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BLOOD PRESSURE MEASUREMENT IN PERITONEAL DIALYSIS:  
WHICH METHOD IS BEST?
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♦ Background: The optimal approach to monitoring blood 
pressure (BP) in the peritoneal dialysis (PD) population 
is unclear. Ambulatory BP monitoring reliably predicts 
prognosis, but can be inconvenient. The accuracy of home 
BP monitoring in this population is unproven. The auto-
mated BpTRU device (BpTRU Medical Devices, Coquitlam, 
BC, Canada), which provides an average of up to 6 succes-
sive in-office BP measurements, has not been studied in 
this patient group.
♦ Methods: We studied 17 patients (average age: 54 ± 
12 years; 12 men, 5 women; 94% on automated PD) attend-
ing a single center. All patients underwent office, home, 
BpTRU, and ambulatory BP measurement. The reference 
standard for analysis was daytime ambulatory BP. Correla-
tion between the referent method and each comparator 
method was determined (Pearson correlation coefficient), 
and Bland–Altman scatter plots depicting the differences 
in the BP measurements were constructed.
♦ Results: Mean office BP (126.4 ± 16.9/78.8 ± 11.6 mmHg) 
and BpTRU BP (123.8 ± 13.7/80.7 ± 11.1 mmHg) 
closely approximated mean daytime ambulatory BP 
(129.3 ± 14.8/78.2 ± 7.9 mmHg). Mean home BP 
(143.8 ± 15.0/89.9 ± 28.1 mmHg) significantly overes-
timated mean daytime systolic BP by 14.2 mmHg (95% 
confidence interval: 4.3 mmHg to 24.1 mmHg; p = 0.008). 
Bland–Altman plots demonstrated poorest agreement 
 between home BP and daytime ambulatory BP. No patient 
had “white-coat hypertension,” and only 1 patient had 
false-resistant hypertension. Most patients showed ab-
normal nocturnal dipping patterns (non-dipping: n = 11; 
reverse-dipping: n = 5; normal dipping: n = 1).
♦ Conclusions: We report a novel finding that BP measure-
ment using the BpTRU device is more accurate than home BP 
measurement in a PD population. Potential explanations for  
this observation include poor home BP measurement 
technique, use of poorly validated home BP measurement 

 devices, or a reduced prevalence of white-coat effect among 
PD patients. Our study also confirms that, in the PD popu-
lation, BP measurements vary considerably with patient 
location, time of day, and measurement technique.
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Hypertension is prevalent (1,2), poorly controlled 
(1,2), and associated with adverse outcomes (2–4) 

in the peritoneal dialysis (PD) population. Excessively 
low blood pressure (BP) is also undesirable in this patient 
group (5). Given these competing risks, it is clear that 
accurate and reliable BP measurement is fundamental to 
the achievement of adequate BP control and the optimi-
zation of PD patient outcome.

The ideal approach to monitoring BP in a PD popula-
tion is unknown. Compared with office BP, ambulatory 
BP correlates more closely with end-organ damage in 
this patient group (2,3). Ambulatory BP monitoring can 
also provide valuable information about the nocturnal 
BP load, allowing adjustments to be made in the timing 
of antihypertensive administration (“chronotherapy”) 
(6). In the long-term, however, repeated ambulatory 
BP monitoring can be inconvenient for the patient and 
demanding on hospital resources. Home BP measure-
ment, another out-of-office approach to BP monitoring, 
is a valid alternative to ambulatory BP monitoring in 
patients with and without chronic kidney disease, includ-
ing those receiving maintenance hemodialysis (7–9). 
However, for as yet unexplained reasons, the home tech-
nique appears be less accurate than standard office BP 
measurement in the PD population (3). The automated 
BpTRU device (BpTRU Medical Devices, Coquitlam, BC, 
Canada), which measures BP multiple times at pre-set 
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intervals in the absence of a health professional, can 
negate “white-coat” effect and improve the accuracy of 
in-office BP measurement in patients with and without 
chronic kidney disease (10,11). However, the BpTRU 
device has not been formally studied in a PD population, 
and all four BP measurement techniques (office, ambula-
tory, home, BpTRU) have never been directly compared 
in any patient population.

