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STUDIES OF ANAESTHESIA IN RELATION TO HYPERTENSION

V: ADRENERGIC BETA-RECEPTOR BLOCKADE

C. PRYS-ROBERTS, P. FOEX, G. P. BIRO AND J. G. ROBERTS

SUMMARY

The effects of intravenous practolol 0.4 mg/kg were studied in 12 hypertensive patients
during halothane/nitrous oxide anaesthesia. Practolol decreased heart rate (HR) and
cardiac output (Q) from the elevated levels following atropine administration during
anaesthesia, but values of arterial pressure (AP), HR and Q after the combination of
atropine and practolol were not significantly different from those during anaesthesia prior
to blockade. The effects of a similar anaesthetic sequence were studied in a further 11
treated hypertensive patients given practolol by mouth 1.5 mg/kg/6 hours for at least
48 hours preoperatively in addition to current anti-hypertensive therapy. By comparison
with treated hypertensive patients previously studied, those pretreated with practolol
had similar AP awake, but higher AP throughout anaesthesia with either spontaneous
or artificial ventilation. Cardiac output was higher and systemic vascular resistance was
lower both before and during anaesthesia. Both the present groups of patients showed
significantly attenuated responses of tachycardia and hypertension following laryngoscopy
and intubation compared with previous studies. The incidence of dysrhythmia and e.c.g.
evidence of myocardial ischaemia was significantly lower (4%) in beta-blocked patients
compared with those who had not received practolol (38%).

In a previous publication, we described the occurrence
and consequences in hypertensive patients of exag-
gerated responses of tachycardia with dysrhythmia
and hypertension following laryngoscopy and endo-
tracheal intubation (Prys-Roberts et al., 1971b). We
implied that these responses represented an exag-
geration of the response shown by normotensive
subjects, and since this type of response has been
shown to be mediated in experimental animals
through the sympathetic nervous system (Tomori
and Widdicombe, 1969), one rational approach was
to attempt to suppress these responses with
adrenergic beta-receptor blockade. The first part of
this paper describes the haemodynamic responses of
12 hypertensive patients to beta-receptor blockade
with practolol during established anaesthesia, and
the subsequent modification of their responses to
laryngoscopy and endotracheal intubation.

Beta-receptor blocking drugs are now increasingly
used in the treatment of hypertension (Gillam and
Prichard, 1964; Lydtin et al., 1972), cardiac dys-
rhythmia (Harris, 1966; Schamroth, 1966), ischaemic
heart disease presenting with angina pectoris
(MacAlpin, Kattus and Winfield, 1965; Bjorntorp,
1967), hypertrophic obstructive cardiomyopathy
(Cherian et al., 1966), thyrotoxic tachycardia (Turner

and Hill, 1968) and phaeochromocytoma (Blasi, 1964;
Prichard and Ross, 1966). Some of these patients
may be treated with very large doses of beta-receptor
blockers, and inevitably some present for either
elective or emergency surgery. Despite the growing
experience gained from the deliberate use of beta-
receptor blockers during anaesthesia (Payne and
Senfield, 1964; Johnstone, 1966,1969; Jenkins, 1970;
Stephen, Davie and Scott, 1971), there has been a
considerable reluctance on the part of anaesthetists
to accept for surgery patients who are receiving
beta-receptor blockers. At the 1972 Annual Meeting
of the American Society of Anesthesiologists, a
symposium was held on the subject of anaesthesia
and coronary artery disease. The consensus of opinion
among the panellists, comprising anaesthetists, sur-
geons and cardiologists, was that patients receiving
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beta-receptor blockers for the treatment of severe
angina pectoris should have their therapy withdrawn
prior to elective surgery. Another group of discussants
(Ayscue et al., 1972) came to similar conclusions,
though neither group provided anything more than
anecdotal support for their arguments. Their two
main concerns were that patients receiving beta-
receptor blockers tolerated anaesthesia poorly, and
that impairment of the chronotropic and inotropic
responses to stresses such as haemorrhage during
anaesthesia was an unacceptable risk. Since the
findings of the first study described in this paper
indicated that beta-receptor blockade was well tole-

rated by hypertensive patients, and provided a
beneficial therapeutic effect, it was decided that a
further study of hypertensive patients who had been
deliberately pretreated with generous doses of beta-
receptor blocking agents was justified This decision
was fully supported by the physicians and cardio-
logists whose patients we studied.

METHODS

Two groups of hypertensive patients were studied,
whose anthropometric and medical details are sum-
marized in tables la and Ib. The patients were
carefully examined by one of us prior to the study,

TABLB I. Anthropometric and medical details of patients studied in Groups I and II.

