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valuation of three devices for self-measurement of blood 
ressure according to the revised British Hypertension Society 
rotocol: the Omron HEM=705CP, Philips HP5332, and Nissei 
S-175 
oin O'Brien, Fainsia Mee, Neil Atkins and Marc Thomas* 

B 
Objective We evaluated three dev~ces for self-measurement of and dlastoltc pressure It can therefore be recommendrd for the 

?IJo~ pressure-the Omron HEM-705CP, the Pfirl~ps H P 5 3 3 2  clinical measurement of blood pressure and is the f ~ r s i  

5 and the Nisse~ DS- 175 - accord~ng to the rev~sed protocol of the Inexpensive dev~ce to  satrsfy the accuracy t I lter la of these 
' 

Pr~hsh Hypertensron Soc~ety (BHS) 7 he  results were also protocols 

aqabed accord~ng to the crlteria for accuracy of the revised 
sf~ndard of the Assocrat~on for the Advancement of Medical 
bslrumentation (AAM I) ~ l o o d  Pressure Monltorlng 1996, 1 55-61 

1 
Doslgn The revrsed B H S  protocol IS dlvlded Into two parts. Part I, 
*\,p p3rt appl~cable to (111s sttldy, comprises the main valldat~orl 

;.rn;edure and has five phases. Before-use devlce ral ibrat~on, 

.n-use (field) phase, after-use dev~ce callbrat~on; statlc devlce 
t 
: mrdat~on; report of evaluation 
l 
! 

5 hlethods Three models of each device passed the before use 

] c'ence callbration test, after w h ~ c h  they entered the ~n -use  phase, 

1 uthich involved use of the three recorders for a month,  lnler- 
$ devtce callbration was assessed agaln at the end of the montl, 

f Therewas no difference In calibrat~on testr ig between the three 
mdeb 01 each devrce, and therefore one of each was selected 
randomly, the maln valrdat~orl test was carrled out In 8 5  subjects 

i with a w~de range of pressures, and the results were analysed 

according to the B H S  grad~ng system from A to D 
; 

Results The Omron HEM-705CP ac hreved an overall B /A  
I qrdlng and fulfilled the AAMl  accuracy crlterla, the F'l~lllps 

HP5332 ach~eved an overall C/A gradrng and farled the AAMI  
orcuracy crlteria for measuring systollc pressure, the Nlssel 

DS-175 achieved an overall D/A gradlng and fa~ led the AAMl  

accuracy criterla for measuring systolrc pressure When the 

BtlS and AAMl criter~a were applied to  ter t~les of plessure 

(low-pressure range .. 130/80 mmHg , rnedlum-pressure 
range 130- 160/80-100 ~ n m H g ,  h~gh-pressure rarige 

r 160/100mmHg) all three clev~ces were less accurate 
In the h~gh-pressure range. the Omron HEM-705CP achleved 
C/B grading whlle cont~nuing to fulfrl the AAMl  crlterra, the 

Phillps HP5332 dropped to D grad~ng for systol~c pressure 

and the N ~ s s e ~  DS-175 achleved a lower D grading for 

systol~c pressure The mean and standard deviation of the 
first mercury sphygmomanonieter measurements were 
148*35/88+ 22 mmHg Acceptab~llty by the users was good 
and the manufacturer's manual was sat~sfactory for all three 

devtces 

Cancluslons On the basls of these results, the Ornron 
HEM-705CP was the most accu~ate  of the three devrces tested, 
achiev~ng Grade B for systollc and Grade A for diastol~c pressule, 
aswell as fulflllrng the AAMl  cr l ter~a for accuracy for both systol~c 
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Introduction 
III rcccn t  yc;rrs 111:1rly ;111toi11;1tcd clcviccs h : ~ v c  I x c n  Innn- 

r r f ; ~ c t ~ ~ r c d  I l ~ r  se l f : -~nc;~surcmcnt  o f  1)loocl prcssllre. ' l ' l ~ c  

111ost ;lci:t1riItc IICV~CCS Il i l \#c I x c n  cxpens i vc  sol>l1istic;itetl 

s)istcn-IS, s11cl1 :IS tlevic:es r lscd for ; ~ m l ) r ~ l a t o r y  h lood  prcs- 

srrrc mcasurcmcnr  [ l ] .  I n c x p c n s i v c  clcviccs for  m c ; ~ s t ~ r i n g  
hloocl plcssrlre, for  cx:rmplc in t l ~ c  I ~ o m e ,  \ v l ~ i c h  l r ~ i g l l t  :~ lso  

I1i1vc ;l \rl i t lcr app l i c ;~ t i on  i n  cl in ic i l l  ps;~ct icc,  I1;lvc ge l lc r ;~ l ly  