We therefore recorded office, ambulatory, home, and 
BpTRU BP in a group of PD patients. We aimed to identify 
the relationships between daytime ambulatory BP (refer-
ence standard) and BP as measured by each of the three 
comparator techniques. We also wanted to explore the 
circadian and situational BP variations evident in this 
patient population.

METHODS

STUDY DESIGN

This cross-sectional observational study was per-
formed in a single tertiary referral center. The study 
protocol was approved by the institution’s ethics review 
board before study commencement. All patients provided 
written informed consent to take part in the study.

STUDY POPULATION

All patients receiving PD care at our center and sched-
uled to undergo a medical review during the recruitment 
phase of the study (1 January 2011 to 31 March 2011) 
were considered for study inclusion. Exclusion criteria 
included age less than 18 years, PD treatment duration 
less than 3 months, change in antihypertensive medica-
tions or PD prescription within the preceding 2 weeks, 
peritonitis or severe acute illness within the preceding 
month, presence of an arrhythmia precluding the use 
of an oscillometric device for measurement of BP, and 
inability or refusal of consent to take part in the study.

Patients were requested to maintain their usual daily 
activities, PD prescription, and antihypertensive medica-
tions during the study period. Demographic, laboratory, 
clinical, and dialysis schedule details were obtained 
through patient interview and by manual review of 
medical and computer records. Mean daily ultrafiltration 
volumes were calculated by averaging the values recorded 
by patients in their diaries for the 7 days preceding the 
study visit. The most recent available 24-hour urinary vol-
ume was recorded. Weekly Kt/V urea was calculated using 
the PD Adequest software application (Baxter Healthcare, 
Deerfield, IL, USA) from the most recent available blood, 
urine, and effluent urea measurements.

BpTRU BP MEASUREMENT

One of two PD nurses used the BpTRU device to take 
each patient’s BP just before the patient’s medical con-
sultation. The BpTRU device was previously validated 
according to British Hypertension Society protocol (12). 
After observing the first measurement and confirm-
ing that the device was functioning, the nurse left the 
examination room, and 5 additional measurements 
were recorded at 2-minute intervals by the device. The 
device automatically calculated an average value for 
those 5 final measurements, although a minimum of 4 
measurements was deemed acceptable for calculation of 
an average BpTRU BP value.

OFFICE BP MEASUREMENT

Office BP was recorded by the same PD nurse using a 
validated oscillometric device (Vital Signs Monitor 300 
Series: Welch Allyn, Beaverton, OR, USA) during the 
patient’s medical consultation. The patient was allowed 
to rest for at least 5 minutes before the recording and 
was seated with his or her arm at the level of the heart 
during the recording. If more than one office BP was 
measured, an average value was calculated.

HOME BP MONITORING

All patients attending our PD center routinely carry 
out home BP monitoring using their own personal BP 
measurement devices. Once they commence PD, patients 
are advised to purchase validated BP devices and to con-
firm the accuracy of their device soon after purchase by 
comparing it to a calibrated in-office device. Patients 
also receive education in correct BP measurement tech-
nique, according to European Society of Hypertension 
protocol (13). We asked patients to use their usual 
device to measure their BP twice daily (morning and 
evening) for the week preceding their scheduled study 
visit. An average BP value was manually calculated from 
the values recorded on the final 6 days (12 measure-
ments), although a minimum of 10 measurements was 
deemed acceptable for calculation of an average home 
BP value. Device manufacturer and model were recorded 
for each patient.

AMBULATORY BP MONITORING

All patients underwent 24-hour ambulatory BP 
measurement once within the 2-week period preced-
ing their scheduled study visit. The same validated 
oscillometric ambulatory BP monitor (Spacelab 90207  
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monitor: SpaceLabs Medical, Redmond, WA, USA) was 
used for each patient. Patients attended the PD unit 
on a weekday morning to have the device fitted. From 
0600 h to 2300 h, BP was measured every 20 minutes, 
and from 2300 h to 0600 h, it was measured every 30 
minutes. Average values for 24-hour BP, daytime BP, and 
nighttime BP were calculated by the SpaceLabs software. 
In cases of missing data, 14 daytime measurements and 
7 nighttime measurements were deemed the minimum 
acceptable for data analysis.

