
British Heart Journal, 1974, 36, 859-866.

Value of prolonged recording of blood pressure
in assessment of hypertension

J. B. Irving,' F. Kerr, D. J. Ewing, and Brian J. Kirby2
From the Department of Medicine, University of Edinburgh, Royal Infirmary, Edinburgh, Scotland

Casual blood pressures recorded in the consulting room and clinic have been compared with the blood pressures
recorded in the ward by an automatic sphygmomanometer at 5-minute intervalsfor 24 hours.

Automatically recorded blood pressure tended to be lower, sometimes as much as 20 per cent lower, than
individual casual blood pressures. Closer correlation was achieved by taking the mean of all casual blood
pressures recorded in the clinic.
We found no difference in the magnitude of diurnal variation in normotensive and hypertensive subjects.

The greatest percentage of abnormally high readings was found in those with left ventricular hypertrophy.
Some patients classified as having hypertension on casual readings werefound to be normotensivefor much of
the time on prolonged recording.

Treatment had little effect, probably because our patients spent most of their time relatively inactive.
Casual pressures will probably remain the main measurement in the management of hypertension, but pro-

longed recording is advocated for borderline cases, particularly if there is no evidence of ventricular hyper-
trophy or hypertensive retinopathy, as some of these patients may prove to have a normal blood pressure for
most of the time when investigated in this way.

The day-to-day management of patients with hyper-
tension relies heavily on casual measurements of
blood pressure by sphygmomanometry despite its
known unreliability, caused by observer error (Rose,
Holland, and Crowley, I964), technical factors
(Geddes, 1970), and the patients' reaction to it
(Richardson et al., I964). Nevertheless, blood pres-
sure measured in this way correlates with morbidity
and mortality (Metropolitan Life Assurance Com-
pany, I96I). Prolonged recordings of blood pressure
with automatic sphygmomanometers have been used
to achieve greater precision (Shaw, Knapp, and
Davies, I973; Richardson et al., I964; Athanassiadis
et al., i969), but there has been no attempt to
correlate these readings with the casual recordings
made in consulting rooms and clinics.

Methods
Prolonged recordings of blood pressure were made with
an automatic sphygmomanometer (Godart Haemo-
Received 4 March 1974.
1 Present address: Department of Cardiology, Western
General Hospital, Edinburgh EH4 2XU.
2 Present address: Postgraduate Medical Institute, University
of Exeter, Exeter EX4 4QR.

tonograph). A double cuff is applied to the upper arm
and inflated at 5-minute intervals to a pressure approxi-
mately 30 mmHg above the systolic pressure. The cuff
then deflates through a leak at a steady rate (3 mm sec- 1)
until the cuff pressure equals the systolic pressure. The
systolic pressure is detected by a thermistorized trans-
ducer and the machine then switches to the diastolic
pressure detector. The diastolic pressure detector de-
pends on the phase lag of oscillations between the two
segments of the double cuff after the principle described
by De Dobbeleer (I965). The diastolic pressure is re-
corded where there is no phase lag between the oscilla-
tions in each cuff. Both systolic and diastolic pressures
are displayed on the machine and also recorded by a
point chart recorder (Ether Xactline 700B) at a paper
speed of 2-5 cm per hour.
The accuracy of the machine was determined in a

preliminary study in 8 subjects by simultaneous meas-
urements of the blood pressure in the other arm by
conventional sphygmomanometry taking the diastolic
pressure as the point at which the tone changed (Korot-
koff III to IV). Most readings were within io mmHg
(Fig. I) and all readings were within I5 per cent of the
line of identity. The mean difference between the two
methods was: systolic 7-2 mmHg and diastolic 4.5
mmHg. The accuracy of this equipment was comparable
to the apparatus used by others (Shaw et al., I963;
Richardson et al., I964; Gross, 1970). Further checks
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FIG. I Comparison of automatic sphygmomanometer and conventional blood pressure measure-
ment. Pressures were recorded simultaneously in each arm in 8 subjects. Broken line marks 1O
per cent deviation for the line of identity. x =systolic; 0 = diastolic pressure.

on accuracy,were&made in each patient during the period
of prolonged recording by auscultation below the cuff.

