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W i t h  tile iricrc!asir~g ~ i i i ~ r ~ u f ~ i c ~ t ~ r r ( :  of (:xl)(!risiv~ systc!r~is for tO(? ri~easurctnierit of 

ari~l)ol,itory l ) loo(l  l)r(:ssLrr(? tli(%rt: is a r~(>c:(I  for pot ( :~~t i i i l  ~ ) ~ r r c I ~ a s c r s  to  l)(> al)l(: 10 
satisfy thernsc!lves that the systcriis l iave I)c.cn evaluatc(l accorcling t o  agrectl criteria. 

Tlie Ihitish Ilyperterision Society has, tlierefore, clrawn u p  a protocol of reclrrirenients 

for rhe evaluation of tllese de\lic:es. 'this protocol incorporates many featcrres of the 

Arnc~rican Nalional Sfanclarrl /or N o n - A u l o r ~ i a l ~ ~ c l  S~~hygrnornanomElers I)ut includes 

rnaliy ad(litional features, sucl i  as strict criteria for ol)server training, ir~terclevice 

variability testing Ocfore and af1c.r a rnonth of a m l ~ ~ ~ l a t o r y  use, and a new system 
of analysis wliic:li ~,el.ri~its t l le  test system t o  I)e gratlctl. It is re(-orilrnentled that 

rnarii~facturers of arnl)irlatory I) loot l  pressure tneasirrin~; tlcvices slioultl ol)tain an 

~rrll)iasr.tl eval~rat ion acc-ortling t o  a rcc:ogriizcvl st i~r ldart l  I)c,fore a device is marketed. 

Keyworcls: Protocol, device valiclation, ambulatory b loot l  pressure, 
Brit ish tlypertension Society. 
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ciation for the Acl\;mccnlcni of Alcclic:d I~lst~-i~~l~cntatie)n 
(MM[) Ir;a ~,roclucecl :I clct;~ilecl st;uncl;~rcl for semi-auto- 
nl;ltccl ancl auto~llatecl clcvices [ H ] .  
. . Ihc Ixesent situation, tllereli)rc, is tllat n~;u~ul'~cti~rers 
nlay niarkel csl)e~ 1sit.c 1)loocl I )ressure measuring tle\,ices 
without Ixing ol)ligecl to 1)rovicle e\iclence of tl~eir accu- 
racy. h1a111)~ \:~liclation sti~clies of :unl>i~lato~y 11loocl pres- 
sure 111casiui11g clc\iccs ll;~vc Ixen pcrforn~ecl \vith :I \.;I- 

ricty of ~,rotocols :uncl clillbring criteri;~ [or :lssessmellt, 
nxtki~lg con~lxmiso~~ of the asscssnlent clillicult :Incl co111- 
~ x ~ r i s o ~ ~  of one clcs\.ic.e \\.it11 :ulotllcr :~llnost i~lll)ossiblc. 

I%ec:ursc \.;~lid;~tio~~ sti~clics ;IW ti~lle-consu~~li~~g to per- 
li)rn~, tile ~in~c>-l;lg I,ct\\-ecn ~~l;l~lilf'~crurc :Incl ~>ul~lic;ltio~~ 
o1':111 inclc,l,c~lclt!nt e\.;~lu;~tio~l in :I rcl>ut;~l,le jonr~lal is of- 
I ~ I I  so I O I I ~  11i;lr I I ~ : I I I L I ~ I L I L I I ~ ~ S  I I I ~ I ~  l )c rClcly to 111;lrket 
:I ~~~oc l i l i c :~~ io~~  C )l' tile origi11:11 clc\ic.c :111cl tile oi~tc.o~~ie of 
:11iy C > V ; I ~ L I : I I ~ ~ I I  is tl~c.rcl)!, rc~~clc~~ccl ol)so1c1c :111cl OS little 
:~c;~clc~~~ie  i~llc.~c.,\c. 

'1'11e: 151i1isI1 l l ~ ~ l ) c ~ t c ~ ~ s i o ~ ~  Soc.icly ( 1 5 1  IS 1 is of  tile opi11io11 
111~1t e\.:~lu:~lio~l 01' :11111)~11;1to1y 1)100c1 I)I.~SSIII.C I I I C ; I S I I I . ~ I I ~  

systc~l~s I I I L I S ~  I )cb ~t;~~~eI;~~~clizccI lOr t l~e I.ollo\vi~~g rcasolls. 
( l ) c;o~~t i~~i~ccl  i~~ic~o~~~rollccl li~'lrkcti11g \till i ~ ~ e v i ~ ~ l d y  re- 
sirlt i l l  tlle n~:~~~irk~ctnre ;~nd sale ofi~l;~c.curatc clcvic.cs; tllis 
11;n clear i~~~l~lic;~tions for c.lil~ic.:ll ~~r;~ctic.c, the nlost inl- 

1x)rta111 of wl~icli is in;~l>popri:~te cli;~gnostic ancl 111;111;1ge- 
nlenl elcc-isions; :ulcl ( L \\irlloilt ;I sta~~cl;~rclizc.cl :~l,l~ro:~c.h 
to e\lalu;~tio~~, col~ll,;l~-iso~l of rcsults I)ct\vc,en l;~l)or;~torics 
is not l ~ o s i l ~ l c  : ~ ~ l c l  \vork m:ly Il:~ve to I)e repeated \vith 
tlle conseclucnt \v;tste of scarce resources. 

' 1 ' 1 1 ~  ljl IS \Vorki~~g 1';lrty 011 l~loocl l)ressi~rt AIe;~si~ren~e~~t, 
11;nillg re\iewecl the, ~,ossil~lc apl~ro:~cl~cs to the prol~lem, 
co~~cluclccl hat \\.llile t l~e  MAll stancl:lrcl [S ]  is the nlosl 
COI I I I ) I .~~ ICI IS~ \T  rcc,o~l~rl~e~~cl;~Ijon on \alicl:~tion ;~\.ailal)le, 
it Il:is :I numhcr of cleliciencies; it cloes not cover ;III :LS- 

11ccts of e~~luatioti. e.g. interde\ice \-;lriabilit)., :u~~bulator). 
xssessmcnt :Incl patient accel)ta~bili~y art not included and 
tllere  re delic.iellcies in tllc statistical ~nethodology; it is 
obtai~l:~l>lc only CI.OIII t l~e M 1 1  ol1ic.e~ on payment of a 
fee, :111cl is  lot, tl~crcli)rc.. :a :~c.ccssil-)lc as n joitrn;~l 111111- 
lic;~tion; it cor~t;~ins clcl:~ilccl rcco~~~rllencl:~tions for nl;i~n- 
ul'~c.tirrers OS : U I I I > L I I ; I I O I ~  clc\ic.es uhich, dlougll neccs- 
sauy ill  :I sta~xlarcl, ;ire 1101 :I rcc(uircmcn1 of iul ~v'llua- 
tion 11rotou)I. 'l'hc \Yrorking IJ:lrty clec.icled, ll~crcfore, to 
prelxue :I ~~otoc.ol  d1;lt \\-ould sen-e ;IS a st;uncI:lrclized 
~woccelure li)r tllc e\.:~luation of :~~lll>ulato~y I,lootl Ilres- 
surc ~~ic;~sirr i~~g clc\icc.s :11icl to ~ ~ l a k c  rcco~l~~~lc~~c la t io~~s  
Sor t l~e :aloption ol'tl~is sta~~cl:~lrl prc~cedure. 1'11oi1gI1 t l~e  
\'Y.'orki~~g I';III~'s I)ricf \\as to prepare a ~~~-otoc.ol for ani- 
I)ulato~y clc\iices tllc ~,rir~cil,lcs OS tllc proc~~iure tll;lt lol- 
low c:ln l~ ;~l)l)liccl tc) :111y :~i~tol~l;~tcd or sc~~li- :~i~to~~l:~ted 
I)ltx)tl ~~ressure ~llcasu ri~lg cle\ice [ Y  J . 

General considerations 

'I'lle hs is  of tllis de\ice e\.;dwition is the comparison 
be~\vccn bloocl 1)ressure n~easurctl by the clevice being 

tested auld si~rlultaneous measurements made by an es- 
~ablished technique, the 'gold standard'. 'l'he test meth- 
ocls must allow for variation in the design and technology 
of u~lbulatoty measuring devices. 

'I'wo features of the programme described in this pa- 
per need elaboration. First, before embalking on wlvhai 
is a con~plex auld labour-intensive protocol, tile Work- 
ing I'arty  laced considerable emphasis l~otll on observer 
t~ining aund on the capability of a number of devices 
ot' the model being tested to give consistent measure- 
nlents. 'Tl~e M i l  standard recommends that two ob- 
senrrs should nlealsurc blood pressure indel~endendy 
:~g;~inst the test device in the main validation phase [S]. 
'I'he main Lld\-a-dntage of using WO trained obsenrers is that 
tl~e conclusion of the validation test is strengthened I)y 
I I ; I \ ~  ~ ig  two il~ckl)c~lcler~ t s~alld:ird lllL<IsiIrelllen ts ag:~i~lst 
wliicll to juclge tlle test device [C)]. If t l~e observers have 
al~cacly I~ccll shown to be in close agrecmcnt, il is only 
Iicccssaly to 11a1vc one observcr take the mcasuremcnt. 
I lowc~cr, to ~ninimize bias, it is advisable that separate 
~ I ~ S C ~ T C I S  C:ICII nle:lsure blood pressure in apl)roxinlately 
llalf tlie sul>jccts. 'l'llis nlodific;ition to the M M 1  stand:~rd 
II:L\ tllc aclv:~~llage of substantially reducing tlie cost of 
~ ~ c ~ l i ) n l ~ i ~ l g  the main validation test. 

111 tllis protocol obsetver agreement is strictly assessed 
I>efore the e\lalua~ion; if an observer is inaccurate re-train- 
ing is easily accolnl)lished at this stage. However, with the 
M M 1  stanclard, observer agreement is assessed at the end 
of the validation, and in the event of the observers not be- 
i ~ ~ g  in 3g1.c-ement [he entire procedure has to be repeated. 
It is ~~eferable  that observer agreement be assessecl be- 
lore the study begins so tl~at this eventuality is avoided. If 
t l~e test slnntl:ird, nmmely the nlerculy sphygmomanome- 
ter ancl the observer, cannot be brought to the highest 
possil>le level of accuracy I~efore the main validation pro- 
ctdilre, further testing is pointless. Likmvise, interdevice 
~~riability should be ssessed before the validation test 
begins, since substantial diNerences between d~vices of 
the sane model will render device validation impracti- 
c:~ble. 

