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Reproducibility of ambulatory blood pressure recordings We \/MU/L_
Desmond 1. Fitzgerald'), Kevin O'Malley!), Eoin T. O"Bricn?) T pp T~

Summary: Reproducibility of ambulatory blood pressute recordings was assessed in 19 untreated hy-
pertensive suhjects over a six month period. Ambulatory blood pressure was recorded using a semi-
automatic portable blood pressure recorder (Remler M2000) from 900 h until retiring. The mean
{+ SEM) number of days on which recordings were made in cach patient was 5.1 = 0.31, the period
between recordings being 2~6 weeks. Paramcters derived from these recordings were the peak, trough
and mcean of all daily rccordings, and the standard deviation and coeflicient of variation of these re-
cordings were derived as indices of blood pressure variability. Analysis of variance of the first 3 days
of ambulatory blood pressure recordings showed no change in any of these parameters over time.
The coctlicients of variation within patients of the mean. peak and trough blood pressures were less
than 11%. In comparison, the cocllicients of variation of the paramelers of blood pressuse variability
were greater than 20%. Analysis of variance of the first three ambulatory recording days (all patients
had al least three) showed that the within-patient variance was significantly less than between-paticnt
for the mean, peak and trough systolic and the mean and trough diastolic blood pressurcs but not for
the peak diastolic pressure or parameters of blood pressure variability. In conclusion, ambuliatory
bload pressure measutements are reproducible. ‘The poor reproducibility of the standard deviation
and coeflicient of variation negates their uselulness as measures of blood pressure variability.

Introduction

Repeated indirect recordings of blood pressure in hospital have proven reproducible from
day to day when hourly averages or the means of recordings for the whole day are com-
pased (1, 2) while measures of blood pressure variabilily are poorly reproducible (2).
However, patients arve restricted in hospital, and increasingly portable blood pressure re-
corders arc being used 10 assess ambulatory blood pressure behavior outside hospital du-
ring normal daily activities (3). Ambulatory monitoring can only be considered a practi-
cal method of assessing blood pressure bebavior if results are reproducible over a pro-
longed period. Other investigators have cxamined reproducibility of ambulalory record-
ings. However, these studics were either in hospital (4) or over 2--3 days within a short
period of cach other (5, 6, 7). In this study, the reproducibility of non-invasive ambula-
lory recordings is assessed over a 6 month period in non-hospitalized ambulant patients.

Methods and patients

Ambulatory recordings were performed repeatedly on 19 hyperiensive subjeets using the
Remler M2000 semi-automatic recosder (8) at intervals of 2—-6 wecks over a 6 month
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period. None of the subjects were on drug treatment during the study. The mean age of
the study group (7 men, 12 women) was 43.9::2.1 with a range of 29-60 years. Patients
altended the hospital in the morning where the recorder was attached. For the remainder
ol the day patients carried oul their normal activilies while recording their blood pressure
every 20 mine A suceessful day-recording was delined as one in which 10 or more record-
ings were decodable. Day-recordings with fewer than 10 decodable individual recordings
were not included in the analysis,

Reproducibility of five parameters was assessed:; the peak, trough, mean, standard devia-
tion and cocllicient of variation of daily ambulatory recordings. The coeMicient of varia-
tion within subjects was derived for cach parameter and compared against that for be-
tween subjects. Time-related changes in recording parameters were asscssed from the first
three successtful day-recordings (all paticnts had at Jeast threc) by two-way analysis of var-
tanee.

Results

The mean (2 SEM) number of successiul day-recordings over the period of study was
5.1:£0.31 {range 3-7). Mean, peak, and trough systolic pressures, and mean and peak
diastolic pressures tended to Tall between the first (Ry) and third (R;) days of recording
(Table 1). However, these differences were not statistically significant, Over the same per-
iod clinic blood pressure for the group as a whole (meanxSEM) remained unchanged
(160 = 3.9/96.3 + 1.7 Vs 160 = 4.1/96.8 x 3.2) although mecan clinic pressure at the
tirst clinic visit which occurred 4 weeks belore the study began had been slightly higher
(1634:3.5/99 . 1.0).

Cocllicients ol variation of blood pressure parameters were less within patients than be-
tween patients, with the exception ol measures of blood pressure variability (Table 2). Si-
milarly, the two-way analysis ol variance of the flirst three successful ambulatory record-
ings i all 19 subjects showed that belween-patient variance was significantly greater than
within-patient variance for systolic peak (F 5.0, P < 0.05), trough (F 13.5, P < 0.001)
and mean pressures (F 16.4, P < 0.001) and for diastolic mean (F 11.5, P < 0.01) and
trough pressures (IF 7.4, P < 0.01). However, variance of diastolic peak pressure and
of the standard deviations and coeflicients of variation of systolic and diastolic pressures
were not greater between than within patients,

Table L: Comparison of First Three Remler (R) Ambulatory Blood Pressure Recordings.

