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in general practice, accounting for 8.6% of encounters 
and 7.9% of prescriptions.1 However, just under half the 
cases in Australia are untreated.1 Frequent consequences 
of hypertension are stroke and cardiovascular disease, 
which caused 38% of all deaths in Australia in 2002.2 
Hypertension in its early stages can be diagnosed only 
by measurement of blood pressure (BP).
	
All measurements are contaminated by errors that may be 
divided into two types:
•	 random errors are different on every occasion and can 

be reduced by averaging a number of measurements 
(random variation caused by biological variability is 
usually indistinguishable from random measurement 
error and is also reduced by averaging), and

•	systematic errors, which have approximately the 
same value on every occasion and are not reduced 	
by averaging. 

Inadequate sphygmomanometer maintenance and 
calibration is a common cause of systematic error 	
in BP measurements. Systematic errors are difficult to 
detect and correct. The only way to reduce systematic 

errors is to use the correct measurement technique and 
well maintained and calibrated instruments.

Hypertension detection and systematic errors
The detection of hypertension is extremely sensitive to 
systematic errors in BP measurements. Figure 1 shows 
that a consistent 5 mmHg error can more than double 
or halve the number of patients diagnosed with diastolic 
hypertension. Further analysis of data from the same survey3 
allows the effects of any systematic error on the detection 
of diastolic and systolic hypertension to be estimated.4 
A consistent 5 mmHg error in systolic pressure can 
result in systolic hypertension being underdiagnosed by 
30% or overdiagnosed by 43%.4 The current Australian 
Sphygmomanometer Standard allows systematic errors up 
to approximately ±4 mmHg in new sphygmomanometers.5 

Sphygmomanometers

Mercury and aneroid sphygmomanometers 
Studies of calibration errors of mercury and aneroid 
sphygmomanometers in Australia6–8 have been limited 
and lacking in quality, but do suggest that all is not well. 
Several studies indicate that substantial proportions of 
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sphygmomanometers in general practices 
and hospitals exhibit clinically significant 
(>3 mmHg) systematic pressure errors and 
other faults.9–12 Some guidelines implicitly 
assume that mercury sphygmomanometers 
never require calibration.13 While aneroid 
sphygmomanometers fare worse than mercury 
instruments, many studies have found significant 
errors in mercury sphygmomanometers.9,10,12 
Rouse and Marshall14 found that nearly 100 
of 1462 sphygmomanometers were in such 
poor condition that their tester suggested 
they be withdrawn from ser vice,  and 
Knight et al10 found that none of the 472 
sphygmomanometers they tested complied 
fully with the British Sphygmomanometer 
S t anda rd  cu r ren t    i n  20 01.  Anero id 
sphygmomanometers provided as promotional 
gifts by pharmaceutical companies have been 	
shown to be less accurate than others12 and 
should be avoided.

Automatic oscillometric sphygmomanometers

M o s t  a u t o m a t i c  o s c i l l o m e t r i c 
sphygmomanometers measure cuff pressure 
electronically and use proprietary algorithms 
to estimate systolic and diastolic pressures 
by analysing the pulsations in cuff pressure as 
the cuff deflates or inflates. Systematic errors 
can be caused by both lack of calibration of 
the electronic pressure sensing system and 
by the algorithm that estimates diastolic and 
systolic pressures. Because the algorithms are 
confidential and differ between instruments, 
protocols have been developed to validate 
oscillometric sphygmomanometers against 
manual auscultatory measurements.15,16 The 
dabl Educational Trust (www.dableducational.
com) assesses each validation report and makes 
recommendations according to the results and 
quality of the validations.16 Sphygmomanometers 
can pass validation tests despite producing 
cl inical ly signif icant errors that can be 
greater than 15 mmHg in some individuals.17 
Oscillometric sphygmomanometers perform 
poorly in pregnant women,18 diabetics19 and 
in patients with stiff arteries,20 but the causes 
of systematic errors are not well understood. 
For these reasons the American Heart 
Association recommends that each oscillometric 
sphygmomanometer should be validated for use 

with every patient before readings are used to 
diagnose or manage hypertension.21 

Nonautomatic electronic sphygmomanometers

The anticipated demise of the mercury 
sphygmomanometer has prompted the 
development of electronic pressure indicators 
that can be used with manual auscultation 
of the Korotkov sounds. These ‘hybrid’ 
sphygmomanometers are available with 
segmented displays that mimic the linear 
and circular scales of mercury and aneroid 
manometers. Some versions, which have buttons 
that the operator presses at the systolic and 
diastolic pressure points, should reduce some 
operator dependent errors such as terminal digit 
preference.21

Maintenance and calibration of 
sphygmomanometers 

All sphygmomanometers sold in Australia 
are required to comply with the Australian 
Standard AS EN 1060 2002 Noninvasive 
Sphygmomanometers Parts 1, 2 and 35 at the 
time of sale. Although these standards are 
primarily intended for assessing and licensing 
new instruments, they do contain limited 
performance and quality clauses against 
which sphygmomanometers in service can be 
assessed and calibrated. 