BP VARIATION PATTERNS

Patients were classified according to their office and 
daytime ambulatory BP, and the presence or absence of 
antihypertensive medications, as follows:

•		 Normotension (office BP < 140/90 mmHg and daytime 
ambulatory BP < 135/85 mmHg, without treatment) 
or controlled hypertension (office BP < 140/90 mmHg 
and daytime ambulatory BP < 135/85 mmHg, with 
treatment)

•		 White-coat	hypertension	(office	BP	>	140/90	mmHg	
and daytime ambulatory BP < 135/85 mmHg, without 
treatment) or false-resistant hypertension (office 
BP	>	140/90	mmHg	and	daytime	ambulatory	BP	<	
135/85 mmHg, with treatment)

•		 Masked	hypertension	(office	BP	<	140/90	mmHg	and	
daytime	ambulatory	BP	>	135/85	mmHg,	without	
treatment) or residual masked hypertension (office 
BP	<	140/90	mmHg	and	daytime	ambulatory	BP	>	
135/85 mmHg, with treatment)

•		 Untreated	hypertension	(office	BP	>	140/90	mmHg	
and	daytime	ambulatory	BP	>	135/85	mmHg,	with-
out treatment) or residual hypertension (off ice 
BP	>	140/90	mmHg	and	daytime	ambulatory	BP	>	
135/85 mmHg, with treatment)

Nocturnal dipping patterns were classified according 
to daytime and nighttime ambulatory BP, as follows:

•	 Normal dipping: BP decreased by more than 10% from 
daytime to nighttime

•		 Non-dipping:	BP	decreased	by	0%	–	10%	from	daytime	
to nighttime

•		 Reverse-dipping:	 BP	 increased	 from	 daytime	 to	
nighttime

STATISTICAL ANALYSIS

All data were analyzed using the SPSS software 
application (version 16.0: SPSS, Chicago, IL, USA). 
Categorical variables are expressed as numbers and 
percentages and were compared using the chi-square or 

Fisher exact test, as appropriate. Continuous variables 
are expressed as a mean ± standard deviation and were 
compared using the Student t-test (all data normally 
distributed). The correlation between mean BP by the 
reference method (daytime ambulatory BP) and by each 
comparator method was determined using the Pearson 
correlation coefficient. Bland–Altman scatterplots (14) 
demonstrating the level of agreement between the 
comparator methods (office, home, and BpTRU BP) and 
the reference method (daytime ambulatory BP) were cre-
ated. A two-sided p value less than 0.05 was considered 
statistically significant.

RESULTS

PATIENT CHARACTERISTICS

We screened 21 patients for study inclusion, and 
1 patient was excluded because of being on PD for less 
than 3 months. Another 2 patients refused consent, 
and 1 patient had a failed 24-hour BP recording. The 
final study population therefore included 17 patients 
(mean age: 54 ± 12 years; 12 men, 5 women). Table 1 
summarizes baseline patient characteristics. All 17 
patients were receiving antihypertensive therapy: 3 were  
receiving 1 agent, 5 were receiving 2 agents, 3 were 
receiving 3 agents, and 6 were receiving 4 agents. One 
patient was undergoing ambulatory PD using 4 daily 
exchanges of Physioneal solution (Baxter Healthcare 
Corporation, Deerfield, IL, USA). Sixteen patients were 
undergoing automated PD using nocturnal Physioneal 
solution, with a daytime dwell of icodextrin-based 
Extraneal solution (Baxter Healthcare Corporation). 
All 17 patients had significant residual native renal 
function (range: 800 – 3600 mL). Only 4 patients had 
a mean ultrafiltration volume exceeding 1000 mL daily  
(range: 93 – 2277 mL).

BP DATA

Table 2 shows the mean BP measurements accord-
ing to the four BP measurement techniques. Office 
BP (126.4 ± 16.9/78.8 ± 11.6 mmHg) and BpTRU BP 
(123.8 ± 13.7/78.8 ± 11.6 mmHg) were similar to daytime 
ambulatory BP (129.3 ± 14.8/78.2 ± 7.9 mmHg). Home 
systolic BP was 14.2 mmHg higher than daytime ambula-
tory systolic BP [95% confidence interval (CI): 4.3 mmHg 
to 24.1 mmHg; p < 0.008] and home diastolic BP was 
11.7 mmHg higher than daytime ambulatory diastolic BP 
(95% CI: –4.4 mmHg to 27.9 mmHg, p = 0.142).