Accurate recordings could not be achieved in 6
patients with an arm circumference below 27 cm or
greater than 36 cm and these patients were excluded
from the study. Artefacts caused by arm movements
were easily recognized by either I) systolic pressure
close to the maximum cuff pressure, or 2) an abrupt and
pronounced change in pulse pressure; such artefacts
were excluded from subsequent analysis.

Casual blood pressure measurements were taken on
separate visits to the Hypertension Clinic over a period
of weeks with a conventional mercury sphygmomano-
meter with the diastolic pressure recorded at the point
of muffling (Korotkoff III to IV).

Patients
The clinical details of all patients in the study are given
in Table I. The normotensive controls comprised
patients with a wide variety of clinical conditions who
had casual blood pressure readings of less than 15o/90
mmHg. The hypertensive patients were admitted for
investigation and treatment of hypertension. All patients
consented to take part after the nature and purpose of
the investigation was explained to them. Routine investi-
gations included a full blood count, urea and electrolyte
estimations, electrocardiogram, chest radiograph, intra-
venous pyelogram, radioactive renogram, 24-hour urine
collection for creatinine clearance and vanillyl mandelic

acid estimation. The diagnosis of chronic glomerulone-
phritis in Case 9 was based on renal biopsy and the diag-
nosis of primary aldosteronism (Case I5) on renin and
aldosterone levels and adrenal venography. Those
studied without treatment had not received any drug for
at least 2 weeks. Two patients had been in cardiac failure
in the past and were continued on digoxin and diuretics.
There were no statistically significant differences in age
between the three groups. Mean age for normotensive
controlswas 47 years, foruntreated hypertensives 45 years,
and for treated hypertensives 47 years. Electrocardio-
grams were reported independently by two observers
and left ventricular hypertrophy was diagnosed when
S in V I+R in V 5 or 6 exceeded 35 mm.

Patients were monitored in the side room of a general
ward, with the patient either resting in bed or sitting in a
chair. Each patient kept a note of his activities, and the
approximate times of sleeping and waking were based on
subjective estimations by the patient corroborated by
the ward nursing staff.

Statistical methods
Means and standard deviations were calculated in the
conventional manner, using an Olivetti Programma desk-
top computer. Student's paired 't' test was used to test
statistical significance. The periods of transition from
wakefulness to sleep and vice versa were excluded from
analysis as they were periods of great variation.
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TABLE I Clinical details

Group Case Sex Age Diagnosis andlor Electrocardiogram Optic Comment
No. treatment fundi*

r I M ~45 Bronchogenic

i: Normotensive

2

3
4
5I6
7

8
9

I0
T T

2: Untreated I2
12

I3
I4
I5

i6
~I7
(18I8
I'9

3: Essential 20
hypertensive with
records before 21
and after treatment

22

(23

24
4: Essential l

hypertensive on
treatment 1 25

126

carcinoma
M 44 Deep venous

thrombosis
M 48 Psychoneurosis
M 56 Duodenal ulcer
M 47 Deep venous

thrombosis
M 43 Renal colic

(convalescent)

M 52

M 44
M 38

F 40
F 44
M 50

F 40
M 24
M 54

M 29
M 28

M 39
M 50
M 48

M 52

M 48

Essential

Essential
Chronic

glomerulonephritis

Essential
Essential
Essential

Essential
Essential
Primary

aldosteronism
'Labile'
'Labile'

Bendrofluazide (Io mg)
Bendrofluazide (io mg)
Bethanidine (30 mg)

Bethanidine (30 mg)

Bethanidine (30 mg)

M 30 Bethanidine (40 mg)
M 65 Bethanidine (40 mg)

M 52 Bethanidine (30 mg)
M 67 Methyldopa

(750 mg) digoxin
frusemide

Normal

Normal
Normal
Normal

Normal

Normal

Left ventricular
hypertrophy

Normal

Left ventricular
hypertrophy

Normal
Normal
Normal

Normal
Normal
Left ventricular

hypertrophy
Normal
Normal

Normal
Normal
Left ventricular

hypertrophy
Old myocardial

infarction
Left ventricular

hypertrophy

Normal
Left ventricular

hypertrophy

Normal
Left ventricular
hypertrophy

Normal

Normal
Normal
Normal

Normal

Normal

2
2

Normal
Normal
I

Normal
2
2

Normal
Normal

I
I

I

3

I
2

* Keith and Wagener scale.