How often should sphygmomanometers be 
checked and calibrated? 

There are three criteria to consider when selecting 
a calibration interval:
•	 the probability that the sphygmomanometer 

will go out of calibration to a clinically 
significant extent between calibrations 

•	 the consequences of discovering that 
a sphygmomanometer has a clinically 
significant calibration error 

•	 the cost of calibration. 
If a clinician is notified by a medical testing 
laboratory of systematic errors in cholesterol test 
results, he/she would advise patients to have the 
measurement repeated. Similarly, if a clinically 
significant BP error is discovered, the clinician 
is ethically bound to recall all patients whose 
BP was measured since the previous calibration 
when the sphygmomanometer was known 
to be accurate. A BP determination involves 

several consultations and the potential costs of 
the additional visits and the adverse effects of 
incorrect treatment of a number of patients have 
to be weighed up against the cost of calibration. 
There may also be medicolegal consequences 
of not calibrating sphygmomanometers at 
appropriate intervals.22 The calibration interval 
also depends on the robustness of the 
instrument and the conditions under which it 
is used. If an instrument proves to be stable 
after several calibration cycles it is possible to 
increase the calibration interval with caution 
and due consideration of the risks of erroneous 
measurements. Conversely, if large calibration 
errors are found, the interval should be reduced 
or the instrument replaced.

Recommended test and calibration 
methods

Formal calibration of the pressure indicator
•	Th e  p r e s s u r e  i n d i c a t o r s  o f  a l l 

sphygmomanometers should be calibrated 
by a laboratory accredited by the National 
Association of Testing Authorities (NATA) to 
calibrate pressure gauges or transducers 
over the range 0–40 kPa (0–300 mmHg). 
NATA publishes searchable lists of calibration 
laboratories on its website (www.nata.com.
au). Use the keyword 'pressure' to search 
the measurement science and technology 
field of testing for a laboratory. The least 
uncertainty of measurement included in the 
scope of each laboratory is the best accuracy 
that laboratory can offer. Look for a least 
uncertainty of measurement of 0.05 kPa 	
(0.4 mmHg) or less. 

•	The laboratory should be requested 
to calibrate the indicator from zero 
to the maximum pressure on the 
sphygmomanometer scale at pressure 
increments not greater than 6 kPa 	
(50 mmHg). 

•	Calibration intervals should not be greater 
than those indicated in Table 1.

Performance and condition

The general condition of sphygmomanometers 
and compliance with the other in service 
clauses of the current sphygmomanometer 
standard should be checked annually by an 
experienced technician. Formal records of the 
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outcomes of these assessments should be 
kept. At the time of writing we are not aware of 
any facilities that offer these tests commercially 
in Australia, but they should become more 
readily available as demand increases. Aspects 
that should be tested include:
•	air leakage
•	 rapid exhaust time
•	 the condition of cuff, tubes, bulb and fittings
•	scale visibility
•	contamination of the glass tube or mercury
•	cuff inflation and deflation control
•	security of mercury containment. 

In house checks of the pressure indicator

To detect clinically significant calibration errors 
between formal calibrations and minimise the 
consequences of erroneous measurements, it 
is useful to carry out regular in house checks of 
the pressure indicator. 
	 Practices should maintain a reference 
manometer (preferably a good qual i ty 
electronic instrument) that is not used for daily 
measurements but against which all in service 
sphygmomanometers are checked at two 
pressures (eg. 0 and 100 mmHg) regularly in 	
the practice: 
•	 if the sphygmomanometer is electronic set it 

to a mode in which pressure is continuously 
displayed

•	using Y-connectors and leak free tubing 
connect the reference manometer to the 
sphygmomanometer pressure inlet and a 

sphygmomanometer bulb
•	with the valve open check that the reference 

manometer displays zero and record the 
pressure indicated by the sphygmomanometer

•	 increase the pressure to approximately 
200 mmHg and deflate slowly, stopping 
when the reference manometer indicates 
approximately 100 mmHg

•	record and compare the pressures indicated 
on the reference manometer and on the 
sphygmomanometer

•	open the valve so the pressure decreases 
to zero over 2–3 seconds and check that the 
reference manometer displays zero pressure

•	 record the pressure indicated by the 
sphygmomanometer

Formal records should be kept of these checks 
(eg. in a notebook). The reference manometer 
should be locked away when not used for internal 

comparisons and formally calibrated by a NATA 
accredited laboratory annually.