Second, in drafting tllis protocol we :ittempted to de- 
1c1.111ine the mininlal criteria for a statisticdly v:dicl as- 
sessment while also being alert to d ~ e  demands that 
tl~e valid;ltion tests impose on an assessment Inl>oratory. 
Wliereas i t  migllt be desirable to perform tlle main corn- 
~,al.ative valida~ion when the device is new ancl,, fepeat 
tllc test :~ftcr ;I peritd of tirl~e in use, tl~is would elrec- 
rivcly nearly double t l~e Lime and expense of tile stucly. 
We compron~ised, tllerefore, by postpo~~illg the main \:I]- 

itl;~rion rest until tlle device has been in use for a periocl 
of tilllch, :uld we arbitrarily chose a minimum period of 1 
~llonth. We believe this to be jus~ifiecl on the basis hat 
t l~e  accur:lcy of' a measuring device &er use is of more 
~elevance tl1a1 inlmediately after purchase, before i t  has 
been subjected to the w a r  ;md tear stresses of daily use 
illat nlight alter accuracy. 

Unlike tile W 1  stmdarcl [ 8 ] ,  direct intra-arterial meas- 
urenlent is not included in the present protocol for the 
following reasons. First, systolic and diastolic blood pres- 
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sure values ol)t;~ineil 1)). tile ilirect tecllnicluc ;Ire i l i lkr-  
ell1 f rol~~ nlc:aurclllenls ol,taillecl 1,). i~lclirect rlietllocls 
[ 10,l 1 l .  Seconcl, clinical 111 ;lc.tice uses cl:~t:~ ol)tai~lecl I)y 
the itlclirect r;ltlier tlian tile direct tecllnicluc. 'I'llircl,  lier re 
:Ire e1liic;ll consicleratio~~s iri tile use of intra-:~rte~i;~l une;ls- 
uremcnt w11ic.h ~,rcclutle its use for tile cs;~lu:~tion of 
bloocl ~)rcssirrc rnc;lsu~irlg tlcvices i l l  nlost I;~l)ol-;~tories. 

A s1;11~1;1rtl I I I ~ I ~ ~ I I ~  sl)I~yg~~~o~;~;~~~o~ilc~ter, 111e c o ~ ~ q ~ o -  
11c11ts of wliicl~ were cl~cfillly cl~ecl<ccl 1)cfor.c tile stutly, 
is usecl :IS :I refcre~lce st;~~icl;~rcl Tor all tests ratller tll;~n a 
r:llldon~ zero sl , l~yg~i~o~i~;u~on~e~er (121 I,ccause tlic~e is 
evidence tllat tile 1:1nclo111 zero s l > I l ~ ; ~ i ~ o n ~ : ~ ~ i o ~ ~ ~ e t e r  vs -  
te~~~atic:~lly untlercstin~;~~cs di;lstolic prcssulc ( 1.3 -1 61. 

III:II aucliogr:lrns are obtai~iecl rrom the ol)senlers to cle- 
ILYI :111y Ile;lrilig clelicit. 'l'lie first part of the lilln training 
ile~ilo~istrales the tecl~~iiclue of I~loocl pressure nleasure- 
111c1it :111cl is follonrecl by a n  assessment period in which 
tl~e tr;~inees c;ui test tl~emselves against ;I stancl;lrcI nlcr- 
culy spl~ygn~onl;~~io~iie~er :IS tile nlercuty column Falls 
agai~ist a I,ackgrouncl of recortletl KorotkolTsouncls. 011- 
sencrs shoultl not move on to the next stage until they 
Il;lve satisficxl this assessuielit, l'lie vitleo film lasts 30 min. 

1. OBSERVER TRAINING 

O B S E R V E R  A S S E S S M E I d T  
l 

ACCURACY Cnll ERlA I 

SA TlSFlEO NOT SA TISFlEO 

C 
11. BEFORE-USE INTER-DEVICE VARIABILITY 

l 
ACCURACY CnlTEnlA 

'I'lle clilalily of tile stetlloscope is also c~ucial to tlie ev:~l- 
uation proccclure. Stet1ioscol)es with I>;~dly litti~lg cm- 
pieces ancl poor clu:llity tli;~pl~r;~gtns precli~tle prccisc :lus- 
cultation of Korolkoll' sountls. l'he Li1tm:ln stelI1oscol)e 
(3h l  Col~lpa~iy, Minnesota, USA) or its etluivalcnt is [cc- 
0111111c11cIctI. 

SA T I S ~ I E O  NOT SA TlSFlED + 
111. IN-USE ( FIELD ) PHASE 

1 
1 WIT1 1I)RAW FROM 

ACCURACY CRITERIA VALIDAI 1014 
PROCEDURE 

7 
SA TISFIEO NOT SA TlSFEO -3 

'I'llc gcnelnl ~xi~ic~il)lcs of :~uscult;~tory ~ ~ ~ e ; i s u r e ~ ~ i c ~ ~ t  Ilave 
I~een oii~li~lctl i l l  ~,rc\ious ~~ul,licatio~ls of tlle Il~itish 

4 
I v .  AFTER-USE INTER-DEVICE VARIABILITY 

I l)l,ertension Sociely [ 17,181. I 
ACCURACY CRITERIA 

111 t l~e protocol we use 111e Icnn ~notlcl to clenote a Ixlr- 
ticul;~r I)I.:IIK~ or sl)l~ygn~on~atio~i~eter ancl tl~e le111i clevicc SATISFIED NOT M TISFIED 

to clc~~ote i~lrliviclu:~l sl)l~ygri~onia~io~iieters. 4 
V . DEVICE VALIDATION 

Mell~ods I 
DEVICE GRADING 

'I'l~e evrlli~ation I I I . O ~ ' : I I ~ ~ I I ~ ~  consists or six ~~llases (Fig. 
1) :  1, Obse~vcr 1r;lirlillg :(nil assessllient; 11, I3efore-use i l l -  rig. Va' i t '~ l iOn proceclure. 

teltlcvicc \fari:ll,ilily :Issessment; I l l ,  In use assessnlellt; IV, 
Iwm't trnit~itlg. In tl~is pli:ae, an expert in I,lootl pres- Arter-use i~iterclevice v:~rial)ili~y asscsslnent; V, Device v:d- 
sule uleasu~ement tsl<es tile trainee olwervers through id;~tion; alld VI, 1'1cpnr;ltion of rcport. 
tl~e tliKerent st:laes of mmurement as recommended by . , 
tile Illitis11 I lypertension Society [17]. l>ilIicult aspects 

Phase I: Observer traiiiirig aritl assessnieiit of in~e~l~retation, suc11 as 111e ;~uscultator)l ~ ; I P  and bias, 
Obsenler Iriiir~ing sllc~uld I)c discussed and illustrated by exruiiple using a 
'I'wo t ~ : ~ i ~ ~ e d  ol,sc~vers ;Ice recluired for tl~e ev:llu:~tion of nlulti :1i11:11 stctlioscol~e. 
a clevice. B x l l  tr;lil~ing clay co~~sists of two phases. 

Observer assessment 
'I'\vo (or more) ol)servers are ~es~ecl Tor accur:lcy against 

Filttl It.rrilrir~,q. 'l'llc ol~scrvcrs, e:lcli of w1io111 sllould uli- e,lcll Olller allcl ~Ig,illst all 'l'lIe 
tle~srand tllc p~.i~iciples of I)lood pressure nle;lsurelnent, sllould I ~ ~ ~ , , ~  llatl extellsive exr,el-ience ill blood 
e.g. ~c~ilied Irurses, are retrained in blocxl pressure Inens- l,ressllre me:lsul.cnlcnt ;Ind lle/slle sllolld Ilave correclly 
u~en~c~i t  usi~~g tile 111 ilisli I I)q>crtension Society \icleo filnl illtcrl,relecl 95% (,f lest scquellce, e.g. 111~  sequence in 
I~luod I'rcssrrr-e Illc~rrsur.ettrott [ 191. 11 is recol~allelldcxl tile Ilri1jsll I 1yl~rtensio1i Society video [l')], before each 
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1r;linirlg :Lyscssrnent. 11' the ex1)ert obsen~er is iriaccurate 
tl~is Lvill becorne :~~)p:~rcril i l l  tlic :ui;~lysis. 

'l'l~e test procccl\~re lakes tlie li)llowirig forrn (Fig. 2): 

( I) 'I'LVV ol)se~vcrs ;trc sc;~tccl at a I)c~icl~ litted wit11 
1aill'or:uy ~);~rtitions so tllat c:~cl~ o0scn.er is iso- 
lated in a I)ootIi in \vliic.l~ tllc o~lly objects are 
a 111crci11y colunln, a stetlloscol~e, a pencil :uid ;l 

I)l;u~k slleet of 17;lpcr. Wlieli niore than one ob- 
sclvcr is being tr;~ined ancl assesseel it I)econles 
clillicult to  rever er it :In ol~sen~cr wlio is unsure of 
a rcadi~ig 1.1-oln g:~ini~ig sigl~t of a neigl~bouri~ig 
obsc~-vcr's reaclir~g, :mcl it is necess:lr)-, tliercfore, 
to sel,;lrale tllc ol)servers by :I series of ~,;lrtitions. 

(2) 111 a sin~ilar ;lcljt~i~~irig I~ootli ;l11 expert obsenrcr 
clc.lli~tc:s :I I,l;~clrlcr ;~tt;lclled to tile an11 of a sul)- 
jccl. 

(3) 'I'llc sul)jects' I)loocl ~,rc.sst~rcs sl~oillcl be in tile 
rsllge l l O/GO to 240/120. 

(4) 'I'lle I)ladcler is corlrlectcd tu e:wli of tlic colu~i i~~s  
of rilerculy in tllc ol~sewer booths so tliat :l11 
coluril~~s of riicrc~~ry (ill1 siriii~l~~rie~ir~Iy for each 
or tile I)li~lclecl ol)sc~vcrs ;uicl tile expert, ;ill of 
whorii w~itc clowrl rlicir ~iicast~re~iiciiLs. 