1xo\~cc1 to  I ) c  r ~ n a c c c p t ; ~ l ) l y  i l ~acc t l r ; ~ t c  (21. I n  th is str~cly, 
t h r cc  p o l ) ~ ~ l : ~ r  devices for h o l n c  me;lsrlrerncnt o f  1)lootl 

prcsst1sc w c r c  \ la l i t l ;~tcd accord ing ro t h e  revisecl ~) ro toco l  

o f  t h c  IJrit is11 I l y  pcr rcns ion Sociery ( H I  IS), c;lc.h i n  H5 
sr~ l ) jcc ts  1.71. '1 '11~ r c s ~ ~ l r s  \Jrcrc ;~ l so  :~n:~ lysc t l  accortl ing to  

t l ~ c  c r i t e r i i ~  for  ;lcci!r:lcy o f  the rcv isc t l  stanclartl o f  t he  
Associ ;~t ion fo r  t h e  / \ t l v :~nccment  o f  h/letl ical Ins t ru-  
men ta t i on  ( A A b l I )  [4]. 

Methods 
Ornron HEM-705CP 
' I 'he 0111ro1> l ~ l ~ h ~ l - 7 O . S ( ~ I '  rccor(1.s l ) loo( l  pressllre o,sciIlo- 
n i c t r i c ;~ l l y  w i t h  an electrostat ic c :~pac i t :~ncc- typc  p r c s s ~ ~ r c  
sensor i n  t h c  rnngc o f  0-280 m m 1  I g  ancl he :~r t  ratcs in thc  
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nnKc o f40 -200  l i c ; ~ t s / ~ i i i ~ i .  ' l ' l i c  rcs111ts :II,~: ( l i s p l ; ~ ~ c ( l  OII :I 
I i q t ~ i t I  c q s t : ~ l  ( I i ~ i t ; 1 1  (li.;pl;~~,. III~~;III(>I~ i s  l>! :l11 ; i~itori i : i t ic. 

!IIIII~II~IIJ: systr111 :11i(I c I c l l : ~ l i o ~ l  I>y IIIC;IIIS o f  :l11 :IIII~I~I;II~(, 

prcssllrc ~ . e l e , ~ . ; i ~ ~ ~  \ , ;~ l \ ,c.  ' 1 ' 1 1 ~  1es111rs ( l i s p l : ~ y i ~ ~ ~  s \ s t ( i l i ( ~ ~  

c r t ~ r ( l i ~ i ~  :\cc l ) t i ~ i t c ( l  011 ii SI~I:III t l i c r r i i :~ l  clot 111i1itc-r 

i ~ i c [ i r ~ ~ ~ l r : ~ t c ( l  i n  t l ir ~ ~ r i i t :  IIIC~YII~C(I prcYsrlrc I~I;IY ;~Isri \>c 

printctl g r ;~p l~ i c ;~ l l \ .  I\ scr ics of' error cot lcs i l ~ ~ l i c : ~ r c  l i ia l -  

\: 4\ \ '  t l ry (,cl1 I ) :~ t tc r ics  \ \ l l ~ i c l l  pr.o\.itlc f i l r  ; ~ l ) o ~ ~ t  S00 

O K  ( j v i t l i  l i : ~ t t r r i r s )  :111cl r l i r ; ls1~rcs 2 0 2  (l\,) X 7.3 (11) X 142 

*, 
14:. ~ v i t l ~  :in inf4:ir:1lilc I i l :~ t l ( l c r ,  t l i c  t l i ~ i l r n s i c ~ ~ l s  ot' \\ I l i c l i  : I I -~ ~ i o r  

: f  i F I ) ~  tlic l l l~ i l \ l>~ l l115.~.\2, III;II>Y ~ r ( , l i ~ i i ( . ; ~ l  c l c ~ : ~ i l s ,  \ 1 1 ( , 1 i  .IS i t s  

'.l: di rncns i r ,~~~ :111tl t l i r  1:lngc 01' ~>~.c .ss i~rcs  t l i ; ~ t  111n\. l)[. 
:! rccrrrdctl. \ v r ~ r  not  sl>c.c,~lictl. I l l r i c~ t l  1i1c.ss11rc is r c c o ~ t l c t l  1rv :g; 
.,.S nsc i l l o t~~ r t r \~  \\,it11 :III i ~ i f l ; ~ t : ~ l i l ( :  e ~ ~ f ' f '  \ \ , l ~ i c . l ~  is i11ll:i1ccl :IIIIO- 

fn;itic:~lly, ' l ' l ic  c111'f is l ~ ro \ , i t l c ( l  ill s~:~~rc I ; i rc l ,  SIII:III :III(I l:lrRr 

s i ~ t s ;  r l ic t l i ~ i ~ c ~ ~ s i o t i s  of t l ~ c  i ~ ~ l l ; ~ t : ~ l ~ l c  I i l :~tlelcr \ \ . c ~ c  ~ i o r  

