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Effect of Sphygmomanometer Cuff Size on Blood Pressure
Measurement*

by M. J. KARVONEN, M.D., Ph.D., Director of the Physiological Department,
Institute of Occupational Health, Helsinki, Finland

The auscultatory method of indirect blood-pres-
sure measurement a is meant to record the cuff pres-
sures at which (a) the artery just opens at the height
of the pulse wave, and (b) the artery just closes at the
lowest point of the pulse wave. All over the pressure
range from (a) to (b) the flow in the artery peripheral
to the cuff is intermittent and turbulent, and hence
gives rise to a sound.

In order to achieve identical results with the direct
and indirect methods, it appears essential that the
cuff pressures act upon the artery without any
interference by the interlying tissues. To what
extent this condition is fulfilled has been the subject
of a number of studies.

Cuff width
When Riva-Rocci b in 1896 introduced the cuff

method of blood-pressure measurement, he used a
cuff 5 cm wide. Von Recklinghausen c in 1901
showed that in dogs the systolic pressures obtained
with Riva-Rocci's method were approximately 10%
higher than when the intra-arterial pressure was
determined directly. He also showed that in man,
when the width of the cuffwas increased to 12-14 cm,
the pressure readings were unaffected by cuff size;
narrower cuffs gave higher readings.

Further studies have extended the conclusions of
von Recklinghausen to apply to Korotkoff's aus-
cultatory method: increasing the cuff width beyond
12 cm or 13 cm has practically no influence on either

* Note submitted to the WHO Scientific Group on
Comparable Methodology for the Epidemiological Study
of Hypertension and Ischaemic Heart Disease, December
1961.

a Korotkoff, N. S. (1905) Izv. Voennomed. Akad., 11,
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the systolic or diastolic pressure reading in adults. d-h
Also, direct intra-arterial pressure measurements in
man have been compared with the indirect method.d i
Although occasionally marked differences may
occur, readings obtained with the aid of the wide
cuffs correspond most closely to the intra-arterial
measurements.
The conclusion may be drawn that too narrow

cuffs give too high systolic and diastolic readings,
whereas an increase in cuff width does not generally
lead to too low readings in adults. Results obtained-
with cuffs varying in width from 12 cm to 14 cm may
be considered comparable.
The Council for High Blood Pressure Research of

the Scientific Council of the American Heart As-
sociation J took the view that the cuff width should
exceed the diameter of the arm (or leg) where the
cuff is applied; a cuff 12 cm wide was recommended
for use for adult upper arm measurements. The
WHO Expert Committee on Cardiovascular Diseases
and Hypertension k recommended a cuff 14 cm wide.
This recommendation has not, however, found
general acceptance among the manufacturers.
However, in infants and children, there may be no

plateau with increasing cuff width, and the indirect

d Muller, 0. & Blauel, K. (1907) Dtsch. Arch. klin. Med.,
91, 517.

6 Erlanger, J. (1904) Johns Hopk. Hosp. Rep., 12, 53.
f Day, R. (1939) J. Pediat., 14, 148.
g Nukada, A., Ngata, H., Kadowaki, I., Ishizaki, T.

& Ishibashi, M. (1961) Nishin Igaku, 48, 186.
h Orma, E. & Karvonen, M. J. (1961) Unpublished

results.
i Hamilton, W. F., Woodbury, R. A. & Harper, H. T., jr

(1936) J. Amer. med. Ass., 107, 853.
J Bordley, J., III, Connor, C. A. R., Hamilton, W. F.,

Kerr, W. J. & Wiggers, C. J. (1951) Circulation, 4, 503.
k World Health Organization, Expert Committee on

Cardiovascular Diseases and Hypertension (1959) Wld HUlh
Org. techn. Rep. Ser., 168.
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method may give values lower than the intra-
arterial pressure with wide cuffs. It may be necessary
to use cuffs of graded sizes, in order to obtain values
close to the " true " pressure.

Cuff length
There is general agreement that the sphygmoma-

nometer sleeve has to be long enough to encircle the
arm (or leg) which is used for blood-pressure measure-
ment. Otherwise a part of the cuff may balloon out
when it is inflated, leading to grossly erroneous
readings.