( 5 )  'I'en rlleasurcr~lcrlts ;Ire nlaclc I)y c:lcl~ ol~servcr or1 
c:~c:l~ of live sul)jecLs givir~g a tot:~l of 50 mew 
lIrCI11eIItS fur c:1cI1 01~selver. 

'l'lle accuracy critcri;~ for tlie tcst 1)rocedure arc: 

( l )  ')U% of sys~olic :uid cliastolic clillererices be- 
t\veen traillees arlcl tlic expert may not dilkr I J ~  
Illore 1Ii:ui 5 riln~l lg v i c l  98% by 1101 rnore t11:ui 
10 nil111 Ig; 

(2) 85% of systulic ;uid cliastolic difIerenccs I~etwecn 
e;icli trainee rliay 1101 diller by more tllan 5 rilml lg 
:uid 95% by riot rllure th;un l0 mriitlg; 

(3) failure to acliieve this clegree of accuracy requires 
a rcl'eat t r ;~ i~~i~ig  : I I I C I  :~ssess~~icrit session for tlic 
f;~ilecl obsc~vcr(s). 

Experl 

Fig. 2. 1esli11g observer agreement in tl~ree trainees. 

farniliarizalion session 
h 5  devices for aiibulatory blood pressure measuremen 
are co~nplex, hi~iliarization is inlportant. The obselver: 
sllould be instructed in tlie use of tlie devices to bc 
tcstecl, ~~rcferably by a rel~resenlative of the n~anufacture~ 
I'ractice measurements should be made on a nuniber o 
suljjccts. 

Phase II: Before-use interdevice variability assessment 
If only one device is tested for v&&ation, it is possible. 
in tllc event of the assessment proving unFdvourable tc 
tlie test clcvice, tliat tlie dwice is unrel~resentative of tlic 
procluct :uid the inaccuracy might h:ive been due to pool 
calib~atiun or to some otlier hillt diat niiglit occur onl) 
occasion;dly [20]. It  is also possible tliat the first dcvicc 
to I)e tested n~igl~t be accurate but ur~representative. I3e 
cause of these potential difrerences between rnacliine: 
we suggest tllat at least tliree devices should be testec 
fur interclcvice variability before proceeding to validation 
;incl if dilLerences emerge between devices furdier test 
ing slioulcl not be conducted until the manufacturer ha: 
ideritilied tlie source of error and ~~rovided three device: 
wliicl~ are in ag~ecmcnt. 'l'lle recommendation to selecl 
tllree devices is based on econonlic and Icmibility col1 
siclerations. 

Semi-automated devices for blood pressure measure 
men1 should Ii;lve a facility permitting connection wit1 
a mercury spliygmomanometer to check device calibra 
tion, and it is Likely tliat future models of devices wliicl 
~~resently do not readily lend ~henlsclves to calibratior 
\\ill provicle this facility. Although calibration details van 
f ~ o n ~  one systeni to aioher, the test is usually perfoniiec 
by connecting tlie device to a rnercury spliygmomanonic 
ter with a Y-connector. The automatic pressure lneasul 
ing system and tlie blood pressure detection mechanisn 
(i.e. niicrophone, oscillometry, etc.) are disabled so tha 
tile device acts simply as a manometer. l'ressures withi1 
tile system are then compared dirougliout the pressurc 
range on tlie mercury column. 

Test recluiremenls 
' 1 ' 1 1 ~  test recluirenlents are: 
(1) 95% o f  n~easuren~ents sl~vuld be witl~in 3mmlIj 

or 2%, wl~ichever is t l~e greater. 
(L) If die device fails to meet the m:uiuF~cturer's cal 

ibration criteria it is not tested furdler. , 
l 

Phase Ill: Ill-use (field) assessment 
'I'lie tllrec dtvices used Tor the interdevice assessriien, 
are next used to tcst die accuracy aricl pcrfor~iiance o1 
tlie clcvice during ar:d after tlie use for which it W'I: 

desigriecl, i.e. 24-11 ambulatory monitoring. l'he purpose 
of this p1i:ae is to subject the ambulatory blood pres 
sirre nleasirring system to a period ol  fairly strenuous us( 
beli~re perforniing the main valiclation test. Each of thc 
three devices are placed on six subjects with a wide rangc 
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of presssure on 8 clays over a 4-week period. At the encl Table I .  Example of in-use assessment. 

of this period the perfornl;~nce of t l~e  dewlice is assessecl. 
Sub- V V D:N 
ject I V V/I% R A (D) (N) ratio 

Test requirements 
'I'he test recluirements are: 

(1)  E;rch of the three clcvices is to he worn for 2411 
by eight sul>jects wit11 a wick range ol prcssurcs 
using a total of 24 su1)jec~s. 

(2) 24 11 anll>ulatory measurements are talen at 
15 min interv:~ls fro~rl 0900-2200 11 (56 measure- 
ments), and at 30111in intervals from 2230-083011 
(19 measurements), giving a tot;~l of 75 rcaclings 
for the 24 h; 

(3) GO0 ~,ecortlings per device ;Ire taltc~l; 
(4) 1800 recortlings per motlel are taken. 

Pcrk)rnmance crileria 
'I'he performance criteria are: 

(1)  Most ,mlbulato~y blood pressure measuring v s -  
terns have programmecl editing criteria ant1 these 
arc left in ope~ltion for this phase. I f  tlle in- 
structions allow the operator to moclify the edit- 
ing programme, the programme recon-rlnenclcd I>y 
the manulacturer is chosen. 

(2) ?'he rne:lsurements obtained over each 24 h pe- 
riod are classifiecl as follows ('pal~le 1): 
(a) I~zjl~itio~zs 'I'he total nunll~er of inflations 
made by the clewice. 
(b) Viilid reatlings. Those reat lings acceptecl by 
the system as genuine I~lood ~~ressure Illeasure- 
nlents. 
(c) /<c~(?ctecl reuclirlg.~. TIlose hlood pressure 
readings tllat are rejectccl eitl~cr I>y 111c re(-ortlcr 
or tile clecotlcr as not I>eing gc~luinc I>lood prcs- 
Sllre me;lsurenlents. 
(d) Aborted reucii?zgs. '1'lv)se occasions when an 
il~llation fails to ~~rocluce a reatling of any kind. 
(e) L)aj,/?Zz~/~t readings. 1'he ratio of valid 
cl:ly/nigl l t readings. 

(3) If a device fails to record any pressure in the 24 h 
periotl ancl/or the su1)ject may not have con~plied 
with instn~ctions on a l~rtici~lar recording day, 
tllat 24 11 recording is repeatecl. 

(4) At least 70% of readings shoultl I,e valicl for 22 
of tile L4 recording cl;~ys. 

(5) I:ailure to achieve this level of perform;~ncc means 
that no further testing is carried out. 

'I'l~e I)urpose of this phase is to ensure that a pe~iocl of 
time in use cloes not make the system inaccurate; it is not 
intencled 1,rimarily as an assessment phase tl~ougl~ the in- 
for~nation o n  performance may be usefi~l. I lowever, there 
is little point in proceeding to the main validation test if 
the device perforlns extremely badly as an a~nl~ul;~tory 
recorcling system. 

ldeal 
1 
2 
3 
4 
5 
6 
7 

8 
9 

1 0  
11 
12 
13  
14 
15 
1 6  
17 
18 
19 
20 
2 1 
22 
23  
24 

Total 
ldeal 

I, number of inflations; V, number of valid readings; V/Io/o, percentage of 

valid readings per inflation; R, rejected; A, aborted; D, day; N, night. 

Patien~lsuhlect acceplabilrty 
In this assessment each suhject is asked to make corn- 
mcnts o n  thc followir~g aspects of dewice performance 
which arc [xinted as headings, allowing live or six lines 
for comment o n  each topic. While this is not an elimina- 
tion stage, the information may Ile hclpfiul later in making 
;In overall assessment of perfor~nance, and the comments 
may indicate areas of improvement for the manufacturer. 
'The Ileadings for conlnlent arc: 

List any prol>lenls 

General impression 

lnterferencc'with activity 

Interference with sleep 

I'roblelns with noise 

Anxiety f;~ctors 

Iliffici~lty in irsi~lg 

Clarity of user instructions 

Co~nparisons with other devices used by subject 

Suggestions for improving device 
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'I'lie subjects slioulcl I)e :~skecl to keel] ;I dia~y card i l l  

wliicl~ they :Ire asked to rii;llie a ~ : I I  ticular note of activity 
at tlic tiriie of ei~cli ;ul~bulato~y riieasirreriient. 

IV: Alter-use irlterdevice variability assessrrlent 
At tlle e~ld  of the rnolitll of :unl]uIatory :Lssessnlent the 
tlirce clew~iccs are retested for i~itc~.clcvice var-iability, as 
in dlc bcli)rc-use i~itel.Jevicc varial)ility test, to clctenninc 
wl~ell~cr tlicre I I ~ I S  I~ee~ i  ;uny clialige iri i~~tcrclcvice agree- 
llient after use. 

If all tllrec devices give measirrcrlie~lts tliat are in agree- 
nlclit at the linie of ~,irrcllase as n~cll as after a period 
in use, it suggests, at least, tliat tlic model is being manu- 
facturccl to perfoml co~lsistcntly. II; Ilowc~er, all tliree de- 
vices give cliscorckult IneasurclilenLs, fi~rtller assessnlellt 
is ~~ointless and tlie ~ntdel  callllot be recu~ll~llcncied. 
If one clevic'e is cliscor-cl:ult l,ut tllc re~~~;~i~lir ig t w o  ;Ire 
cv~lsisle~it, Sirrtl~cr c~~:~luatio~l is reaso11:11)le o n  tlie ha- 
sis tl~ar O I I ~  iliaccur;~tc. clcw~ice n~igl~t have 1)eetl irlcluclccl 
by chance. 'l'his occur~-el~ce rll;~y iuclicarc, Iiowvever, 1l1;1t 
over;~ll 1,rocluction of t I i ;~ t  model is not satisfactory a~icl 
the lincling shoulcl be i~~cluclecl in the final report. If only 
one clevice is discorc1;uit it is re~novecl while the other two 
are relaincd for tile valiclation test. I f  all tliree devices are 
discordant no fill-tlicr testing is carriecl out. 

