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( : o ~ ~ v e ~ ~ t i o ~ l a l  ~llcasrll-c~ncnt of Ijlood pressure is fraught 
with nlklny potential errors [ l ] .  /\uto~natcd blood pressurc 
m c ; ~ s ~ ~ r i n g  tlcviccs renlove ol,scrvcr I)ik~s and ~ )e r~ i i i t  
rcl)c;~tetl I,lootl prcssllrc lllcasllrclilclits ;I[ ~ , redeter~~l incd 
i~ltcrv;~ls, katurcs wI1ic11 I I ~ I V C  o b v i o ~ ~ s  c~ttractio~ls in clin- 
ical practice and in hyl)crtension ;111d cj,ide~niological 
research. I lowevcr, suc l~  devices, whicll can be expen- 
sive, I I ~ ~ I S C  be sllown to I)c as accuratc as the conventio~ial 
tccll~licl~~c wllicl~ they arc tlcsig~lecl to rcl~lace [Z]. A null)- 
I~c r  of I) ina~n;~p ~nodcls ;Ire availal)lc [3], the Dinarnap 
1'ortal)lc hlonitor, blodel 8100 (Critikon, 'l'ampa, Florida, 
IJSA), being one of the 111ost popular a u t o ~ ~ ~ a t e d  devices 
irsctl i l l  clinic;~l practice ancl in I~ypcrtension research, 
i l c s l ~ i ~ c  rcports dc~~lollstrat i~ig tllat it is irlacci~ratc i l l  

certain clinical circu~llstanccs. We thcrcforc tlecidcd to 
review t l ~ c  literature o ~ l  the I I i~~an lap  8100. 'l'en papers 
14-131 concerned sl)ecilically with the accuracy of this 
n~odcl were identifietl; tlley all acknowledged its i ~ ~ a c c u -  
racy but not all reached tlle same conclusions regarding 
tllc i~lllucncc of' such inaccuracy in practice. 

'l'llc first study of the Dinanlap 8100, by Or~ns te i~ i  et nl. 
[.l1 in 1988, sllowetl that it overesti~nated systolic I)lood 
I~rcssulc I)y 7.0 n l ~ n l  lg and diastolic 1,lood pressure I)y 
0.7 1111111 ]g. (;oo~~asekera and Dillon [S] also found tllat 
the L)ina~ii;ll, H100 overestinlatcd systolic blood pressure 
(Ilv a n  average of 0.45 1nll11 lg), Ijut that it undcrcsti~nnted 
diastolic I)looil pressure I)y all average of 10.77 1n111lig. 
'I'llesc two stl~dics ;~sscssed the Dinanlap 8100 against 

the I lin\lkslcy ranilonl z c ~ o  sphyg~nornanonleter ratllcr 
tlla~l ;I st;~lid;~rd lilcrcilry ~l~l~yg~~lo~lla~io~iiefel, thereby 
~llaking co111l);lrison of the results difficult, as the llawks- 
ley sl)liygmon~ano~nctcr has been shown to underesti~nate 
I)lood prcssurc and is no lol~gcr reconl~ncnded for valitla- 
tion studies [14,15]. 'l'hc Dinamap 8100 was assesscd 
against dircct intrci-arterial I~lood pressure in the opposite 

arm during the transfer of critically i l l  patients to hospital 
161: it undcrcsti~nated systolic blood pressure and over- 
csti~llatcd diastolic blood pressure, leading the authors 
to collclude that the device should not be substituted 
for dircct I,lood pressure measurement in  critically i l l  
~ x ~ t i e ~ ~ t s .  ' l ' l~e differing ~nethodology and the circu~n- 
StilllccS or nlc;Isurenlent in this study again preclude 
comparisons with other studies. 

In an attempt to determine if tlie Ilinamap 8100 would 
e~iliance precision and thereby reduce sample size 
rccl~~ircnients in clinical trials of blood-pressure-loweri~lg 
drugs, Appel et nl. [7], using a starldard mercury sphygmo- 
~ i i a~ lo~ne te r  for co~nparison, found that tlie device under- 
es t i~n;~ted diastolic pressurcs. Likewise, in a study in 
11rcg11arlcy [S], the Llina~nal, 8100 underestimated dias- 
tolic prcssurc by 9.8 ~nn i l jg ,  lcading the authors to suggest 
adding a correction factor of 10 ~ n ~ n l  lg to the diastolic 
Ixessures recorded by tlie Dinarnap 8100 during preg- 
nancy. In a field study in cl~ildren 191, tlie Dinaniap 8100 
underestimated diastolic blood pressure, leading to tlie 
co11c111sion that the Inercul y spliygn~omanon~eter was tlie 
dcvicc of clioice for epitlemiological studies in children. 

