure (BP) and death. In contrast, a linear association between out-of-

dialysis unit BP has been reported. Home BP may be a better target for treatment. To test the 

feasibility of this approach, we conducted a pilot trial of treating home vs. pre-dialysis BP in 

hemodialysis patients.

Study Design: A 4-month parallel, randomized controlled trial.

Settings & Participants: Fifty prevalent hemodialysis patients in San Francisco and Seattle. 

Participants were randomized using 1: 1 block randomization, stratified by site.

Interventions: Target home systolic BP (SBP) vs. pre-dialysis SBP 140-100 mmHg. Home and 

pre-dialysis SBPs were ascertained every 2 weeks. Dry weight and BP medications were adjusted 

to reach the target SBP.
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Outcomes: Primary outcomes were feasibility, adherence, safety and tolerability.

Results: Fifty out of seventy patients who were approached agreed to participate (71.4%). All 

enrollees completed the study except one who received a kidney transplant. In the home BP 

treatment group, adherence to obtaining/reporting home BP was 97.4% (and consistent over the 4 

months). There was no increased frequency of high (defined as SBP>200 mmHg, 0.2% vs. 0%) or 

low (defined as <90 mmHg, 1.8% vs.1.2%) predialysis BP readings in the home vs. pre-dialysis 

treatment arms, respectively. However, participants in the home BP arm had higher frequency of 

fatigue (32% vs. 16%).

Limitations: Small sample size.

Conclusions: This pilot trial demonstrates feasibility and high adherence to home BP 

measurement and treatment in hemodialysis patients. Larger trials to test long-term feasibility, 

efficacy and safety of home BP treatment in hemodialysis patients should be conducted.

Funders: National Institutes of Health, Satellite Healthcare and Northwest Kidney Centers

Trial Registration: ClinicalTrials.gov Identifier: NCT03459807

PLAIN-LANGUAGE SUMMARY

Home blood pressure may be a better target for treatment compared with blood pressure measured 

at the time of dialysis in hemodialysis patients. In this pilot clinical trial, we tested the feasibility 

of measuring and treating home blood pressure (compared with treating blood pressure at the time 

of hemodialysis) over 4 months in 50 participants at two sites. The enrollment rates were high in 

the trial and nearly all participants completed the study. We observed high rates of adherence to 

home blood pressure measures and promising safety signals. In conclusion, this trial demonstrates 

that measurement of home blood pressure is feasible in hemodialysis patients. Larger studies are 

needed to test the long-term effect and safety of treating home blood pressure in hemodialysis 

patients.

Keywords

blood pressure; dialysis; home blood pressure

INTRODUCTION

Blood pressure (BP) is one of the most important, modifiable risk factors for cardiovascular 

events and death in the general population;1-4 and rates of these events are very high in 

patients with end-stage renal disease (ESRD) treated with maintenance hemodialysis.5-7 Yet, 

the management of BP in hemodialysis patients is a conundrum, largely due to paradoxical, 

U-shaped associations of systolic BP (SBP) measured at the dialysis unit prior to the start of 

the dialysis treatment ("pre-dialysis" SBP) with cardiovascular disease (CVD) and death 

reported in multiple observational studies.8-14 More specifically, hemodialysis patients with 

pre-dialysis SBP <140 mmHg experience higher risk of mortality than those with SBP >140 

mmHg. Patients with pre-dialysis SBP of 150 to 179 mmHg seem to be at similar, if not 

lower, adjusted risk for all-cause mortality compared with those with pre-dialysis SBP of 
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140 to 149 mmHg, even accounting for case-mix. These data have led to uncertainty among 

providers and guideline committees on BP management.15

Observational studies have reported that while the association of pre-dialysis SBP and 

adverse clinical outcomes is U-shaped, the association between out-of-dialysis-unit SBP and 

risk of mortality and CVD is linear in the same patients.14, 16, 17 Many opinion leaders and 

practicing nephrologists, however, believe that measuring and targeting out-of-dialysis unit 

BP measurements may not be feasible.18 We hypothesized that there will more widespread 

measuring and targeting home BP (which will lead to better long-term outcomes19, 20) if 

studies demonstrate that this is a practical approach. Towards that end, we conducted this 

pilot clinical trial among in-center hemodialysis patients during to test the feasibility, 

adherence to, safety and tolerance of home BP measurement and treatment. 