No. Sex

(a) GROUP
2146
2147
2149
2150

2152
2157
2158
2159

2163

2164
2166

2172

F
F
F
M

F
F
F
M

F

F
F

M

(b) GROUP
2173
2174

2175

2176

2178
2179

2180

2181

2182

2183
2184

M
F

F

F

F
F

M

M

M

F
F

Age

I
65
60
39
66

66
66
46
57

51

34
72

73

II
35
70

52

60

23
55

57

57

55

52
43

weignt
(kg)

58.2
45.3
49.0
49.0

68.5
75.0
65.5
82.7

66.2

52.0
49.0

77.0

64.9
60.9

61.7

54.5

64.0
120.0

62.0

63.8

84.5

54.1
62.1

Arterial
pressure
(mmHg)

190/100
190/100
170/100
235/110

150/90
200/90
150/90
215/115

200/100

160/90
200/110

220/110

180/130
160/90

150/90

230/120

170/120
160/90

220/130

230/130

160/90

180/110
170/100

Therapy

Guan
B,D-K,Dig
B

—

Res.M.D-K
Res,D-K
GuanJD-K
AMD,Guan,Dig

AMD,D-K

B,D-K
—

AMD,Dig,D-K

P,Px
P,Guan,D-K

P,AMD

P,Deb,D-K

P,AMD,D-K
P^MDJD-K

P,AMD,H,D-K

PjBjHjD-KjSp

P,Px

I,Guan,D-K
P,Guan,D-K

Medical complication

Previous CVA
—
—

Chronic bronchitis

—
—

Left ventricular hypertrophy
Previous myocardial infarct

/I O/%^̂  ontrirttt 1 1
\17Ojjy uugixm~|—1~

Angina + + , left ventricular
hypertrophy, fundal
haemorrhages

Hypotensive anaesthesia
it years previously,
uneventful

—

Phaeochromocytoma
Previous perforation of

Diif fDAI ^\ j~»J~LI j H I
SlgLHOlU CUHHl

Severe postoperative hypoten-
«* • j • • i Af-^^btf* V^̂ >̂ bv n /^i i A j~Ln_M. n n T" i j~n Lsion aricr previous opcranon

Left ventricular hypertrophy

Renal artery stenosis
Gross obesity, mild diabetes,

myxoedema
Malignant hypertension with

previous attack of
hypertensive enccphalopathy,
neurological signs

Paraplegia from spinal artery
syndrome, episodes of left
ventricular failure

Phaeochromocytoma,
previous thoracoplasty

—
Chronic pyelonephritis,

ulcerative colitis

Surgical procedure

Vaginal hysterectomy
EUA, D and C
D and C, Cone biopsy
Partial glossectomy,

hemimandibulectomy
Vaginal hysterectomy
Total abdominal hysterectomy
Vaginal hysterectomy
Excision rodent ulcer of eyelid

Total abdominal hysterectomy

Dental extractions
Cystoscopy and urethral dilatation

Transurethral prostatic resection

Excision of phaeochromocytoma
Closure of colostomy

Total abdominal hysterectomy

Vagotomy and pyloroplasty,
uuuicuyaLccioiny

R. nephrectomy
Vaginal hysterectomy

Dental clearance

Transurethral prostatic resection

Resection of phaeochromocytoma

Varicose veins
Tubal ligation

Key: AMD, methyldopa; B, bethanidine; Guan, guanethidine; Deb, debrisoquine; Res, reserpine; D-K, diuretic with
slow release potassium; P, practololj Px, phenoxybenzamine; H, hydrallazine; Sp, spironolactone; M, mecamylamine;

I, propranolol; Dig, digoxin.
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and each patient gave his or her consent to the studies
after a full explanation of the purposes of the study,
and the relative benefits to themselves and others of
the proposed therapy. Two discrete and separate
studies were carried out, involving different investi-
gational protocols.

First investigation: Group I.
Twelve hypertensive patients were brought to the

anaesthetic room in their beds. Those (10) who were
receiving antihypertensive therapy were maintained
on their standard regime up to and including the
morning of the study, and none were premedicated.
Under local analgesia, an 18-gauge teflon cannula
was percutaneously inserted into a brachial artery,
and a similar but larger cannula (15-gauge) was in-
serted into contralateral antecubital vein. Through
the latter a nylon catheter was floated into the central
circulation, its final position being assessed according
to die pressures recorded from the catheter. The
standard 12-lead electrocardiogram was recorded
from conventional limb and chest lead configurations,
and heart rate was obtained from the e.c.g. signal by
a Neilson instantaneous tachometer. Following the
cannulations, the patients were allowed to rest un-
disturbed for 10-15 min in a level supine position
before control measurements were obtained. Measure-
ments of cardiac output by the dye dilution method
were related to estimates of pulmonary gas exchange
as obtained by Riley-Cournand analysis.

Anaesthesia was induced with either thiopentone
3 mg/kg or Althesin 0.05 ml/kg and subsequently
maintained with 0.5% halothane vaporized in 70%
nitrous oxide in oxygen, breathed through a Magill
attachment and facemask. When a steady-state of
anaesthesia had been attained (5-10 min), a further
set of cardiovascular measurements was made and
arterial and mixed venous samples were withdrawn.
Atropine 0.02 mg/kg was administered intravenously
and when heart rate had become steady after the
initial rise, a further set of measurements was made.

Practolol 0.4 mg/kg was then administered intra-
venously in 4 divided doses given at 1-minute inter-
vals, and a further set of measurements was made
within 3-4 min. Immediately after these measure-
ments, suxamethonium 75—100 mg was administered
and laryngoscopy and endotracheal intubation was
performed. The electrocardiogram (lead II), heart
rate, arterial and right atrial pressures were con-
tinuously recorded throughout the duration of these
manoeuvres. With the exception of die administration
of atropine followed by practolol, the protocol was

identical with that followed in our previous study
(Prys-Roberts et al., 1971b). A final set of measure-
ments was made when spontaneous ventilation was
re-established.

