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Abstract 

The accuracy and working condition of 210 sphygmom- 
anometers were tested: 100 (50 mercury and 50 anerold) 
models were used in famiiy practices and 110 mercury 
models In hospltals. Faults in the inflation-deflation 
system were common and caused malnly by dirt or wear 
in the control valves. Leakage occurred in 40% of the 
hospital and 33% of the family practice sphygmomano- 
meters. In the mercury models the mercury or air vente 
were often in an unsatisfactory condition or the calibrated 
glass tube dirty. The accuracy of the gauges wae examined 
at 90 and 150 mm Hg: fewer than 2% of the mercury 
sphyglnomanometers but 30% of the aneroid models had 
errors greater than *4  m m  Hg at either pressure. Over 
half of the cuffs examined had bladder widths less than 
the recommended size, and 94% had bladders shorter 
than the length recommended for use on normal adults. 

hlercury sphygnlomanometers should be bought in 
preference to aneroid models as they are more accurate, 
less expensive in the long term, and can be maintained by 
the owner; they should be checked every six to 12 months 
depending on usage. Replacement parts should be kept 
readily available. 
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I n t r o d u c t i o n  

Previous reports on the condition of sphygmo~nanometers in  
general hospitals have shown that as many as half may be defec- 
tive.'-= Equivalent surveys of sphygmonlanometers in family 
practice have not been done. Aneroid sphygmomanometers are 
less accurate than mercury models,' ' yet as many as one-third 
of family practitioners use only aneroid sphygmomanometers.' 
l ' h e  need for regular maintenance has been emphasised, but  
many family practitioners admit to  never having their sphygmo- 
manometers serviced,' and many hospitals d o  not have a policy 
of regular maintenance of sphygmomanorneters. I n  the present 
survey we examined the condition and accuracy of sphygmo- 
manometers in hospital and family practice. 

M e t h o d s  

We tested the accuracy and working condition of 210 sphygmo- 
manometers: l00 (50 mercury and 50 aneroid models) were collected 
from 88 family practices, and 110 mercury models were tested from 
two hospitals, St Laurence's Hospital (general) and the Rotunda 
Hospital (maternity). Aneroid sphygmomanometers were not used in 
these hospitals. 

The operation of each sphygmomanometer was tested according to 
the scl~eme in table I. The condition of each component of the sphyg- 
momanometer was examined according to the scheme in table 11. A 
component was classified as satisfactory when it was in perfect work- 
ing order and as unsatisfactory when there was excess dirt, undue wear, 
or damage that prevented correct operation of the sphygmomanometer. 
The dimensions of the bladder in each cuff were also measured. 

Resu l t s  

The tables summarise the results. As there was no significant dif- 
ference between the mercury sphygrnomanometers in the two 
hospitals the results for these were combined. 

Faults in the inflation-deflation system were common. Inflation was 
unsatisfactory in 10 of the hospital sphygmomanometers and 41 of 
the family practice sphygrnomanometers, and deflation was un- 
satisfactory in one-third of both hospital and family practice sphygmo- 
manometers. These defects were caused mainly by dirt or wear in the 
control valves. The control valves were defective in 65 of the hospital 
and 76 of the farnily practice sphygmomanometers. Leakage was 
above the recommended limit of 10 mm Hg in 10 seconds' in 53 of the 
hospital sphygmomanonieters and in 33 of the family practice sphyg- 
mornanorneters. 

The mercury was in an unsatisfactory condition in 96 (87%) of the 



hospital sphygmomanometers and 31 (62O/,) of the mercury sphygmo- 
nlanometers in family practices. T h e  calibrated glass tube was dirty in 
95 (86O/,) of tlie hospital and 40 (80Ob) of the family practice mercury 
sphygmomanometers. T h e  air vents were in unsatisfactory condition in 
9R (R9%) of the hospital and 40 (80':b) of the family practice mercury 
sphygmomanometers (table 11). 

T h e  accuracy of the gauge of the spl~ygrnornanon~eters was exanlined 
at two pressures comr~~only  selected to differentiate normotension from 
Iiyperter~sion (90 mm Hg and 150 nlrn f-lg). Fewer than 2% of all 
mercury spliygnlornarlorneters tested had gauge errors greater than 

t 4 ~ n m  I lg  at eitl~er of tl~ese pressures, conlpared with 15 (30%) 
a~lcroid spllygmo~~lar~o~neters. Table 111 shows the distribution of 
gauge errors in both mercury and aneroid spl~ygnlomanometers at a 
pressure of 90 mnl Hg. A X' test of the distribution of the error showed 
that there was a significantly greater range of errors in aneroid than in 
~ ~ ~ e r c u r y  gauges ( p  < 0 001). 