There is less agreement on the length of the rubber
bag within the sleeve. Von Recklinghausen c con-
sidered a length of 10 cm sufficient if the arm circum-
ference does not exceed 24 cm; a cuff 15 cm long
should be sufficient for most cases. The Expert
Committee of the American Heart Association re-
commended a rubber bag at least as long as half the
circumference of the upper arm i; special care was to
be taken in order to apply the bag directly upon the
artery used for pressure measurement. The more
recent recommendation of the WHO Expert Com-
mittee k is a bag long enough to encircle the arm (or
leg) where the measurement is made.
The manufacturers of sphygmomanometers have

failed to comply with the latter recommendation.
Indeed, at least some manufacturers have recently
shortened the rubber bag.
The effect of cuff length came to our attention at

the start of an epidemiological survey for which new
sphygmomanometers had been purchased.m n Ac-
cording to the results of the first two days, the
majority of 40-59-year-old men in the survey had
high blood pressures, with hardly any normal values.
However, replacement of the cuff with a bag 33.5 cm
long (instead of 23 cm long) dramatically cured the
" epidemic of hypertension" and returned most of
the values to the normal range. Fig. 1 and 2 show
the difference as related to the arm circumference.
The difference in both systolic and diastolic readings
obviously increases with a large arm. The effect is
appreciable: with an arm circumference exceeding
30 cm both systolic and diastolic pressure readings
were often 30-40 mm higher with the short bag. On
the other hand, when the longer bag was employed,
neither the systolic nor the diastolic blood pressure

t Robinow, M., Hamilton, W. F., Woodbury, R. A.
& Volpitto, P. D. (1939) Amer. J. Dis. Child., 58, 102.

m Orma, E., Karvonen, M. J. & Keys, A. (1960) Lancet,
2, 51.

n Orma, E., Punsar, S. & Karvonen, M. J. (1960) Duode-
cim (Helsinki), 76, 460.

FIG. I
DIFFERENCE a IN SYSTOLIC PRESSURE AS MEASURED

WITH CUFFS OF DIFFERENT SIZES b ON 30 MEN,
EXPRESSED AS FUNCTION OF ARM CIRCUMFERENCE
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a The linear regression equation is y = 18.0 + 2.6 (x-28.9),
where x = arm circumference in cm and y = short minus long
cuff reading in mm Hg.

b The sizes of the rubber bags were 12 cm x 23 cm and 12 cm
x 33.5 cm.
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DIFFERENCE BETWEEN INTRA-ARTERIAL AND AUSCULTATORY BLOOD PRESSURE MEASUREMENTS
IN 52 SUBJECTS, WITH CUFFS OF TWO SIZES

Diastolic
Systolic

Phase IV Phase V

Small Small Small

_ Biceps Triceps Biceps Triceps Large Biceps Triceps Large

Mean pressure difference
between cuff and intra-arterial
(mm Hg) 0.5 5.5 -3.0 17.7 16.6 12.2 7.6 4.6 1.4

Standard deviation 12.3 13.8 8.4 15.1 14.5 10.1 14.4 17.0 9.1

pa 0.01 0.001 - 0.01 0.01 - 0.01 0.001 -

a p = Probability of no difference from the variation with the large cuff.

of 96 men showed any correlation with the arm cir-
cumference. It was therefore concluded that a short
bag causes a similar error to that produced by a too
narrow cuff. The error may be eliminated by using a
bag of sufficient length.
Another recent study of cuff length has been re-

ported by Nukada et al. g When the cuff length was
increased from 18 cm to 30 cm, there was little
change in the systolic or diastolic pressure if the arm
circumference was below 30 cm. However, in sub-
jects with arms thicker than this the mean systolic
pressure was 5.3 mm Hg higher with the 18 cm cuff.
For diastolic pressure the corresponding difference
was only 2.4 mm Hg. The effect of varying the cuff
length became unimportant with cuffs longer than
26 cm.
The upper arm circumference rarely exceeds

40 cm, therefore a bag of this length was introduced.
The readings obtained when using this bag were
compared with simultaneous intra-arterial pressure
recordings.0 Similar comparisons were also made
using the commercially available standard cuff, and
applying the bag either on the biceps or on the tri-
ceps. The series comprises hospital patients; no
special effort was made to include subjects with
particularly thick arms.
The main results are shown in the accompanying

table. The mean systolic pressure comes closest to
the intra-arterial pressure when the short cuff is
applied on biceps. For the diastolic pressure the best
fit of the mean value is given by the large cuff, when
the disappearance of sound is taken as the criterion.

o Telivuo, L., Karvonen, M. J. & Jarvinen, E. (1961)
Unpublished results.

However, the " goodness " of an indirect method
is not shown by the agreement of the mean values,
but rather by the lack of random variation. The
table shows that for both systolic and diastolic pres-
sure the difference between direct and indirect
measurements shows the smallest standard devia-
tion with the large cuff. The scatter is significantly
higher with the small cuff in either position. The
large cuff is obviously superior to the small one.