Second investigation: Group II.
Eleven patients were studied, all of whom were

receiving anti-hypertensive therapy up to and in-
cluding the morning of operation. Three of them
had been receiving beta-adrenergic blockers for some
time: two were receiving practolol by mouth (100
mg 6-hourly) together with phenoxybenzamine for the
stabilization of hypertension caused by phaeochromo-
cytoma. The third patient was already receiving
propranolol as part of the treatment of essential hyper-
tension. All other patients were given oral practolol
6 mg/kg/day divided into 6-hourly doses in addition
to their pre-existing anti-hypertensive therapy. In two
patients whose arterial pressures were markedly raised
despite large doses of anti-hypertensive drugs,
addition of oral practolol to their therapy brought
their arterial pressures down to reasonable levels
without causing postural hypotension or other un-
desirable symptoms. None of these patients were
premedicated. The initial cannulations and other
preparations were the same as for Group I. After the
control cardiovascular measurements and Riley-
Cournand analyses, atropine 0.02 mg/kg was admini-
stered intravenously to the conscious patient, and
when heart rate had become steady, a further set of
cardiovascular measurements was obtained. Anaes-
thesia was then induced with thiopentone 3 mg/kg
or Althesin 0.05 ml/kg (Prys-Roberts, Foex and Biro,
1972a) and subsequently maintained with 0.5%
halothane in nitrous oxide and oxygen. The sub-
sequent protocol for administration of suxametho-
nium, laryngoscopy and intubation and the appro-
priate measurements followed that used in our
previous study (Prys-Roberts et al., 1971b). The
details of the measurements and statistical treatment
of the results have been described in previous papers
in this series.

RESULTS
Group I.

Mean values of circulatory variables measured dur-
ing the four main stages are shown in table II and
figure 1. The mean values in the awake patients were
similar to those recorded in our previous studies of
hypertensive patients, as were those measured during
steady-state anaesthesia prior to laryngoscopy and
endotracheal intubation (Prys-Roberts et al., 1971a).
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TABLE II. Summary of haemodynamlc findings In 12 hypertensive patients (2 untreated), who were given atroptne followed by practoiol
during anaesthesia {Croup / ) .

A, awake before anaesthesia; B, spontaneous ventilation during anaesthesia (N3O, O2, halothane 0.5%); C, during similar anaes-
thesia following atropine administration; D, following administration of practolol. Mean values shown with SD in parentheses.
Significance levels indicated in the P matrix are for paired two-tailed /-tests between mean values for each stage of the study.

Systolic arterial pressure
(mm Hg)

Diastolic arterial pressure
(mm Hg)

Mean arterial pressure
(mm Hg)

Cardiac output
(L/min/70 kg)

Systemic vascular resistance
(dyn sec cm"')

Heart rate
(beats/mln)

Stroke volume
(ml)

A

178
(29)

89
(11)

120
(15)

4.92
(0.43)

2164
(348)

72
(12)

65
(16)

Significance levels:

B

128
(41)

71
(22)

91
(27)

4.37
(0.50)

1907
(508)

72
(14)

57
(13)

•P<0.05;

Stage

C

137
(36)

77
(17)

98
(22)

5.21
(0.76)

1682
(308)

95
(18)

51
(11)

«P<0 .01;

D

127
(38)

70
(22)

90
(26)

4.33
(0.85)

1672
(285)

74
(15)

56
(17)

•••P< 0.001;

A-B • • •

A-B ••

A-B •• •

A-B •

A-B n.s.

A-B nj.

A-B •

Significance matrix

A - C "
B-C n.s.

A-C •
B-C I U .

A-C *•
B-C n.s.

A-C n.s.
B-C ••

A-C •
B-C nj.
A-C ••
B-C ••

A-C •
B-C nj.

n.s. not significant.

A-D •••
B-D n-s.
C-D nj.
A-D ••
B-D n.s.
C-D n.s.
A-D •••
B-D n j .
c* n n «\^*u n.s.
A-D *
B-D n.s.
C D * •
A-D •
B-D n.s.
C-D nj.
A-D n.s.B-D n.s.
c n • *
A-D n.s.
B-D n.s.
C-D n.s.

ARTERIAL
PRESSURE
mm Hg

HEART
RATE

CARDIAC
OUTPUT
L/mln/70Kg

SYSTEMIC
VASCULAR
RESISTANCE
dyn. iec. cra":

150

50
100

5.0

4.0
2200

2000

1100

1600

SYSTOL

-r - • *

AFTER
PRACTOLOL

STEADY- AFTER
STATE ATROPINE

AWAKE I 0.5% HALOTHANE IN 70* N,0 AND

30* 0,

FIG. 1. Haemodynamic changes before and after the
administration of atropine and practolol in patients from

Group I. Mean values ± SEM are shown.

During steady-state anaesthesia, arterial pressures
and cardiac output were significantly reduced com-
pared with awake state, and arterial Pco, was signifi-
cantly elevated (P<0.001) from 38.7 mm Hg (SD
7.3) to 50.8 mm Hg (SD 12.1).

Following injection of atropine, cardiac output
rose significantly to levels which were slightly higher
than awake values, the rise being associated with a

significant increase in heart rate, but a fall in stroke
volume. Systemic vascular resistance (SVR) fell con-
sistently following atropine administration, reaching
levels which were significantly lower than in the
conscious patients.

Practolol caused significant reductions of heart rate
and cardiac output from the values measured after
atropine administration. However, the mean values
of cardiac output, heart rate, stroke volume and
arterial pressures after the combination of atropine
and practolol were almost identical with those esta-
blished during steady-state anaesthesia, though
systemic vascular resistance was lower in most
patients.