Systolie Diastolic

R, R, R, R, R, R,
Mean BP (mmiiyg) 15Ld+ 31 149.7+3.0 1488437 98.3+23 97.7+3.1 958+3.0
Peak B (mmtly) 746636 1723+4.02170.7+4.1 113.7+£2.6 112.9+3,1 108.6+3.6
Trough BP (mmlIg) 130.563.2 130939 128.1242 80.6+£49 B812x4.1 81.6x32
SD gumtig) 1194067 1184072 1242063 742042 8.1x£033 7.5+0.52
CV (%) B.34057 R5+:0.52 83+05 7.910.6 8.8+0.58 7.3+0.38

SO =standind deviation: CV = cocllicient of varation
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Fable 2: Comparison of Coclficients of Variation Between and Within Subjects for Dilferent Para-
meters of Non-invasive Ambulatory Blood Pressure.

Syslolic Diastolic

Within patients  Between patients*® Within patients  Between paticnts

Mean BP (%) 4.8* 8.8-10.7** 5.9* 10.2-14.4**
(1.0-12.1) (1.4-12.5)

Peak BI (%) 6.4 9-10.5 6.4 10.1-11.9
(2.8-13.2) (1.3-13.7)

Frough BP (%) 7.9 10.8-14.3 10.7 17.2-26.7
(3.4-10.8) (3.8-16.6)

SD (%) 211 22.3-20.7 20.1 17.6-30.7
(8.8-38.4) (6.9-32.5)

CV (%) 22.8 25.6-30.5 21.8 22-32.9
(9.4-38.3) (1.1-35.0)

e e e e,

Mcan within-patient coellicient of variation for all subjects (range).
** Range of between-patient coclficient over the first three ambulatory recordings.
SD = standard deviation; CV = cocflicient of variation ol all recordings through the day.

Discussion

This study lails to confirm previous findings of a significant fail in ambulatory blood
pressure during repealed ambulatory non-invasive blood pressure recordings (4, 6). Con-
way (4) demonstrated a fall of 18 mmtig and 9 mmllg in mcan ambulalory systolic and
diastolic pressures respectively between the first and third day ol ambulatory recording in
hypertensive subjects. However, their patients had been hospitalized for the study so that
this change may partly reflect the fall in blood pressure which occurs during hospitaliza-
tion of hypertensive subjects (9). Kain et al (6) noted a more modest fall between the first
and third successive day of ambulatory recording, The fall in systolic pressure which was
about 5-6 mmllg occurred largely in the carly part of the day. This rescmbles the fall
found between successive recordings in our study. However, the significance of this may
have been exaggerated by multiple paired comparisons. Direct ambulatory blood pres-
sure moniloring using the Oxford recording system in 8 patients showed no mean differ-
ence in blood pressure levels on two successive days of recording (5) in agreement with
the findings of this study.

Of greater importance than a mecan change in blood pressure is the variability of para-
mieters used to describe ambulatory blood pressure behavior, Van Maele and Clements
(7) compared Remler ambulatory blood pressure recordings made on two separale days
and found that of the measured parameters, including mean blood pressure, only the var-
iance of daily recordings was reproducible. ‘This was determined for each patient from the
ratio of the variances of the recordings for each day, However, with a mean of 24 record-
ings in a day, within-paticnt variance would have to change by 50% before a significant
difference could be shown between (wo days of recordings in a single patient. The present
study showed that the mean of daily systolic and diastolic vecordings were highly repro-
ducible in most subjects. Furthermore, peak and trough blood pressure recordings were
also reasonably reproducible in comparison with the between-subject variability ol these
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parameters. However, indices of blood pressure variability, the standard deviation and
cocllicient of variation, were poorly reproducible in all but a few paticents for both systo-
lic and diastolic blood pressure when compared with between-patient variability. Similar
results have been shown for repeated recordings of blood pressure in hospitalized patients
using an automatic blood pressure recorder (2). The differences in variability between
subjects or between days in the same subject may represent within-patient variation only.
Thus, in drug studics the variation in these paranicters within subjects must be consi

dered before an effect, or more importantly the lack of an eflect, is attributed to a drug.

In conclusion, the peak, trough and mean blood pressure recorded using the Remler am-
bulatory bloud pressure recorder are reproducible over a period of several months where-
as indices of blood pressure variability derived from such recordings are not.
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