We observed a significant correlation between BpTRU 
systolic BP and daytime ambulatory systolic BP (r = 0.49, 
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cases of a substantial discrepancy depending on the 
method of BP measurement were identified. These dis-
crepancies were greatest for home BP measurement 
compared with ambulatory BP measurement (differences 
of up to 60 mmHg, Figure 2).

In 10 patients, BP was controlled; 3 patients had 
residual hypertension; 1 had false-resistant hyperten-
sion (office BP 142/91 mmHg vs daytime ambulatory 
BP 115/74 mmHg); 1 had residual masked hypertension 
(office BP 111/66 mmHg vs daytime ambulatory BP 
158/76 mmHg); and 2 had borderline residual masked 
hypertension (office BP 130/89 mmHg vs daytime ambula-
tory BP 132/91 mmHg, office BP 135/71 mmHg vs daytime 
ambulatory BP 137/70 mmHg). An abnormal nocturnal 
dipping pattern was evident in 16 patients (non-dipping, 
n = 11; reverse-dipping, n = 5; normal dipping, n = 1).

DISCUSSION

We report a novel finding that, in a PD population, 
measurement of BP in the office using either a standard 
automated device or a BpTRU device may be more reli-
able than measurement of BP at home by the patient 
using their own BP measurement device. We suggest two 
potential explanations for our findings.

First, we propose that PD patients may experience less 
white-coat effect than other patient groups, enhancing 

p < 0.05), a nonsignificant correlation between office 
systolic BP and daytime ambulatory systolic BP (r = 0.45, 
p = 0.07), and no correlation between home systolic BP 
and daytime ambulatory systolic BP (r = 0.24, p = 0.37, 
Figure 1).

Figure 2 shows Bland–Altman scatterplots depicting 
the level of agreement between daytime ambulatory 
systolic BP (reference standard) and systolic BP by each 
of the comparator methods (office, home, BpTRU). 
Agreement was poorest between home BP and daytime 
ambulatory BP: that is, the limits of agreement were 
widest (95% CI for mean difference between methods: 
4.3 mmHg to 24.1 mmHg), and a statistically significant 
positive bias of 14.2 mmHg was demonstrated. Individual 

TABLE 1 
Baseline Patient Characteristics

  Variable Value

Patients (n) 17
Mean age (years) 54.2±12.0
Sex [n (%) men] 12 (71)
Cause of ESKD [n (%)] 
 Glomerulonephritis 6 (35)
 Diabetes 4 (24)
 Hypertension 2 (12)
 ADPKD 2 (12)
 Tubulointerstitial 2 (12)
 Renovascular 1 (6)
PD duration (years) 
 Median 1.6
 Interquartile range 0.9–3.5
PD modality [n (%)] 
 Automated PD 16 (94)
 Continuous ambulatory PD 1 (6)
Mean weekly Kt/V urea 2.9±0.4
Antihypertensives [n (%)] 
 ACEI 6 (35)
 ARB 6 (35)
 Alpha-blocker 5 (29)
 Beta-blocker 13 (77)
 Ca channel blocker 12 (71)
 Loop diuretic 2 (12)
 Other 2 (12)
Diabetes mellitus [n (%)] 
 Type 1 3 (18)
 Type 2 3 (18)
Ischemic heart disease [n (%)] 4 (24)
Peripheral vascular disease [n (%)] 3 (18)

ESKD = end-stage kidney disease; ADPKD = autosomal-
 dominant polycystic kidney disease; PD = peritoneal dialysis; 
ACEI = angiotensin converting-enzyme inhibitor; ARB = angio-
tensin II receptor blocker.