Results of a pressure indicator calibration

A calibration certificate endorsed with the NATA 
logo should be obtained from the calibration 
laboratory. If the pressure indicator of the 
sphygmomanometer is not adjustable (eg. most 
mercury and aneroid sphygmomanometers) 
then the calibration certificate should include 
a table containing corrections that should be 
added to indicated values to obtain the correct 
measurement, for both rising and falling pressures. 
In a busy practice where it may not be practicable 
to add corrections to every BP measurement, 
nonadjustable sphygmomanometers that have 
corrections larger than 3 mmHg should be repaired 	
or replaced. 
	 If the instrument is adjustable (eg. some 
electronic sphygmomanometers) then the 
laboratory can be requested to adjust the 
instrument to minimise the errors over 
a particular pressure range. In this case it is 
common to request both before and after 
calibration correction tables. 
	 Recent evidence suggests that systematic 
errors of 3 mmHg probably result in clinically 
significant over- and under-detection of 
hypertension.4 Therefore, we recommend that 
where possible the error of the pressure indicator 
should be 1 mmHg or less. Good quality mercury 
and electronic pressure indicators should be 
capable of achieving this performance.

Oscillometric sphygmomanometers 

S o m e  v a l i d a t i o n s  o f  o s c i l l o m e t r i c 
sphygmomanometers are poorly performed 
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Figure 1. The distribution of diastolic BP in the Canadian population in 1986–19903 demonstrates how 
systematic errors can affect the detection of hypertension. A clinician whose sphygmomanometer is accurate 
would find that 8% of the population has DBP >90 mmHg. If the sphygmomanometer consistently over-reads 
by 5 mmHg then patients whose DBP is 85 mmHg would appear to have a DBP of 90 mmHg, so the clinician 
would find that 18% of the population has DBP >90 mmHg. If the sphygmomanometer under-reads by 5 
mmHg then patients whose DBP is 95 mmHg would appear to have a DBP of 90 mmHg, so the clinician would 
find that only 3% of the population has DBP >90 mmHg

Table 1. Recommended calibration and check intervals for mercury, aneroid and 
electronic sphygmomanometers 

Type of instrument	 Calibration	 Check 
	 interval	 interval 		
	 (months) 	 (months)

Mercury sphygmomanometers that are permanently fixed 	 36	 6 
to an immovable object
Portable mercury sphygmomanometers 	 12	 6
Aneroid sphygmomanometers used in a consulting room	 6	 1
Aneroid sphygmomanometers carried around daily	 6	 0.5
Electronic oscillometric sphygmomanometers 	 12	 6
Electronic manual sphygmomanometers 	 12	 6
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and systematic errors of osci l lometr ic 
sphygmomanometers are poorly understood 
and can be clinically significant in some 
peop le .  Therefore ,  on ly  osc i l lometr ic 
sphygmomanometers recommended by 
the dabl Educational Trust should be used. If 
possible, it is desirable that instruments are 
rated A/A according to the British Hypertension 
Society (BHS) protocol.23

	 Following American Heart Association 
r e c o m m e n d a t i o n s ,  o s c i l l o m e t r i c 
sphygmomanometers should be validated once 
in each patient to exclude the possibility of 
clinically significant systematic measurement 
error before being used to detect or manage 
hypertension in that patient. To exclude 
systematic error, compare several interspersed 
oscillometric and manual measurements made 
not less than 1 minute apart on the same arm 
of the patient, preferably over more than one 
visit.

Discussion
Stroke and cardiovascular disease are 
devastating for the patient and contribute 
substantially to the burden of disease in 
Australia.2 Inappropriate antihypertensive 
treatment increases the cost of health care, 
decreases the quality of life of patients, and 
exposes patients to potential adverse effects 
of treatment. Inadequate sphygmomanometer 
calibration results in untreated hypertension 
in some patients, and in some patients, 
receiving antihypertensive treatment they would 
not otherwise receive. Traceable calibration 
of sphygmomanometers will increase the 
direct costs of running a clinical practice but 
the resulting reduction in over- and under-
detection of hypertension has been shown to 
be equivalent to the reduction that would be 
obtained from two additional visits of every 
patient to their clinician.24 

Conflict of interest: MJT and NB are members 
of Metrology Society of Australia and technical 
assessors for the National Association of 
Testing Authorities of Australia. MJT is a 
consultant in industrial metrology. Financial 
support: The Douglas Joseph Fellowship, The 
University of Sydney, The Jobson Foundation, 
NHMRC grant 402764.

Acknowledgment
Thanks to Dr Julie Wang and Dr Tim McCulloch for their 
comments on the manuscript.

References
1.	 National Heart Foundation of Australia. Blood pressure facts. 

Melbourne: NHF, 2003.
2.	 Australian Institute of Health and Welfare (AIHW). Heart, 

stroke and vascular diseases Australian facts 2004. AIHW 
Cat. No. CVD 27. Canberra: AIHW and National Heart 
Foundation of Australia (Cardiovascular Disease Series No. 
22) 2004.