~ l ~ t : ~ i l c ~ l ,  ' I ' l i r  11t1it is lio\vei(:cl IIY I'IIII~ l .i l' : i l l~: i l i~ ic;  l i : ~ ~  
tcrirs ( ty l i c  1 .1<14) I ) i ~ t  ni: iv l i e *  c.ci~ir~cctccI 10 t l i c  II~:I~IIS I ~ Y  
nn I\(': : lr l ;~~>tcr. ' I ' l i c  t i rnc,  tl:lrc, I ~ l o o t l  I lrcssrlrc : l r ~ t l  I i c : l ~ t  

fate III:I\, IIC ( l i s l i l :~ \~cc l  (111 <I li(111i~l C,I.YS~:II cli,qit:~J (l isl>l:~>'. 

i I.CS, ,I;I~;I :,II,I , ~ ~ { H C I I  (I;II:I 1i,i:l,, : i ~ s o  11, , r i , ~ t c ( ~ .  -c 
.4' 
f '  
d 

Nissei DS-175 
1 ' I ' l~c N i s s c ~  l )S- 175 rcc~cirtls p r c s s ~ ~ r c  o s c i l l o ~ l ~ c t r i c ; ~ I I \ ,  :illcl 3. ,k systolic. (1i;istoIic l i loo( l  ~ I ~ S S I I ~ ~ S  :ill(! l ~ c : ~ r t  ~ ; t t c  l>(. 

4 (tisi~l:~vccl o11 ;I Ii(111icl c,syst;~l ( l i g i t ; ~ l  ( l i s l ~ l i ~ y  ;III(I l ~ ~ i ~ l ~ c - ~ l .  

-B 111ll;trion o f  t l ~ c  c :~~ f ' f  is \\. i t11 ;l11 ; ~ ~ ~ r o t ~ i ; ~ t i c  :~ i i  1i111iip. I11.rs- 

s~rrc in t l ic  r i ln j ic  0-300 1111111 l x  ;11i(I p i ~ l s ~  r.:itcs ill t l i c  I.;III~C 

l)? llivl-3 or 1\11 111. I l l 0  (?pc  4l)C;S or l i v  ;ill I\(: :~ ( l : ~p t c r .  
: C  

f 
'l'hc Nissci  1%-L75 tl lc: lsl lrcs L I 0  ( \ \ c )  X I 0  ( ( l )  X 42 (11) i i~iil 

; n:ciglis : ~ ~ > ~ > r o x i ~ i l : ~ t c I v  55  c i r ~ c l r ~ t l i r ~ ~ :  Il;~ttcric.;. S\.stolic :III~~ 

~I i :~st~r l ic  I,Ioo,I p ~ c : s s ~ ~ r e ,  Iic;11t ,:I[, ;1r1c1 t l i c  t i ~ i i c  :III(! c1:1tc 

f ,  can 11. p r i r~ tc [ I .  

Evaluation programme 
'I'llc re\j isctl 111 IS c \ . : ~ l ~ ~ ; r t i o r ~  prcrgr;lrllll1c ctrrlsisrs of' f i vc  

j1l1nscr: I I \ c f c ~ r c - ~ ~ s c  t lc~ : i ( ,c  c . :~ l i l ) r ; ~ r i c~~ i ;  2 I n .  IISC ( l ic lc l )  

Before-use dev ice  cal ibrat ion 

11 crin11cc.tor cln t l l c  irill;~ticin t 1 1 I r r  o f  C;IC:~I tlc\.ic.c III;I~ Ire 

io i l~c t l  \v1111 :I )'-c~o1111ct:tor t o  :I l i l c r c ' i l ~y  S ~ > ~ I ~ ~ ~ I I ~ I I I ~ I ~ I I ~ O ~  

Inr tcr  to r l i c c k  t lc\, icc c;~lil,r;iticin. ' I ' l ~ c  : ~ ~ ~ r o i i i : i r i c  ~ > r c s s ~ i r o  

systcm :111(l ~ I IC IiIooO J>~CSSIIIC c l e t e c ~ i o ~ ~  ~ i i c c I i : ~ ~ i i ~ ~ i i  w c r c  

ilisahlctl so r l~; i t  t l l c  clc\,icc i~crcc l  SIIII~I!. :IS :I In:1llol i lctcr. 
7 .  