Phase V: Device valirlatiorl 
I f  there has l~een 1 1 0  altcl.ation in  i~lrcrdc~ice vari:~bili~y 
after tile 1llont11 o f  use, one clevice is arbit~xrily selected 
fro111 t l~e tl11.c~ devices Sor tlre main validation test. Ue- 
cause bloocl pressure ~rreasuring dewices are of varying 
clesigns i r  is necessary to allow some llexibility in tlle cd- 
idation metlioclology. 'I'lie follc~wi~~g tests allowv valiclation 
of clevices wit11 controllable :rncl rapicl deIl:ltiorl rates. 

Subjccl selec~iori 
In the sc-lection or sul)jects it is nut suflicient to ~nerely 
specify tllat subjects shall hawe blocd pressules nithin a 
specilied range (as ~ecluired by t l~e Mhll standard [8]) 
becluse the~e may be a tendency (arising out of conve- 
nience) to recruit mole subjec~? in die lower plessurc 
l';lnge t l ia~~ those \vitli higher pressures. 

'I'lle test5 sl~oulcl I,e pcrfonned \with the aclult blad- 
cler suppliecl wit11 tlie device; tllc cliniensions sl~ould I,e 
notecl allcl a silnilar I~laclcler shoulcl be used for tlrc con)- 
lawlive tcst. l'he circu~~llerence of [lie arms sllould be 
~lrn~sured to ensure that tile I]ladcler bcillg usecl is acle- 
~ L I ; I L ~  for llle sul)jec~, i.e. ~11c I~larlclcr should Ije of suf- 
licie~~t 1c11gll1 Lo ellci~clc 80% or tl~e ;Irln circur~~fere~icc; 
only tl~c cull' and blaclder sllould be cliarlged li)r ol,ese 
arnls, since i t  is imporklnl to ensure t l~lt  the same nricro- 
p11o11c is used througl~out tile v;llidation test. 

Sul~jcct selection is also dcl~cnclent on the circir~llst:rnccs 
under wl~icl~ tllc clcvice \will be uscd. If tlle clevicc is in- 
tendecl li)r a si)eci;d 1);ltient ~,ol~i~larion, such :L? p~eg-  
nruit or p:~cdiatric patients, i t  nlust Ije validated in tl~esc 
groups; die ~ecommentlations in this paper are for adult 
patients. Likewise, l~atic~its nit11 arrl~pliniias, such as ;~t~ial 
librillativn, should not be inclucled; if w.&dation in these 
circiumstances is rcyuirecl sul~ject selection must be di- 

rected accordingly. Subjects in whotin Korotkoff sounds 
persist to near zero sliould be excluded from the study. 

*fie criteria for selection are as follows: 

( I )  85 sul~jects; 
(2) age rarlge 15-80 years; 
(3) :I[ lcast 15% of blood pressures in each of the 

lollowing categories of systolic pressure (nl~nflg): 
100-140, 140-180, 180-220, 220-240; 

(4) at least 20% of blood pressures in each of the fol- 
lowing categories of ciiastolic pressure (1n113lg): 
60-80, 80-100, 100-120. 

Devices will1 con~rollable dellalion raies 
'I'llis test is b;~scd o n  sinrultaneous same-ann measure- 
ment I~elween the test device :uid a stanclard mercury 
sl)l~).g~~~o~ll;~~~o~~~etcr. I t  is the ideal test, and bloocl pres- 
sure measuring clevices sllould incorporate the facility for 
this form of validation. ? l~e  test sllould be performed in 
a nlami, quiet rooni. The procedure is as follows: 

Connect tlic test device via a T-tube to a slandard 
tilercury rrlanomcter and pump bulb (Fig. 3). 
I'lncc the culf of [lie test device on the subject's 
a1111 according to thc manufacturer's instructions. 
I:or auscultatory devices, place the niicropl~one 
over t l~e brachial artery. 
For dc4ces with ECG gating, place the electrodes 
according to instructions. 
The i~fiation mechanism of tlre device is activated 
and one obse~ver rccords pressurc simultaneo- 
usly with a stethoscope and mercury sphygmo- 
m:lnolrleter in 43 subjects and a seconcl trained 
observer does likewise in the remaining 42 sub- 
jects (the subjects should be distributed between 
the observers to ensure that each observer has a 
representative number of subjects with high and 
low pressures). 
An indcpendcnt observer charts the pressure 
reacling of the device so that neither obsenvr 
is aware of the otller's reacling. 
'I'llree nieasurelnents are made by each observer 
;ulcl tabulated for analysis of systolic and diastolic 
values; these nieasurelnents are not averaged as 
reconlnlended in the MM1 standard because by 
so cluing, tlle v;~riability of error witl~in a partic-, 
ular subject Inay bc eli~~iinatcd, tlrus incol'rectly 
i~lclicatirlg grc-ater accuracy. 
A tokd of 255 measurements between obsetvers 
and the test device are analysed. 
Docu~~ienhtion 111ust be provided for data omit- 
ted for legitimate technical reasons; once a sub- 
ject is i~icludcd, before tlle dal;~-gathering phase, 
the data for that subject sliould not be excluded 
fro111 the swdy if blood pressure values are ob- 
t;unable; if blood pressure ~ne:~surements from 
eillier the reference nnetl~od or the anbulatoqr 
device are unavailable, data entry for. chat subject 
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I l c x c ~ ~ t l c ~ l  l I I ~ ~ ~ I I I : I I I I ~  I I : I  ; I ~ I ~ I .  \Y1e Tr1vo11r tlir la~rcl al>pro;lclr I)ec:luse i f  silllc~l~:l- m  ion. i ~ l e l  i~cltli~io~~i~l scl / l je~~s I I I I I S ~  1llc11 I>e e~\tcn:cl 11ecx1s ~ i i r ; ~ s i ~ r c [ i ~ c ~ ~ t s  are IO l)e l>e~rfo~~~icd in opl-lositc 
i l l 1 0  tllc S I I I ~ ~ Y  10 ~'11st11.e ;I s;~oipIe size 01' 85. ;~rnis it  is ncc'css;~ry first to cleter~ninc t11:11 the iu1er:lrm 

clillkre~lccs arc s111all cnocrgl~ 10 I ) ~ C V C I I I  llic introdr~clion 
of crror;  his nroulcl rculuire sim~lltaneous me:~surclncl~rs 
in I,orll amls in :l11 85 st~biects, :I 111ajor ullclcrl;~king i l l  

itself. 1+'1111llcn~iorc, secl~~e~lti;~l same-an11 me:nurcmenls 
:Ire c-loscr 1 0  simul~;~neot~s s:l[iic-;1sln mr:lsurelncnls tIi:ln 

ojq>osi[c :1r11i I I I ~ ~ ; I S ~ I I ~ ~ I I I C I ~ ~ S  (~jpl)cr~clix A). 
Tasl Davlco 

Table 2. F\anilili! of c1rvic-e va l ic l~ t io~l  (or  two paired mrasurt-lnents of 

5y\toIic slid (liastolic I ~ ~ I ~ I I I C ~  in f15 s~~l>jec~ls. 
---A -- ~ -P 

Ue,~(li~igs (95) 
(71151 h41.an I - l~ff  ---P- 

. 
<l t~v , r<-  17 11 sc l  f s . 1 1 .  S l <l5 C, 

-p------ppp-- 

OI)? 1 127 1 5 7  .1: 27 
--I 6 07 nn 90 11 

I)e>vicr 127 1.5 l .l: 25 
Cllis.1 127 V l f  15 

2 zk (1 67 91 97 0 
Ilcvi(.e 127 HR 3: 15 

rip,. 3. Ile<il;lj f o r  simc~l~arlcorls rncasuremrnl bt:rwcc,n m c r L t l r y  
. standart! a11c1 test ( Iev i~es .  C)l)s. 2 120 151 f 22 

- 2 f 0 06 f17 97 H 
Orvic e 128 14lI :k 22 
011s.  2 128 90 4 12 

I 74 92 90 B 
Devire 1 2 8  8'1 % 12 

Act.:rrrtrt;)~ c?-i/cr.ic~. 'l'llt: ~)crccnt;~gc of lcsr clc\ic.e mc:~s- - - .. - 

llr~~nlellls cli(fcjrlg f rc)n l  tllc nlcycllly st:lllclnr(\ I>)i 5, l()  Oli\ervers (011s.) 1 a l i t l  2 n~easurccl I~lood 1,rPssure In 42  anil 43 sclhjerts. 

and 15 1111i11 Ig or ICSS ;~ rc  C ~ ; I I C ~ I I ; I I C Y I  ('l';~I~lc 2 )  ;11ici 1)Iotrcd r e s l ' ~ c ' ~ v " l ~ .  ('l((., di(frrenc9; C., gr-1(le 

(Appc~ntlix A; Figs 4 :lncl 5); 1l1c cltsicc is 11lr11 gl.;lcletl :is 
h, I$, C: or. l >  ;~c.c.or'cling 10 rllc c.~-itc,r.ia in 'l':~l)lc :J. '1'0 rc;~cll 
2 ~3: l r t ic~~~~~lr  i ; r :~[ \~  ;ill ~ l ~ y ~ - ~ ;  c t l l l l ~ l ~ : l ~ ~ ~ ~ ~  pcrc-rll[;i{;(:,s s l l ~ ~ l l ] e \  TithIc 3 .  Gr~(li11t: r ~ i t ~ ~ i a  l i , i s r~l  on c ~ ~ n i c ~ l a l ~ v e  p~~(:c!~itage of I C V I ~ I I I ~ ~ ~  

~~ - 
csc.ectl rile ~;~hul;~~cul  \~;llucs. '1'1lot1~:11 111~ '  111r:111, SI:II~(I;II.(I 

IJiffcrc~ic c! I ia twrr~i  stan(laicl ancl Ic>tl (lcvic c, ( ~ i i ~ i i l  Igl 
clcvi:~tion ol niczist~remc~l~s ant1 11ic mc:~n :II ICI  s~;uicl;~rci -- -- 

tlcvi;~linn of t l~c cliWxt.~~c.cs :Ire [lot ~ ~ s c ~ l  [or pr- clin in[; I ) I i r -  (;rarlc, -. i .5 1 1 0  .. C 1 5  
~x)scs, rlicy sllo~~lcl l)c pro\iclecl, :IS ill 'l';~l)lc. 2, I'or ilili)~.. . 
rn:~lion. 