(ClinicalTrials.gov identifier: NCT03459807).

METHODS

Study Design

This was a non-blinded 4-month, parallel group randomized controlled trial of 50 

participants in the greater Seattle and San Francisco areas comparing a strategy of targeting 

home SBP<140 mmHg vs. pre-dialysis SBP <140 mmHg. We chose the same SBP targets in 

each treatment group to focus on the setting of BP measurement, rather than the BP target.

IRB approval was obtained at the University of Washington (UW) and the University of 

California, San Francisco (UCSF). The trial was registered at Clinicaltrials.gov 

(NCT03459807) and monitored by an external data safety monitoring board.

Study population

This trial was conducted among adult patients cared for by nephrology faculty members at 

UW and UCSF. Inclusion criteria included: undergoing in-center thrice weekly hemodialysis 

for treatment of ESRD; greater than 3 months since dialysis initiation; ability to obtain a 

brachial BP at dialysis and at home; and aged >18 years. Patients were excluded if they were 

pregnant or breastfeeding (or anticipated pregnancy); incarcerated or institutionalized which 

may prohibit measurement of home BP; or participating in another intervention study that 

may affect BP. Other exclusion criteria include unmeasurable SBP (e.g. those with left 

ventricular assist devices); chronic hypotension (defined as average pre-dialysis systolic BP 

<100 mmHg over last 2 weeks prior to screening off BP medications); life expectancy <4 

months; or anticipated living donor kidney transplant within 4 months.

Recruitment and randomization

Recruitment started in March 2018 and ended August 2018, with the date of last follow-up 

in January 2019. We used the electronic medical record and canvassed nephrologists at each 

site to identify eligible participants (“pre-screen”). Once a potentially eligible patient was 

identified through the pre-screen, he/she was approached during their regularly scheduled 

hemodialysis treatment session, when eligibility was confirmed. If eligible, the participant 

was invited to participate. Once informed consent was obtained, participants had a baseline 
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study visit at which time participants were randomized 1:1 to: (1) target home SBP <140 

mmHg or (2) target pre-dialysis SBP <140 mmHg. Randomization was done by a computer 

algorithm, in random size blocks (e.g. 2, 4, or 6) stratified by recruitment site (See study 
protocol).

Study visits

All study visits occurred during the patients’ regularly scheduled hemodialysis session. At 

the baseline visit, medical history, dialysis history/prescription and medication (both BP and 

non-BP medications) were reviewed and recorded. Additionally, clinical laboratory values 

that were performed for routine testing in hemodialysis patients were also recorded. 

Optional 44-hour ambulatory blood pressure monitoring (ABPM) was offered at this visit as 

well (See study protocol) since ABPM is considered the reference standard for BP 

measurement.21

Follow-up visits occurred approximately every 2 weeks. Study visits may have been delayed 

up to 7 days if the participant missed dialysis for hospitalizations, vacations, or other 

reasons. At these follow-up visits, BPs measured at home (if randomized to the home BP 

treatment arm) and during dialysis were reviewed. At these study visits, adjustments in dry 

weight or BP medications were made according to the clinical trial BP treatment algorithm 

(see below).

At the final study visit (4 months after randomization), for participants randomized to the 

home BP treatment arm, a survey on the home BP experience was administered. For the 

subset of participants who agreed to the 44-hour ABPM at baseline, they were offered the 

opportunity to repeat this study at the final study visit.

Blood pressure measurement in both treatment groups

Participants were randomized to either the home SBP or pre-dialysis SBP treatment arms 

and followed in parallel. The goal SBP was 100-139 mmHg for both treatment groups. We 

chose a target of SBP <140 mmHg to be consistent with practice guidelines such as K/

DOQI.22-28 Current guidelines do not specify different SBP targets based on the timing or 

setting of BP measurement in hemodialysis patients. The lower bound of SBP 100 mmHg 

was chosen based on clinical judgement.