I l ~ r c c  ol>rcrvcrs we re  h l i r ~ d c d  to  c : ~ c h  o t l ~ c r ' s  f i ~ l e l i ~ ~ g s  ill 
Iic1nt\1s. Ol)scr\,cr I rc;~cl ;I rcccr ! t l \~  cali l>r; i tct l ~iicrc-111)- 

co1111n1i : i ~ i c l  111>servcr 2 rc;lcl o r ~ e  [if t IIC c l e \ r i ~ e ~ .  ' 1 ' 1 1 ~  

lii:1lioIii(.*rcr.; \\,I:I~~ c ~ o ~ l ~ ~ c ( ~ t c ~ c l  l )? ~ ' - c ~ o r ~ ~ ~ c ~ ~ r o r s  t o  :I f ~ i r t l i c r  

I I ~ ~ ~ ~ I I I \  ~ i ~ : ~ ~ ~ o ~ r ~ c ~ c ~ r ~  \\~11ic~I1 \v:ls r r : ~ ( l  1))) :I t l l i r ( l  011~cr1:cr 

( 1 1 1 ~  i ( c l l l l l ( l l l c ~ o .  1\11 tI11.cc IlI:IIloIllCtcIS \ \C I .C  c O l l l ~ c ( ~ t c ~ I  I 0  

r l l c  c \ r I ' f '  ol '  t l ic :  t lc\.~c.c I ~ c i ~ i ~  ~estcc l ,  \ \ ~ I i ~ c l i  \\.;IS \ \ ~ ~ : ~ p l > c ( l  

;IIOIIII~~ ;I ( : \ . l i~ lOr.~.  ' I ' O c :  L ~ o ~ ~ ~ ~ o I l e r '  o l ~ s c r v c r  t l c f l : ~ t c t l  t l ~ c  

c11lC :l1 2 111111I I ) ~ s  ;l110 C~IIIC~I 11111 '1111\\.' ro  ~ I C I ~ O I C  tile 
111o1iic11( for t l i r  r\\,o ~ i l ) s e n ~ c r s  to  ~,ccorcl ~ i r c s s ~ ~ r c ,  

' I ' l ~ c  I 3 1  I S  ~>~crtoc,ol  . ; t ~ l ) r~ l ;~ rcs  tli:lc ~ l i c r c  sl1or1l(l I )c  f i \ ,c c;~lls 

p c r  c I c l l ; ~ t ~ o ~ ~  :!c~c.ortli~ll: r o  :I r: lntlo111irctl sc-lcr:rion of' 

prcssllr.c Ic\,vl.; r c i  crl.;Llrc t l i : ~ t  :\I1 tlc\,ic:cs rc:c:civc t l i c  S:IIII~ 

l i ~ c s s ~ ~ r r  c;~l lv 11111 111 ;l11 os(lcr i r ~ ( l i ~ ~ : c r ~ ~ i I ) l r  t o  [ l i e  ol iscr-  

\.crs. ' l ' l i r r c  s l r r i ~ ~ l t l  l i e  six tlcli;~t~cirr.; p r r  tlc:vicc nitli lit-(: 

r c : ~ ( l i ~ i , ~ s  pc:r ( I r f l ; r t i o ~ i  t o  l ) r o ~ i ( l c  30 r r : r ( I i l ~ g ~  p c r  clc:\licc 

v i c l ( l i ~ i ~  00 rc :~( I i~ i~ :s  1.01~ ;111:1I\,sis, 01' \ \ , I i ic l i  : ~ t  I~:;IsI OS',% 
l i ; i \ ~ c  1 0  Ire \ \ i r l i i ~ i  ( l i e  IC (~~ I I~ I I~CI I ( IC(~  l i l ~ i i t s  01' .i 1111 i i l  I g :  11' 
tlii.; c.ritc:riori IS r ~ o t  I'11lfi1lctl I'11rll1cr- t c s l i ~ l g  is 11ot 

~lcl l 'or1llc~cl. 

Device val idat ion 

Ot,server t~ai t r i i rg 

' I ' l ~ r c e  1 1 1 1 1 . ~ ~  ~ I I S C ~ \ ~ C I S  \VCIC trst(:(l firr ;IC(.III.;IC~ ;II;;I~IIS~ 

c ;~( , l i  ot l icr  ; 1 1 i ( 1  ; ~ ~ ; ~ i r i s t  :III cx11crt o l isct- \ , ( :~ i l l  l ~ o o t l i s  <L.; 

c l c s c ~ r I ) c ~ l  111 tlir I I I I S  ~ ~ r ~ i t o c o l  [,\l. l;ivc s ~ ~ l ~ i e c ~ s  \\, i~l i ;I 

rang' o f  111(1o(I l i rcssl l rc fro111 l l O/OO lii~lil l~ to  IXO/ 

I I 0 1 i 1 1 i i I l ~  i v e r r  sc:~tccI I ) c l ~ i ~ i ( l  :I l> : i r t i t io~ i  :i11~1 10  11ic;l- 

SIIIcIIIrIItS \\.CIC 111;1(1c I1y r;1cI1 o l l ~ r ~ . \ ~ e ~  (111 r:1cl1 s~ l I l ; cc t ,  

, g i \ , i ~ i ~  ;l tot:11 01.  5 0  liic;~.c~~rc:rl1(:rits ['or C;I(,II oliscr\.(:r. 