Results
Comparison of mean pressure with casual
readings
The mean of all diastolic pressures recorded by the
automatic sphygmomanometer during daylight
waking hours was compared with individual casual
diastolic pressures made in the outpatient clinic
(Fig. 2). Clearly the majority (8o%) of casual
readings were higher than the mean of all the
daytime pressures recorded by automatic sphygmo-
manometry. Individual casual pressures recorded on

separate visits to the hypertension clinic were often
2oper cent or more higher. Approximately65 per cent
of the casual diastolic pressure recordings were
greater than one standard deviation from the mean
of the automatic pressure recordings. A closer rela-
tion between the casual and automatic readings was
attained by taking the mean of all casual readings
recorded in the clinic (Fig. 3) but still the casual
pressures were higher than those recorded auto-
matically, and in 40 per cent of patients they were
more than IO per cent higher.

Previous treatment

Prostatic
hypertrophy

Previous treatment

Convalescent after
left ventricular
failure

Convalescent after
left ventricular
failure

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.36.9.859 on 1 S
eptem

ber 1974. D
ow

nloaded from
 

http://heart.bmj.com/


862 Irving, Kerr, Ewing, and Kirby

160

160 -

150 -

2 140 -

I= 130 -

X 120

IO.-
;; i10 -110

L 100 -

-00

80 -

70 -

0 /

0

8 oo oe a

004 /
/

/

/ /

8
0

150

140

E 130

W 120
0-

{,, 110

100

-i

E! 90

w

80

70

0 0 $P,'~
O/

800

l/

// /
o

//°
60 70 80 90 100 110 120 130 140 150

MEAN DAYTIME PRESSURE RECORDED WITH AUTOMATIC SPHYGNOMETER Mm M

FIG. 2 Individual casual diastolic pressures plotted
against mean daytime diastolic pressure recorded with
automatic sphygmomanometer.
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FIG. 3 Individual average casual diastolic pressure
measured over period of 12 weeks plotted against
mean daytime diastolicpressure recorded automatically.
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FIG. 4 Example of prolonged recording of blood pressure in a 47-year-old man with essential
hypertension. Pressure recorded at s-minute intervals throughout.
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TABLE 2 Analysis of results in groups

Normotensive Untreated Hypertensives Left Left
hypertensive on treatment ventricular ventricular

** ** hypertrophy hypertrophy
+

Number of patients 6 I6 I9 6 IO
Average mean systolic Day I2I9 i58-o I67-6 I73.3 I53.3

Night Io9-6 I32-0 I47.7 I4I.3 I30 4
P value >O-OI >0-01 >OOI >0-01 >0-05

Average mean diastolic Day 74-0 95'7 96-9 I02-5 951I
Night 67-4 8i-5 85-4 83-5 82.4

P value >O-02 >O-OI >OOI >001 >0-05

Average fall in systolic I2-5 26-6* I9.5 3I-5 23'3
Average fall in diastolic 6.3 I5.It II.3 i8-2 II-6

* Difference between treated and untreated hypertensive patients is significant at P >o-oi level.
t Difference between treated and untreated hypertensive patients is significant at P > 0o02 leveL
Differences between other groups did not reach statistical significance (Student t test).
** Patients with records before and after treatment feature in both groups.

Variability of blood pressure
The pronounced variability in blood pressure over
relatively short periods is illustrated in Fig. 4.
These variations occur while the patients are resting
and cannot be accurately correlated with specific
activities. Two periods were characterized by con-
sistent rise in blood pressure, namely ward visiting
hours and the first one to two hours after waking,
though in the latter period activities such as wash-
ing, micturition, and eating breakfast, may have
accounted for the higher levels observed.
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Blood pressure tended to increase during the day
until the patients fell asleep when there was a
prompt fall. There was a significant fall in systolic
and diastolic pressures in all groups (Table 2). The
greatest reduction was observed in the group with
untreated hypertension. If all results are pooled,
there is a relation between the mean waking pres-
sure and the fall during sleep, viz. the higher
the mean pressure, the greater the fall. (Systolic
pressure r= o-48, diastolic pressure r= o047:
P <OOi.)