3.	 Joffres MR, Hamet P, Rabkin SW, et al. Prevalence, control 
and awareness of high blood pressure among Canadian 
adults. Canadian Heart Health Surveys Research Group. 
CMAJ 1992;146:1997–2005.

4.	 Turner MJ, Baker AB, Kam PC. Effects of systematic errors in 
blood pressure measurements on the diagnosis of hyperten-
sion. Blood Press Monit 2004;9:249–53.

5.	 AS EN 1060 2002 Noninvasive sphygmomanometers. Parts 
1, 2 and 3. Sydney: Standards Australia, 2002–4.

6.	 Carney SL, Gillies AH, Green SL, et al. Hospital blood pres-
sure measurement: staff and device assessment. J Qual Clin 
Pract 1999;19:95–8.

7.	 Carney SL, Gillies AH, Smith AJ, et al. Hospital sphygmoma-
nometer use: an audit. J Qual Clin Pract 1995;15:17–22.

8.	 Shah NC, Sibbritt DW, Heaney S, et al. Sphygmomanometers: 
an audit in general practice. Aust Fam Physician 
2004;33:952–4.

9.	 Ali S, Rouse A. Practice audits: reliability of sphygmomanom-
eters and blood pressure recording bias. J Hum Hypertens 
2002;16:359–61.

10.	 Knight T, Leech F, Jones A, et al. Sphygmomanometers in use 
in general practice: an overlooked aspect of quality in patient 
care. J Hum Hypertens 2001;15:681–4.

11.	 McCartney P, Crawford D. Inaccurate, leaky sphygmomanom-
eters are still common. Br J Gen Pract 2003;53:61–2.

12.	 Coleman AJ, Steel SD, Ashworth M, et al. Accuracy of the 
pressure scale of sphygmomanometers in clinical use within 
primary care. Blood Press Monit 2005;10:181–8.

13.	 National Heart Foundation of Australia. Hypertension man-
agement guide for doctors. Melbourne: NHF, 2004.

14.	 Rouse A, Marshall T. The extent and implications of sphyg-
momanometer calibration error in primary care. J Hum 
Hypertens 2001;15:587–91.

15.	 O’Brien E, Pickering T, Asmar R, et al. Working Group on 
Blood Pressure Monitoring of the European Society of 
Hypertension International Protocol for validation of blood 
pressure measuring devices in adults. Blood Press Monit 
2002;7:3–17.

16.	 O’Brien E. A website for blood pressure measuring devices: 
dableducational.com. Blood Press Monit 2003;8:177–80.

17.	 Coleman A, Freeman P, Steel S, et al. Validation of the 
Omron 705IT (HEM-759-E) oscillometric blood pressure 
monitoring device according to the British Hypertension 
Society protocol. Blood Press Monit 2006;11:27–32.

18.	 Gupta M, Shennan AH, Halligan A, et al. Accuracy of 
oscillometric blood pressure monitoring in pregnancy and 
pre-eclampsia. Br J Obstet Gynaecol 1997;104:350–5.

19.	 van Ittersum FJ, Wijering RM, Lambert J, et al. Determinants 
of the limits of agreement between the sphygmomanom-
eter and the SpaceLabs 90207 device for blood pressure 
measurement in health volunteers and insulin dependent 
diabetic patients. J Hypertens 1998;16:1125–30.

20.	 van Popele NM, Bos WJ, de Beer NA, et al. Arterial stiffness 
as underlying mechanism of disagreement between an oscil-
lometric blood pressure monitor and a sphygmomanometer. 
Hypertension 2000;36:484–8.

21.	 Pickering TG, Hall JE, Appel LJ, et al. Recommendations for 
blood pressure measurement in humans and experimental 
animals: Part 1: blood pressure measurement in humans: 
a statement for professionals from the Subcommittee of 
Professional and Public Education of the American Heart 

Association Council on High Blood Pressure Research. 
Hypertension 2005;45:142–61.

22.	 Marshall T, Rouse A. Blood pressure measurement. Doctors 
who cannot calibrate sphygmomanometers should stop 
taking blood pressures. BMJ 2001;323:806.

23.	 O’Brien E, Atkins N. A comparison of the British Hypertension 
Society and Association for the Advancement of Medical 
Instrumentation protocols for validating blood pressure 
measuring devices: can the two be reconciled? J Hypertens 
1994;12:1089–94.

24.	 Turner MJ, Irwig L, Bune AJ, et al. Lack of sphygmoma-
nometer calibration causes over- and under-detection of 
hypertension: a computer simulation study. J Hypertens 
2006;24:1931–8.

CORRESPONDENCE email: afp@racgp.org.au