Group II.
The values of circulatory variables during the

four stages of the study are shown in table IU.
The mean values of cardiac output and stroke volume
(both normalized for weight) were significantly
higher (P<0.01) when compared with the awake
values in Group I, and awake values in other con-
scious hypertensive patients (Prys-Roberts, Meloche
and Foex, 1971). Heart rate and arterial pressures
were similar to those in the other groups, thus
systemic vascular resistance was generally lower
in the patients treated with practolol in addition
to their current anti-hypertensive therapy. Admini-
stration of atropine to the conscious beta-blocked
patients caused significant increases in heart rate and
cardiac output, significant reductions in stroke
volume and SVR, but no significant change in
arterial pressures.
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TABLE III. Summary of haemodynamic findings In 11 treated hypertensive patients (Group II) who were pretreated with practolcj.
A, awake before any intervention: B, awake after administration of atropine; C, spontaneous ventilation during anaesthesia (NjO,
Oi, halothane 0.5%); D, IPPV (NjO, Oi). Mean values shown with SD in parentheses. Significance levels indicated in the P matrix
are for paired two-tailed r-tests between mean values for each stage of the study.

Systolic arterial pressure
(mm Hg)

Diastolic arterial pressure
(mm Hg)

Mean arterial pressure
(mm Hg)

Cardiac output
(l./min/70 kg)

Systemic vascular resistance
(dyn sec cm-')

Heart rate
(beats/min)

Stroke volume
(ml)

A

183
(34)

100
(16)

128
01)

5.88
(0.86)

1988
(578)

75
(12)

72
(14)

Significance levels:

B

188
(36)

107
(17)

134
(22)

6.76
(0.89)

1768
(387)

99
(13)

61
(10)

•P<0.05;

Stage

C

131
02)

81
(10)

98
(14)

4.71
(0.83)

1758
(294)

86
(14)

32
(6)

"P<0.01:

D

130
(38)

82
(21)

99
O6)

3.83
(0.89)

2098
(389)

86
(20)

41
(9)

•"P<0.001;

A-B nj.

A-B u

A-B n j .

A-B ••

A-B ••

A-B •*

A-B •

Significance matrix

A-C •<
B-C •<

A-C •'
B-C •<

A-C •<
B-C •'

A-C •
B-C ««

*

*

A-C ••
B-C n.s.

A-C *
B-C •

A-C • • •
B-C •

n i . not significant.

A-D ••
B-D DJ.
C-D ru.
A-D nj.
B-D nj.

A-D •
B-D n.s.
C-D nj.
A-D ••
B-D • • •

A-D nj.
B-D •

A-D IU .
B-D n.s.

A-D •••
B-D • •
C-D • •

During induction of anaesthesia with either thio-
pentone or Althesin, arterial pressure fell in every
patient, but to a much lesser extent than in any
of the previous groups we have studied. When a
steady-state of anaesthesia with spontaneous ventila-
tion was established, arterial pressures, cardiac
output, stroke volume and SVR were significantly
lower than in the awake patients despite higher
heart rates. Nevertheless, arterial pressures and
cardiac output were higher than during the com-
parable stage in Group I, though the differences
were not significant.

Following the intubation sequence described in
the following section, measurements were made
during artificial ventilation (mean Paco2 25.2 mm
Hg, SD 3.4) in eight patients. Cardiac output and

stroke volume were significantly reduced by com-
parison with all the previous stages in this group,
but were higher than the values measured under
comparable conditions in our previous study (Prys-
Roberts et al., 1972c). Although SVR was increased
by comparison with the spontaneous ventilation
stage, the increase in SVR was much smaller than
that observed in hypertensive patients who had not
been beta-blocked.

Responses to laryngoscopy and intubation.
The mean values of heart rate and arterial

pressures in both Groups I and II are shown
in table IV and figure 2, where they are
compared with the appropriate values in a group
of 30 patients who were not beta-blocked (Group

TABLE IV. Summary of haemodynamic responses to larynsoscopy and endotracheal Intubation in hypertensive paiitntl In Groups I and
II (present sudy) compared with 30 hypertensive patients (Croup III) who did not receive practolol (from Prys~Roberts et al., 1971b).
Stage A: steady-state anaesthesia (N,O, O2, halothane 0.5%). Stage B: after administration of suxamethonram. Stage C: maximal
values recorded after laryngoscopy and endotracheal intubation. Mean values ihown with SD in parentheses.

Systolic arterial pressure
(mm Hg)

Diattolic arterial pressure
(mm Hg)

Heart rate
(beats/mln)

Incidence of
dysrhythmla '/,

Group

I
II
III

I
II
III

I
n
in
i
ii
m

A

112(31)
131 (22)
134 (33)

63(18)
81 (10)
74(17)

71 (15)
86(14)
68(16)

0
0
3

B

107(30)
129(23)
132 (41)

61 (17)
79(12)
76(24)

71 (15)
88(14)
70 (14)

0
0
3

C

136(31)
145 (31)
194 (43)

82(18)
89(17)

106 (24)

83(12)
92(17)
91(16)

0
0

41

Difference
A - C

24(16)
14 (ll)
60(17) +

•saj
32 (12) +
12(6)

23(8) +

0
0

38

Significance

A-B nj.
A—B nj.
A-Bnj.

A-B nj.
A-B ru.
A-Bnj.

A-Bnj.
A-Bni.
A-B ru.

