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'I ' \vc~~ty u~~ire.~rccl I>nticnts \virli tliiistolic bloocl ~>l.cssurc bctwcc~i 90 a ~ l d  I 10 ~ n n i l  lg liatl 
tllcir hl(~otl pressures I I I C ~ S I I ~ C C I  wit11 a IIicrciIry s p l l y g ~ i i u ~ ~ i a ~ i o ~ ~ i ~ t ~ r  at lort~iiglltly intervals 
over .I (I-\vcclc pcriotl ilul.i~ig nliicll t i ~ ~ ~ c  one 12-l~oi~r  a~libulatory bluod prcssurc (AUI') 
I I I ~ , I ' ~ L I ~ C I I I C I I ~  \\.as also rccortlcd. .l'liis \\.as iollo\~cd by a 2 - ~ ~ ~ o r ~ t l l  period of hoti~e rccortling 
01' I~loocl 1)ressurc (I 1111)) during \vl~icl~ iort~ligl~tl!. Incasurcnicnts wcrc rnatlc at the clinic 
(C151') t c ~ ~ c r l ~ r r  \\,it11 t\vo 12-hour AUI' mciisurclncllts. Iluring a further 4-week pcriotl 
i o r ~ ~ ~ i ~ l l ~ l ! .  clinic I I I C ~ S I I ~ C I I I C I I ~ S  \\.ere I I I J C I C  \\!it11 OIIC final asscssrncnt of A1%1'. Of the thrcc 
~nct l~ot ls  of hlooel prcssurr asscssrncnt, ABI1 gave statistically significant lowcr systolic blood 
1~rcs\11rcs than citl~cr II11I' 0) / 0.001) o r  CI51' C/, < 0.001). Siti~ilar trcnds wcrc obscrvcd 
1.01. cli;i\tolic pressure but \\.crc not significant. 1'11~ rclationsl~ip bctwccn the three mcasurc~ncnt 
~ ! . S I C I I I S  \ v ; ~ s  I i i g l ~ l ~  variable. I I I ~ ) L I ~ I I  diffcre~~ccs bctn'cc11 11o111c and clinic rccordi~~gs, and 
bc[\\.c.c11 .i~iibul.itory ant1 c l i ~ ~ i c  rccorclings, ncrc sig~iificantl!; correlated both for systolic 
allel cli,istolic prcssurcs. I - lo~nc rccorcling as jtldgcd by clinic a ~ i d  ambulatory blood prcssurc 
Ilicnsurcmcnts dicl not have a blood prcssurc lo\vcring cffcct. 

Anibulatory blood I,rcssurc (ABI') ~ i i i ~ p  be  a better predictor of cnd-organ clariiage 
;~titl  t l ~ ~ r c l ' o r e  of severity of disease tliati clinic-recorded blood pressure (CBI') in 
Iiypertc~isive sitbjects [ l ] .  I-lowevcr, the automatcil portable blood pressure recorders 
o n  \vliicli these studics are  based are expensive and n o t  widely available [2]. H o m e  
rccorditig of bloocl pressure (HBI') is a practical alternative and  lias been advocated 
as a mciliocl of asscssitig blood pressure outs ide tlic clinic [3, 41. Most  studies have 
sho\vn that piitients [S] o r  their relatives [ O ]  achieve a degree of accuracy c o ~ n p a r a b l e  
\\,i[li trainccl tiicdical staff aftcr orily a s l io l .~  period of training. It  lias been suggested 
tl1.1t I-II{I) tiiny liavc a blooil pressure lowcrinl: effect i l l  liypertcnsivc subjects 17-91 
Out tliis obscrv;ition lias bccn based on clitiic recorclings. In this s tudy  C D P  a n d  
111SI' rccoriliiigs arc coniparetl witli AU1' rccorilitigs obtainccl with a portable device 
wliicli nllo\\~s blood pressure uieasure~iictit  duritig nortiial daily activitics. In addi t ion 
tlic cffcct of Iionic recorcling by tlic patient on both  clinic ai.ld aiiibulatory blood 
~ ~ r c s s i ~ r c  bcliaviour is assessed. 