Del1ice ~ ~ / l l ~ ~ l l ~ . S ~ / ~  

N o  ; ~ J t c r ; ~ t i o ~ i  111 i ~ i t ~ ~ - - c I c \ . i c c  \ ' : l r i : ~ l~ i l i t y  :I~'ICI t l l c  IIIOIIIII of' 

I I S ~  \\,:IS o l i s c ~ \  r(l, :i11(1 t l icrc l 'orc~ o~ ic*  ( l c \ ~ i c ~ c  \\.:IS : ~ r I ~ i t ~ ; ~ r i l y  

s c l c ( ~ ~ c ( l  1.01. ~ l i c  I~I:III~ \ : :~ l ic l :~ t io~ i  test. 

Sc.c111c111i;il s : i ~ i i c - ; ~ r ~ i i  1i1c:1~111-c1iie1its 1>ct\vrc11 t l i c  test 

1ris1r1111ir11t :i~i(l :l st:111c1;1rcI l i i c r r ~ l r \  s l i l i ~ ~ ~ : ~ i i ~ ~ ~ i ~ : ~ ~ i o ~ i i c t c r  

\ v c ~ e  (,;irric(l ( i r ~ t  : iccor(l ir ig to t l i r  s c - ( l ~ ~ c ~ i c c  111 t l i c  l>rotocol 

(31. 1\11 ~ ~ r c s s ~ ~ r e ~ \ ~ e r c  rccorclccl \vttI i  r l i c  ~ i : i r i c ~ l t  sc:ltcc[. 

,41i:1ly,sis \\,;IS c ; t ~ i i c ( I  c i t ~ t  ,scp:~r;~r~; l j .  Iyrr Ol>scrt,crs l ; i r i ~ I  2 
~ ~ s i r i g  t l i r t -c 1>;1irs o f  r c ; ~ ( l i ~ l g s  fro111 c;1c.11 s ~ ~ l > . j c ~ t .  '1:) co111- 



e one o\iscrvcr anti thc  tcst instl.tlmcnt, o n e  of t\\'o 
lenoes. was ~ ~ s e c l :  sccluencc (a ) :  - HI'1 \rcrsos HI'Z, 
versus R1'4, ; ~ n d  RI's verstls RP6 or secltlcncc (I,): - 
verslls 81'3, 131'4 vcrstls 131'5, ant1 HP6 \,crslls RI'7. So 

to o1)viatc the possibility that chance  night clis- 
snt:tgc thc tcst tlcvicc, the scclllcncc 11sct1 \\.:IS tlic one 
t t:.~vo~~rablc to the tcst tlcvice for e;lcll strhjcc:t; this 
ence was rcpeatctl in 85 strbjects. A tot;~l of 255 pairs 
eastrrcmcnts by cach ol>scr\~cr :~ntl thc test i n s t r ~ ~ m e n t  

re ~\p:~ilahlc for nnalysis of cacli of the three tle\lices. 

e pcrccnt:lges of tcst instr t~nient  n1c:lstlrcrncnts tliffcr- 
frnm the mcrcllr)? standard by 5, 10 ; ~ n d  15 rnrnl Ig or 
were calcr~l;rtccl sep;irntely for cach o\,ser\icr ant1 
rarely for systolic ant1 tliastolic prcsstlrc for e:lcll of the  

cleviccs. lS;~ch tlcvice ~ ~ ; t s  gratletl A ,  13, ( 2  or I )  
spararely for cach ot,senler, as shown in 'li1l3lcs 1-3. ' l ? )  
hnin a partic~~lar gradc all three perccntages Iiad to ec111al 

cxcecd tlic ta l i~~latct l  \,alucs. 'l'lic finill gr :~dc for c a c l ~  
rolic i~nd diastolic prcssllrc \zras t l ~ c  \letter of thc  grntlcs 

I~ri~ined by t l ~ c  two observers. 'l'hc clifferencc (clcvi- 
-observer), for systolic and dias~olic  prcsstlrc separately 

(using the data nn which tlic fin:~l grade is I)asccl), was 
:' plt~ttcd :~gainst tlie mean of tlie device pressllre and tlie 

ohsonser prcsstlrc,  sing all 255 points ( l ; i g ~ ~ r c s l - S ) .  
: Iti~hty per cent  o f  the o\)scr\.ers' meustircmcnts \\,ere 

tsithin 5 mm[ lg of c:~cli otlier and OS%, \vitliin 10 mm1 Ig. 