A-C"
A-Cru.
A-C"*

A-C ••
A-Ciu.
A-C"*

A-C*
A-Cnj.
A - C " *

Significance levels (P matrix): *P<0.05; **P<0.01: "*P<0.001
+ indicates that the mean difference (A — O In Group m wis significantly higher (P < 0.001; unpaired /-test)

than the mean difference (A—C) in either Group I or Group 17.
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200

_i £
< e.

150

100

cc a

UJ ^

x

50 -
T

P<0. 001

I I

P<0. 001

I
STEADY AFTER MAXIMAL
STATE SUXAMETHONIUM VALUES

FIG. 2. Systolic arterial pressure and heart rate responses of
three groups of patients to laryngoscopy and endotracheal
intubation. Patients in Group I (solid symbols) and Group
II (divided symbols) are compared with 30 treated hyper-
tensive patients who were not treated with beta-receptor
blockade (data from Prys-Roberts et aL, 1971b). The signi-
ficance values shown in the figure refer to the increase in
arterial pressure and heart rate respectively. For thin
purpose, patients in Groups I and II are combined and
then compared with patients who did not receive beta-

receptor blockade.

EQ). In both groups in the present study, administra-
tion of 8uxamethonium had no significant effects
on the circulation, although a fall of arterial pressure
of more than 15 mm Hg occurred in two patients
in Group TJ. Following laryngoscopy and intuba-
tion, heart rate increased only slightly in both
groups, compared with a mean increase of more
than 20/min in Group HI. Systolic arterial pressure
increased by an average of 24 mm Hg (P<0.01)
in Group I, but only 14 mm Hg (n.s.) in Group JJ,
whereas there was an average increase of 60 mm
Hg (P<0.001) in Group m . No dysrhythmia was
observed in any of the beta-blocked patients in
either Group I or II, nor was there any myocardial
ischaemia as evidenced by ST segment changes or
T wave inversion. This contrasted sharply and
significantly (x'=7.4, P<0.001) with the 38%
incidence of dysrhythmia and associated ischaemic

e.c.g. changes following laryngoscopy and intuba-
tion in Group ELI (Prys-Roberts et al., 1971b).

DISCUSSION

Since the discovery by Powell and Slater (1958) and
Moran and Perkins (1958) that the dichloro-analogue
of isoprenaline could competitively inhibit the
effects of isoprenaline, adrenaline and noradrenaline
on the heart, a number of adrenergic beta-receptor
blocking agents have been synthesized and subjected
to Hinimi evaluation. Although the therapeutic value
of these drugs is now widely established, the attitudes
of anaesthetists to their use during anaesthesia have
been ambivalent, ranging from enthusiasm to frank
antagonism. This dichotomy has more recently
extended to the anaesthetic management of patients
receiving beta-receptor blocking drugs for the treat-
ment of hypertension or ischaemic heart disease.
Like the previous controversy concerning anti-
hypertensive therapy, the evidence, such as it is, for
withholding beta-receptor blockade prior to elective
anaesthesia is sparse and largely anecdotal. On the
other hand, most cardiologists are reluctant to with-
draw a form of therapy on which their patients are
highly dependent, the consequences of which may
lead to increased angina, decreased exercise
tolerance and even death of the patient. Thus the
anaesthetist must have powerful and convincing
reasons for recommending the withdrawal of these
drugs, amounting to evidence that patients receiving
beta-receptor blockers are significantly more at risk
during anaesthesia and surgery than if these agents
are withdrawn. The present studies provide no such
evidence, rather they provide evidence that hyper-
tensive patients are protected from the undesirable
sequelae of laryngoscopy and intubation, and from
myocardial ischaemia associated with arterial hypo-
tension during artificial ventilation.

To what extent the present findings are solely
attributable to the effects of the beta-receptor
blocker used in our studies is not dear, since the
simultaneous use of large doses of atropine to prevent
bradycardia may have confused the issue. While the
use of atropine no doubt contributed to the higher
levels of heart rate, cardiac output and arterial
pressure during both the spontaneous and artificial
ventilation stages of the patients in Group Et, it is
unlikely to have had any significant effect in relation
to the responses of laryngoscopy and intubation.
The concept of anaesthetizing a patient whose heart
is pharmacologically isolated from autonomic con-
trol by sympathetic and parasympathetic influences
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may be anathema to many, but there is no doubt
that our patients tolerated both anaesthesia and
surgery at least as well as patients who were not
autonomically blocked. One view we hold strongly:
beta-receptor blockers should not be administered
during anaesthesia without a generous dose of
atropine, unless there is clear evidence of excessive
sympathetic activity, characterized by heart rates in
excess of the human intrinsic rate of 92/min at a
mean age of 45 (Jose, 1966).

In the introduction of this paper we referred to
commonly held and voiced reasons for withholding
beta-receptor blockers prior to anaesthesia. Perhaps
the commonest is that beta-blockade may impair car-
diac performance, and a number of mechanisms have
been implied (Strong et al., 1971, 1972; Ayscue et
aL, 1972). We have already disputed the evidence
provided by Strong and his colleagues (Prys-Roberts
and Foex, 1973), and in separate publications (Foex,
1973; Foex and Prys-Roberts, 1973) we have pro-
duced evidence that during anaesthesia with either
halothane, nitrous oxide, or a combination of both
in dogs, propranolol did not directly decrease either
myocardial contractility or ventricular performance.
We further showed that, in doses which caused a
tenfold shift to the right of the dose-response curve
to infusions of isoprenaline, propranolol 0.3 mg/kg
did not impair cardiac performance during normo-
capnic or hypocapnic artificial ventilation. Although
we have not had the opportunity to study the effects
of propranolol in the hypertensive patients, the
results of the present study convince us that beta-
receptor blockade induced with practolol was not
associated with impairment of cardiac performance
so long as bradycardia due to parasympathetic
stimulation of the heart was avoided.