Ln 1993 we evaluated tlie Dinamap 8100 [l01 according 
to the protocol of the British l lypertension Society (Ul-IS) 
[IO], which gr:ldes accuracy from A (very good) to D (very 
1)oor). 'l'lie IIi~laniap 8100 uncleresti~natcd systolic blood 
pressure Ijy 0.71 ~ n ~ n l l g  and diastolic blood pressure by 
7.6 ~ n ~ n l l g ,  achieving a Grade U for systolic, with 66% of 
pessures being within 5 1n111tIg of the niercury sphyg~no- 
manometer, and only a 1) grade for diastolic blood pres- 
sure, with less than 50% of pressures being within 
5 niml lg of the niercury standard. Looked at another way, 
ili;~stolic pressure measured by tlie Dina~nap 8100 differed 
from the mercury standard by rnore than 5 mnllIg in 
53% of co~nl,arisorls, with 20% of co~nparisons differing 
11y Illore than 10 mlnllg and 12% by Inore than 15 ~nml ig .  
If the criteria for accuracy of the Association for the 
Advancement of hledical Instrumentatio~i [l71 are applied 
to these data, the Dinaniap 8100 fulfills the criteria for 
systolic but not for diastolic blood pressures. On tlie basis 
of these results, we concluded that the diastolic error was 
i~r~acceptable in cliriical practice and urged the manufac- 
turcrs to modify the algoritllln [10]. 

Our validation [l01 was com~nissioned on behalf of tlie 
CJK Department of Iiealth by the Office of Population 
Cc~ i s l~scs  and Surveys (OC'CS) which was (and still is) 
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conrlucting a continuous survey to monitor t h e  health arld 
nrltrition of  t l ~ c  atl111t ~ ) o l ) ~ ~ l : ~ t i o n  of I':ngl;~r~rl [ I  l ] .  'l'hc 
I ) ~ I I : I I ~ ; I ~ )  H100 w;~s  c l ~ o s c ~ ~  l i ~ r  this sturly 1)s a 'I'ccllnical 
Atlvisorp I1;lncl on  ' t l ~ c  I~ilsis of s t ~ ~ d i c s  in Oath Britclin 
anil tllc Ilnitcrl States w l ~ i c l ~  s ~ ~ g g c s t c r l  t l ~ t  it ,  or a very 
simil:~r ins t ru~ncnt  ( t h e  I)in;l~n;~p 1840SS), measured 
I~loorl prcssurc c o n s i s t e ~ ~ t l y  over t i~ l lc '  [IZ]. It sccms  
that t l ~ c  Ilin;tni:~p 8100 \\.;IS l>urcliascd o n  tile I~asis  of 
t l ~ i s  rccc~~l l~ l lcnc la t io~~,  I I I I ~  sllortly :~ftcrwards the  OI'CS 
dccr~lci l  it prurlcnt to clieck indcl)cndcntly tllc accuracy 
of t l ~ c  Dillanlap 8100. \VC were asked to  perform a fill1 
v a l i d a t i o ~ ~  accorrli~lg to  the  I l l l S  protocol and, as t h c  
I>irl:~lnal> 8100 was a1re;ldy in i ~ s c  in t h e  I leal th  Survey, 
t l ~ c  Ol'(;S coll:~horatcrl in tlic valirl:ltion, j~crforrni l~g t h e  
first tllrcc 1111:1scs of t l ~ c  I11 IS ~>rotocoI. I lo\vcvcr, IVIICII 
t l ~ c  results ~ v c ~ c  I)cillg o rc l~ared  for ~ > u l ~ l i c a t i o ~ l ,  t h e  OI'(;S 
~ ) ; ~ r ~ i c i l ) ; ~ ~ r t s  dcc l i~ lcd  to have tlicir nalilcs listed among 
the  authorsllil). 