Home BP treatment arm: Every 2 weeks, participants randomized to the home BP 

treatment arm measured their home BPs at 2 sittings--one in the morning and one in the 

evening—which were averaged by the study team. Because of BP variability throughout the 

week in hemodialysis patients,22, 29-32 participants were instructed to take their home BP the 

day after the dialysis session (ideally mid-week to avoid the longer inter-dialytic period). 

Participants were asked to only take 2 BP readings over a 2 week period to facilitate a 

pragmatic approach that would not be burdensome to the participants. Participants were 

trained by research staff on proper techniques for home BP measurement22 The device that 

was used was the Microlife Watch Home A BT33, 34 which has been validated in 

hemodialysis patients.35 The home BP device was programmed to take 3 BP measurements 

consecutively at 1-minute intervals at each sitting and report out the mean. Participants 
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received in-person visits at their hemodialysis sessions or phone calls by the local study 

team at least weekly to remind them to take their home BPs. Participants had several options 

to share the home BP readings with the study team, including text messaging, phone call, in-

person or paper log. For quality control, we manually compared the daily mean SBP 

recorded on the home BP devise to that reported by 11 study participants. We found that 

overall 94% of the daily SBP measures reported by study participants matched those 

recorded by the home BP device.

Pre-dialysis BP treatment arm.—For those randomized to the pre-dialysis BP treatment 

arm, the mean of all sitting SBP readings taken immediately prior to the start of each 

hemodialysis treatment over 2 weeks was used to define pre- dialysis SBP. There would 

typically be 6 readings if there were no missed or extra hemodialysis sessions. Pre- dialysis 

SBP was taken by dialysis unit staff using standard dialysis unit equipment per usual 

protocol and was recorded in the dialysis unit electronic medical record.

Treatment algorithm in both study arms

The same BP treatment algorithm was used in both treatment groups. All adjustments in BP 

treatment were done in close collaboration with the primary nephrologist. The BP treatment 

algorithm included: dry weight adjustment (with specific counseling on dietary sodium and 

fluid intake as needed); and adjustment of standard anti-hypertensive medications. At the 

study visit, if the SBP (home or pre-dialysis, depending on treatment arm) was 100-139 

mmHg, no adjustments in dry weight or medications were made. If the SBP ≥140 mmHg, 

the first step was to adjust the dry weight (usually by 0.5-1 kg increments, or as clinically 

appropriate). This step was repeated at each study visit until the patient was deemed 

euvolemic or had intolerance/adverse effects. Once the dry weight was optimized as much as 

possible, the next step if the SBP ≥140mmHg was to increase doses of the patient’s existing 

medications in the following order (if possible), based on input from the patient’s primary 

nephrologist and other clinical parameters (e.g. heart rate): ACE-I/ARB; β-blockers; calcium 

channel blockers; alpha blockers; vasodilators; anti-adrenergic agents. If the current 

medications were at maximum dose, new BP medications were started, also in the same 

order of preference as above. If the SBP <100 mmHg at a study visit, we first titrated 

down/off the patient’s existing medications (following the reverse algorithm outlined above). 

After these changes, if the SBP was still <100 mmHg, the dry weight target was increased. 

All medications were clinically indicated for treatment of hypertension at approved doses, 

and thus were covered by the patient's insurance.

For patients who were hospitalized, we resumed study procedures after discharge and after 

obtaining clearance from the primary treating nephrologist (no participant stopped study 

interventions due to this).

Outcomes

The primary outcomes of the study were feasibility, adherence, safety and tolerability. 

Feasibility was quantified by how many eligible patients agreed to participate in the study 

after pre-screening (approach to enroll ratio). Adherence was defined as the percentage of 

participants in the home BP arm who were able to successfully perform home BP readings 
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and transmit readings to the research team. Adherence was also measured by the percentage 

of participants who dropped out of the study. Safety was defined by the frequency of 

excessively low or high BP readings (e.g. dialysis unit BP readings of <90 or >200 mmHg) 

and dangerous consequences of excessively low (e.g. syncope, falls) or high (e.g. flash 

pulmonary edema) BP. Tolerability was defined in the study protocol as the frequency of 

intra-dialytic hypotension, defined as SBP<90 mmHg during dialysis.36 Additionally, 

tolerability was gauged by querying participants about symptoms of hypotension such as 

cramping (yes/no), dizziness/lightheadedness (yes/no) and fatigue (yes/no). We also asked 

participants “how long did it take you to recover from your last dialysis treatment?” a 

validated question that is an important patient-centered outcome.37

Secondary outcomes included assessment of preferred modality of home BP measurement 

transmission among the home BP participants. We also evaluated differences in BP between 

treatment groups as assessed by: (1) pre-dialysis SBP and DBP; (2) post-dialysis SBP and 

DBP and (3) 44-hour intra-dialytic ABPM from beginning to the end of the study.

