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Are blood pressure surges associated with sympathetic
stimulation aggravated by P-adrenoceptor antagonist
treatment?

Cyrus R. Kumana

Department ofMedicine, University ofHong Kong, Queen Mary Hospital, Pok Fu Lam Road, Hong Kong.

Patterns of sympathetically mediated acute pressor
responses

The classical work of Goldenberg et al. (1948) and
Barcroft & Starr (1952) in healthy volunteers, demon-
strated that intravenous (i.v.) infusion of adrenaline
(over 5-35 minutes) reduced diastolic blood pressure
and peripheral resistance (a,-receptor mediated
vasoconstriction being more than balanced out by R2-
receptor mediated vasodilatation), but increased sys-
tolic pressure and heart rate (fl-receptor mediated and
reflex effects). By contrast, noradrenaline infusion
increased peripheral resistance, diastolic and systolic
pressure (a-receptor mediated vasoconstriction) and
reduced heart rate (reflexly). During prolonged (1
hour) catecholamine infusions, however, feedback
through presynaptic P (facilitatory) and a2 (inhibitory)
receptors may become evident (Brown et al., 1985) and
greatly complicate the resultant haemodynamic res-
ponse.

Theoretical concerns, that antagonism ofP-receptor
mediated vasodilatation might elevate blood pressure
in sustained hypertension, were eventually refuted.
However, Prichard & Ross (1966) demonstrated, in
phaeochromocytoma patients pretreated with phen-
oxybenzamine, increases in lying and standing systolic
and diastolic blood pressure lasting about 8 hours
after single 80 mg doses of oral propranolol. Presuma-
bly, P-receptor mediated vasodilatation due to cir-
culating adrenaline was antagonized, thus unmasking
a-receptor mediated vasoconstriction leading to in-
creased peripheral resistance and venoconstriction.
Objective haemodynamic measurements in healthy
volunteers (Van Herwaarden et al., 1977) and hyper-
tensive patients (Johnsson, 1975) infused i.v. adren-
aline were entirely consistent with this explanation, in

that the pattern of responses was identical; the de-
creases in diastolic pressure and peripheral resistance
giving way to increases after treatment with propran-
olol. However, after treatment with metoprolol (a
selective antagonist less liable to block P-receptor
mediated vasodilatation), the pattern of responses to
adrenaline infusion was unchanged.
Other stimuli likely to involve sympathetic activa-

tion, such as isometric hand grip, brief periods of
incremental and steady state exercise and cold ex-
posure, entail increases in diastolic and systolic pres-
sure except that with dynamic exercise only systolic
pressure increased. The pattern of pressor responses
was no different in the presence of selective or
nonselective 1-blockade (Van Herwaarden et al., 1979;
Morrison et al., 1982). Thus, the latter were consistent
with predominantly neurogenic (noradrenaline
mediated) stimulation and widespread vasoconstric-
tion. As vascular P-receptors (mainly P2) as opposed to
a receptors (mainly a,), may not be innervated (Man
in't'Veld et al., 1983), the minimal P-receptor agonism
from neurally released noradrenaline was unlikely
to evoke clinically significant vasodilatation and
the presence of selective versus nonselective P-block-
ade was probably irrelevant to the ensuing pressor
responses.

It is thus possible to recognize two distinct patterns
of sympathetically mediated acute pressor responses
which appear to entail different pathophysiological
processes and humoral transmitters and are evoked by
different sets of stimuli (see Table I). This classifica-
tion must be regarded as tentative and over simplified,
since the predominant pattern of haemodynamic
response is often unclear. Sometimes both noradrener-
gic (neural) and adrenergic (humoral) processes
seem to be involved with the pressor response (at
different times or simultaneously, or under different
circumstances), and occasionally neither may con-
tribute significantly. Respective responses were assig-
ned on physiological and pharmacological character-
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Table I Pressor stimuli presumed to be sympathetically
mediated

Predominantly due to Predominantly due to
noradrenaline (neural circulating
release) or like adrenaline or
substance like substance

Physiological stresses Pathological processes
- Cold exposure - Phaeochromocytoma?
- Isometric exercise - Hypoglycaemic attacks
- Dynamic exercise (brittle diabetes)
- Acute mental stress? - Schizophrenia?
- Sexual intercourse?

Pharmacological interventions
- Smoking cigarettes? - Infiltrative local
- Phenylephrine used as anaesthesia together

topical decongestant with adrenaline
- Alcohol? - Clonidine therapy/

withdrawal?