2 P- -a - 
=.c 2 2 
c 72 z .  5 > - . r + Z 2 z  
- c - - =  
C r  c r2 ;  - 2 
c x d c r ,  & r, P- r. .< 

r, = . 5 s c.< 
T 2 . 2  
r, = 
Y e ? * -  
2 s-? 5 - , , z 5  - = - L c  =. z 
d d 

c 7 E . 2  fi 2 
C "  

- r. - 
Z c . 4  -. 
Z T  s - =  

32 2 LC_ -, -. -. 
2 5  2 ; 
- 2 -  = 
c Y. 5 ;  2 
LL?.' 
g 
c, Sw 
2 O - c ;  5 
- 2 7 -  E . 2 2  5 
3 2 . W  T 

< Y m  
S r . 2 5 '  
0 ;: su- 

e 2 5 
X < 
g 2 0 5  2 2 
L., E. = 
L., T 
m ' 0  
c-0 - 



(:or)rp,r I rcojr r!/' blootl prcStslcrc r~rr,rs~~r.c~r~rc~~~~ 

'I'liis \\?as ~iiciisitrcd with a portable ~ioti-invasive semi-autoniated blood pressure 
rccortlcr, tlic Ke~iilcr Iv12000 wliich we 1i;ive shown to be accurate [lo], and tllc 
~.ccordi~igs of \vIiicIi arc rcproJuciblc ( I  I]. 'l'lic ~ii;ignetic tape was rlccodcd by 
;iusci~lt.ititi~ each tape to niinimizc i~iaccul-ncy i n  interpretation. I'atients attended 
tlic Ilospitnl at 0900 Ii to liavc the recorder fittctl and recorded their blood pressure 
tlicrcnl'tcr at 30-miti intervals until tliey retired to bed. I-iomc recordings werc not 
;ittctliptccl on tlic clay of a~iibulatory ~ i i c ;~su~ .c~ i i c t~ t .  

'flie four cliliic prcssurcs during lionic recording werc compared witli the two 
cli~iic pressures i~iiniediatcly prcccding and tlic two clinic pressures following home 
recordings. Similarly, the t\vo anibulatory recordings (mean of all rccot-dings in 
the day) during tlie lio~iie recording periotl wcrc coniparcd with t l ~ e  ambulatory 
rccorcling i~iimcdiatcly prcccclirig and tliat following l io~iic recording. l'lie first day 
of a~~ ibu la to ry  recorcling \vas not included i l l  tlic analysis as previous studies have 
s i ~ ~ ~ c s t c J  that recordings on subseqitent clays tend to  be lower [12, 131. For 
coniparison of mctliods, tlie nieati of each 2 weeks of Iiome recording (four 
~ i ~ e ; ~ s u r e t ~ l e ~ i t s )  was colnpared witli tlie corresponding clinic (four measurements) 
and niean ambulatory blood pressures ( two nieasurc~nents). Comparison of niultiple 
1iicnns was by two-way analysis of variance with Sclieffe's correction for multiple 
c.o~iil)arisons \vlicrc appropriate [ IJ ] .  \Vlicn Schcffc's correction was used, a 
probnbility level of lo'%) was considerecl to be signihca~it. 

Of tlic 20 patients recruited for the stucly orie patient failed to return t o  the clinic 
; i~ii l  one had a ~narked rise in clinic anil ambulatory blood pressure during the 
Iio~iit. rccorcling period which was not detectable by her owri blood pressure 
dcter~ii i~iatio~ls,  and as ncithcr of these piiticnts cotnplctccl tlie study t l~cir  data are 
not i~icludccl. A~iotl ier  patient required treatmetit after completion of the liotiic 
rccorcling period, but prior to  licr filial clinic visit, because of an excessive rise in 
Iionic ancl clinic blood pressure, and is included in tllc analysis. 'l'lie mcati age 
(4- SIlkl) of thc remaining 18 patictits nras 43.9 ? 2.1 with a range of 29 to GO 
yc;irs. All l);iiic~its acIiicvec1 the required tlcgrcc of accuracy in self-rccorcling of 
blooil ~~rcssu rc .  