We also evaluated differences in dry weight target, actual observed pre-dialysis weight and 

actual observed post-dialysis weight in each treatment group from the beginning to the end 

of the study.

Statistical analyses

Analysis followed the intent to treat principle. Continuous variables are summarized with 

means with the corresponding standard deviation or standard error as appropriate. 

Categorical variables are given as proportion per participant or per visit as appropriate. 

Continuous variables are compared using the t-test, categorical variables by the Fisher exact 

test and rates were compared using Poisson regression with a robust variance estimator.

RESULTS

Primary outcome: feasibility

After pre-screening, a total of 70 patients were approached. Of those, 50 (71.4%) agreed to 

participate, 25 in Seattle and 25 in San Francisco (Figure 1). The average recruitment rate 

was 10 participants per month. 25 participants were randomized to home BP treatment and 

25 were randomized to pre-dialysis BP treatment (Figure 1). These 50 participants were 

cared for by ten different primary nephrologists at eight different dialysis units (7 

nephrologists at UW [range of 1-5 patients per nephrologist] and 3 at UCSF [range of 3-17 

patients per nephrologist]) operated by three dialysis organizations.

Among recruited participants, the mean (±standard deviation [SD]) age was 56 (±14) years, 

40% were women; 74% of participants identified as non-white and 8% as Hispanic (Table 

1). Among participants randomized to the home SBP treatment group, home SBP was 4.6 

mmHg lower on average than pre-dialysis SBP at baseline. Correlation between home SBP 

and pre-dialysis SBP was modest (r=0.61, p=0.001). Of the 19 participants with a baseline 

pre-dialysis SBP >140 mmHg; only 10 (52.6%) had a baseline home SBP >140 mmHg.
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Primary outcome: adherence

Forty-nine of the 50 enrolled participants (98%) completed the study successfully (Figure 1). 

The sole participant who withdrew (from the pre-dialysis SBP treatment group) did so when 

she unexpectedly received a deceased donor kidney transplant. Among participants 

randomized to the home SBP treatment group, over the 4-month intervention period, 97.4% 

of study visits in this treatment group had at least one home BP measurement completed and 

transmitted to the research team (Table 2). Adherence to home BP measurements remained 

high and consistent throughout the 16 week study (Table 2). Over weeks 1-4, 100% of 

participants in the home BP treatment arm were able to complete at least 1 home BP 

measurement; in weeks 5-16, 96% of participants were able to complete 1 home BP 

measurement.

A total of 21 out of 25 participants in the home BP arm (84%) completed a survey on the 

home BP experience. Of those, 20/21 (95%) strongly agreed or agreed that "it was easy 

using the home blood pressure devise to measure blood pressure;” 18/21 (86%) strongly 

agreed or agreed that "remembering to measure blood pressure using the home BP device 

twice over two weeks was easy"; and 21/21 (100%) reported they "would recommend 

patients with ESRD use this home BP device to measure their blood pressure at home."

Primary outcome: safety

The proportion of dialysis treatments with either excessively low or high pre or post dialysis 

SBP was small and similar in the two treatment groups. The rates of syncope, falls and flash 

pulmonary edema were also comparable between treatment groups (Table 3).

Primary outcome: tolerability

The frequency of intra-dialytic hypotension was lower among participants randomized to the 

home BP treatment group (8.3% vs 13.4%, p=0.25), although it did not reach statistical 

significance (Table 3).

The frequency of reported cramping, dizziness, lightheadedness over 4 months among 

participants randomized to the home BP vs. pre-dialysis BP treatment groups was similar 

(Table 3). Symptoms of fatigue were reported at more study visits in the home BP treatment 

group (32% vs. 16%), however the number of participants reporting fatigue did not differ 

between treatment groups (15/25 vs 16/25).

