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Introducticn

The variability of clinic blood pressure measurements (1, 9) casts
doubt on its use as a method of classifying patients as hypertensive. In
addition, blood pressure recordings by patients or their relatives have
shown that clinic blood pressure tends to overestimate blood pressure
(12, 14). This has been confirmed using both invasive and non-invasive
ambulalory blood pressure recorders (7, 19, 20). Since the majority of
hyperiensive patients fall into the calegory ol borderline or mild
hypertensives (4) these studies suggest thal many palients so classified
in the clinic may be normotensive and therefore do not require any treat-
ment. However, few sludies on ambulatory blood pressure oulside
hospital have included truly normotensive subjects (3, 11, 16) and in only
one has the relationship between clinic and ambulatory blood pressure
been analysed for normotensives (18). it is therefore unclear whether
hypertensive palients exhibit normal blood préssures outside the clinic
since previous studies define normal blood pressure on the basis of
clinic blood pressure measurements only. In this study we compare am-
bulatory and clinic blood pressure behaviour in normotensive and
hyperlensive subjects.

Methods

The study population consisted of 68 drug-free subjects. Normoten-
sive subjects (N = 15) consisted of healthy volunteers recruited for an
unrelated study who had no history of hypertension and whose blood
pressure was normal (< 150/90 mm Hg) on al least three separate occa-
sions. Thus, none of these subjects were é.mder review as possible
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and this was conlfitmed by the high pressures recorded in the hospital at
the beyinning of ambulalory recording in these palients.

More imporlant than a mean discrepancy between clinic and am-
bulatory blood pressure recordings was the finding of a poor relationship
between these lwo paramelers. Clinic recordings poorly predicied am-
bulatory blood pressute. Thus, although the mean hourly recordings for
lhe three groups appeared distinclly separaled, there was a marked
degree of varialion belween patients in the percent lime spent above
notmal limits, neatly all subjecls displaying normal blood pressure at
sume point in the day. Similarly, although there was only a small mean
difference between clinic and ambulalory recordings in borderline
hypertensives, in 43% ol cases mean daily blood pressure fell within the
nofimal range tor both systolic and diastolic blood pressute as delined by
the normotensive group. In contrast, in normolensive subjecls mean
houtly blood pressure rarely exceeded accepled normal limits and no
palient exhibited a mean ambulalory blood pressure above 150/90
i Hy. It the degree of variation in ambulalory blood pressure was due
solely to the method used then one would expect misclassilication of
normolensive subjects by this method. Thus, the varialion seen in mean
ambulatory blood pressure in hypertensive subjecls rellecls a real dif-
ference between subjecls.

Although there was no significant dilference in systolic blood
pressute variabilily between groups, syslolic variability increased with
increasing blood pressure. This is consislent with previous sludies using
twenly-four hour intta-arterial (8, 17) and non-invasive ambulalory blood
pressute recorders (16) and lends suppoil o the use of this system in
the assessment of blood pressure variability. Relative variabilily as
measured by the coellicient of variation was similar al all levels of blood
pressure.

In conclusion, when compared with normolensive subjecls, am-
bulatory blood pressure lalls wilhin the normal range in many hyperlen-
sive patients, particularly borderline hypertensives. However, in the in-

dividual palient this cannol be predicled lrom clinic blood pressure
measurements.
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Discussion II: Clinical Significance of
Blood Pressure Variability

Question to Mr. Filzgerald:

How many blood pressures did you take before saying this is the clinical
blood pressure? And a second question would be: the Remler machine
requires the patient o inflate the culff. Could this be an explanation that

you iniss the proper blood pressure al midday lime, say, at about 1210 2
p.m.? ’

Mr. Fitzgerald:

To your first question: We took three recordings at the clinic. I think most
people — il a palient would come to them with a high blood pressure —
would lry to define the blood pressure with three recordings. In that
sense we were looking al how people would normally classify patients in
the clinic and compare them with ambulatory blood pressure. The infla-
tion of the cull does not appear to lead to an increase in blood pressure.
We have done this in 50 patients comparing recordings taken by them
and recordings taken by an observer in a randomised fashion. And there
was no mean diflerence between the two methods.