It is therefore pertinent to ask why this concept of
cardiac impairment by beta-receptor blockers should
have arisen. One of us (C. P.-R.) has frequently
heard the opinion voiced by anaesthetists on both
sides of the Atlantic that beta-receptor blockers cause
"myocardial depression by a quinidine-like effect"
(sic), and that such myocardial depression is en-
hanced by or during anaesthesia. Beta-receptor
blocking agents have complex pharmacological
actions in addition to their competitive inhibitory
action at adrenergic beta-receptors (Fitzgerald, 1969;
Vaughan Williams, 1966, 1972). Let us first compare
the actions of quinidine on cardiac muscle, with those
of beta-receptor blockers. Quinidine decreases the
maTi'mnm rate of depolarization (MRD) of the myo-
cardial cell, and increases the effective refractory

period and thus decreases the excitability of the
myocardium (Vaughan Williams, 1958). In these
respects, its actions are similar to those of the local
anaesthetics procaine and lignocaine, and other drugs
such as diphenylhydantoin. The concentration of
these drugs required to decrease MRD is much
lower than that required to block neuronal trans-
mission by stabilization of the nerve membrane.
Because beta-receptor blockers such as pronethalol
and propranolol also stabilize cell membranes and
act as local anaesthetics, their actions have been
likened to those of quinidine. However, the mem-
brane stabilization produced by beta-receptor
blockers, unlike those of quinidine, cannot be modi-
fied by acetylcholine or changes in potassium con-
centration (Levy and Richards, 1965). Furthermore,
the laevo-isomer of propranolol has the same local
anaesthetic potency and membrane-stabilizing
activity as the dextro-isomer; while the beta-receptor
blocking activity of the laevo-isomer is about 100
times greater (Barrett and Cullum, 1968). Thus the
evidence suggests that although some beta-receptor
blockers do have membrane-stabilizing properties,
these differ from those of quinidine, and are only
evident at much higher dose levels than those
required to produce effective beta-receptor blockade
(Fitzgerald, 1969). We must therefore consider other
mechanisms by which beta-receptor blockers might
impair cardiac function.

The contractile state of the myocardium in con-
scious man is a function of the inherent contractile
state of the muscle and a variable degree of augmenta-
tion due to sympathetic nervous activity (fig. 3, A).
If there is no sympathetic activity, as in the denerva-
ted heart, an intrinsic state of myocardial contrac-
tility is revealed (fig. 3, B). Most anaesthetic agents,
like halothane, impair this contractile state of the
denervated or isolated heart (Prys-Roberts et aL,
1972d), and are thus classified as direct myocardial
depressants (fig. 3, C). In doses which cause effective
beta-receptor blockade (0.2 mg/kg i.v.), propranolol
may impair the contractile state of the heart when
the comparison is made with the enhanced state of
the innervated heart (fig. 3, B), but the final contrac-
tile state is no more depressed than that of the
denervated heart. Higher doses of propranolol (2-3
mg/kg) may cause membrane stabilization and this
will be associated with direct depression of the
contractile state (Fitzgerald, 1969).

When beta-receptor blocking doses of propranolol
are administered during anaesthesia, the effect on the
contractile state of the myocardium is dependent on
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SYMPATHETIC NERVOUS STIMULATION
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FIG. 3. Schematic representation of the interaction between /3-receptor blocking drugs and anaes-
thesia. The height of each column represents the contractile state (contractility) of the myo-
cardium. The relationships between columns A to H are fully explained in the text (partly based

on a concept used by Fitzgerald, 1969).

the degree of sympathetic activity present. Thus
during anaesthesia with halothane (fig. 3, D) beta-
receptor blockade produces no further decrease in
the contractile state, whereas during anaesthesia with
either cycloproprane or diethyl ether (fig. 3, E and F),
beta-receptor blockade decreases contractility in rela-
tion to the degree of sympathetic activity associated
with these agents.

In common with the prototype of the series
dichloro-isoprenaline, many but not all beta-receptor
blockers also have intrinsic sympathetic agonist
activity (fig. 3, G and H) in that they cause tachy-
cardia, a fall in blood pressure and an increase in
blood sugar in catecholamine-depleted animals
(Mayer, Moran and Fain, 1961; Fitzgerald, Wale
and Austin, 1972). Practolol has moderate intrinsic
stimulating activity, but even in enormous doses it
has no membrane-stabilizing properties, and has the
advantage over many other beta-receptor blockers in
being cardiospecific (Parratt and Wadsworth, 1969;
Ross and Jorgensen, 1970). Practolol does not block
iflL, receptors in systemic blood vessels (Lands et al.,
1967), thus the vasodilator effects of beta-stimulating
agents are preserved. This contrasts with propranolol
which is predominantly specific to peripheral rather
than cardiac beta-receptors (Vaughan Williams, 1972)
and tends to cause arteriolar constriction and an
increase in systemic vascular resistance (Brick et al.,
1966). For these reasons, practolol appeared to us
the preferred agent for use in hypertensive patients,
and our findings of higher cardiac output and stroke
volume and reduced SVR in the patients in Group

II would be in accord with the foregoing argument.
While we could argue that these are desirable effects
in the sense that they do not suggest any impair-
ment of cardiac function in conscious subjects, we
would prefer to draw the conclusion that no patient
studied by us showed evidence of impaired cardio-
vascular performance during anaesthesia associated
with beta-adrenergic receptor blockade. Thus we
may return unhampered by such considerations to
the question of benefits derived from beta-receptor
blockade in hypertensive patients, and those with
ischaemic heart disease.