There was no difference in proportion of dialysis treatments shortened for reasons of 

cramping, low BP or symptoms of low BP between the treatment groups. The self-reported 

time to recovery from dialysis was also similar across groups (Table 3). Secondary outcome: 
transmission of home BP measurements to study team Among participants randomized to 

the home SBP treatment group, over the 4-month study, telephone (47%) was the most 

frequent modality to transmit home BPs to the study team, followed by text messaging 

(33%), paper log (10%), email (7%) and other (e.g. in person, 3%).
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Secondary outcome: differences in BP over 4 months across treatment groups

The pre-dialysis SBP was similar in the two arms at baseline, and started to separate by 

week 6 with SBP becoming lower among those randomized to pre-dialysis BP treatment 

arm, which was sustained through the last several weeks of the intervention (Figure 2). Over 

the 4-month intervention period, dry weight adjustment was the most frequent intervention 

used to reach the target SBP in each treatment group (Table S1). Home SBP was less than 

pre-dialysis SBP throughout the trial (Figure 3).

Trends in the secondary outcomes of pre-dialysis DBP, post-dialysis SBP and post-dialysis 

DBP are shown in_Figures S1-3. Trends indry weight targets, actual observed pre-dialysis 

weight andactual observed post-dialysis weight are shown in Figures S4-6.

31 out of 50 participants agreed to have a baseline ABPM assessment and 21 of the 31 

agreed to a repeat ABPM at the end of the study. Overall, there was no significant 

discordance between home BP and 44-hour ABPM at baseline in terms of classifying blood 

pressure as being above or below 140 mmHg (Table S2). The results of longitudinal changes 

in 44-hour ABPM measures are shown in Table S3.

DISCUSSION

Numerous observational studies spanning several decades have reported a paradoxical, U-

shaped association between BP measure in the dialysis unit and adverse outcomes.8-14 

Although fewer in number, observational studies of home BP, in contrast, have shown that 

high BP measured outside of the dialysis is associated with higher risk of CVD and all-cause 

mortality among in-center hemodialysis patients.10,19 Despite this data, there has not been 

widespread adoption of measuring and targeting out-of-dialysis unit BP in clinical practice. 

A persistent concern has been feasibility. For example, in the recently published BP in 

Dialysis (BID) trial, the rationale for targeting pre-dialysis SBP was explained as: 

“Predialysis SBP may be inferior to home BP measurements (HBPM) and ambulatory BP 

monitoring (ABPM) in predicting clinical outcomes. However, the long-term adherence of 

patients on HD with requirements for repeated HBPM and ABPM is unknown.”22 In this 

context, we believe that our pilot trial demonstrating that measurement and treatment of 

home BP is feasible, well tolerated and safe, is important as possible future adoption of 

home BP is considered in the future and for the design of future BP trials in hemodialysis 

patients.

Compared with other approaches to obtaining out-of-dialysis unit BP measurements, home 

BP a pragmatic approach. Our survey data suggests that 44-hour ABPM30 may be too 

burdensome for many hemodialysis patients and may not feasible to be repeated at a 

frequency sufficient for titration of dry weight and BP medications in all patients.38 In the 

DRIP trial, which randomized patients in Indiana to an ultrafiltration intervention, 85-90% 

of participants agreed to repeat ABPM studies 4 or 8 weeks apart.39 However, this success 

rate of repeat ABPMs has not been tested for longer periods of time or in other centers. 

Also, it may also not be practical to ask hemodialysis patients to attend another clinic 

routinely to have BP measured.14 Home BP also has the advantage of eliminating white coat 

effect, identifying masked hypertension, and capturing multiple measurements over several 
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days.40-42 There are data validating home BP measurements in hemodialysis patients with 

44-hour inter-dialytic ABPM readings.10, 17, 19, 20, 43-45 Observational studies in patients on 

hemodialysis17, 19, 20, 40-42, 46 confirm the prognostic value of home BP measurement. For 

these reasons, home BP appears to be a pragmatic and important target for therapies in 

hemodialysis patients.