Question to Mr. Fitzgerald:
Do you have an explanation why you missed the drop al midday?

Mr. Filzgerald:
Well, | don’t think the drop at midday is a well defined entity, neither in
intra-arterial monitoring nor in non-invasive monitoring.

To Mr. Fitzgerald:
In intra-arterial monitoring it is defined.

Mr. Fitzgerald:
Now, | don't know why it did not occur in our ambulatory monitoring. But
it is not related to a pressure effect of infiating the culff.

Mr. Millar-Craig:

Perhaps we could kick off by returning {o the point that somebody made
to Dr. Mann with regard to the effects of nightwork on blood pressure
variability.
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Mr. Mann:

We have not gone out to study shiftlwork specilically. It is a considerable
undertaking 1o try and do that. In fact, there is one thing | did not tell you,
One of the subjects was excluded from the analysis of he group of 145,
because he was a nighlworker. Now we have looked at his trace. And
clearly the curve is different from those which we have conventionally
seen with people on daylime shifts. The curve is different in that the high
points ate nol during the conventional daytime phase, the highest points
are al b o'clock in the evening. Inlereslingly, the lowest point of the
whole cuive is at 3 a.m. in the morning, which is during the lime when he
is aclually resling belween paliols of the {actory, but nol asleep. Also ol
interest is the fact thal his blood pressure very clearly slarted to rise at
the end ol his sleep period before he had awoken. We can'l lake too
many conclusions, especially only one subjecl being studied here. The
curve has been altered, but it cerlainly has not been direclly reversed in
accotrdance with his physical aclivily paltern.

Discussion 1}

Mr. Diensil:

In the score of the night you had a score 5 wilhout any sleep. Do you
have such a prolile of anybody who had not slept during the whole night?

Mr. Mann:

No, | doi't think we had anybody with a 5. 1t is just there for com-
pleteness. | don't think anybody went through without sleep. We have
done one or lwo other experiments on ourselves with slaying up and
working Uwough the whole night, throughout the whole 24 hours, and
there did seem to be very little tall in blood pressuie during the night and
in fact, my own rose very sleeply loward the end of the night period.

Mr. Diensll:
Do you have experience wilh blind people?

Mr. Mann:
No, we haven't done any recordings on that particuiar group. It would
cerlainly be inletesting to know.

We have gol some recordings on patients with autonomic f{ailure and
they are very interesting because the circadian variation is complelely
inverted. Partially, as one might expect, their blood pressure is higher
when hey lie Nat than when they are upright during the day.
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Let me show you a slide: Six patients with autonomic failure con-
trasted with a group of six control subjects with hypertension and with
normal blood pressure. As you can see, the curve is complelely inverted
from the normal. There is a gradual rise during the day which does seem
to be very consistent a feature of these subjects. And there is a gradual
fall during the night. So they are clearly very different from others.

Question to Mr. Mann:

I 1 understand your slides correclly the overall difference between day
and night blood pressure would be in the order of magnitude between 14
to 16 mm Hg. This seems to me very low. We have done a lot of ex-
periments in direct intra-arterial measurement and we found diflerences
in hyperlensive subjects of about 40 mm Hg between day and night
time. Could it be an explanation that some of your patients did not sleep
as well as they would have slept without the machine?

Mr. Mann:

Our nighttime falls are in fact quite a bit larger than that. There was a
very wide spread as you might have seen from the slide. | can't
remember exactly what it was bul it was anything from a rise of about
15 mm Hg 1o a fall of up to 100 mm Hg. So it was in fact a much bigger
spread than that.

Question lo Mr. Fitzgerald:

Whalt you have shown is very similar to the experience one gets by self-
control of patients with mild or borderline hypertension. A lot of these pa-
tients are normotensive under home-conditions. Do you think it is an ad-
vantage — | ask this from a practical point of view — to use such a
device with a lot of eslimations or only to advise the patient to take his
pressure two limes or four times a day?