TABLE 2 
Blood Pressure (BP) by Measurement Method

 Blood pressure (mmHg)
  Variable Systolic Diastolic

Mean average ambulatory BP  
 Daytime 129.3±14.8 78.2±7.9
 Nighttime 130.0±24.2 74.6±9.9
 24-Hour 129.0±17.2 76.7±8.1
Mean office BP 126.4±16.9 78.8±11.6
Mean average BpTRUa BP 123.8±13.7 80.7±11.1
Mean average home BP 143.8±15.0 89.9±28.1
Mean ΔBP  
 Office – Daytime (95% CI) –3.4 0.6
  (–11.8 to 5.1) (–3.0 to 4.3)
  p=0.713 p=0.415
 BpTRU – Daytime (95% CI) –6.1 2.5
  (–13.5 to 1.27) (-2.0 to 7.1)
  p=0.098 p=0.254
 Home – Daytime (95% CI) 14.2 11.7
  (4.3 to 24.1) (–4.4 to 27.9)
  p=0.008 p=0.142

ΔBP = difference in BP.
a BpTRU Medical Devices, Coquitlam, BC, Canada.
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the accuracy of in-office BP measurement techniques 
(that is, standard office BP measurement and BpTRU BP 
measurement) in this unique patient population. Patients 
on PD frequently encounter medical environments and 
health care professionals. In many centers such as 
ours, they routinely measure their own BP at home and 
are very familiar with the BP measurement procedure. 
Consequently, it is plausible to hypothesize that they 
may have a negligible alerting response to in-office BP 
measurement. Supporting this concept, only 1 patient in 
our study had false-resistant (white-coat) hypertension, 
despite the fact that the office BP was measured in the 
presence of both a PD nurse and a nephrologist. Previous 
studies have observed a similarly low prevalence of white-
coat effect in PD populations (1,3,15). The largest of 
those, a multicenter study of Italian PD patients, reported 
that only 32 of 304 treated hypertensive patients had 

false-resistant hypertension, and only 6 of 66 untreated 
hypertensive patients had white-coat hypertension (1). 
The slightly closer correlation between BpTRU BP and 
daytime ambulatory BP than between standard office BP 
and daytime ambulatory BP observed in this study may 
relate more to the ability of the BpTRU device to correct 
for random error by providing an average of multiple BP 
readings than to an ability to eliminate what is already 
a negligible white-coat effect.

A second potential explanation for the superior accu-
racy in this study of both BpTRU and standard in-office 
BP measurement over home BP measurement may be an 
inherent flaw in the home BP measurement procedure. 
In the present study, we made an effort to optimize the 
accuracy of home BP measurements:

•		 All	patients	were	educated	in	a	standardized	BP	mea-
surement technique in advance of the study.

Figure 1 — Associations between daytime ambulatory systolic blood pressure (SBP) measurements and comparator measurements 
(in millimeters of mercury). Scatterplots show associations for comparator measurements (A) by BpTRU (BpTRU Medical Devices, 
Coquitlam, BC, Canada), r = 0.49, p < 0.05; (B) by office measurement, r = 0.45, p = 0.07; and (C) by home measurement, r = 0.24, 
p = 0.37.
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•		 All	patients	were	advised	to	purchase	only	validated	
BP measurement devices.

•		 All	devices	were	calibrated	against	an	in-office	device	
before study commencement.

Despite those precautions, 3 patients ultimately used 
devices that had not previously been validated  according to 
a standardized protocol (16). Nonetheless, the discrepancies 
between home BP measurements and daytime ambula-
tory BP measurements were not significantly different for 
those 3 patients than for the population as a whole: for 
example, the difference in mean systolic BP between meth-
ods (+4.7 mmHg) was in the same direction and of a lesser 
magnitude than the difference seen in the entire population 
(+14.2 mmHg) and would therefore not be expected to sig-
nificantly skew or exaggerate the study results.

We therefore felt that the inaccuracy of home BP 
monitoring observed in this study related more to a 
failure of the patients to rigorously adhere to standard-
ized BP measurement protocol (for example, incorrectly 
measuring BP after physical exertion, after intake of caf-
feine, or without the arm at the level of the heart) when 
taking their measurements unsupervised at home than 
to an excessive use of non-validated BP measurement 
devices. Indeed, our study is not the first to demonstrate 
that home BP measurement may be less accurate than 
standard office BP measurement in a PD population. 
A study comparing office, home, and ambulatory BP 
measurement (without BpTRU BP measurement) in a PD 
population demonstrated that standard office BP was 
more closely related than home BP to ambulatory BP (3). 