A 110 'I0 '1 5 

n 0 5  115 '15 
12c~vic cbs w'ilh r.~pit l dcll;~lio~l r a l c ' s  .J 5 75 '10 
'The :ll~ovc Irsl (.:l111101 \>C ~>cr.(i)~~lllc(l \ \ ~ i l l l  ~lc\~iccs 111;rr tlv- n \\'~)rsc* 11ia1) (: W O I S ~ L  I I I A I )  c :  L V O I ~ V  rl1;111 c: 
Il;llc :(I r;ltos {:rc:ltcr t l l ~ u  l 5 1111111 1 g "  I>CV:IIISC I : I s I ~ ' ~  I . ; I I ~ S  

i l c ~  1101 : i l l ~ \ \ ,  :I s ~ ~ l l i c ~ i r ~ ~ ~ l y  : IC .CI I~ : I I~  I I ~ ~ : I S I I ~ C : I ~ ~ ~ ~ I ~ ~  l ) ~  ;l11 

ausc'r~ll:tli~lj: ohsclvcl., Ic;~tli~lg 10 ;un i~l;lc.cul.;~lc C O I ~ ~ I ~ : I I - ~ ~  
~ ~ ( l l l e l l l i ~ i ~  s:ll),e ~ l l . l l l  l l ,c~lsl l l .~l ,~el , ls  l,Ct \vce (lc. 

Son I~ct!vcc~l llrc tcsl :~ntl llic rcfc~.cnc-c cl~!~ic.c! ( 2  l ] .  Ar ,ie.e :l s l : l l l ( ~ ; r n l  nlcrcury s l )~l) 'Sl~l( ) l l l~l l l [ ) I1  l(>,r I' ;lI.c cal.. 
S eeIl:~ior c I t ~ s c ~ l ~ i ~ g  o l ~  l I I r.iC.cl (,,11 fi,llOn,s: 
ur1(!(!rcsli111:1rc s)is~oli(: allcl o ~ ~ c ~ ~ e s l i ~ ~ ~ : t t c  cli:~s~olic~ 1)rcs. 
s111.e 1,). rcc.crr(lillg llic 1il.s~ tlcli~li~c ~)rc~sst~l-c. ~>l~;~sc :  ar 
n~liie9l ICor.o~l<olf sot~nds :Ire :~r~clil)le :IS ~ l ~ r x  syslolic \r;~lue ( 1) A rr:rinctcl ol>sc~[~~c~r nlcb;lsllr.es I)lootl pl-esstlre nirh 
:111(l tlie I:lst clclinilr pli;~sc of ;111elil11c so~lllcls ;IS t l lc .  ~ l i :~s-  :i s ~ c [ l ~ o s ( ~ o ~ > ~ !  :111cl :I 1ilcrcr11y s ~ ~ l ~ ~ ~ g [ ~ ~ o ~ i ~ : ~ ~ ~ o ~ ~ ~ e t c r  
lolic:. 'l'llc rlc\.icc 11i;ly Ii:lvc :l L~c.ility 10s sloni~lg ~ l l c  I . : I I ~  c ) f  clcll,11i11!; ;I{ 2 rl1111l lgis. 
t!cll;llion so that fllc nl>ovc lest c.;ln l,(: ~ ~ ~ l ; ) l . r l l c : ( l  l l l l t  i l  is ( 2 )  ()nc ri>i~i~irc larc-l., 1iic:istlrerlictil is n1:lclc i i ~  1l1c 
i~npor~:i~it IO  (lc~~cr~lli~ic I I I ; I I  [\)is ~iiocliIi(,:~~io~~ o f  1 1 1 ~  LISII :I~ s;1111c ;II . I~I  \\l111 1I1c I ~ S I  clevicc, ~vI1ic.11 is 'l)li~i(lcd' 
opc~r;~rio~i;~l ~iloclc clocbs 1101 ; I I I C I .  1l1c ;~t,c.t~r:~c-y 01' 111~~1s. f1.0111 rllc ol,sc~~,c~..  
urClnen1. Orl1cr klc.tor~ r11;tt Irl:ly I > ~ - c ~ l i l c l c  sinl~ll~:~llcc)ils 3 )  On(, nlintlre I:lrcs :~g:lili, llle ~ I ) S C I V C I .  rcl~cals ;I 
sx~llc-:~ni~ t~sring arc confr~sion I>etweo[r noise- from 1l1c I I IC; I ,S I~I -CI I I ( .~ I I~  \virll 1l1c I I I C ~ C ~ I ?  S I > I ~ ) U I I I O I ~ ~ ; I I ~ O I ~ ~ ~ -  
tlc~ice :~n t l  the t<oro~l~oll' soulltls, f ;~ i l~~re  o f  rile i~lII;~tinl; tc-r ,  
rllccl~;~~lis~ij 10 sc:l(jl rllc. rcclklircc[ I,r.ess\lre, : l l i t l  ullc\rc:n ( ' 4 )  '1'11~: ~cc(ttc11cc L - - 3  is rcl)c;~tccl 11i1cc Ii111cs ill R5 

ckll:~~io~>, n~;~kinl: ;I~.CIII.:IIC a~~sct~lra~ion ir~~l>ossil,lc. sul)jcc~s I O  give 255 ~.c;~clirlgs. 

, . ( 5 )  'I'lle tliflcrc~icc is r.;llc~~l:~tcul. I f  1l1e clo\ice j)i.cs- 
Illc ;illc~~n:lli\~es 10 sinl~il~:~~lc.ous n l c : ~ s u ~ . c ~ ~ ~ c n ~ s  i l l  tllc s~lrc licLs hc~\vccn tlic lirsl nncl rllil-tl ~)l.css~lre ~l ic  
S : I I ~ C  arlli are eitl~er si~nul~:l~icot~s I ~ ~ ~ ; I S I I I - C I ~ ~ ~ I ~ L S  i ~ i  111~: clilli.rc~icc is zcro; otlic~wise, llle [ic;~rer or rlic 
ol~[)osilc arnls or sc!cluential nicasurenic~l~s in rile s:rnic li\lo rcaclings is sul)~r;~ctetl to give [lie clillkrcnce. 



( 6 )  'I'lic d a t ; ~  a re  recorded a n d  andysed as for device? 
with co~itrollable dellation rates. 

Ol)srrrvud I'russuru 

rig. 4. I'lot of ~ ~ r e s s t r ~ c  diffc~rerict? i i ~ t t l  lneari l~ressl~re f o r  test tle- 
vicc~ arid ol~scrvrls i l l  05 sul)jccts f o r  syslolic. prossure (ri = 255). 
Reference lincs fur 0, f 5, f 'lU ancl f 15 niml lg differelices ale 
sI1uw11. 

Fig. 5. Plot of 1)rcssurc difference ant1 mean pressure fur test (IF- 
vicc? and ullservers in 05 subjec:ts for rliastulic (lresscrre (n = 255). 
Kclcrencc lirles for 0, f 5, f -10 and f 15 mrntig differences are 
sl~own. 

Pliase VI: Report of evaluation 
'Ihc lillal report sliould b e  prefaced with subject data tlial 
clefi~ie tlic kcy characterisdcs of  the subjects in the studjv. 
tllcse cla~a sliould include the number  of  subjects, tlic 
raliges of  systolic und diastolic pressures aid tlie nuln 
bcrs  o f  subjects for  each pressure level, ege a n d  a rm cir 
c u n i f c ~ e n c e  measurement. 

Assessn~er~t  o l  basic user inlorrnation and 
servicelrnaint enance lacililies 
All technical ~ ~ r o b l e m s  encountered during tlie vdida 
tion tests are  recorded, so that the infonnation is avail 
;rble for reference, including a description of  any prol, 
Iems c ~ i c o u r i t c ~ u d ,  tlie date  of occurrence of ;uiy bre:tk 
clowr~, elate of repair, eflcct o n  validation procedure, corn 
Inclits or1 :rgc~icy/lii;uiuhcturer efliciency, esUmaled cost: 
o f  sewice :uicl a l ~ p r o l ~ r i a t e  rcco~nmendat ions t o  the m;ui 
~ikrcturer for  i~iil,rovi~ig the ecluip~nent. 

Uasic irllorrnation 
'I'lie inforniation provided in operational manuals is o f t e ~  
clclicic~it. Widlout al)l>ropriate spccilications a n d  oper:l 
1ion;rl instructioris it is diliicult to  obtairi ari optinial per 
fortliarice. ?'lie irilorm;rtion listed in Apl~endix U slioulc 
11e ~ x o v i d e d  zuld cleliciencies in this regard shoulcl bc 
listed i l l  t he  report. 

Acknowlcdgernen~s 
'I'lie rcl)ort slloulcl stqte whether  tlie equ i l~ment  was pul 
cli:rsecl (or the  cvrrluadon o r  if it donated by the m:ui 
i~I;rcturcr. 'l'lie d;it;i analyses sliould be carried ou t  hy tli( 
labor;rto~y cloirig thc  evaluation. If the analyscs were  car  
riecl o u t  by tlle mviulacturers, this should b e  stated. 

l ' h e  e x l ~ n c l i n g  role o f  anibulatory measurenicnt is crc 
ating a 1;llge potential market a n d  it is important to anti 
cilxrte the consequences of uncontrolled prolifcration o 
very ex1)clisive zuiil~ulatory systems wliicll are  no t  sir11 
jccted to cl.itical ev;ilu:rtion. 'rlre Worki~ ig  l-'arty o n  Llloo( 
IJrcssure hIe:~sulr~iient of the  13ritish I-l)l~ertcnsion Soci 
cty, wllicli has  prcviuusly made  reconimendations o n  tlit 
accu~.ate nlc;Lsurclnellt o f  blood 111-essure [17,18,22] ul;r 
given ;I 11ia1id:rte by tlic society to IIreprre reconimen 
tl;itions lilt the evaluation of  anibulatory devices. Wller 
tlie Worki~ ig  I1;1rty 1)eg;in consiclering tlic prol,le~n it a [ )  
j)carccl 11 r;rt the AAMI standard [g] might b e  adopled will 
niinor niotlilications a s  a standardized protocol for  tlv 
g e ~ i e ~ a l  evaluation of :umbul;rtory devices. l~io~vever ,  carc 
fill consideration of  the  standard revealed a num 
I ~ e r  of  ~ne thodolog ica l ;~nd  statistical problems a n d  it W;I 

consiclered necessslry to  draft a protocol directed specil; 
callg at ev;rlu;rtion of  a~nbula tory  devices for  clilucal us( 
ratlrer t l u n  dca l i~ ig  (as tlie AAMI has  d o n e  veql ell?( 
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lively) wit11 mantrfacturing st:lntl:lrtls. In so doing,  the gual-;lntee tlle :Iccuracy o f  their protluct, though i t  is likely 
Working Party acltnowletlgcs gratelillly the s t rong inllo- t l ~ a t  tile legislative 11:lnnonization being prep:lrecl by the 
e n c e  that tlle M 1 1  112s 11;lcl in initiating thinking in this Commission o f  the European Commi~nit ies  with regard 
colnplex sul)ject, :~ncl m:lny of  the  M h l l  rccornrnentla- t o  essential s:lfety rccluirements of  medic:ll devices will I>e 
lions :we incorpor:ltecl in t l ~ i s  protocol. extentlecl to o ther  aspects of  &\ice perft)rn~ance, such 