In our pilot trial, our recruitment rate and adherence to home BP measurement was high 

(and remained high over the 16 week trial), demonstrating that hemodialysis patients are 

interested and able to successfully measure and transmit their home BP recordings to the 

health care team. Our qualitative survey results also demonstrated enthusiasm from study 

participants to measure home BP. This is consistent with prior work in other populations that 

has shown that providing care outside the traditional health care setting has been linked to 

improved patient satisfaction and engagement, 47, 48 particularly with increased adoption of 

mobile health technologies. Furthermore, text messaging was one of the preferred modality 

to transmit home SBP in our study; and participants were enthusiastic about an app-based 

home BP intervention in future studies. These data support future studies to use repeat home 

BP measures to guide interventions in hemodialysis patients.

Only a few prior clinical trials have studied BP in hemodialysis patients and most have 

evaluated BP medications, dialysis prescription, ultrafiltration and more recently BP targets. 
22, 39, 49-54 Only a few studies have included home BP as a target for interventions in 

hemodialysis patients. In a trial of 64 hemodialysis patients in Brazil, treatment of home BP 

vs. pre-dialysis BP over 6 months led to better BP control during the interdialytic period 

(measured by ABPM) but no difference in left ventricular mass index.55 The HDPAL trial 

randomized 200 hemodialysis patients in Indiana to treatment with atenolol vs. lisinopril;54 

and participants were asked to measure mid-week home BP. However, data on adherence to 

the home BP measures was not reported and home BP measurement was not the primary 

focus of the study. The BID trial randomized 126 hypertensive hemodialysis patients to 

target pre-dialysis SBP of 110-140 mmHg (intensive arm) vs. 155-165 mmHg (standard 

arm).22 The BID study protocol did also include morning and afternoon home BP 

measurement the day after each midweek dialysis session. Consistent with our study, home 

SBP was lower on average than pre-dialysis SBP (by 6.1 [±0.7] mmHg). However, 

compared with our study, adherence to home BP measures was lower; by month 4, BID 

investigators obtained at least 1 home BP measure per month in only 73% of participants 

compared to 96% in our study. The better adherence to home BP measures in our study may 

be explained by the focus on home BP as the primary intervention and a simpler, more 

pragmatic study protocol. Thus, our approach could facilitate more widespread 

implementation of home BP into clinical practice or use in future clinical trials of BP 

interventions.

We found a similar frequency of intradialytic symptoms and adverse events (e.g. falls and 

syncope) among participants randomized to the home vs. dialysis BP treatment arms. 

However, we noted lower frequency of intra-dialytic hypotension in those randomized to the 

home BP treatment group compared with the dialysis BP treatment group (although this 

difference did not reach statistical significance). Intradialytic hypotension is an important 

outcome that is associated with numerous downstream clinical consequences36, 56-66 On the 
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other hand, we did find a higher frequency of fatigue in patients randomized to the home BP 

treatment arm. Larger studies are thus needed to better define the impact of treatment of 

home BP on patient symptoms and intra-dialytic events.

There was separation in measured BPs between the two treatment groups with standard 

therapies for BP; and dry weight adjustment was the most frequently used intervention to 

reach SBP targets, an approach that has been used in other clinical trials as well.22, 51 All 

adjustments in dry weight or medications were performed in collaboration with the primary 

nephrologist; an approach that is pragmatic and can be adopted to future home BP 

intervention studies.

The study had several strengths. The study population was diverse and included patients in 2 

cities cared for by 10 nephrologists practicing out of 8 different dialysis units (operated by 3 

providers). A pragmatic approach to BP management utilizing dry weight adjustment and 

BP medications was used in both treatment groups. We recognize a few weaknesses as well. 

The sample size was relatively small and the intervention was short in duration and not 

designed to study "hard" clinical outcomes such as mortality. Home BP was only measured 

in one randomization group; so the effect of treating pre-dialysis SBP on home SBP was not 

able to be determined from the present study. We chose to include normotensive patients by 

pre-dialysis SBP (the only readings we had at study screening) since these patients could 

have hypertension according to their home BP and/or become hypertensive over time. We 

also did not screen patients based on ambulatory blood pressure for eligibility as this did not 

align with the primary objective to assess feasibility of home BP measurement and 

treatment. Some of the secondary outcomes of interest may be affected by many other 

factors besides BP and interventions targeting BP. We recognize that clinical pre-dialysis BP 

readings may have considerable variability;67 however this approach is pragmatic and 

reflects "real-world" practice of BP management. Finally, the study was conducted among 

patients cared for by two academic faculty practices in San Francisco and Seattle; the 

findings may differ in other hemodialysis patients.