Figure 2 — Agreement between daytime ambulatory systolic blood pressure (SBP) and comparator measurements (in millimeters of 
mercury). Bland–Altman scatterplots show the mean of the ambulatory and comparator SBP measurements on the x axes and the 
difference of those readings on the y axes. Horizontal lines mark the mean difference in SBP between the methods and the upper 
and lower limits of the 95% confidence interval for that difference. (A) BpTRU (BpTRU Medical Devices, Coquitlam, BC, Canada) 
comparator measurement. (B) Office comparator measurement. (C) Home comparator measurement. ΔSBP = (SBP by comparator 
method) – (SBP daytime ambulatory measurement).
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That finding held true regardless of whether systolic, 
diastolic, or mean BP was being assessed or whether 
office and home BP were being compared to 24-hour or 
daytime ambulatory BP.

Although most patients in the present study had an 
overall BP that was controlled, comparing favorably 
with reports from other centers (1,2), only 1 patient 
had a normal nocturnal dipping pattern. Nocturnal 
non-dipping has previously been reported to affect up 
to two thirds of PD patients (1–3,17–19) and has been 
associated with adverse outcomes in this population. 
Interestingly, a previous study demonstrated a higher 
prevalence of nocturnal non-dipping and a higher mean 
left ventricular mass index in patients on automated 
PD than in those on continuous ambulatory PD (3). 
Although speculative, that difference suggests that the 
process of carrying out automated dialysis throughout 
the night, combined with a relative absence of ultrafil-
tration during the day, might somehow (for example, by 
nocturnal sympathetic stimulation or increased volume 
overload) contribute to nocturnal non-dipping, which 
might in turn lead to the development of left ventricu-
lar hypertrophy. Our study population was composed 
almost entirely of patients undergoing automated PD, 
and they had a particularly high prevalence of abnor-
mal nocturnal dipping (94%), adding strength to the 
latter hypothesis. However, it should also be noted that 
a larger, more recent study, while not specifically look-
ing at nocturnal dipping patterns, did not confirm any 
association between PD modality (automated PD, con-
tinuous ambulatory PD) and inferior overall BP control 
or patient survival (20). Furthermore, the single patient 
undergoing continuous ambulatory PD in our study did 
not exhibit a normal nocturnal dipping pattern, at least 
for systolic BP (average daytime BP: 111/74 mmHg; aver-
age nighttime BP: 114/68 mmHg), but did show excellent 
overall BP control.

Our study has some limitations. No inferences from 
this cross-sectional study can be made regarding the rela-
tive ability of each individual BP measurement method to 
stratify cardiovascular risk or predict prognosis. Neither 
can the effect that the incorporation of these methods 
into clinical practice might have on patient outcomes 
be determined. Small patient numbers limited our 
ability to detect more subtle, yet potentially clinically 
significant, differences in BP between methods. The 
study was not powered to perform subgroup analyses. 
For example, the impact of timing of administration and 
overall number of antihypertensive agents or the degree 
of BP control (for example, controlled BP vs residual 
hypertension) on the reliability of BP measurement by 
each modality or on patterns of BP variability could not 

be determined. The results of this single-center study—
which enrolled entirely white patients, most of whom 
were receiving automated PD—cannot necessarily be 
extrapolated to populations of patients with dissimilar 
baseline clinical characteristics.

CONCLUSIONS

In summary, our study found that, in a PD popula-
tion, standard office BP measurement and BpTRU BP 
measurement were both more accurate than home  
BP measurement with respect to daytime ambulatory BP 
measurement. We also demonstrated that white-coat 
effect was rare, but that nocturnal non-dipping was 
highly prevalent in this patient population. Although 
ambulatory BP monitoring should remain the “gold 
standard” for measuring BP in a PD population in view of 
its proven ability to predict prognosis, we propose that 
BpTRU BP measurement might reliably and preferentially 
replace home BP measurement as a first-line means of 
validating standard in-office BP measurement in situa-
tions in which ambulatory BP monitoring is unavailable 
or will unduly delay treatment decisions.
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