O n e  clra\vb:lck of  the M M 1  stantlarcl is 11l:lt i t  is not p11l)- 
lisllecl ill a ~nculical journal. O f  gre:lter ilnportance is the  
failure o f  the  st:u1clanl to prowitle a test for  intcnlc\ice 
variability, a test for the cle\ice in the  aml~ulatory setting 
a n d  a test for accumcy after a period of  use. 'l'liis proto-  
col atltlresses these a r c m  as well a s  making recornmencla- 
tions o n  the information that should I,c sul,plictl I>y the  
~ l ~ : ~ n d ' ; ~ c t ~ ~ r e r ,  : I I ~  per111iIs :l11 :~ssessnlent o f  p:~t ic~l t  :IC. 

ccl~t:~l)ility of  the clcvicc. 'l'llougll tllis protocol pro\lcles 
' :In asscssnrn t  of 13e1.forrll:lncc cluring ; I I I I I ) I I I ; I I O I ~  IISC i t  

is important to recognize 11l:lt bloocl pressure nlezlsure- 
menls are  usually made  with the  s u l ~ j e c t  at rest; a n  :un- 
I)ul:~toty device tllat rncets the  criteria of  the present p ro-  
tocol c:lnnot I)c xssuriiecl t o  I,e :lccucltc cluring plqaio-  
logical Inanoeuvres, sucll ;IS exercisc, isonlctric ll;lntlgrip, 
V;lIsal\a Inarloeuvre, etc. Moreover, ~lle protocol cloes not 
test the  device in the v:~riety of  positions in wllicll :~lnl>il- 
1;ltory ~ l ~ e a s u r e n l c n t  ru:~y be rn:~cle. 

Since the M M 1  stanclard w a s  pul,lisliecl, ~netllocls of  sta- 
tistical analyses in the evalu;~tion o f  cle\ices h:l\re :~lso 
ch:~ngetl. Most ~ l o ~ q l ~ l y ,  the correlation coeflicient, o n c e  
reganled a s  the Ix~sis  of  comparison for  studies of o n e  
tlevice :lg;linst another, has  I ~ c e n  I:~rgely :~l):lndonccl be- 
c;~osc it may suggest c lose accuracy w1lc11 there are, in 
het, gross  tlilIi.relices I~c tween  tile tlevices 1)cillg coln-  
parecl 123,241. 'I'herefore, m o r e  suita1,lc statistic;~l ~llctl~- 

h d s  are  recommended here. 

\VC leg:lrcl the AAMI criteri:~ of  :lcccptal)lc in;wc~lr;lcy 
(nlean clill'ercnce o f  f 5 n i n ~ l  Ig with ;I st:~ncl:lrcl clc\i;llion 
of  8 m1n1 Ig) [ S ]  a s  too libel:~l. W e  Ilave clcvisetl, tlie~e- 
fore, a system of  gracling, gmcle A I x i n g  an i~nachievetl 
accuracy level to cl;lte, \vllicll i t  is hopetl future arnl~ula-  
tory clevices will atrain. 

'I'he Working Party is conscious that following tlle recom- 
n~encl:~tions in Illis protocol is a n  onerous  1:lsk ;111cl Ilas 
cntleavourctl t o  Itecp tlie ~) roccdurcs  a s  simple as pos-  
sillle. 'I'o\\rlnls tl~is end,  the entire procetlure llas I x c n  
clcsignecl t o  enstrrc I I I : I I  e x ~ ~ e l i s i v e  :~ncl ti111e-cons~rnlir~g 
tcsts :u.c not perli)rnied o n  devices wllicll tlo  lot meet  
certain Ix~sic  accuracy criteria. For  example,  the  ~ n o s t  tlif- 
licult test, tlie main valicl:~tion test requiring the  partici- 
~ x ~ t i o n  of  85 sul>jects with a wide range or pressures, is 
not  pcrfornied until tile device 11:~s I x e n  lielcl testetl and  
proven not  to havc clevelopecl interdevice wri;~bility tlur- 
ing n period of  arnl,ul:ltory use. 7'he proceclure, nollctllc- 
Icss, is necessarily lengtlty ancl rculuires consitlt.l:ll)le in- 
volvelncnt of tl-:~ined pcrsonncl and  carefill sul~crvision, 
I3ut iT:unI~ulatory measurement is to realise its f~lll  paten- 
ti:ll it is in~pcrative that strict st:~ndards a r e  :lpplied with- 
o u t  tlcl;1y. 

Iiowever, tlic adoption o f  these stamlanls hy  the  m:lnu- 
facturers of  I,lood pressure m e ; t ~ r i n g  clevices may not 
be easily effectetl. Manuf:~cturers cannot  h e  ol>ligccl t o  

a s  accuracy [ 2 5 ] .  Also, w e  expect  tll;~t reputal)lc man- 
uf:~cturers nil1 \velcome the opportunity of  having am-  
I>ul:rtory blotxl pressure m ~ a s u r i n g  devices evaluated in- 
clcpcndcntly according t o  a generally accepted protocol. 
Ilnfortunately, the  presence of  a national stanclarcl is not 
a guarantee of  :lccilracy ancl it nil1 be many years before 
t l ~ r e  is any accept:ll)le stanclanl in nritain ancl Irelancl. 
' fhe I%ritish St:lncl:~rcls Institution is presently prep:lring 
;I st:~ntlarcl for autonl:~tecl clc\iccs. 'I'lle Ilritisll I 1yl)ertcn- 
sion Society has m:lcle :lpplication t o  ~lle Institution li)r 
:I st:lnd:~nl for  semi :lutorn:~tecl cle\?ces (pcrson:ll com- 
rl1unic:ltion to E 0'13). l Ionrever, evcn if there \KIS a n  :)c- 
ccl~t:ll,le st:ulclanl for ambi11:ltory devices, manufacturers 
would not I,e ol,ligccl to conlply with it  ancl the ncecl for 
iliclcpendcrlt evaluation nr)ultl still exist. 

hl ,~nuhcturers  of  ambul:ltory I,loocl pressure measuring 
S ~ S ~ ~ I I I S  ~llilst  b e  encour;~gecl to llave tlleir prcnluct cv:~l- 
u;itecl intlel3cndently acconling t o  a n  apl~rovecl evalua- 
tion procedure. This process, which will necessarily t,&e 
time, could b e  influencecl benelicially if editors of  general 
medical, clinical pharmacology a n d  hypertension jourr~als 
c~itically evaluatecl the evidence s t ~ p p o r t i l ~ g  the  accuracy 
o f  amhnlatory I ~ l o o d  pressure measuring systems ilsed in 
researcl) stutlies. I Iciltli authorities and sponsoring or -  
g:lnis:~tio~is slloultl not  continue t o  purcll:lse ecluipment 
\vliich h:~s not I x e n  evalu:ltccl :~clecluatcly. 
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Appendix A: Statistical considerations 

Introduction 

L)ilrerenr observers :uid clillctent d a i c e s  never agree e x -  
actly, in tlie sclise or giving tlie same I~lood pressure lo r  
all sul>jects. T h e  comp;~risou ol twvo sets  of blood pres- 
sure leaclings thus takes the l o n n  of  assessing the amoulit  
of disagreement. hlethods of  coml~ar i son  a r e  described 
a i d  illustratecl i l l  t l ~ i s  ;rl,l,endix. I lon~ever ,  s~~List ic :~l  nletli- 
d s  cannot  inclialrc w11;tt is o r  is ~ i o t  ; ~ c c e [ ~ t ; ~ I d e  ngree- 
liie1ir (i)r ;l11 i~~cliciclu;J su l> jec~  o r  a groilp of  s i ~ l ~ j e c t s ;  rllis 

clccisioli 111ust b e  I);~scd o ~ i  cli~iical considcr;~tions. 

Wl laher  two o1,scncls o r  I ~ W  dc\ ices  a rc  colnj~arecl,  tlie 
~>hi losopl~y  of tile 1cco11111iendecl apl,ro;lcli is t o  c o n s i ~ l c r  
[lie clistri1)ution o C  tile clillerenccs I ~ a w e e n  the I,lood 
pressure ol)t:~inccl for r.:lc.Ii incliiidu:~l su l~ jec t .  I t  m o r e  
di:ul two sets of  nlcasillclllcnts :Ire avail;iblc [lie s;une 
a l ~ l x ~ : ~ c l i  is used to  coliip:tre e:ccli pair. G m [ ~ l i s  a rc  par- 
ticularly uselul. ' fhere is n o  place in dlis analysis for d ~ e  
c:dculaLioli of co~relul ion coe l l i c ie~~ts  o r  I~)l>otliesis tests. 

or blood pressure data (observer a i d  test device). Tliese 
plots usually sli:)w systolic a n d  diastolic pressures sepa- 
rately, :dhougli die). can bodi  b e  shown in :I single plot. 

'l'lic scauer plot cm b e  a uselul first step, bu t  it is in- 
ellicient :LS all [lie i ~ ~ o r n ~ ~ l i o n  is usually clustered near 
d i e  line. We Ilave, tliererore, used a betrer way of  assess- 
ing tlie d i s a r l ~ a n c i e s  by plotting h e  dilrerences betweell 
tlie measurements of  the observer a n d  d ie  d c i c e ,  ;lgainst 
rhcir :Iver;lge, as  in Figs 4 and 5. This plot shows d ie  dif- 
I c ~ e n c e s  in blotxl pressure explicitly, ancl also indicates 
wlictlicr the  distributioli ol dlc  dill'erences varies accord- 
i ~ i g  t o  t l ~ e  l~wl of blood pressure. W e  use tlie average 
I,loocl pressure Iiere, as this is h e  best eslimate of  the 
lnle 1)loucl pressure for that palient a t  dlat time. 'Tliis 
1ilc111od of plutting, wliicli can b e  e x t e ~ l d e d  to  give Inore 
inforlnatio~i (see below), is reco~nlnended  in prefere~ice 
t o  t11e conventional scatter plot. 