All of the cuffs exanlined were of adult size and contained bladders of 
widtlis ranging from l l to 13.5 cm and lengths ranging from 22 to 
28.5 cnl. Smaller cuff sizes were available in both hospitals for use on 
cl~ildren. Tlie dirnensions of the bladders in all of the cuffs examined 
met the present recomrnendations of tlie Anlerican Heart Association 
for small-adult-sized cuffs. However, 66 (60%) hospital cuffs and 85 
falllily practice cuffs had bladder widths less than the 13 cm recom- 
rnerlded for use on normal adults. In addition, 94% of both hospital 
and fanlily practice cuffs had bladder lengths less than the 24 cm 
reconlmended for use 011 nor~lial adults.' 

Discussion 

O u r  most important finding was the  inaccuracy of the  gauges 
in  aneroid sphygmomanometers.  T h i s  is d u e  to  mechanical 
Paults caused by lulocks a ~ l d  jolts during use as well as to aging 
of  the  manometer. T h e  pointers and  gearing mechanisms in the  
aneroid machines tested were in good working order. This ,  to- 
gether with the  common use  of s top pins, which prevent tlie 
pointer f rom falling below zero o n  the  scale when pressure is 
released, gives t h e  operator mistaken confidence i n  the  equip- 
ment's accuracy. Inaccuracy can be  detected only by checking 
the aneroid manonleter against a n  accurate mercury manometer 
over the entire pressure range. Faults i n  aneroid manometers 
have t o  be  corrected by the  manul-acturer or  a servicing agent, 
a n d  the  dilference in cost between l~avirig this done  a n d  pur- 
c l~as ing a r ep lacen~er~ t  sphygr~iornanometer is often s o  small  that 
the  latter option lnay be  preferable. 

'I'he nlercury spl~ygmomanometer  is basically a n  accurate 
piece of equipment that can he serviced and  maintained by the  
owner.  T h e r e  are three potential sources of error in the  pressure 
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TABLE 11--Condition of components (fgurer a r e  numbers (O,,)) 

Results 

Hospitals Family practice 
Component Test Fauh Remedy 

Mercury (n = 110) Mercury (n = 50) Aneroid (n = 50) 

Satisfactory Unsatisfactory Satisfactory Unsatisfactory Satisfactory Unsatisfactory 

Pump bulb Examine rubber. Check 108 (98) 2 (2) 45 (90) 5 (10) 42 (84) 8 (16) Wear. D i n  in inlet Replace 
operation of inlet valve valve 

Control Examine filter for dirt 45 (41) 65 (59) 11 (22) 39 (78) 13 (26) 37 (74) Dirt in filter or Clean or replace 
valve (see also leakage, wear in valve 

inflation, and deflation 
rests (table 1)) 

Cuff and Examine general 101 (92) 9 (8) 47 (94) 3 (6) 47 (94) 3 (6) Wear. Incorrect Replace 
bladder condition of cuff. Check bladder dimensions 

Velcro surfaces for wcar 
and dimensions of bladder 

Rubber Examine condition. 95 (86) 15 (14) 37 (74) 13 (26) 48 (96) 2 (4) Worn or perished Replace 
tubing Check 1engT.h of tubes rubber. Lengths 

and state of connccnons too shon 
Legibility of Check Iegi@lity of 45 (41) 65 (59) 29 (58) 21 (42) 43 (86) 7 (14) Dirt on inside of Clean or replace 
gauge pressure w ~ t h  falling glass tube. mercury and clean 

mercury column or Oxidisation of glass tube 
pointer mercury 

Mercury Check level of .mercury 14 (13) 
and general condition 

Glass tubc Examine inside of tube 15 (14) 
for dirt 

Air vent Examine chamois leather 12 (1 1) 
for clogg~ng with dirt or 
mercury 

Pointer and Examine mechanism for 
gearlng smooth operauon 
mechanism 

96 (87) 19 (38) 31 (62) Loss or oxidisation T o p  up  mercury in 
of mercury reservoir. Clean 

mercury by filtering 
95 (86) l 0  (20) 40 (80) Dirt in tube due Clean tubc with 

to oxidisation of pipe cleaner and 
mercury s p ~ r i t  

98 (89) l 0  (20) 40 (80) Clogging of Clean or replace 
chamois leathcr chamois leather 
with mercury 

47 (94) 3 (6) Mechanical Return to 
slugg~shness due to manufacrurcr for 
rougn handling servlce 

- P 

TABLE ~~~-l'ercentage disrribution of gauge errors a t  90 mm H g  in mercury a n d  aneroid sphygmomanometers 



g;~ugc-r~anlcly, the Iilercury, the glass tube, and the air vent. 
hlcrcury Inay leak from t l ~ e  gauge, causing underestimation of 
prcssure, and this fault may be corrected by topping up the 