DIASTOLIC 0
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FIG. 5 Fall in pressure during night (i.e. difference between mean daytime and mean night
pressures) plotted against mean daytime pressure.

Calculated regression coefficient, systolic r= o048, diastolic r= o 47.
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TABLE 3 Effect of treatment with bethanidine on prolonged recording of blood pressure in
three casse

Case No. 20 21 22
Before After Before After Before After

Mean waking systolic I79 I77 i68 I69 I9I 204
SD II*07 io-6o 705 7.22 I5.73 9-72

Mean waking diastolic Io8 io6 97 98 II0 I09
SD 740 7.28 7-66 6-44 9.71 7.69

Mean sleeping systolic I5I i56 I40 I41 I32 I65
SD 7.I I4.7 8 47 6.I4 I0-64 2I-5

Mean sleeping diastolic 91 95 84 88 73.1 8o-i
SD 5.27 I0-7 3-37 4-93 8-86 I3.77

Fall in systolic 28 2I 28 28 59 39
Fall in diastolic I7 II 13 I0 37 29

Variability of blood pressure and abnormal
readings
We have analysed our results further in terms of the
arbitrary levels taken for defining hypertension,
viz. I40/90 mmHg under 40 years, and 15o/IoO
mmHg over 40 years (Julius and Schork, I97I). In
the normotensive group, no individual had more
than 3 per cent of abnormal diastolic readings
(Fig. 6). The values found in the untreated hyper-
tensive group ranged from 5 to 98 per cent. From
Fig. 6 it may be noted that those patients with left

100
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ventricular hypertrophy had higher percentages
ranging from 25 to 98 per cent while those without
left ventricular hypertrophy had percentages in the
range 5 to 42 per cent, i.e. there is a clear separation
into two groups according to the prolonged blood
pressure record. This was not apparent from the
casual pressures, viz. mean ± SD casual diastolic
pressure in patients with left ventricular hyper-
trophy=III3± 98, and in patients without left
ventricular hypertrophy= I07 3 ± I04. The differ-
ence is not statistically significant (P =025; t=

A
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FIG. 6 Percentage of abnormal diastolic pressures (i.e. above 95 mmHg) in different groups.
Five patients who had records before and while on treatment are included in both groups and
denoted 0.

.
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0-747). The figures for systolic pressures are: mean
casual pressure in patients with left ventricular
hypertrophy= i87-4 ± 2I-9 mmHg; in patients with-
out left ventricular hypertrophy = I70-4 ± i6-4. The
difference is again not statistically significant (t=
1-56; P=o045).

Effect of treatment
In 5 patients the recording was repeated after one

month on medical treatment. Two (Cases i8 and I9)
were treated with a diuretic alone and 3 (Cases 20,
2I, and 22) received bethanidine. By conventional
standards of a postural fall in diastolic pressure
below go mmHg when standing, these patients were
regarded as being satisfactorily controlled.
The values for mean pressures before and after

treatment with bethanidine are remarkably similar
(Table 3) and are evidence for the reproducibility
of the method rather than for the efficacy of treat-
ment.

In these patients and in the 4 studied once only
while on treatment, the normal diurnal pattem was

observed. One of the patients given bendrofluazide
I0 mg daily with potassium supplement showed a

pronounced fall in pressure, viz. mean day pressure
before treatment I60/98 mmHg and after treatment
132/79 mmHg. We cannot draw any conclusions,
however, because of the small numbers involved.