Quar~tification of agreement 

initial arlalysis 

In rhc ~ ~ r e s e n t n t i o n  oC c.\.;~luadon data it is c o m m o n  [)MC- 

rice to  begin by  l~roclucing a sc:lrter p101 of tlie txvo sets 

'Thc :asessment ol agreenient is based o n  both the av- 
erage d i k r e l l c e s  between tlie methods ol measurement 
and  [lie variability in the dilrerences. T h e  average agree- 
m a i l  between the  two sets of  b l o d  pressure measure- 
ments  is d ie  m e a l  o f  [lie dill'erences from each sub-  
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ject (ancl is eclual to tile cliflkrence I)etiireen tllc oiverall 
me~lns). 'l'liere  re three approaches to t l~e assessment 
of the v:lri;rhility coltiponent of :lgreelncnt. 

( l )  The proportion of clini.renccs th:~t are greater 
tlnn some reference value, say lOmmllg, can he 
calculated. 'lhe reference ~ l lues  cln I,e s~lperirn- 
posecl o n  the scatter t1i;lgram. 

(2) The v:~lues outsicle wliicli a certain proportion, s:ry 
10%, of the ol)scwations fell c:ln I>c c:~lcul:~tctl. 
This is clone simply I)y orclering tile cl:lr:r ancl _ taking tlie r:lnge o f  ~ ~ : ~ l i ~ c s  lert after a I>crc.cntage 
of tile s:unplc is renlovecl frorn c:~cli c~lrl. 'l'liesc 
values can :11so be st~l~erimposctl o n  tlie scatter 
cli:~gr:~~~i. 

(3)  'I'lle sl:uitl:~t.tl cleviirtion of ~llc i~~tl.asul)jc.c.~ r l i l -  
fererlces can I)e c:~lculi~tetl. On the msun~ption 
tl~at 111c dilkrences will I)e norni:llly clistril)u~ecl, 
wlricli is usually reaso~i:~hlc for I)loocl 1)ressure 
dat:~, the r:ulge of values exl>ectctl to encolnp:~ss 
most intrasc~l)jcct clillercnces can I)e c:~lculatccl. 
I:or exa~~lplc, 90% of tlilkrences c:ln be expected 
to lie I,etwecn tlle mean -1.645 s.tl. and the 
me-an + 1.645 s.d. These two ~ l lues  are calld 
the 90% l i ~ ~ ~ i t s  of agreelncnt. 'I'l~cy can :rlso I,e 
superimposecl on the scatter cli:~gr:tnm. 

Methods (1) ant1 (2) do not require any assumptions 
al>out 111c clistril)ution of tlre difl.erences, hut they are 
generally less reliable tll:~n those o1)t:linetl using normal 
clistril)ution tlleory, especially in small s:lmples. Ilowever, 
if there are one or more outliers (extreme discrepan- 
cies I~etween observers or methods), :In enipi~ic-al :q>- 
proach may I,e prefcrahle. In this ~)rotoc.ol, we 11:lire cho- 
sen to L I S ~  tile percenklge of clifferences witllin cerr:in 
limits (metllod l ) ,  a siniple approacli tliat can I,e usecl 
for :rll phases of the evaluation. I7or the cleiice v:llicl:ttion 
phase (phase V) three of these assessments are made, 
relati~ig to the  ~~ercenrage of tlikrences within 5, 10 ancl 
15 I ~ I I I I  Ig. A device is then g~ldetl accol.cling to rl~ese rc- 
sults using tile criteria in 'I'al)lc 3. 

Grading and method of validation 

'T;d)le 4 illustmtcs the rationale for c:~Icul:~ting tile tlif- 
ferences in the setluential test, using t l~e gr:~ding crite- 
ri:~ given in Table 3. In this analysis, 85 sul>jects 111th :I 

witlc range of I~loocl pressure h:ul si~nult;~r~cor~s Incas- 
uremcnts taken with mercury sphygmomano~neters 1,y 
two trained observers in t l~e  same arm :~ntl sina~ltaneo- 
usly in the opposite am1 I,y a thircl trained obsetver, the 
sequence being repeatecl three times so i ~ s  to proiicle sc- 
cl~iential aieasurelnents in I,oth :lrms. The results in tlie 
tal,le, tllcrefore, are clerivetl from 255 1nc:lsurenlcnts. 
In the first two lines, tlie gl-:~tles for si~nulta~lco~~s same- 
arm mensurcmenls :Ire shown ant1 gl-acle A st:~tus is 
reached for 1,oth systolic :intl diastolic pressures. This is 

Tal~le 4. [Hecl of test rne~hodology on grading analysis. 

Differences between standard 
and test device (mn~tig) 

Grade ' 1 5  510 515 

Sirn~~ltaneous, 
same arrn 

Sirnullanrous, 
opl)o5itc arm 

I. Sequential, 
sa~nc arm 

11. Serl~rential, 
o111msile arrn 

SBP 
DOP 
SUP 
l)IIP 
SNP 
DOP 
SBP 
DBP 

tlie 'golcl standarc1:ln tlie seconcl pair of lines, the data for 
si~uu~t?neous opposite-arm measurements are presented 
:uicl a gr:ulc I3 rating is oht:rinecl for systolic :lnrl grade 
C for di:lstolic pressure; clearly this analysis is much in- 
ferior to t l~e  first. In the third pair of lines (sequential 
1) same-arm secluenti:~l measurements are analysecl, the 
tlifferences being calculated by comparing the mean of 
rhc first ancl thircl mercury measurements with the sec- 
ond measurement (which corresponds to a test device); a 
grade A rating is achievetl for tliastolic but only a grade B 
for systolic pressure. Clearly this is better than opposite- 
:Irm ~neasurcments l)ut is not as good for systolic pres- 
sure ;LS si~iii~lta~leoi~s same-arm uleasurements. Ilowever, 
tl~is nnalysis is matlicrnatically flawed in that the relation- 
ship between the first and tllircl mercury measurement 
is assumet1 to I,e linear, which need not be so. In tlie 
fourth p i r  of lines (secluen~ial 11) the analysis is based 
on  the assuml>tion that the cliflerence between the lirst 
aid 11 lire1 I>loocl pressure racling neecl not he linear, ancl 
the difference is ~~lculated as follows. If the second (test) 
pressure lies between the first and third pressure the clif- 
ference is zero; otherwise the nearer of the two readings 
is sul)tr:~cted to give the difference. This correction tech- 
nique restores the seqi~ential analysis to parity with the 
sin~ultaneous same-arm analysis by bringing the systolic 
rating to gcltfe A. 

Power 

'['lie calculation of an apl~ropriate sample size for the tle- 
vice v:llidation (phase V) is, to some extent, arbitrary. I f  
the ohscrvetl 1,rolx)rtion of clillkrcnces within 5 nln11Ig 
is 80%, then a 95% confidence interval for this propor- 
tion will I)e f 5% with a sample size of 85 suhjects (225 
ol)senc~tions), the size recommencled in tlie AAh.11 sun- 
dartl (81. We believe tliat a s~naller sample niay be ac- 
ceptal>le, I,ut \<c have clecicled to remain with the MM1 
ieco~nmentlatio~is of 85 su1)jects until working clau be- 
come available :IS [he protocol is usecl, when it may he 
possible to m:tke I>onrer calcu1;rtions th:~t ivould eRect a 
retluction in this large sample size. 
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Appendix U: Basic information 

Aloclcl irlcrrl~/ic~icar~ior~: Wllcn ~ii:~nufr~cturel-s incorj,ol-ate nlate of tlie cosls of trans1,orting tile equipment for ser- 
~lloclilications into cxtcr~~;illy iclcntic.:~l or i~iclistingtrisl~. vicirig sl~ould be given. Mainlem~ice contracL5 are avail- 
al~lc vcrsio~~s of ;I moclel, tl~is slloulcl be clcarly i~idicntcci :10lc for some a~nbulatoty syste~iis and delails of tllese 
I)y ~l~oclcl ni~lnl,er a~lrl l i l l l  details :IS to 11ow d ~ e  liloclel shoilld be provided. 
clilkrs fro111 c;~rlicr versions slloi~lcl I)c pro\idecl. 111 Ixlr- Uit,lerz.siorrs: .I.lle clilncnsions recorcler and its 
ticill;~r, 1.11e likely cltcct o l  all sucli ~~~oclifications on I11e weigl,t w ~ t l l  I,alleries, l,ulllp, etc., sllould be indicated. 
perloniia~ic~e xld accur;lcy ol tllc riloclcl slloulcl be stated. .I.llc Ille;llls of ;,ttac.lnlent, waisl-bell, s~loulder-strap, or 
COSIS: 'l'l~c cost of dlc ~ccolclcr, tile decoder, collll)uter 
;ulalysis klcilities ;ulcl ;(I1 colnpollcnts sllould be listed. 
'I'lie c o ~ ~ s u ~ ~ ~ ; ~ l , l e s  ~lecclcd for device opclation ~und tlleir 
cost sllould I)c j)lovided. 

I.iriitiuliorl stlrtlics clrld r.c~s~ri[.q: 'l'lle rcsi~l~s ol  v;did:~tiol~ 
;Lssessliicnts Oy t l~e ~i~:ulu~icturcr, :uld/or I,y i~idcl,e~idc~lt 
I;~l)orato~.ies sllvulcl I)e su~nnlarized to 1,rovicle tllc follotv- 
i ~ ~ g  clctails: tlle ~lletllocl of v,~licl;~tion, the I I ~ I I I I ~ I ~ ~  of su11- 
jects, nuy s l ) ~ ~ i d  fc;~turcs in su1)jcct selec'tio~~, e.g. j)~-cg- 
~l;uicy, cl~iltll~oocl, tllc ~ ; u ~ g c  of l,loocl I)rcssilrcs, tile I lCt~- t  

rate rarlgc, tile accuracy rccluirc~~lcnts ;uncl tllc s~~tistic:~l 
ul;~lysis el~~l,loycd. 'l'lic l i ~ l l  rclerc~iccs lor all pul~lisllcd 
valiclation studies slloulcl I,c listcd togetlicr wlitll tllc :ld- 
d~esses of tlie labo~~tories. 