Mr. Fitzgerald:

| think it is useful to use this device o define those patients. Sokolow in
1966 showed that the risk of hyperiension was better correlated 1o am-
bulatory blood pressure measurement than to clinical pressure
measurement. So it seems that the ambulatory measurement does iden-
lify patients who are at a lower risk. In other words, they are normoten-
sive outside the hospital.
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In home recording we have some experience loo. One reason for us-
ing home recording might be that the feed-back mechanism would make
the patient take his lablels. Or, il he was not on any medicalion it might
al leas! help him to gel his weight down or try some olher melhods ol
gelling his blood pressure conlivlied. Ceitainly, home-recording iIs used
to identify patients who have nosimal blood pressure oulside the clinic.
But one must always be a bit worried aboul ficlitious resulls.

Mr. Millar-Craig:

I wonder if Dr. Gould would like to comment on Dr. Fitzgerald's findings.
I know he has looked at this subject in greal delail.

Mr. Gould:

We made a comparison with home blood pressure recordings against
intra-anterial recordings, the Remler method against intra-arterial and
the Avionics lechniques against intra-arlerial recordings. In terns of
simple accuracy we lound teally no dillerence belween lhe sell-
recorded and the Remler agains! intra-arlerial recordings, whereas lhe
Avionics was (uile inaccurale,

Moie 1ecently, we have underlaken a study involving placebo and
Modurelic over quite a lonyg period of time. We asked palients lo record
their home blood pressure lwice each day lor a period of several weeks.
And it was inleresling that during the placebo and untrealed periods the
blood pressure continued lo fall for about the lirst four weeks until
Moduretic was added. We feel that home blood pressure recording is
the cheapest method and thal it is as accurate as any olher non-invasive
recording. It could be perleclly adequale!y used for recording the am-
Lulalory blood pressure.

Question to Mr. Mann:

To make it clear, may | ask you once more about blood pressure
vatiabilily. 15 it a variabilily of the basal blood pressuie or Is it a combina-
tion ol the variability of basal blood pressure wilh blood pressure during
physical exercise and menlal sliess?

Mr. Raltery:

When | am nol a believer in the concepl of basal blood pressure this is
due to olher work we have done when we have tried lo compare the
reproducibilily of nighttime blood pressure with daylime blood pressure.
Nightlimme blood pressure in the same individual is as variable from night
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to night as daylime blood pressure. And | think the nice sorl of cosy leel-
ing we get in tetms of basal blood pressure and supplements which has
been around for a while is founded on straw. We should measure blood
pressure variability as a whole and lorget any reference point of basal
blood pressure. Heel mean 24-hour blood pressure is a better relerence
point than basal.

M. Mann:

1 think we all ol us labour under the delusion thal we spend mosl of our
time being very vigotous and very active, eilher mentally or physically,
And 1 would challenge that very strongly. Because when you think how
closely you can teproduce these houtly mean pressures lhal seems lo
me to be wiong. Because in all these studies we had made no effort to
slandiudise the patients’ mental or physical activily. We wetre looking at
a mean pressure over a one-hour period picked al random. At this mo-
ment in lime and at another moiment in lime we were coming up with the
same pressure. Bul when we éxamined the diary cards to see what peo-
ple were actually doing or what they said they were doing it was surpiis-
ing how dull and how similar the cards were. People aie not very aclive
lor long periods ol lime. You inay, lor example, think that if you play
squash or do some very vigorous, active game of lennis that this is going
lo influence your mean pressure over lhe hour ol which you doit. Bul in
tacl, the amount of lime you spend elevaling your Wood pressure during
that hour is really quite small. And it will cerlainly aller the mean, but on-
Iy 1o a very small degree. And by and large, what one is looking at hete in
these curves is pressure. If Lhe palients are doing nothing and if they are
as aclive as they normally are you come up with much the same answer
every time. So 1 would not call it "basal blood pressura’, because basal
Llood pressure is something which has been defined by Smirk in a dif-
ferent sense, but certainly | would call it blood pressure, because thal is
the thing we are talking about. It is very repeatable.

