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S u ~ ~ t r ~ ~ a r y  wl~en tested against a standard sphygmoniano- 

I. Tllc accurncy of the Retiiler M2000, a 
sc~niautoniatic portable bloocl pressure recorder. 
was assessed with tlie London School of Hygiene 
(LSI I) and I-lawkesley random-zero spliyg- 
monialiorneters used as  reference standards. 

2. The Remler gave Iliglier recordings than tlie 
LSII spliygrnotiiat~onieter. tlie mean systolic and 
diastolic dimerences being 5 .9  mmHg ( P  < 
0.001) and 4 .7  mrnt-lg (P < 0.001) respectively. 
N o  sigt~ificatit difference was den~onstrated be- 
tweet1 paired Rernler arid Hawkesley recordings. 

3. Wlicn si~i~ultaneous paired LSI-1 and Flaw- 
kcslcy s~~l~ygt~~ot~iatioriieter recordings were coni- 
p:~rctl. the LSIl pave lower blood pressures: 7-  1 
11111111g ( I 1  < 0.001) Sor systolic and 3.6 t i i ~ ~ i l l g  
(I' < 0.00 I ) Tor diastolic rccordings. 

4. '1'11e LSl l spllygnionianotncter unrlcresti- 
nlates blood pressure. partly due to a calibration 
error but also because tlie selection of end points 
for lliis device climers from otlter methods of 
blood pressure mcasurenietit. 

Key word: sl~liygrnoniano~iieters. 

The Render M2000 is a serniautotnatic arii- 
bulatory blood pressure recorder wl~icli detects 
Korotkoff souncls tlirougli a tilicropllone during 
cum deflation. These are recorded 011 a nlagnetic 
tape superimposed 011 a tracing of cuff pressure 
( I ) .  Wllcn the Rcmler was tested for accuracy 
 p pain st tlic LSH sphygmotnanometcr. a rnercury- 
in-glass n~ano~nete r  tlesignetl to rcducc observer 
11i:ls atitl clipit prcfercncc (21. it gnvc liigller 
systolic and clinstolic recordings 13. 41. ~lowcvcr .  

Correspontletice: Dr Uesriiond Filzgerald. Depart- 
rilelit of Cli~iical Plrarmicology. Royal College or 
Surgeons in Ireland. Dublin 2. Ireland. 

nleter. no sigliktcant error could be found 14. 51 
and tlie discrepancy between the two reference 
standards was not explained 141. 

Tlie purpose of this study was to re-exanline 
tlie Remler M2000 for accuracy and to explain 
the inconsistencies of earlier results. 

Tlie study consisted of lliree comparisons: be- 
tween the Retnler and tlie I,SH, the Remler and 
Hawkesley and between tlie LSH and Hawkesley 
spltygmon~ariotneters. 

l 'he LSH sphygmomanometer and Remler 
M2000 were compared in 12 patients by using 
two LSll and three Remler devices as part of a11 
inter-device variability study. Si~nultatieous 
measuremerits witli the Remler and LSH 
spliygniomanometer were recorded in the same 
arrn by co~incct i t~g both devices to a single cuff' 
tllrougli a Y-connector. Furthertnore, LSH and 
Rctnler recordings were made in both arms 
simultaneously using two cuff's and a coninion 
it~flation-deflation system so  tliat paired Reniler 
recordings in opposite arms could be compared 
witli paired LSFI recordings. Two trained obser- 
vers took part in tlie study. the order of machines 
and observers being randomized according to a 
Graeco-Latin square design. 

In a further 35 patients, similar paired record- 
ings were niade in the same arm by one observer 
using one Remler and a Hawkesley sphygmo- 
tiianonlcter, two measurements being made in 
each patienl. 