Discussion
We found that the casual blood pressures measured
over several months in clinics tended to be higher
than the mean pressure recorded by an automatic
sphygmomanometer in the ward. The accuracy of
the automatic sphygmomanometer was checked to
ensure that there was no consistent machine error
to account for the disparity and it was found to be
sufficiently accurate for the present purpose. In both
situations patients were in a hospital environment,
but when the automatic machine was used there was
no physician present. We noted, like others (Bevan,
Honour, and Stott, I969), the effect of a physician's
presence on the patient's blood pressure, especially
when discussing diagnosis and treatment. Similarly,
when the patients measured their own blood pres-

sure with a portable recorder it tended to be lower
than the casual blood pressure recorded by a phys-
ician (Sokolow et al., I966). The influence of the
conditions under which the blood pressure is meas-
ured has been recognized for many years and stan-
dard criteria have been used (Pickering, I968).
Blood pressure varies from minute to minute even
at rest in both normal and hypertensive subjects,
thus any one measurement, no matter the condi-
tions under which it was made, is unlikely to give

an overall assessment of the blood pressure to which
the circulation is exposed.

In view of the considerable epidemiological and
life insurance data concerning morbidity based on
casual blood pressure recordings one may well ques-
tion the relative importance of casual and pro-
longed recording, particularly as the latter is difficult
to achieve on any widespread scale. Many clin-
icians, before deciding on treatment or fitness for
life assurance, make several observations of blood
pressure on different occasions, and we have shown
in this study that by doing so one may more closely
approximate the mean pressure during a prolonged
recording. Using portable recorders operated by the
patient, Sokolow and co-workers (I966) found the
presence of complications to be related more closely
to the mean pressure for the 24 hours than to the
casual blood pressure. Casual blood pressure re-
cordings in patients with left ventricular hyper-
trophy were very similar to those in patients with-
out it, but prolonged recordings showed those with
left ventricular hypertrophy had a greater propor-
tion of high readings. We suggest that prolonged
recording more accurately reflects the overall
pressure to which the circulation is exposed during
the day time and that the higher overall blood
pressure leads to ventricular hypertrophy, and pre-
sumably is also the precursor of cerebrovascular
diseases. Previous workers (Shaw et al., I963;
Richardson et al., I964) have shown a smaller fall in
blood pressure in hypertensive than in normotensive
patients during sleep, but this was not confirmed by
us. Previous authors do not state the depth of sleep
and it is possible that our patients achieved deeper
sleep. The patients we studied differed further in
that we had no patients with accelerated or malignant
hypertension.
Our data on the effect of treatment are limited.

We found no change in blood pressure after a
month of what appeared, on casual blood pressure
recording, to be adequate treatment with bethani-
dine. Since bethanidine has its maximum effect in
upright and exercising patients, it is not surprising
that our group of resting, and often recumbent
patients had no reduction in blood pressure. Our
results differ from those of Bock and Kreuzenbeck
(I966) who used similar apparatus and conditions to
demonstrate a reduction in blood pressure with
methyldopa and a diuretic. Their results may be
explained by the use of diuretics which, as 2 patients
in this study demonstrated, do not depend on pos-
ture for their action. Clearly the effect of treatment
on fully ambulant patients requires further study.
The incidence of hypertension in the community

is such that it would be impracticable to carry out
prolonged recordings on a large scale. From the
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point of view of the clinician, prolonged recording is
unnecessary in the patient with a much increased
diastolic pressure, e.g. over 120 mmHg, or with
objective evidence of the end result of hypertension,
i.e. retinopathy or left ventricular hypertrophy. Its
greatest value is in patients with a diastolic pressure
between go and I20ommHg where it will define a
number of patients whose blood pressure is mostly
within the normal range throughout the day. We do
not know yet whether this group should be treated
but in the present state of knowledge these patients
can probably be left untreated. In the absence of
such facilities, frequent casual readings on separate
occasions will be the best substitute. As a general
corollary we believe that the severity of hyper-
tension is better assessed by the electrocardiographic
signs of left ventricular hypertrophy, the appearance
of the optic fundi, and by evaluation of renal func-
tion rather than by measurement of the casual blood
pressure.

We are grateful to Professor K. W. Donald for his
advice and to our colleagues in the Department of
Medicine.

Dr. J. B. Irving was a British Heart Foundation
Junior Research Fellow during this work.
The Godart Haemotonograph was kindly loaned to

us by the Medical Research Council.
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