Mr. Skrabal:

I was surprised by the fact that in all British studies repotied today peak
blood pressure occurred in the early morning hours, whereas in most
Studies from the continent peak blood pressures occur during the lale
alternoon. Does anybody of the panel have an explanation for thal? Do
you think it could be due lo dilferences in working behaviour? | think this
boint is ol relevance because il cleaily affecls the wanted duralion of
anti-hypertensive druys. '



90

Mr. Mann:

Well, | suppose it is very tempting to suggest that the continentals differ
because they have a very large and a very satisfying meal in the lale
afternoon, whereas Englishmen eatl the most disgusting food and under
no circumstances could get exciled about it. But | don't think it is as sim-
ple as thal. | think if we measure the blood pressure in hypertensive con-
tinentals by our technique we come up with the same answer. |
remember that many years ago Dr. Millar-Craig examined this point by
going through the literature 1o find out when the peak blood pressures
for the day were reported. And he came up with a fifty-fifty split. Half of
the authors said tha! it was in the morning and the other half said that it
was in the afternoon. But nobody seems 1o agree complelely about this
and | would suspect again that these reports are artifacts of the method
of recording and that we just don't know until we study conlinentals, But
I really do suspect that continentlals will do much the same as
Englishmen, 1 think. We are in the Common Market afler all.

Mr. Mallion:
My question to Dr. Mann: You spoke of a cosinor analysis used by many
cardiologists. Did this method give you new data on blood pressure?

Discussion If

Mr. Mann:

Yes, but it is not a method which we have used very much. Mr, Altman
referred 1o it earlier loday. It is a method of fitting one simple sine wave
lo the 24-hour dala. As he showed, the convolutions of the blood
pressure curve over 24 hours don't like being fitted into one simple har-
monic curve. And really, lo give any accurale representation at all we
would need further harmonic analyses. Dr. Altman has achieved whal
looks like a satisfactory fit with using three harmonics. We have ex-
plored one or two patients and compared our resulls with the cosinor
analysis. In fact, the amplitude derived from the cosinor analysis looks
very similar to the day-night difference and the harmonically derived
mean has corresponded quile closely with our 24-hour mean. So these
two indices seem to correspond quite well, but | don't think the analysis
is very useful for describing the curves because they differ so much.
They don't like being filted into a simple sine wave,

Mr. Alicandri:
Dr. Raltery, your observation that the profile of the 24-hour blood
pressure is constant after the placebo period is very interesting, but it is
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very provocative. Do you have any data on borderline hypertensive pa-
lients or on very mild hypertensive patients?

Mr. Rallery:

The quick answer is no. And | would not altempt 1o be dogmatic about
any olher sort of hyperlensives olher than lhe ones we have studied. All
our palienls were hyperlensives as defined and the delinilion was a
syslolic greater than 160 and a diaslolic greater than 95. And these were
clinic measurements thal were taken and it was a purely clinical
diagnosis. Now when you come to study palients of that kind with intra-

arterial blood pressure you often come up with the most surprising
1esulls,

By definition these people are clinically hyperlensive, so we classily
them as hyperlensives and we desctibe them as hyperlensives. Bul in
fact, il you examine the blood pressures as has already been pointed out
for alarge proporlion they are not hypertensives at all. Even though you
would accept, on a clinical basis, thal they were,

Now, you have raised the gquestion of borderline hypertension. | think
thal this kind of observation, as Sir George Pickering pointed out many
years ago, makes the whole conceplt ol borderline hyperlension and
labour hyperlension a nonsense. Those lhings don't exisl, excepl in our
minds. Because the definition entities do not hold up under scientific
analysis. They just don'tl The quick answer lo your question is no, we
have not studied borderline hypertension, bul if you care to take the dala
you find a lot of people in our studies who will salisfy your crileria of
borderline hypertension. Bul we don't find any dillerences between
lhem.