.flit LSiI anrl Flawkesley random-zero 
spl~ygnio~iianotiieters were compared in 20  
patients by paired simultaneous recordit~gs in tlie 
same arrn witli two observers ant1 a two-channel 
stetlioscope. Four pairs of recordings were made 



i n  e a c l ~  patient. (lie orrlcr o f  observers bcing 
ranrloniizetl. Furt l~crmore. tile LSI- I  s ~ l i y g n ~ o -  
lilanotllelcr was testetl statically ;igninst a stan- 
clarrl I i icrcury ~nanoriietcr by connecting both 
dcvices tl irougli a Y-co~inector to  a cu f f  wrapped 
a rou~ i t l  a cylilitlcr. 

111 tlic coni l~nrison ol' l l lc L S l l  sl>l~ygtiioni:~no- 
r~ ic tcr  and Keriilcr M2000 no  tliffercrice was 
fount1 betwcen observers o r  I<el i~ler recorders. 
The Remler recordings were higller t l lan those 
o f  the LSM sphygmomanometer by  a nieatr of 
5.9 m m l l g  and 4.7 mtnHg for systolic and 
diastolic pressures respcctivcly ('fable I). I n  
co~~t ras t .  no significant dilleretice was obscrverl 
I )c twee~~ paired ICernlcr and t-lawkesley record- 
ings. W l ~ c n  tlic LSI1 sphygniotnanomeler anti 
stantlord tiiercury nlanorncter wcre compared 
throughout the pressure scale. tlie L S t I  inslru- 
tilent gave lower recordings. tlic error increasing 
l i~ i ca r l y  wit l i  the pressure. so tliat, for exaniple, at 
250 "1-nil-lg. tlie L S I ~  spl iygn~o~natiot i ieter recor- 
(led 245 ~ r i n i l l g ,  A l l  l i lercury manotr~elcrs niust 
be calibratcd so tl iat tile lag i n  tllc rise o f  mercury 
i n  t l ~ c  glass tube, sccondnry to  tl ie fall o f  l i iercury 
i n  the reservoir w11e11 pressure is applied. is 
con~pensated for i n  tl ie recording scale. T l ~ e  
correclioti factor varies tl irougliout tile pressure 
scale I ) i ~ t  can be calculated from tile formula 

11, = h2(ci22/d,2) 
where 11, is the error. h,  the I ieigl~t o f  niercury 
~iieasured i n  tlie colutnn, and dl and d, are tlie 

.I'AIILI{ I. Cv~ripnris~ri qf Hcriiler. Iln~rkrsley nrid LSI I  
s ~ ~ l ~ ~ g r ~ r o r ~ m r r o ~ r ~ e ~ ~ r  1)lood presstire rervrili~gs 

Meal! pressures St) are sl~owil. rr, Num\,er of recortlinps: 
NS, 1101 sigiiificn~il. 

Syslvlic (IIIIIIII~) 1)instolic (ttinll lp)  

Re~nlcr LSl l Retiller LS l l  

II -. 153 11 - 153 
158.7 -1- 32 152.8 f 30.6 92.3 r 13.1 87.6 ? 12.9 

b t e a ~ i  hins + 5.9 Men11 bias + 4.7 
P < o.\n)~ 1' < 0.001 

R c ~ i ~ l c r  I la \ rkcs ley  Remlcr I la~vkeslcy 

II - 65 11 := 63 
159.3 i 28.4 159.8 f 28 99.8 t 16.5 99.5 !. 10.7 

Mean I'ias - 0.5 hlcn~i hias t 0.3 
NS NS 

L S l l  I lawkesley ' L S l l  I lntvkcslcy 

11 - K O  11 - RU 
133-3 t 36.2 140.4 $ 32.8 82.4 $20.3 86 ? 19.9 

Meall bin? - 7.1 Meatl bias - -  3.6 
I' < O.(X)I P < 0.001 

dianieters o f  tile reservoir anti mercury co lu~n t i  
rcspcctively 161. 'The true pressure is  given by  tile 
st1111 o f  the liciglit o f  tlie tncrcury column (h,) and 
tile correction factor at t l ~ a t  pressurc (11,). F r o m  
tlie diameters o f  tlie LSI-I sphygmomanometer 
rcscrvoir and mercury column, the size o f  error 
t l ~ r o u g l ~ o u t  the pressure scale is consistent with a 
failurc to calibrate the digital scale for the fall o f  
nicrcury i n  tllc rcscrvoir w l i c ~ i  pressurc is applied. 