I?lsfrtrcliotls for tise: Tllcse sliould be clearly stated in a 
step-l))l-stel) layout. Illustrations are helprul in d~is  con- 
text. 

I'a/ictrt itatr.rrc1iurz ctrt~l; A card sllould be provided for 
distril~ution to ~);~tie~its usilig tlie anlbulato~y recolder, 
wl~icli gives si~nole ol,erational instluctio~ls togetlier \%it11 
i~~struclions as to wl~at ~>recautio~is to take i l l  the evcnt 
of l l~e device nrdlunctioning. 

IJoujer srr/l)!y: Tlle mlus voltage and tile fraluency niust 
be shown ailcl whether or not a tla~sfornlcr is nceded 
to adapt tlie decoder. If h e  latter applies, the frequency 
111ust also be converted as d ~ e  liiove~lle~it of certain parts 
may be allcctecl, wid~ result:ult iuaccuracies. The niost 
sui~able batteries for die device shoulcl be listed and 
those calxll>le of bci~lg rcclla~gcd sl~oulcl be i~ndic;~tcd. 
'I'llc ~ir~~ill)cr of rcco~cliugs ol)tainal,le f o ~  ;i set of 1)at- 
teries, or [,cl c11;11gc, ancl tile wxuning gstc111 for battery 
lailu~e sliould be i~ldicatcd. 

I?u;lr.~~cliorrs Jbr- care trtld tricrit~letlatzca 'I'lle operator 
sl~vulcl be given clear i~atluctions on tl~e day to-day care 
of die ccluij,ment ancl lllc need for regular ~i~ail~tenancc. 
l'roduct w;~~lrunty infc)cn~atioli sl~oulcl be provided. h i -  

l>ulato~y devices sllould have lull warrality cover for at 
lcast 1 year after die date of ~~urcllase. 

bag, etc., should also be stated. 

List rf cotrl/mlerlls: NI 111ajor colnponents of dne sys- 
tcni sllould be listed. 'l'l~e dirrlensions of h e  bladders 
sul)l,licd ;und tl~e din~ensions of the range of bl:~dders 
;~vailal)le should be indicated. A 35 X 13cm bladder is 
stlo~~gly reco~iuiiended for routille use in nlost adults by 
tlle Britis11 I lj11e1tension Society [ l  71. 

Alc~/)od(s) oJ  blood />resztre nlrmurernerzt: *She basic 
~ilctl~ocl of jIressilre detection, for exaliple, auscultatory 
or oscillo~net~ic, sllould I>e stated if Inore dian olie 
111etllod is used tlie indications for cllallging ~l~ethocls and 
tlic ~~lc:uns ol  dc~lotilig tl~is on the recording sliould be 
s ~ ~ t c d .  With I<orotkoll'sound detecting devices, the use of 
either 1)ll;lse 1V or ~)liase V as tl~e diastolic end-point must 
I)e disclosed. If data are derived fro111 recorded measure- 
IIIC'IILS, SUCII ;IS ~rltan pressure, tlie niediod of calculation 
IIIUSL be stated. 

Ar.lcJtct editirlg: Solrie an~bulatory devices have in- 
built systc~iis for editing artefactual measurenlents. 'l'he 
~liethod of doing tl~is and the rationale should be stated. 
Itcliable alld accurate deviccs sliould require only mini- 
nl;d editing and this sllould be ~)erfor~ned automaticlily 
by tlie dcvicc. It should not be necessaly for the 01)- 
elato1 to have to screcn dne device nleasuremenls for 
bizarre recordi~~gs diat are likcly to be artePactud. We 
Iiave refrained, therefore, from making recomniendations 
on artePact editing. 

Fucility Jol- d'ccki?zg device accuracy: Blood pressure 
nic:lsuring devices should be provided widn a facility for 
accul;~~y assessment against a reference system whereby 
s i ~ ~ ~ u l ~ u ~ e o u s  measurement can be perforlined on the 
smle arnl with d ~ e  d~yice wliich is being tested ancl 
tlic reference systc~ri. Some arnbulatoty systenis fuuction 
with rapid clellation rates but in some ~~imlcls it is pas- 
sible to switcli to a slower denation rate. l'l~ese devices 
sllould be tested using the rapid deflation rate, as Switch- 
i~ig to a slower ~ n d e  niay give results which do not re: 
llect tlle accuracy of h e  device in use. Special cdnsidera. 
tion llas to be given to t l~e rnetliocl of testing and to the 
interj~retation of data with these devices. 

seruica fac;l;l;es: ,l.lle 10calioll of ina t ion ,  illlerIla- I:acility /ur rlevice r-eculz6,otion: l'he ~iianufacturel 

tiOlld selvice krilitics sla,llld listed, I t  is reg,.euable s11ould stale tlie illtervals at wlnicll recalibralioo l~eco~nie: 

tl lat  l ll~,llll~~r~lllrcrs al)l,oiIlt agcllb dlo, dr,ugll necessaty and a silnl)le nretllod for dlecking accurac3 

conlpetcnt wih certain ranges of ~nedical clevices, llave should be provided. If recalibration is required, the mall 

litllc or no k~iowledge ol  specialized blood pressure niea- uhcturer sllould state whether this can be done by tin 

si~ri~ix ecluil)nient. Potential pulrhasers slloi~ld be aware owwvncr, arld so, how. 

of dlis I , i o ~ l e ~ ~ l  a ~ d  check hiat tile agent is colill,etent 
to (,~ovicle d ~ e  llecessaly facilities. AI) estin~;~te of dic cost I'ctctot-S ~geclirzg accuracy: Many factors 11ray alfect thl 
of routine servicing out of war~111ty togehcr with ari esti- accuracy of xnbulato~y recordings, such as arm movt. 
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I I I C I I ~ ,  exercise, ; I ~ I I I  position, cull' or clotll friction. 1\11 cltriremenls for linking with coinl)uter systems ancl tlieir 
~llcsc Llclols sl~otllcl I)c lis~ccl I)y lllc I I I ; I I ILI~~IC~LIICI . .  cost sllotllcl be st:ltetl. l f   lie :~~nl,ul;~tory syslcnl is clcpen- 

111 ~>alic~lls w i l l 1  c;lrdi;~c ;~~.rl~).~l~nli;rs, it  is clillic~ult and 
so~llcli~llcs i~lll)ossil)lc to ol>l;lin ;I I I  :lcct~ralc 1llc:lsurc- 
mcilt of I)loocl I)ressur.e wvi1l1 a stand:~~tl Incrcury spliyg- 
nlolllanc,mcler. lu tllese sul>jects tlie liltelihtx)tl ofo1)tain- 
i~lg ;ln acc.t~r;~tc ;~n~l)ul;l~o~)r rccorcl is rclliote, :~ntl t111lcss 
sot~i~cl v:~Iicl:~lio~~ of ;~cctti-;~cy is ;~\r:~il;~l>le for arrIq,111- 
III~;IS i l  sl~oc~lcl Oc ;~ssulnccl t l i ; ~ ~  : ~ n i l > u l ; ~ ~ o ~ ~  clc\fices arc 
~xol);~l)ly i~l;~ccur;~lc i l l  lllcsc 1>;11ie111s. l'lie rn:~nnr;tc.~tlrer's 
l i~c~:~tt~rc sl~ot~ltl c;trry ;I S I ; I I C I ~ I C I I ~  :~Ioiig 111e SoIlo\vit~g 
lines: "l'l~is insl~ulncnt Ii:rs ~iot  l ~ c c ~ i  \:~liclatecl i l l  ~>;~lic~its 
will1 ;~rrl~y~l~tni;~s'. 
Clpc~zifor f ) ~ i i ) i i ) ~ g  ~-p(liii)-c))ic)if: Soiiie ;~ii~~)c~I;~lory sys- 
tellls rccltlire c:o~\sitlel;~l)lc cxl>crlisc o n  lllc 1x11 l of tile 
opctxtor i f  accurate ~~~c;isurcn~enls arc to be ol)lainccl, 
wl~c~-c;~s o~llcr sysrc~i~s rcclc~irc ~.c.l;~~i\rcly l i~~le  ins~riiclioli. 
'I'llesc rcclt~ire~~icnrs sl~ould I,c st;~~crl. 
Cortrj~rrlcr rirrrr/)ais: Sonic ;ur~l>t~l;~lo~y s)aIclils ;\re coin- 
p"lil)lc wvitl~ pcrsonal conipuler syslcnls. 'I'llc exact rc- 

tlci~t o11 ils own colilpilter for plo~ting and an:llysis diis 
slroulcl I>c ni;lde c-lear :incl rhe cost of tl~e compilter fa- 
ciliry, if i t  is all oi)tion;~l exttq sliould Ile stated. 
Clc:lr instn~ctions sl~oultl be provided for setting record- 
ing co~icli~ions (e.g. frcquenc-y of recordings duriug de- 
fined periocls, o~l/olt' concli~ion of digi~al display); retriev- 
ing rec.orcli~igs ;lnd s;~ving data to disk; retrieving clata 
I'l.orn clisk; clis1)l;r)ing nunierical clat:\ ancl gral'hics; im- 
po~.tiug d : ~ ~ a  into s~atistic~gral>l1ic/s~~readsl1eet software 
lxoguams; pri~iti~lg resillts (cxcerl~ts or to~al). 
'I'lic ~il;~ntlk~cti~rcr slloultl list coml~a~iblc computers (['C 
or o~ller) and [>~.ir~rcrs togetlicr with nicmory rcclrlirc- 
IIICIIIS,  C O I I I I > : I ~ ~ I > I L '  g~.:ll)llic :~cI:ll~tc)rs, aclclition:~l software 
or h;~rcl\v;~re recli~irernents (including interfaces and ca- 
I)lcs i T  ~licse are not st~l>pliecl). 
['r.td)lc?ttr lisr N ~ I C ~  sol~llioti.~: Finally, a Iist of common op- 
c.l.a~iu~i;tl ~>rol)le~ns should l,e listed will1 the means of 
tlo~cction ;~ntl reniccly. 