I-lotiic-recordetl blood pressures were lcss tlia~i cli~iic pressitrcs altl~ougli tliis was 
. . 

s ~ ~ n ~ f i c a n t  only for systolic blood prcssurc (table I, figure I). Similarly, coniparison 
ol' ;i~iibulatvry recordings witli clinic and Iiotiic recordings during the home- 
rccordi~ig period showctl tliat a~iibulatory systolic, but not diastolic, recordings 
wCrc lcss than both l i o ~ i ~ c  and clinic blootl prcssurcs. I-lowcver, tlie rclationsl~ips 
bct\vccn Ilonic, clitiic and a~iibulatory r c c ~ r ~ l i ~ i g s  1vc1.c liiglily variable, particularly 
lor systolic prcssurc rccorclinss (t;il)lc 1). I)il'icrcnccs I)ct \vcc~~ Iionic a~lt l  cliliic 
t.('c.(~t-~litlSs. ,111d ljct\vc*c-ti . i t ~ i I ~ ~ t l . ~ ~ o r ~  . i ~ i ~ l  t.li11ic. r ~ * c o ~ . J i ~ ~ ~ s .  \vcrc ~ i~~~i l i c . i~ l t l ! .  
L.OI  I c l .~~c-~ l  I ) O I I I  101. \\.s~olit. ii11tI ( l i ,~s~oIic~ ~ ~ ~ ~ c \ \ ~ t t ~ c s .  

1 I o ~ ~ i ~ - c l i ~ i i c  tlill'crc~iccs tc~lcled lo tlccrsasc \\fit11 ngc, iliougli this was signiticant 
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7;rLI(, I .  (;orirp~rrico)~ o/' I.ior~rc ( I - / I f / ' ,  /;11tr 2-.ii:(*ckljl irrtc~w'tls), clirric (CUP, jortr 2-weekly 
~i.cir.c), ,r~rtl trnrb~t/'cfory (/IUI', 2 tltryr) blootl /~rcssrtrcJs tlrrri~rg t l ~ c  l ,o)~tc rccorrlklg perioti in 
I'V / 1 < 1 1 1 ( 3 r 1 1 . ~  

o l~ ly  for diastvlic bloocl prcssurc. 1)llring thc I~onlc-recorili~ig phase no change 
occurred in s);stolic or  diastolic blood prcssurc rccorclcd in the clinic. Similarly, 
t11cl.c \\Ins no cli;ingc in anlb~~lator)l  blood l~rcssurc dul-ing this pllase whcn compared 
wit11 tlic ambulatory rccot.clings prcccdilig and following the Ilotne-recording period 
(fiXtirc I ) .  

pre-home recording I kmw recording wrbd post-honr recording 

160- 

140- 

BLOOD 
PRESSURE 

(mm l lg) (20- 

100- 

T 
T 



20 1 Imm Hg)  

CLINIC - 
HOME 

Dl  FFERENCE 

-20 , 1 I 1 
2 0 4 0 I 

60 

AGE (years  ) 

. . I his study colifirliis. that patients can be trained to record blood pressure accurately, 
atid that only a short period of training is required [3, 41. As reported in other 
studies honic-rccortlctl sysiolic blooil pressure was lower than that recorded in the 
clinic [4 ,  51. The tliffcrcncc between cliliic and lionic blood pressure recordings 
varies wiilcly bct~veen stutlics, possibly rcflccting cliffcrences in the patients studied 
as clinic-lioriic differences increase with the level of blood pressure and decreases 
\\lit11 ngc and duration of clinic attctidancc 1151. 

tlonic-rccordeil blood pressures were Iiiglier tlian ambulatory blood pressure 
ancl \vcrc Iicarcr to clinic prcssurcs, as Il;is bccn observed by Goulcl el al. 131. 
1)iflct-ctices between clitiic and aliibulatory blootl pressure mcasurc~nc~its  arc of 
cliliic;il i11iport;incc siricc n~iibulatory blood I>rcssurc recordings may bc niorc 
;iccul.,lrc it1 prcilicting c~id-org.111 iliscasc ill Ilyllcrtetisivc subiccts [ I  1. 

Iri  this study hlootl ~>rc>ssurc co~ i t r i~ l .  ;is tlcter~liillcd in tllc cliliic ;i1ii1 11). 
. i~irI)~~I. i to~.\ .  ~ ~ i o ~ i i [ o ~ . i l i ~  ( l i l ~ . i ~ l ~  1ior111;iI (I,iilv ;ic[ivitics, was utinltercd iIit~.i~lg tllc 
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r c c o r ~ l i ~ i g  of blootl prcssurc by  Iiypcrtcnsive patients, both treated and untreated, 
lo\\,ers bloocl prcssurc thesc studics w7cre poorly controlled 17-91 o r  antiliypertensive 
trc.itriicnt was altered as required [7, 9J  and may have been influenced by the level 
o i  blood pressure mcasured at home.  I:urtliermore, the fall in blood pressure was 
~ i i o s t  ~ n a r k c d  in the initial period of honic rccord i11~ [8] and  may have reflected 
tlic t e ~ i d c n c y  for  blood pressure t o  decrcasc with repeated measurement  [16]. In  
aililition the conclusion of prcvicus studies that ho~iie recording by  patients may 
influence blood prcssurc control  was basccl o n  clinic Iileasuremcnts, I11 this s tudy  
patients wcl-c untrcatcd and  the lack of ally cffcct o n  clinic blood pressure control  
was co~if i rnied by a~i ibu la tory  rccordi~igs.  