- -  - - 

nlcrcury in the reservoir. T h e  interior of the glass tube may 
h c c o ~ ~ ~ c  dirty due to oxidisation of the mercury, giving poor 
legibility of the gauge and causing the mercury to adhere to the 
tube w,hen the pressure is released, resulting in overestimation of 
blood pressure. Poor legibility of the gauge also makes it difficult 
to l ~ s c  the spl~yglnon~anon~eter ,  which can add further error. 
Oxidi.;cd lllercury lnay be cleaned by filtering or be replaced, and 
the glass tube may be cleaned easily using a pipe cleaner and 
spirit. 13lockage of the air vent, due to clogging of the chamois 
le ;~t l~cr  with mercury, inhibits entry of air into the glass tube 
 lien the pressure is released. This  causes an upward drag on the 
lllcrcury during dellation and leads to overestimation of blood 
pressure. A severely blocked air vent also makes inflation difficult 
n ~ ~ d  beco~nes evident when the mercury is slow to respond to an 
increase or decrease in pressure. T h e  vent niay be cleaned easily 
in rnost ~ilodels or the chamois leather replaced. 

'I'lie unsatisfactory condition of the mercury, glass tubes, and 
air vents in must mercury spl~sgmornanometers is due principally 
to the lack of rriaintena~lce of these components, though some 
farnily practice sphygniomanometers had been recently serviced. 
Altliougl~ the condition of the components of mercury sphygtno- 
nianorllcters was unsatisfactory in a high proportion of cases, 
this did not affect their performance as assessed in table I. 
'I'lic unsatisfactory state of these cotilponents, however, makes 
blood-pressure nieasurelnent niore dilficult, with a greater 
likelihood of error. 

Other faults detectet1 were in the inflation-deflation system and 
were colllnlon to both nlercury and aneroid sphyg~nomano- 
Iiieters. 'l'he r~lost common source of error was the control 
\valve, which when defective Inay causc leakage, making it 
diflicult to control tlle release of pressure, which thus leads 
to ~~ndercst imation of systolic and overestimation of diastolic 
blood pressures. 'Tllis fault Inay be corrected easily and cheaply, 
s o ~ ~ l e t i ~ l l e s  by si~llply clcaning the lilter or altcrnativcly by re- 
placing the control valve at  the cost of only a few pounds. Leak- 
age may also be caused by perished or punctured rubber tubing, 
which nlust be replaced. 

'I'he better condition, in general, of the inflation-deflation 
systeni in hospital sphyg~nornanonleters is probably due to more 
frequent, though irregular maintenance. 

'I'his study found that the dimensions of most of the bladders 
~ ~ s e d  in adult-sized cuffs in both hospital and family practice d o  
not meet the present recom~nendations of the American Heart 
Association.' T h e  rccolnmended bladder dimensions of 13 X 24 



cln were chose11 to give a bladder width that is greater than 40°:, 
of the circumference and a bladder length that is greater than 
807; of the circumference of most adult arms. Some investi- 
gators' -ln have favoured longer bladders of 35-40 cm. Bladders 
of this length would fully encircle the arnl of 99"d of adults and 
reduce errors in blood-pressure nleasurement." Use of bladders 
of inadequate dimensions, as in most of the cuffs exanlined here, 
leads to  overestimation of blood pressure with the possibility 
of n~isdiagnosing nor~notensive patients as hypertensive. 

O n  the basis of these findings we make the following recorn- 
mendations. 

To the purchaser-Mercury sphygnlomanometers are recom- 
mended in preference to aneroid models because they are more 
accurate, less expensive in the long term, and can be maintained 
by the owner. 'They should be checked for faults every six to 12 
months depending on  usage. If aneroid sphygmomanometers are 
used they must be checked over the entire pressure range against 
a n  accurate mercury manometer every three to six months 
depending on use. T h e  purchaser is advised to check bladder 
length, which must be at least 24 cm; for obese patients larger 
bladders are needed. I t  is also advisable to  purchase a n  additional 
control valve and to ensure that there is a pipe cleaner with 
~llercury sphyg~no~nanometers. 

To the v~a~rtcjactrrrer-Manufacturers, anxious to  reduce costs, 
should avoid introducing components of inferior quality such as 
plastic control valves, thin rubber in the bladder, plastic rather 
than glass calibrated tubes, and shortened rubber tubing. An 
instruction booklet for maintenance should be included with all 
lnercury spl~ygmomanometers, and a replacen~ent control valve, 
chamois leather filters, and a pipe cleaner s l~ould be supplied. 
Bladder dimensions should be revised occasionally to meet 
current recommendations. 

To hospitds-Many hospitals d o  not have a policy for regular 
maintenance of sphygmomanometers. All sphygmomanometers 
in use in hospitals should be mercury models and should be 
serviced every six months. T o  minimise darnage and facilitate 
accurate measurement mercury manometers on wheel stands are 
recommended for use on the wards. Replacement pump bulbs, 
control valves, chamois leathers, and rubber tubing should be 
kept readily available. 

We acknowledge the support and assistance of Ciba Laboratories 
and in particular their representative Kevin Kelly; Surgical Distribu- 
tors Ltd; and the Royal College of Surgeons in Ireland. We also thank 
all hospital staff and ra~nily practitioners who kindly co-operated in the 
study. 
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