To summarize, in this pilot trial, we found that measuring and treating home BP was feasible 

and well-tolerated. Further we did not observe any strong signals to suggest any safety 

concerns. Our data support the notion that repeat measurements of home BP is a pragmatic 

way to obtain out-of-dialysis unit BP in many dialysis patients in the “real world.” A larger 

trial with more participants and longer duration of follow-up will be needed to understand 

the value of home BP measurements as a guide to antihypertensive therapies among 

hemodialysis patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of trial participants. Abbreviations: EMR, electronic medical record; SBP, 

systolic blood pressure.
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Figure 2. 
Mean predialysis systolic blood pressures (SBPs) over 4 months among participants 

randomly assigned to the home SBP versus dialysis SBP treatment groups (N = 50). Error 

bars represent standard deviation.
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Figure 3. 
Mean home and predialysis systolic blood pressures (SBPs) over 4 months among 

participants randomly assigned to the home BP treatment group (n = 25). Error bars 

represent standard deviation.
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Table 1.

Characteristics of study population enrolled in BOLD trial, stratified by randomized arm

Overall (N=50) Home BP (N=25) Dialysis unit BP (N=25)

Mean (±SD) age, years 56.6 (±13.6) 56.4 (±13.1) 56.9 (±14.4)

N, % women 20 (40%) 12 (48%) 8 (32%)

Hispanic ethnicity, N (%) 4 (8%) 3 (12%) 1 (4%)

Race, N (%)

White 14 (28%) 6 (24%) 8 (32%)

Black 20 (40%) 11 (44%) 9 (36%)

Asian 11 (22%) 6 (24%) 5 (20%)

Pacific Islander 3 (6%) 1 (4%) 2 (8%)

Other 3 (6%) 1 (4%) 2 (8%)

Primary kidney diagnosis, N (%)

Diabetes Mellitus 22 (44%) 10 (40%) 12 (48%)

Hypertension 9 (18%) 3 (12%) 6 (24%)

Polycystic Kidney Disease 1 (2%) 1 (4%) 0 (0%)

Other/Unknown 18 (36%) 11 (42%) 7 (28%)

Vascular access at enrollment, N (%)

Catheter 10 (20%) 5 (20%) 5 (20%)

Fistula 34 (68%) 15 (60%) 19 (76%)

Graft 6 (12%) 5 (20%) 1 (4%)

Mean (±SD) years on HD at enrollment 3.0 (2.3) 3.0 (2.2) 3.0 (2.4)

Dialysis prescription at enrollment

Mean (±SD) time, minutes 220 (±26) 218 (±25) 221 (±28)

Mean (±SD) blood flow, ml/min 384. (±42) 380 (±38) 388 (±46)

Mean (±SD) dialysate flow, ml/min 736 (±85) 720 (±96) 752 (±71)

Mean (±SD) dry weight, kg 81 (±21) 81 (±26) 80 (±16)

Pre-dialysis clinical labs at baseline

Mean (±SD) sodium, mmol/L 136 (±3) 136 (±3) 135 (±4)

Mean (±SD) glucose, mg/dL 155 (±70) 145 (±67) 168 (±74)

Mean (±SD) creatinine, mg/dL 9.6 (±2.8) 9.7 (±3.1) 9.5 (±2.5)

Mean (±SD) hemoglobin, g/dL 11.2 (±1.4) 11.1 (±1.7) 11.4 (±1.1)

Mean (±SD) albumin, g/dL 3.9 (±0.3) 4.0 (±0.3) 3.9 (±0.3)

Mean (±SD) calcium, mg/dL 9.2 (±0.7) 9.0 (±0.7) 9.4 (±0.7)

Mean (±SD) phosphorus, mg/dL 6.8 (±2.7) 7.3 (±3.3) 6.4 (±1.8)