Gran ts  i r o ~ i i  tlic Itoyal Collegc of Surgcuns i l l  I rc lat~d and  the Chari table  lnfirtllary 
'T1.11st arc acknon~leilgetl with gratituite. 
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Review 

Ambulatory blood pressure measurenient monitoring has 
become an increasingly important method of investigation 
in hypertension [ I ]  and automated non-invasive devices 
which allow frequent measurements of ambulatory blood 
pressure and the pulse rate over 24 h are now available. 
The accuracy [2] and the reproducibility [3] of ambula- 
tory measurements have been documented.'However, data 
from ambulatory blood pressure monitoring are character- 
ized by wide scatter, due to random variabiiity, short-term 
fluctuations with posture, physical and mental activity and 
long-term variability with seasonal [ 4 ] ,  dietary [5,6] and 
hormonal [7] changes. Superimposed upon the distribu- 
tion of data there is also the influence of diurnal blood 
pressure variation. 

It is difficult to detect early trends when data collected 
at regular time intervals show wide scatter. The calciilation 
of cumulative sums ('cusums') is a simple statistical tech- 
nique which allows early and precise detection of trends 
in data of this nature. Although described in the medical 
literature over a decade ago [8,9], this technique is still 
uncommon in clinical medicine. It is particularly appropri- 
ate for the analysis of data derived from 24 h ambulatory 
blood pressure monitoring. 

The cusums technique consists of the selection of an ar- 
bitrary reference value, such as the mean of daytime blood 
pressure, which is then subtracted from each point in suc- 
cession. The successive deviations of each data point from 
the reference value are then added cumulatively, i.e. the 
first to the second, the sum of these to the third and so 
on. The 'cumulative sums' derived in this manner are then 
plotted against time with the ambulatory blood pressure 
data. The reference value chosen is typically the mean of an 
initial series of obsetvations. However, the overall mean or 
any other clinically relevant reference point may be used. 

Figures 1 and 2 illustrate cusum plots of blood pressure 
superimposed on the original ambulatory blood pressure 
data recorded over 24 h in a normotensive subject. The 
reference value used in Fig. 1 (122/80 mmHg) is the mean 
of all recordings. Minor changes in the mean of the orig- 
inal data from the baseline are detected by a change in 
the slope of the cusum plot. The point-in-time of change 
is accurately identified and the statistical significance of 
changes in trend is readily calculated [10,11]. Any refer- 
ence value, arbitrarily chosen from the same data set, will 
yield a cusum plot giving the same point of change. Figure 
2 shows the data from the same subject using a different 
reference value, the mean daytime (0800-2400 h) blood 
pressure (128/83 tnmHg). While the slope of the cusum 
plot is necessarily different, the point of change in slope is 
the same as in Figure 1 and is as readily identified. How- 
ever, the selection of the mean daytime ambulatory blood 
pressure as a reference value illustrates the point of change 
more clearly by bringing the plots of daytime blood pres- 
sure and cusuln closer together. 

The cusum technique has a number of uses in ambula- 
tory blood pressure measurement: diurnal patterns may be 
identified; the time and the extent of the nocturnal blood 
pressure fall are readily appreciated from the illustrated 
plots; the nature of blood pressure variability and its re- 
lationship with situational and biological factors such as 
sleep, level of activity, stress, the heart rate and hormonal 
activity may be carefully analysed; subgroups of hyperten- 
sive patients who display less marked diurnal blood pres- 
sure change may be characterized, and the onset and dura- 
tion of effect of antihypertensive agents may also be iden- 
tified. 

We suggest that cusum plots extend 'the potential of 24 h 
ambulatory blood pressure monitoring both in hyperten- 
sion research and in the clinical assessment of patients 
with this disorder. 
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Fig. 1. Ambulatory +, cusum. 
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Fig. 2. Ambulatory blood pressure data and derived cusum plot lor a normolensive subject (Fig. 1). Cusum reference values, 128183mmHg. E 
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