Systolic & diastolic BP in- Increase in systolic but de-
crease crease in diastolic BP

HR usually + (reflexly) HR usually + (directly &
reflexly)

BP surge unaffected by P- Diastolic BP + during
blockade (nonselective or nonselective P-blockade,
selective) but not during selective P-

blockade
al blockade with al blockade with

labetolol* likely to con- labetolol* may antagon-
trol BP surgest ize BP surges:+ HR +

*Tolerance likely within months (Semplicini et al., 1983);
tsee Nyerberg et al. (1978), trarely BP increases +

(Prichard, 1984). In labetolol responsive acute hyperten-
sion due to CNS lesions, e.g. tetanus (Prichard, 1984), the
role of adrenaline versus noradrenline remains unclear.
BP = blood pressure; HR = heart rate.

istics rather than the presence or absence of elevated
plasma adrenaline or noradrenaline concentrations.
Thus, despite most phaeochromocytoma patients ex-

hibiting higher concentrations of circulating
noradrenaline than adrenaline (Bravo et al., 1979), a
more important component of the pressor response
was attributed to adrenaline. This was because during
typical hypertensive surges there are increases in
systolic and decreases in diastolic pressure; the latter
being converted to variable increases in the presence of
nonselective P-blockade (Prichard & Ross, 1966).
Similarly, five-fold increases in plasma adrenaline
(and noradrenaline) have been recorded during exer-
cise (Galbo et al., 1975); and yet isometric exercise
results in increased systolic and diastolic pressure (see
Table I). The latter observations, as well as the absence
of any difference in the extent of systolic or diastolic
blood pressure changes during nonselective and selec-
tive P-blockade, indicate that clinically significant
amounts of circulating adrenaline are not involved.

Haemodynamic changes with dynamic exercise and
other pressor stimuli during beta-blockade

During dynamic exercise systolic pressure and cardiac
output increase, probably due to cardiac sympathetic
stimulation, increased venous return and arteriolar
dilatation in muscles (Jones et al., 1975). Diastolic
pressure remains unchanged despite vasodilatation in
muscles, indicating vasoconstriction (presumably
noradrenergic) occurring elsewhere. As to the impact
of P-blockade on dynamic exercise-induced in-
crements in systolic pressure, there are numerous
contradictory reports almost equally divided between
those describing no attenuation and those who claim
that attenuation occurs. Whilst difficult to reconcile,
these apparently conflicting findings (Davidson et al.,
1976; Morrison et al., 1982; McLeod et al., 1984) may
depend on subtle differences in detail as to the precise
format of the exercise (e.g. duration, exhausting or
mild, glycogen replete or depleted muscles, treadmill
or cycling). Equal confusion surrounds sympathetic
involvement in the acute pressor effect of alcohol
ingestion, which is confined to heavy drinkers (Potter
et al., 1985). Only the systolic blood pressure rises,
there is no increment in plasma adrenaline level and
only a minimal increase in plasma noradrenaline.
Thus, even if neural (noradrenergic) stimulation is
entailed, other haemodynamic sequelae of ingesting
alcohol appear to prevent the diastolic pressure from
rising.
As in normotensives, continuous intra-arterial

monitoring of blood pressure showed that hyperten-
sive patients (including one restudied after sotolol
treatment), invariably exhibited wildly fluctuating
50-70mm elevations in systolic and diastolic blood
pressure during coitus (Mann et al., 1982). Another
study utilizing automated blood pressure recording,
also noted pressor responses during autostimulated
sexual arousal in female volunteers (Riley & Riley,
1981). Pretreatment ofthe latter with labetolol but not
propranolol, was associated with a statistically sig-
nificant reduction in pressor response.

Cigarette smoking too, may be consistent with
predominantly neurogenic (noradrenaline mediated)
stimulation; both systolic and diastolic pressures rise,
and at least one study (Houben et al., 1981) found no
difference in the diastolic pressor increment in patients
taking selective or nonselective P-blockers, despite
rises in plasma adrenaline concentration. However,
other less clear studies (Freestone & Ramsay, 1982;
Cuspidi et al., 1982; Fogari et al., 1982) reported that
after treatment with atenolol, smoking produced
lesser surges in diastolic pressure compared to
equivalent antihypertensive doses of nonselective P-
blockers.

Similarly, studies showing rises in systolic and
diastolic blood pressure in healthy individuals and
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hypertensive patients subjected to brief (5 minute)
periods ofacute mental stress (Heidbreder et al., 1978;
Bonelli et al., 1979; Melville & Raftery, 1981), suggest
a mainly neural (noradrenaline mediated) response,
despite there being increases in plasma adrenaline (but
not noradrenaline) concentrations and heart rate.
Consistent with a noradrenergic response, neither
selective nor nonselective P-blockade affected stress-
provoked pressor increments. Haemodynamic res-
ponses to more prolonged stress appear more com-
plicated, in that both adrenaline and noradrenaline
excretion in urine is increased (Lorimer et al., 1971),
whilst the surge in systolic pressure is blunted in the
presence of propranolol (Dunn et al., 1978).
The features of acute hypoglycaemia (palpitations,

tremor, anxiety, hyperventilation) also resemble sym-
pathetic activation. Indeed,, in healthy volunteers
(Lloyd-Mostyn & Oram, 1975) and diabetics (Larger
et al., 1979) insulin-induced hypoglycaemia produces
a haemodynamic effect resembling adrenaline in-
fusion, namely: rises in heart rate and systolic pressure
and decreases in diastolic pressure; the diastolic de-
crements being converted to increments after propran-
olol (but much less so after metoprolol). After non-
selective P-blockade, the mean change in the diastolic
pressure response was small, but a few individuals
displayed marked increases after propranolol. To
protect the latter, it may be safer to avoid prescribing
pure nonselective P-blockers in 'brittle' diabetics tak-
ing hypoglycaemic agents.