We find it difficult to present a convincing case
for the routine administration of beta-receptor
blockers to hypertensive patients undergoing anaes-
thesia, largely because of the low incidence of
permanent sequelae in the 65 patients whom we
studied before the present series. Of these, only one
patient had electrocardiographic evidence of myo-
cardial ischaemia which persisted into the post-
operative period. Nevertheless, the high rate (38%)
of occurrence of such changes during anaesthesia,
especially related to episodes of hypotension, or to
left ventricular stress, did not induce in us a sense
of complacency. Since the incidence of ischaemic
changes in the patients treated with beta-receptor
blockers was so low, we feel that further studies of
their use are more than justified. In this context, it
would appear that oral medication preoperatively is
more effective than a single intravenous dose given
immediately before the intubation sequence. We
would further suggest that beta-receptor blockers

D
ow

nloaded from
 https://academ

ic.oup.com
/bja/article/45/7/671/326136 by guest on 20 M

arch 2024



STUDIES OF ANAESTHESIA IN RELATION TO HYPERTENSION—V 679

are more effective drugs for the preoperative allevia-
tion of the stress and the cardiovascular consequen-
ces induced by fear (Taggart and Carruthers, 1972)
than the wide variety of opiates, hypnotics and
tranquillizers in present-day use.

The improved efficacy of oral administration of
practolol may be explained on the basis that the
blood level of this drug rapidly reaches a peak after a
single intravenous administration, and thereafter
decays rapidly according to a three-component
exponential (Aellig, Prichard and Scales, 1970;
Scales and Cosgrove, 1970), the initial half-life being
approximately 5 min. The same effective blood con-
centration can be achieved and maintained for a
longer time by giving a larger dose by the oral route.

One further important question has not been
answered by this study, but is of prime interest to
both anaesthetist and surgeon. How will the patient
whose heart is effectively beta-receptor blocked
respond to major haemorrhage during or after anaes-
thesia and surgery? The increase in heart rate which
is part of the normal response to haemorrhage, and a
useful warning, may be completely obtunded by
beta-receptor blockade. We do not believe that this
question can be satisfactorily answered from the
results of human studies, since under clinical con-
ditions, haemorrhage is not easily quantifiable and
is unlikely to occur in a sufficiently controlled
manner as to allow comparable measurements in
different patients. What evidence there is from
animal studies suggests that beta-receptor blockade
exerts a protective influence against haemorrhagic
shock in sheep and dogs (Halmagyi, 1972; Halmagyi,
Irving and Varga, 1968; Berk et al., 1967), and in
man (Berk et al., 1972).
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ETUDES DE L'ANESTHESIE EN RELATION
AVEC L'HYPERTENSION. V: BLOCAGE DBS

RECEPTEURS BETA-ADRENERGIQUES

SOMMAIRE

On etudie les effets du practolol (0,4 mg/kg intraveineux
chez douze malades avec hypertension, au cours de 1'anes-
thesie a rhalothane/protoxyde d'azote. Le practolol
diminue la vitesse du coeur (HR) et le debit cardiaque
(0) a partir des taux eleves apres radministration
d'atropine pendant l'anesthesie, mais les valeurs de la
pression arterielle (AP), HR et 0 apris la combinaison
d'atropine et de practolol n'accusent aucune difference
significatiye par rapport a celles que Ton observe pendant
l'anesdiesie, avant le blocage. Les effets d'une serie anes-
thesique similaire sont itudies chez onze autres malades
traites pour hypertension et auxquels on a donne le
practolol par voie buccale (1,5 mg/6 heures) au moins
48 heures avant 1'operation en plus du traitement anti-
hypertensif habituel. En comparant les malades traites
pour liiypertension dans l'etude prialable, les malades
pretraites avec le practolol presentaient des reveils AP
similaires, mais des AP plus fortes pendant l'anesthesie,
avec ventilation soit spontanec, soit artificielle. Le debit
cardiaque etait plus eleve et la resistance vasculaire
systennque plus faible aussi bien avant que pendant
l'anesdiesie. Les deux groupes de malades en presence
presentaient des reponses de tachycardie et d'hypenension
significativement attcnuees apres la laryngoscopie et l'intu-
bation, compares a ceux de J'etude precetlente. L'incidence
de la dysrytiiinie et la manifestation d'une iscWmie myo-
cardique a l'ECG itaient significativement plus faibles
(4%) chez les malades avec blocage beta-adrenergique
compare a ceux qui n'avaient pas recu le practolol (38%).
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UNTERSUCHUNGEN DER ANAESTHESIE IM
BEZUG ZUR HYPERTONIE. V: ADRENERGISCHE