f 

Accuracy of three devices for self-measurement O'Brien et a/.  57 

Hlontl I ,rcsuIreswerc ;~lso cl;rssifictl ;incl ;\nalysctl ns fol- 
lows: \o \v-prcss~~rc  range < 1.30/80 mm1 Ig; mctlit~m-prcs- 
sllre r;1ngc 130-1 00/80-100 mm1 lg; Iligh-prcss~lrr range 
> lh0/100 mm1 lg. For this an;~lysis, each s ~ ~ h j c c t  was 
cl;lssifecl on tlie I>:isis of the initial m c r c u q  rneas~lrcrnent. 

'l'hc mc:ln tliffcrenccs ;111tl st:~ntl;rrtl d c \ ~ t : ~ ~ i o n  of the tlif- 
fcrcnces :ire also given to tlctcrminc if tlic dc\,icc is within 
the AAhll rccommcnclations, wl1ic.h stipt~l;ltc tll:lt t l ~ c  
me;ln difference s l ~ : ~ l l  1)e cc111al to or lcss than 5 mm1 lg ant1 
the st;lntlarcl clc\tiation cqu:~l to or lcss than X l n n ~ l l g  
('l:ll>lcs 1-3). 

Results 

Observer training and a s s e s s m e n t  
All rllrcc tr:~incc ol,scrvcrs p:lhsctl t l ~ c  accuracy criteri;~, 
\vitli 45 of systolic and tliastolic tliffcrcnces Oetween each 
trdincc ancl \>et\\reen trainees ancl expert not I>cirlg Inorc 
th:in 5 rnmllg ;~nt l  .IS not rnorc than 1 0  mnil lg. 

Before-use and after-use device calibration 
All tlic t lev~ccs \ v c ~ c  \\ithln tlic crror limits p c r m ~ ~ t e d  

In-use a s s e s s m e n t  
In this phasc, tlic nine devices \vcrc tcstccl in \\orking 
;Ircas of tlic I~osl>it;rl so th:lt ;l11 tle\liccs t~nderwcnt  at least 
400 intl;~tion/(lcti;~tion xcl1lcnces. Dtrring this pilasc tlic 
perccritagc of f;~ilctl recordings for each series of three 

Flg. l b .  

Systal~r. blood pressure measured uslng a mercury sphygmomanometer v e r s u s  
Ihe s~rnultaneously measured d~flerence behveen the  mercury and Omron 
HEM-705CP measuremenls In 85 parilclpants (n = 255) 
Reference lines - 15 to + 15 mmHg tn 5 mmHg sleps 

O~astolic blood pressure measured ilstng a mercury s(>hygniomanomt?ter versus 
the s~mullaneor~sly measured d~flerence belween Ihe mercury and Oniron 
HEM-705CP measurements In 85 parilctpants (n=255) 
Relerence Ilnes: - 15 lo -t 15 mmHg in 5 mmHg steps 



Diastolic blood pressure measured uslng a mercury sphygmomanometer versus 
the s~multnneously measured difference between Ihe mercury and Ntssei DS-240 
mensurements in 85 participants (n = 255) 
Refarence lines. - 15 to + 15 mmHg in 5 mmHg steps 

Diasloltr: blood pressure measured using a mercury sphygmomanometnr versus 
the sinn~ltaneously measured difference belween the mercury and Philips HP5332 
measurements in 85 pnrt~cipants (n = 255) 
Reference lines: - 15 to + 15 mmHg in 5 rnmHg sleps 

... . . . . . .  
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hlca~ i  olwcrvcr and <levlcc prcssurc 

Systolic blood pressure measured uslng a mercury sphygmomanometer versus 
the sirnt~llaneously measured dillerence between the mercury and Nissei DS-240 
measurements in 85 participants (n=255) 
Reference lines: - 15 to + 15 mmHg in 5 mmHg steps. 
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s was: Omron I-1I'M-705CI' 7%) Nissei DS-175 three tlevices \\!ere less accllrutc in tlie high-press~lrc 

l'hilips 1 IP.5332 5%. range: the  Omron l ll:\~l-70.5CI' 3chie\~ed C/13 grading 
\vIiile continuing to f111fil the  AA\ll criteria; the I'hilips 

nusubject acceptability 111'5332 dropped to D gr:lding for systolic pressrlre and the 

nllrses in cllarge of the  in-11se phase \{,ere ;~sl<ed to Nissci 1)s-175 :~cliie\,ed a lo\{.er I) grading for systolic 
mcnt on thc pcrform;~nce of tllc device. 'l'hcre \vcrc prcssllrc. 'I'hc mc:rn ancl st:lntl:~rtl tlc\liation of the first 

adverse mmmcnts  on the Oniron 1 l13h~1-705(~1' ; ~ ~ ) t l  tllc 
s IIP.5332. 'l'lic Nissci DS-175 \\'as not likccl I3y 
the operating nllrses or the patients. 'l'he device 

cl to reinflate withont completing tlt:flation ant1 
out giving an error code, which often resnltcd in mnch 
omfort for tlie paticnt and annoyance for tlic operator. 
nging the papcr in tlic printcr \\,;IS notccl to he diff ic~~lt .  