Sl~ort ly  after this valirlatiorl w:~s c o ~ i ~ p l c t c d ,  tllc OIICS 
l)ublisl~cd //ecll//r Sulr:uy /or /<;?l~/nad 1991 [ l ] ]  in an 
a l ) l ~ c ~ l d i x  of wliicll the  rcsi~l ts  of our validation wcre 
l ) rcsc~l tcd with all aclJitional analysis showing t l ~ c  mcnn 
tii[fcrcncc I ~ c t w c e ~ l  tllc U i ~ l a m a p  8100 nionitor and the  
sta~ldarrl mercury sp l lygnlon lano~~~ctc r .  ' l 'hc conclusions 
il l  this al)l,cndix wcrc t l ~ a t ,  a l t l ~ o ~ l g h  t h c  I > i ~ ~ a r l ~ a p  8100 
Il:~rl Ijccn s l~owll  to urlrlcrcsti~llatc rliastolic 1)lood prcs- 
s u ~ c  I~ccausc  ' thc diffcrcncc I~ctwccrl  tllc mo~li tors  w;is 
collstallt across the  Olood prcssurc range', it was accept- 
: ~ l ~ l c  to c o ~ l t i l l ~ ~ c  l ~ s i ~ l g  illc I>in:~lllnp 8100 'in :l11 cpidclnio- 
logical setting s u c l ~  as t l ~ e  llcaltll Survcy where the  
prilnary airn is to make  conlparisons across time, pl;tcc 
and person' [ l  11. It was r c c o ~ l l ~ n e n d c d ,  howcvcr, t l ~ a t  a 
f i ~ r t l ~ c r  s t ~ r d y  sllould Ile carried out,  and the  Dinarnap 
8100 (::~lil)~:~tion Study [l21 was set  111) ' to  compare 
t l ~ e  ~)c r formal~ce  of tllc Dinarnap 8100 oscillometric blood 
prcssure monitor with an auscultatory monitor, the  mer- 
cury sl)hyglnoma~lometer, unrlcr field survey conditions 
silililar to t l ~ o s e  wllicll exist in tllc Health Survey for 
England'. 'l'hc rcsults of this s tudy were ~,ul)lisherl irl an 
ol'licinl govcrnlncnt rcl)ort in 1994 [IZ]. Nei ther  this nor 
tllc e;~rlicr report [ I  I ]  arc illdcxcd in t h e  current litcra- 
turc  (as \vould L I ~  t h e  case witll a jourrlal publication) 
alld they Ilavc only rcccntly come to  our  a t t c ~ i t i o ~ l .  rl'l~c 
~ c s u l t s  of tlic scco~ld  Ol'<:S s tudy [l21 showed that 
systolic Oloorl prcssure was signific:~ntly higher w l ~ e n  rcad 
with t h e  Dina~na l )  8100 than with t h e  mercury sl>llyglllo- 
lnanolllctcr (me:un difference +7.Y mm1 Ig), with the dias- 
tolic I,lood pressure reading lower than the  nlercury 
standard (mean diffcrcncc -1.8 mmllg) .  'l'liis difference 
reaching statistical significa~lcc in Inell and women aged 
16-34 and in all women. 'l'lle difference Octween t h e  two 
rlcviccs was not co~lsistcllt  across meal1 blood prcssurc 
lcvcls for citllcr systolic or diastolic blood pressures. On 
t h e  basis of t l ~ c s c  results t h e  a r~ thor  of the  report recoln- 
~ n c ~ l r l c d  that ' cornpar i so~~ of Olood prcssure lcvcls from 
tllc I Ic:~lth Survcy for I':ngl:~~ld wit11 othcr cl)idc~niological 

studies which have uscd different measuring devices 
remains l~rol~lcrnat ic  and should b e  done  with caution' 
115). 'l'ct a conclusion was reached which is the  antithesis 
of t h c  a l ~ o v c  recomlncndation and runs contrary to the 
data from othcr  studies: "l'hc Dinanlap 8100 nlonitor 
provides a reliable estimate of blood pressure for the  
Imrposes of a largc cpidcnliological survcy like t h e  Health 
Survcy for England. 'I'his means that t h e  results of the  
Survcy can I)c uscd to establish baseline figures for the 
populat io~l  and to monitor trends over t ime  and make 
co~nparisons between subgroups of the  population' [ l l ] .  

\\'it11 rcgard to the  continued use of t h e  Dinanlap 8100 
in tlic I lealth Survey of England (and in spi te  of two 
studies  s p o ~ ~ s o r c d  I J ~  t he  Department  of IIealth, con- 
f i r~i l ing tlie inaccuracy shown by others), w e  can only 
c~lr lorsc what II:IS Ijcen said on many occasions, namely 
that only those devices that have been validated inde- 
~ ~ c l l d c n t l y  sllould b e  uscd in research and practice [18,19]. 
If a particular device sccms  appropriate for a planned 
s tudy bu t  llas not becn independently validated, then the 
n~anufacturers  sllould be  asked to have such a validation 
per for~ncd  before tlie s tudy begins. T h e  use of the  
Ilinanlap 8100 in a s tudy of the magnitude of the Health 
Survcy of 1;ngland raises serious q i~es t ions  about the 
integrity of t h e  data. Indeed,  o n e  of the preconditions of 
tllc s tudy is that t h e  U e p a r t ~ n c n t  of l-Iealth ' ~ n u s t  be  confi- 
dcrlt that any changes in [blood pressure] levels over time 
arc d u e  to real changes in the  population and are not 
c l l a ~ ~ g c s  d u e  to inconsistcncics between the nlcasuring 
tlcviccs or betwecn those taking t h e  measure~nents '  [12]. 
It secms  to  11s that,  a t  best, t h e  data may indicate trends 
in the  population blood prcssure, but  comparisons 
between popirlations and betwecn subgroups within those 
~,ol)ulations will not  IIC valid. 

l ' h i s  review of the  literature endorses the  conclusion w e  
reached in 1993 [10j, namely that t h e  D i ~ l a m a p  Portable 
Adult/l'ediatric and Neonatal Vital Signs Monitor, 
model 8100, because of its inaccuracy in measuring 
diastolic blood prcssure, cannot b e  recommended for 
bloorl pressure Ineasurement in adults in circulnstances 
where accuracy is desired. 'I'he apparent indifference of 
t h c  m;unufacturcr of a popular blood pressure measuring 
device to  a r lu~l lbcr  of studies demonstrating its inaccu- 
racy in measuring diastolic blood pressure is a cause for 
concern, bu t  Illore disturbing is the  paradox of the  con- 
tinuing successful marketing of the  device despite these 
adversc reports. 
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