Beta-blocker - drug interactions and pressor response

Intranasally instilled phenylephrine does not usually
enter the circulation in amounts sufficient to raise
blood pressure even when excessive doses are given in
the presence of nasal congestion (Myers & Iazzetta,
1982). Nevertheless, a small minority of individuals
using phenylephrine eye drops (mydriatic) or nose
drops (decongestant 'cold cures'), evidently manifest
dangerous acute hypertension. A randomized, double-
blind, cross over study in hypertensive patients treated
with propranolol and metoprolol (Myers, 1984), re-
vealed that i.v. phenylephrine consistently increased
pretreatment diastolic and systolic blood pressure
(analogous to noradrenaline) and wide interindividual
differences in sensitivity were present. Interestingly,
neither P-blocker enhanced the pressor effect, indicat-
ing that a-receptor stimulation was not unmasked.
Thus, contrary to earlier beliefs, the presence or
absence ofnonselective P-blockade seems irrelevant to
this issue. Rather, a few patients may be highly
sensitive to the pressor action ofexogenously adminis-
tered phenylephrine.

Catecholamines have been used together with infil-
trative local anaesthesia in dentistry in order to obtain

a bloodless anaesthetic field (reviewed by Cawson et
al., 1983). Noradrenaline (virtually a pure vasocon-
strictor), has been largely abandoned for this purpose
due to instances of acute hypertensive intracranial
bleeding (even fatalities), presumably due to absorp-
tion from the site of infiltration or inadvertent i.v.
injection. Evidently, the substitution of adrenaline
(capable of p-receptor mediated vasodilatation as well
as a-receptor mediated vasoconstriction) has made
such anaesthesia much safer. Whilst undoubtedly a
commendable change, it is not widely appreciated that
among those receiving propranolol (or any other
nonselective P-blocker), this practice may nevertheless
give rise to unmasked a-receptor mediated stimulation
and catastrophic hypertension.

Catastrophic hypertension may also follow abrupt
withdrawal of clonidine. Such rebound hypertension
reviewed by Hansson (1983) and Whitsell (1983), is a
complex phenomenon which may be a true blood
pressure overshoot, and (akin to phaeochromo-
cytoma) involves increases in circulating adrenaline,
noradrenaline and renin as well as enhanced tissue
sensitivity. Even without withdrawal of clonidine
therapy, the addition of P-blocker therapy has been
implicated in hypertensive reactions (Lilja et al., 1982),
and is possibly related to irregular clonidine com-
pliance. The numerous published reports dealing with
these issues are very confusing and often difficult to
reconcile with each other. It may nevertheless be
prudent to regard such rebound hypertension as
involving an important contribution due to circulating
adrenaline, whilst accepting that life-threatening hy-
pertension may follow clonidine withdrawal irrespec-
tive of B-blockade.

In schizophrenia, similar considerations may apply
to the long term use ofpropranolol in very large doses
(1-3g/day) as alternative antipsychotic drugs or
adjuncts to phenothiazines (reviewed by Hayes &
Schulz, 1983). Though incompletely documented,
such treatment is evidently associated with self limit-
ing, transient systolic and diastolic hypertension and
sometimes encephalopathy (Elizur et al., 1979) raising
the possibility that large amounts of adrenaline sud-
denly enter the circulation, and that the presence of
propranolol unmasks a-receptor mediated vasocon-
striction. Whilst it is recognized that schizophrenics
are subject to episodes of aggressive behaviour, it is
not known whether these are accompanied by release
ofadrenaline into the circulation. Hence, any explana-
tion to account for hypertensive surges on this basis
must be regarded as speculative.

Clinical significance of blood pressure surges
Large scale clinical surveys and controlled trials have
confirmed the unfavourable prognosis of sustained
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hypertension and the benefits of treatment. No
equivalent information exists as to the clinical sig-
nificance ofsympathetically provoked transient surges
in blood pressure. Nor is it known whether their
abolition might be clinically beneficial, in terms of
avoiding life threatening events such as subarachnoid
haemorrage. The Framingham survey (Kannel, 1975),
however, did find an adverse prognosis associated
with 'labile hypertension', an entity often associated
with sympathetic stimulation and stress. When mild,
infrequent and transient, such surges may have no
untoward clinical significance, and considering how

universally they have evolved they may actually confer
some overall benefit to the body. To avoid converting
purely systolic hypertensive surges into systolic and
diastolic surges, selective a-blockade (or P-plus x-
blockade) may be preferable to nonselective P-block-
ade, whenever adrenaline is liable to enter the circula-
tion in clinically significant amounts. Furthermore,
until the precise role of sympathetic stimulation in
the pathogenesis of so-called labile hypertension is
clarified, indiscriminate treatment of all such patients
with nonselective a-blockers such as propranolol
might well be inappropriate.
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