BETA-REZEPTORENBLOCKER

ZUSAMMENFASSDNG

Die Wirkungen einer intravenosen Verabreichung von
Practolol (0.4 mg/kg) wurden an 12 hypertonen Patienten
wahrend einer Halothan-Lachgas-Narkose untersucht.
Practolol verringerte die Herzfrequenz (HR) und die
cardiale Auswurfleisrung (0) von den gesteigerten Werten
nach Atropinverabreichung im Verlaufe der Anaesthesie,
die Werte des arteriellen Drackes (AP), HR und Q
waren jedoch nach einer ^Combination von Atropin und
Practolol nicht wesentlich verschieden von denen
wahrend der Anaesthesie vor der Blockade. Die Wirkun-
gen eines ahnlichen Anaesthesieverlaufes wurden an
weiteren 11 behandelten Hypertonie-Patienten untersucht.
Diese batten orale Gaben von Practolol (1,5 mg/kg/6 Std.)
mindestens 48 Stunden praeoperativ zusatzlich zu der
laufenden antihypertensiven Medikation erhalten. Im
Vergleich mit den behandelten Hypertonie-Patienten,
welche vorher untersucht worden waren, wiesen die mit
Practolol vorbehandclten Patienten in wachem Zustand
einen ahnlichen arteriellen Druck auf, jedoch einen
hoheren arteriellen Druck im Verlaufe der Anaesthesie,
und zwar sowohl bei Spontanatmung als auch bei
kunstlicher Beatmung. Die Auswurfleistung des Herzens
war grofier und der allgemeine Gefaflwiderstand geringer
sowohl vor als auch wahrend der Narkose. Beide vorlie-
genden Gruppen von Patienten zeigten eindeutig
verringene Reaktionen von Tachycardie und Hypertonie
nach Laryngoskopie und Intubation im Vergleich mh
fruheren Untersuchungen. Die Zwischenffille mit
Rhythmusstorungen und die im EKG nachweisbaren
ischaemischen Veranderungen im Myocard waren bie
Patienten mit Beta-Blockade wesentlich geringer (4%)
verglichen mit denen, welche keiri Practolol erhalten
hatten (38%).

ESTUDIOS DE LA ANESTESIA EN RELACION
A LA HIPERTENSION. V: BLOQUEO

ADRENERGICO BETA-RECEPTOR

RESUMEM

Los efectos del practolol intravenoso (0,4 mg/kg) fueron
estudiados en doce pacientes hipertensos durante la
anestesia de halothane/6xido nitroso. El practolol dis-
minuy6 la frecuencia cardiaca (RQ y el gasto cardiaco
(Q), cuando se parria de los grandes valores que seguian
a la administration de atropina durante la anestesia, pcro
los valores de la presion anerial (PA), RC y 0 despues
de la combinaci6n de atropina y practolol no fueron
significativamente diferentes que los obtenidos durante
la anestesia antes del bloqueo. Los efectos consecutivos
a una anestesia similar fueron estudiados en otros once
pacientes hipertensos a los que sc administro practolol
por via oral (1,5 mg/kg/6 horas), por lo menos 48 horas
antes de la operation y juntamente con un tratamiento
hipertensivo normal. Comparandolos con los enfermos
hipertensos antcriormente estudiados, los tratados con
practolol tenian una PA similar al despertar, pero 4sta
era superior durante la anestesia con respiration espontanea
o artificial. El gasto cardiaco era superior y la resistenda
vascular sistemica inferior antes y durante la anestesia.
Los dos grupos de pacientes presentados mostraron
respuestas significativamente mis atenuadas de taquicardia
e hipertensi6n despues de la laringoscopia e intubaci6n,
comparados con los estudios previos. La intidencia de
disritmia y evidencia electrocardiografica de isquemia
miocardica era apreciablemente inferior (4%) en los
pacientes beta-bloqueados, comparados con los que no
habian recibido practolol (38%).

BOOK REVIEW

Management of Patient for Radical Cancer Surgery.
Edited by William S. Howland and Olga Schweizer.
F. A. Davis & Co., Philadelphia (1972). Pp. 162;
illustrated. (Clinical Anaesthesia 9/1). J. B. Lippincott.
Price £5.

In their introduction the editors have wisely decided to
avoid discussion of anaesthetic technique and to confine
themselves to those factors within the anaesthetist's
sphere of surveillance which determine success or failure
in patients having major cancer surgery. Therefore, they
deal with such things as the duration of surgery, the
problems of blood transfusion, the interpretation of
central venous pressure measurements, shock, lactic-
atidaemia, and coagulation defects. The authors with
one exception are attached to Cornell University Medical
College, and are also anaesthetists at various hospitals
in New York. In the main they base their views on
actual experience and are able to give supporting data
from their own practice. Naturally those chapters where
this is done stand out from the rest, and contain the
most interesting matter for the reader.

They observe how prolonged surgery produces bizarre
changes of temperature. Their re-evaluation of massive
blood transfusion exposes not only the hazard of micro-
emboli but that warming the blood and the administration
of sodium bicarbonate lowers the operative mortality rate.
They conclude that the practice of giving calcium salts
to prevent "citric intoxication" cannot be validated and
should probably be abandoned. They confirm once again
that central venous pressure measurement provides valu-
able information, so long as the anaesthetist is aware of
its limitations.

In a final chapter on "Clinical applications" valuable
examples are given of the beneficial effects of applying
the lessons leamt in the main body of the book. This is
an excellent number of the Clinical Anesthesia Series,
and is well worth reading. Incidentally, it provides the
perfect answer to any accusation that the anaesthetist is
a technician, or that anaesthesia does not demand the
highest intellectual efforts.

William W. Mushm
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