Mean (±SD) potassium, mmol/L 4.9 (±0.6) 4.8 (±0.6) 5.0 (±0.7)

Mean (±SD) spKt/V 1.5 (±0.3) 1.5 (±0.3) 1.5 (±0.2)

Blood pressure at enrollment

Mean (±SD) pre-dialysis systolic BP, mmHg 146 (±25) 145 (±26) 147 (±23)
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Overall (N=50) Home BP (N=25) Dialysis unit BP (N=25)

Mean (±SD) pre-dialysis diastolic BP, mmHg 79 (±19) 76 (±18) 83 (±20)

Mean (±SD) number of blood pressure medications at enrollment 2.1 (±1.6) 2.4 (±1.7) 1.8 (±1.5)
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Table 2.

Adherence to home blood pressure measurements among participants randomized to the home blood pressure 

treatment group

Number of study visits with 0, 1, or 2 BP readings transmitted to study
team

0 home blood pressure
readings

1 home blood pressure
reading

2 home blood pressure
readings

Overall, across 16 weeks 3% 4% 94%

Week 2 0% 4% 96%

Week 4 4% 4% 92%

Week 6 4% 13% 83%

Week 8 0% 4% 96%

Week 10 8% 0% 92%

Week 12 0% 0% 100%

Week 14 0% 4% 96%

Week 16 4% 0% 96%
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Table 3.

Safety and tolerability of treatment of home and dialysis blood pressure

Home BP (N=25
participants)

Dialysis BP (N=25
participants)

p-value

Pre-dialysis SBP<90mmHg

N, % per # of dialysis sessions 3/1140 (0.3%) 2/1086 (0.2%) 0.8

N, % # of participants 1/25 (4%) 2/25 (8%) 1.0

Post-dialysis SBP<90 mmHg

N, % per # of dialysis sessions 2/1137 (0.2%) 0/1085 (0.0%) 0.4

N, % # of participants 2/25 (8%) 0/25 (0%) 0.5

Pre-dialysis SBP > 200mmHg

N, % per # of dialysis sessions 21/1140 (1.8%) 13/1086 (1.2%) 0.7

N, % # of participants 4/25 (16%) 4/25 (16%) 1.0

Post-dialysis SBP>200 mmHg

N, % per # of dialysis sessions 12/1137 (1.1%) 3/1085 (0.3%) 0.2

N, % # of participants 3/25 (12%) 2/25 (8%) 1.0

Syncope N events 2 1 0.8

N, % # of participants 1/25 (4%) 1/25 (4%) 1.0

Fall N events 3 6 0.3

N, % # of participants 3/25 (12%) 6/25 (20%) 0.5

Flash pulmonary edema 0/25 (0%) 0/25 (0%) 1.0

Cramping

N, % of study visits every 2 weeks 36/186 (19%) 47/191 (25%) 0.5

N, % # of participants 13/25 (52%) 18/25 (72%) 0.2

Symptoms of dizziness

N, % of study visits every 2 weeks 24/186 (13%) 22/191 (12%) 0.8

N, % # of participants 10/25 (40%) 14/25 (56%) 0.4

Symptoms of lightheadedness

N, % of study visits every 2 weeks 33/186 (18%) 31/188 (16%) 0.8

N, % # of participants 14/25 (56%) 12/25 (48%) 0.8

Symptoms of fatigue

N, % of study visits every 2 weeks 59/186 (32%) 30/191 (16%) 0.02

N, % # of participants 15/25 (60%) 16/25 (64%) 1.0

Intradialytic hypotension

N, % of dialysis sessions 95/1141 (8.3%) 146/1087 (13.4%) 0.3

N, % # of participants 21/25 (84%) 18/25 (72%) 0.5

Shortened treatments due to cramping, low BP or symptoms of low BP

N, % of dialysis sessions 22/1141 (1.9%) 21/1087 (1.9%) 1.0

N, % # of participants 14/25 (56%) 10/25 (40%) 0.4
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Home BP (N=25
participants)

Dialysis BP (N=25
participants)

p-value

Mean (±SD) duration of recovery from dialysis, in minutes from study visits every 
2 weeks

327 (±42) 268 (±37) 0.6

denominators for number of dialysis sessions vary due to missed dialysis visits or missing data
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