percentage of rneasllrements differing from tlic mcr- 
srand:~rrl I>y 5, 1 0  ;~n( l  15 mm1 lg  or less sho\vn in 

-3 and plotted in 1;igrlres 1-3. 'l?) obt:~in ;I parti- 
de, all three c n n i ~ ~ l a t i v e  percentages had to exccetl 

Ei~hty-five s~lbjects  a ~ t l i  hlood pressures I n  tllc 

Incrcllrs spl~ygmoniano~iictcr  Ineasllrcnicnts were 
l48 -c 35/88 + 22 mm1 Ig. (:alihr;~tion accllracy of a11 three 
d ~ \ ~ i c e s  after ~ ~ n d c r g o i n g  tlie aho\lc programme of testing 
remained within 3 m1n1-lg. 

Graphic presentation 
'I'lie c l ; ~ t ; l  are disl>layccl as plots of the rnean presslire for 
I~otli  ohservers \\,it11 ;l rncrclrry spl~ygmomanorneter verslls 
the tliffcrcncc I)ctwcen the  test clcvicc ancl the nearer of 
tliese ohscr\~er  mc:lsllrclncnts in H5 s r ~ l ~ j e c t s  (n = 255) for 
systolic :~ntl tliastolic presslrrc (l:igs 1-3). l icfercncc lines 
indicate - 15 to + 15 mrnl lg  in 5 lnrnllg steps. 

Device performance 
'I'lie Omron 111<\1-705CI' tcnticd to tlcflate ~ ; ~ p ~ d l y  at 
tliastollc levels b11t performed \vclI o\lcrall. 

" recommended ranges wcrc selected. Arm clrcr~mferences 
' mn~etl from 21 to 41 cni (mean 2 9 * 3  cni) A total of 255 'I'lie ~nf l ,~ t~on/ ( ic t l a t~nn  mech.~nism of tlie I'h~lips I lP5312 

f (3xRS) sets of measrjrernents wcrc available for analysis. ivas erri~tic in tli;lt it frecl~lcntly failed to inflate to the pre- 
All pressures were recorded in the seatecl position. 'l'lle set  levels. In thc course of the test, tlie r;~ndomly selcctecl 
pcncntagc of measllrcments differing from the  rnercrlry tlcvice Llileti to operate and hatl to l)e replaced; tile 
standard by 5, 10 ant1 1 5 m m I I g  or less for the best replacement later f;liled ancl the thirtl device had to he 
ahsenfer are shown in ' I>l~les  1-3 \\lit11 the  AAhlI criteria s ~ i h s t i t ~ ~ t c t l .  According to the RI~lS protocol, the I'liilips 
hrr acc~lracy. 'Ib obtain a particrllar grade, all three cllrnll- 111'5332 wor~l(l 11c deelned to Ilave failetl tlie v;~litlation or1 
Iative percentages had to exceed thc  t ; ~ b ~ i l ; ~ t e d  v a l ~ ~ e s .  'l 'he this account but tlie other tleviccs \\!ere s~lhstitutcd so as to 

. Ommn f1l<h~1-705CI' achieved an overall 13/A grading and reach :In assesslncrit of overall acc1rr;Icy. 
fr~lfillcd the AAMI accnracy criteria; the  I'l)ilips 111'5332 

icvctl sn ovcrall (://l grading :~ntl fx~letl tlre Ai\h,lI As cxl>cricncctl in the in-11sc pll:isc, tlrc inflation/deflation 
~r.lcy criteria for systolic pressllrc; tlle Nissci L3S- 175 mechirnisrn of tlic Nissci 1)s- 175 \\,:IS erratic and, becn~lsc 
ievetl an ovcr;~ll [>/A gratling ant1 failctl the AAh.11 of the ncctl for rcpc;lt mcasrlrcmcnts, c ; ~ ~ ~ s c t l  consitler;rl>lc 
!racy criteria for sytolic pressrlre. Applying the 1311s tliscornfnrt to p;lticnts ;rnd in some p:~ticnts rcsrrltetl in 
MM1 criteri:~ to tcrtiles of pressrlrc ( lo\v-press~~re tliscolor;~ti~)n froir) rcpcntetl inflations. Again, changing tlie 

c < 130180 mm1 Ig; r n c ~ l i r ~ r n - p r e s s ~ ~ r e  range 130-1 h01 printer paper \\,:I?, ~ ~ o t c c l  to I>c clifticrrlt ;uid the t11l3ing w;~s 
100mrnl 1g; higll-prcssr~rc range > 1601100 ninil Ig) :rII too short. 

nbhi Brltlsh Hypertension Society (BHS) grading and Association for the Advancement of Medical Instrumentation (AAMI) criteria for 
the Omron HEM-705CP at different pressure levels. 