Obesity and the error of the indirect method
Several authors have reported that in obese arms

the indirect method of blood pressure measurement
gives considerably higher values than direct intra-
arterial measurements.P-v On the other hand, there
are investigators who have failed to confirm such an
effect w. z or have observed it only in extreme
cases.u The pressure difference has been ascribed to
large arm circumference as such, independent of the
contribution of muscle and fat respectively to the
total arm thickness. Pickering et al.y have reviewed

P Hering, E. (1920) Dtsch. Arch. klin. Med., 133, 306.
q Ragan, C. & Bordley, J., III (1941) Johns Hopk. Hosp.

Bull., 69, 504.
r Pickering, G. W. (1955) High bloodpressure, New York,

p. 20.
8 Perera, G. A. (1956) Circulation, 13, 321.
t Trout, K. W., Bertrand, C. A. & Williams, M. H. (1956)

J. Amer. med. Ass., 162, 970.
u Smirk, F. H. (1957) High arterial blood pressure,

Springfield, III., p. 7.
v Berliner, K., Fujiy, H., Lee, D. H., Yildiz, M. & Gar-

nier, B. (1961) Amer. J. Cardiol., 8, 10.
w Janeway, T. C. (1909) Arch. intern. Med., 3, 474.
x Phipps, G. (1915) Boston med. surg. J., 173, 476.
Y Pickering, G. W., Roberts, J. A. F. & Sowry, G. S. C.

(1954) Clin. Sci., 13, 267.
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the data of Ragan & Bordley q and proposed that
from 5 to 25 mm Hg, depending on arm thickness,
should be subtracted from both systolic and diastolic
indirect pressure readings on stout arms in order to
exclude the error.
The error introduced by using too narrow a bag is

more marked the thicker the arm.c, I In some of the
above studies cuffs too short to encircle the arm have
been used; in some reports the cuff length has not
been mentioned. The use of cuffs of varying length
may, at least partly, explain the controversial ob-
servations about the effect of arm thickness on the
error of the indirect method.
A correlation between arm circumference and in-

direct blood pressure readings may depend on two
factors: (a) the frequent real occurrence of elevated
intra-arterial pressures in the obese, and (b) a tech-
nical error introduced by the cuff. Dr W. Holland z
has given the preliminary information that in a study
made in collaboration with Dr Humerfelt, the
difference in systolic pressure, as measured with the
direct and indirect methods respectively, appears to

Z Personal communication, 1961.

increase by 6 mm for every inch of arm circumference .
However, in our studies with the large cuff, there was
no correlation between the blood pressures and the
arm circumference.m, n Similarly, there was no
tendency to increasing error with thicker arms.0
However, obesity was poorly represented in both
series. Further comparisons of intra-arterial and
indirect measurements on obese subjects will be
needed in order to demonstrate whether the use of a
cuff of the recommended size will entirely exclude
systematically elevated indirect blood pressure
readings in obese subjects.

Conclusion
The tentative conclusion is that a cuff containing a

rubber bag 14 cm wide and long enough to encircle
the arm-as recommended in the report of the WHO
Expert Committee on Cardiovascular Diseases and
Hypertension k-gives a close approximation to the
intra-arterially recorded systolic and diastolic pres-
sures, without any correction for arm circumference,
at least within the range of arm sizes generally met.
Such a cuffhas proved to be better than commercially
available cuffs with smaller bags.

Cultivation of Pure Influenza Virus in Chorio-allantoic Membrane
Cultures in Vitro

by N. VEERARAGHAVAN, M.B.B.S., D.Sc., Director, Pasteur Institute of Southern India, Coonoor;
and Observer, Influenza Centre in India, Coonoor, India.

Employing the glass wool technique and the
medium V developed by the author, Veeraraghavan
et al. a described a method for the cultivation of
influenza virus in chorio-allantoic membrane (CAM)
tissue cultures in vitro. The method is found equally
satisfactory for cultures in volumes ranging from
1 ml to 350 ml and is as sensitive as the egg for the
titration of different strains of influenza virus and
their neutralizing antibodies. Relatively pure virus

a Veeraraghavan, N., Kirtikar, M. W. & Sreevalsan, J.
(1961) Bull. Wld Hlth Org., 24, 711.

for vaccine production and complement-fixing
antigen for diagnostic purposes can be produced in
large volumes with ease and economy.

Studies on the purity of the culture virus showed
that its nitrogen content varied from 0.1832 to
0.2832 mg per ml while that of infected allantoic
fluid ranged between 0.6561 and 0.7131 mg per ml.
The nitrogen content of the virus purified by ultra-
centrifugation and made up to the original volume
of the allantoic fluid with medium V varied from
0.1196 to 0.1416 mg per ml, the nitrogen content of
the medium being 0.04 mg per ml. Since the nitro-
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