I n  the coniparisot~ o f  paired L S H  and 'Clawkes- 
ley recordings, the L S H  spl iygmo~lla~iotneter 
was found to  underestimate blood pressure by  a 
mean o f  7.1 tnmklg and 3.6 mml-Ig for systolic 
and diastolic pressures respectively. Furtl ier- 
more. the differences between the LSM arid 
l lawkesley rliastolic recordi~igs were negatively 
correlated wit11 lieart rate (r -0.27. 1' < 0.05). 
Si~i i i lar ly,  tlie differences between tlic L S l l  and 
I<ctiiler recordings were negatively correlated 
with lieart rate for systolic (r -0.24. P < 0.001) 
and diastolic (r -0.36, P < 0.001) pressures. 

Discussion 

The results o f  tl l is study agree will1 tliosc o f  
Heevers 13) and Fong 141 sllowing i l lat  t l ie 
Reniler gave l~ ig l ler  systolic and diastolic record- 
ings t l lan the L S H  sphygmomanometer. H o w -  
ever. this is due t o  the LSI-I spliygmonianometer 
underesti~nating blood pressure rather than an 
inaccuracy i n  tlie Remler M2000. The LS1-1 
spl~ygmon~anometer underestimates blood pres- 
sure for two  reasons. Firstly, the device is not 
calibrated for tlie lag  i n  tl ie rise o f  mercury i n  the 
glass co lu~ i i r i  which results f rom a fall i n  the 
nicrcury level o f  tile reservoir when pressure is 
al)l>lied. tlowever, t l ie L S H  sphygniomanonieter 
unrlercstiniates blood pressure b y  more tl ian 
woultl be predicted f rom a calibration error alone. 
This can bc explained by  tl ie observer selecting a 
rlilTcrcn1 ctitl-point for the L S l l  t l lnn for otlier 
spl~jlgrno~nanometers, i n c l u d i ~ ~ g  tl ie Remler 
M2000. The mercury colurnns o f  the L S H  
s p l ~ ~ l g ~ n o ~ n a n o ~ n e t e r  are hidden f rom view and at 
least t w o  so i~nds must be heard before tl ie 
observer can indicate tl ie systolic point with 
confitfence. Sinlilarly with tl ie diastolic end-point, 
the observer has to  delay i~ id icat ing the pressure 
unt i l  sonle point after the last sound has been 
licard. i.e. t l iat point where a sound is expccted 
but fails l o  occur. This is confirmed b y  tile erect  
o f  heart rate o n  the differences betweell tile L S H  
and Re~nler  systolic and diastolic recordings and 
betwccn tlie LSt1  and tlawkesley diastolic rccord- 
ings. A t  higher heart rates the error is less, but at 
lower Iieart rates it increases to  a degree 
depending o n  the rate o f  cuTFdellalion. 



/1 c.crrr.nc:~~ o/LSII n i r d  R e r i f l e r .  s/~l~j~~rroirrnrroirre~er.s 401s 

111 c o n c l u s i o l i .  tlic I < e l i i l e r  M2000 se11li: lulo- 

n l a t i c  blootl pressure recorder was foulid to be 
; ~ c c r l r a t c  ill colliparisoli w i t h  t l ie l lawkcsley 
r a l l d o l n - z e r o  sl>Iiyg~~lot~i:~~iotl icter.  I ' l i e  LSIi 
s p l i y g t n o ~ l l n t ~ o r ~ l f l e r  r~riderestilnates blood p r e s -  

sure and should not be used as a rcfcrellce 
s t a r i d a r c l .  
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