Question to the panel:

How in 1983 should we as doclors decide between patients to treal and
palients not lo treal. We have got this problem of borderline hyperten-
sives, lrue hyperlensives and normotensives. | would like lo ask the
panel to give its opinion on how we should decide.

Mr. Rallery:

This is the most dilficult and the most tortuous question lo answer. There
is no delined rule by which you could make up your mind which patient
you are going to treat and which patient you are not. To begin with that:
you have no authorily 1o go to who will lell you definitively that these are
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patienls who musl be trealed, and this is the borderline, and palients
who are below lhese levels may notl be trealed. Because such an
authorily just does not exisl. So ohe way of going aboutl it is to look what
people aclually do. Now we know that the stalistics tell us that car-
diovascular disease arises in cerlain palients with cettain levels ol blood
pressure. But we know that all these stalislics are based on
measurements of blood pressure taken with patients usually in a sitling
posilion, not in a lying position, but in a sitting position, and iaken under
extremely varying conditions. Soimelimes the palients rest for five
minules, sometimes they don't. It just depends on what the physician
feil like at lhe lime. You will also find that in none of the publications on
insurance slalislics anyway is there any delinilion of whether Korotkoll 5
or Korotkoll 4 was used for diaslolic pressure. There is simply a slale-
ment of whal diaslolic pressure is. So if you are going to be precise
aboul lhings you should say that you should measure the blood pressure
exaclly lhe same way. The patient walks in, he sits down in a chair, you
pul a cuff round his arm and you measure the blood pressure by
whatever method comes into your head at the moment and thal is the
figure on which you are going to decide whether to treat him or not.

11 you are going to be logical about i, but of course we are nol logical
and we lend to do things in a dillerent way and you will find that the
lilerature is full of statements such as '‘you mus! measure the blood
pressure hree times”. Now, why three? Why not seven? Well, in
Chinese cullure seven is a magic number, in our culture three is a magic
number so we measure it thiee times and we say well, we measure il
thiee limes and when we are slill unhappy aboul il, well, we go back and
measure it four limes. And having measured it four times and we are slill
nol enlirely certain, we measure il five times. And even as recently as six
monlhs ago no lesser an authotily than Bill Mile published an arlicle in
which he said that if you are not happy about the blood pressure —
whatever “happy'' may mean — he did not define what he meant by
“happiness”” — bul it you are not happy about it you go back and
imeasute il again. And then, il you are not happy, you go back and

measure it again. Well, that is prelly unsatisfaclory, but that is whal we
do

Whether it is right or wrong is another matter. We just don't know. But
that is what people do. There are no stalistics to prove whelher it is
good, whetber it is bad, whether il is inditlerenl or whelher you are being

very clever picking out people who are going lo get cardiovascular
disease. Thal is just the way we do il.
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Mr. Mann:
I agree with Dr. Rallery.

Mr. Ruilope:

1 think with mild hyperlension we advise the patienls 1o take a restricted
sodium diet and low calory intake if they are overweight. And we have
found that about 9 lo 10% ol the palients, of hypertensive palients, can

be conlrolled with these measures. If this is not enough we treal lhem
wilh a diurelic.

Mr. Miliar-Ciaig:

Dr. Fitzgerald, how would you decide? You presenled some very in-

leresling data suggesting thal 9% ol your borderlines were in fact nor-
molensives.

Mr. Filzgerald:

it was 43%. | agree wilh Dr. Raftery, there are millions of hyperlensives
and the more the definition of the level of blood pressure comes down
we ate moving inlo a curve in which we are accumulaling millions of
hypertensives thal would require treatiment. | think it is extremely limpor-
tant that we define the blood pressure well in lerims ol measurement.
And il you can’t do the type of things that have been suggested by the

symposium, the one thing you can do is 1o be more careful about blood
pressure measurements,

Mr. Millar-Craig:

I would like to go on record by saying how profoundly unhappy | am
aboul this discussion. Because it must be a sign ol my increasing senili-
ty. | don't think I have ever been agreed with ever belore on a panel and |
have three olher speakers agree entirely with what | say. That has got to
have some meaning. And | don't like il very much.