< 5 mmHg < l OrnmHg < 15mrnHg Grade Mean (SD) Grade - - - - -. P -- - - 
~ - .~ ..-----------P---p. ~~ -- 

255 52 7 8 93 B -- 2 (7) P 
255 73 90 96 A 1 (6) P 

8 7 49 81 99 C 
- 2 (6) P 

93 69 88 96 A 1 (7) P 

63 60 88 , 100 A - -  2 (6) P 
75 88 100 100 A 1 (4) P 
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AAMl 

Mean (SD) Grade 

l 
l 

255 42 70 I 85 C -6  (7) F 
255 68 9 1 1 99 A -3  (5) P 

l 

93 5 1 86 98 C -5  (5) P 
93 69 88 A - 2 (5) P 

66 50 78 94 B - 4 (6) P 
84 7 2 93 ' 100 A - 4 (5) P 

96 32 58 1 73 D - 9 (9) F 

ding and Association for the Advancement of Medical Instrumentation (AAMI) criteria for 

AAMl 

255 38 59 75 D - 8 (9) F 
255 66 88 95 A - 3 (7) P 

93 59 83 94 B - 4 (6) P 
93 73 90 94 B ' - 0 (9) F 

66 24 43 69 D - 9 (6) F 
81 69 86 96 A - 4 (7) P 

P, syslolic blood pressure; DBP, diastolic blood pressure. 

this validation. Some modifications, such as lengthening 

d by the operator. It is a neat and compact device that overall pressllre range. 'I.'hese grades are not quite as good 



ations represent a considerable improvement on 
ices tested in our laboratory in 1990 when scven 
ces failed to fillfil t h e  BHS reqt~ircments  [2]. Another 
el, the Omron HEM-703CP, was shown to h c  accllrate 

compared with direct intra-arterial hlood prcssllre 
lrements [7]. T h e  Omron 1-11?M-403C was evaluatctl 
ing to the BFIS protocol by \?I:~lrna ant1 co l l c ag~~es  

ut the protocol was violated hy s t~ l~s t i t~ r t i on  o f  tlie 
ksley random zero sphygmomanometer for the  stan- 
mercury spllygmomano~neter. As otlr group has shown 

, devices assessed against the  Hawksle)! sphygmo- 
nometer may h e  disadvantaged, and the C gratles 

d for both systolic and diastolic pressures with the 
FiEM403C are at best qt~cstionablc. 

established the  accuracy of the  Olnron H E M -  
it is now reasonable to consider its uses in clinical 

Inc. T h e  devicc is easy to use for self-measurement 
pressure and, as it provides a printout with the  
time of blood pressure measurement thereby 

vrng observer prcjt~dice, i t  sliot~ld be  ~ ~ s c f t ~ l  in home 
lirement of blood presstlre. 'l'his may t)e particularly 
the elderly in whom measurement with atrtomatic 

v~ccs has been shown to b e  morc precise than et l l~ip-  
t that is dependent  on manual cuff inflation [g]. 
ever, in keeping with the recommendations of the  
protocol, the Omron I-117M-705C1' shot~ltl  11e eval- 

tcd in elderly subjects I~efore  i t  is recommendecl for 

revised BHS protocol recommends tliat acc1lr;lcy of 
es shotrld h e  examined for different pressllre ranges, 
the cave;lt that such analyses, which are tlepentlent 

er st~bjects than in the overall analysis, shotrltl h c  
n ted  with caution. Interestingly, the  Ornron 1113h.1- 

improves its grading from the low- to ~nid-prcss~rre 
but, in keeping with the Philips 1-IP5332 and thc 

ssei DS-175, and with most a m h ~ ~ l a t o r y  systcnis that we 
c analysed according to pressllre ranges [10], it is not 
tlnte at presstires higher than 160/100 mmI-Ig. 

E Omron HEM-70SCP was the most acclrrate of tlie 
devices tested, achieving Grade A for diastolic and 

e B for systolic presstlre, as well as fulfilling the AAMl 
teria for acctlracy for both sytolic and tliastolic pressltre. 

therefore, b e  recommendecl for the clinical Inc;ls- 
nt of blood pressure. 
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