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Influence of Propranolol Plasma Levels on Hemodynamics

during Coronary Artery Bypass Surgery

J. Christopher Sill, M.B.B.S.,* Michael Nugent, M.D.,* Thomas P. Moyer, Ph.D.,t
Luis E. Torres, M.D.,t Hartzell V. Schaff, M.D.,§ John H. Tinker, M.D.1

Hemodynamic effects of propranolol during coronary artery sur-
gery were investigated in 26 patients who chronically took pro-
pranolol and who received a standardized morphine/diazepam/
pancuronium/halothane anesthetic. Effects were shown by corre-
lating logarithm of the plasma propranolol concentrations versus
percentage change in hemodynamics following stressful events (in-
duction, intubation, skin incision, sternotomy, and sternal retrac-
tion). Log propranolol and hemodynamics following cardiopul-
monary bypass also were correlated. A broad range of propranolol
levels were observed. Levels (range and mean * SD) were prein-
duction 0-96 (25.6 £ 21.6) ng/ml; preincision 0-86 (27.2 + 24.4)
ng/ml; and sternal retraction 0-92 (28.2 + 25.4) ng/ml. The range
of hemodynamic responses to stressful events also was broad. Rep-
resentative changes between preincision control and sternotomy
were (range and mean ¥ SD): HR —8-30 (7 + 10) beats/min; PCWP
1-21 (8.5 * 4.6) mmHg; CI —0.2-1.1 (-0.2 £+ 0.7) I-min™" - m™?,
and SVR —244-1,288 (310 = 388) dyn+s- cm™®, By the time of sternal
retraction, CI had declined from preincision values in 14 patients.
Linear regression analysis demonstrated an inverse correlation be-
tween log propranolol and magnitude of HR, MAP, PCWP, and
Cl response to stressful stimulation. A direct but statistically weaker
correlation with SVR also was seen. Significant correlations between
log propranolol versus hemodynamic response to anesthetic induc-
tion and versus postcardiopulmonary bypass hemodynamics were
not observed. The authors conclude that propranolol, in proportion
to the log plasma level, attenuated stress-induced changes in HR
and to a lesser degree changes in MAP, PCWP, and CI and that at
higher levels this effect was achieved with some decline in CI and
increase in SVR. (Key words: Anesthesia: cardiac. Heart: hemo-
dynamic response to surgery. Intubation, endotracheal: hemody-
namic response. Pharmacodynamics: propranolol. Surgery: coronary
artery, hemodynamic response. Sympathetic nervous system: beta
adrenergic blockade, propranolol.)

CONTINUATION OF PROPRANOLOL THERAPY until the
day before or morning of coronary bypass surgery is ac-
cepted practice and has been shown to be beneficial for
most patients undergoing such surgery.' In awake hu-
mans, propranolol attenuates the heart rate, blood pres-
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sure, and cardiac output increases that accompany ex-
ertion or emotional stress, thus suppressing a rise in ox-
ygen consumption of the heart and the occurrence of
angina.®-® The magnitude of these effects has been shown
to be related to plasma propranolol level.”"'* Beneficial
effects have been observed from about 10 ng/ml, and a
very high degree of beta blockade with marked atten-
uation of heart rate exercise response has been described
at 100 ng/ml.”'? Qur aim was to determine whether or
not plasma propranolol levels and hemodynamic effects
were related similarly during anesthesia and surgery. Al-
though previously hemodynamic comparisons have been
made between patient groups receiving different peri-
operative propranolol protocols,®*'*-'% to our knowledge
hemodynamics and plasma propranolol concentrations
have not been correlated. Our purpose was to investigate
the correlation between plasma propranolol levels and
hemodynamic responsiveness to perioperative stresses. We
also wished to determine if at the plasma levels studied,
unacceptable cardiovascular depression occurred on an-
esthetic induction and following cardiopulmonary bypass.

Methods

The investigation was approved by the institutional
Human Studies Committee. Informed consent was given
by 26 patients, 22 men, and 4 women who were to un-
dergo elective coronary artery bypass graft surgery
(CABG) for NYHA Class II-III angina. Patients were
excluded from the study if they had left main coronary
disease, ejection fraction < 0.4, or unstable angina. All
patients had been taking propranolol 40 to 240 mg/day
for the previous 1 month to 10 years. Propranolol was
continued until the day before or morning of surgery.
In addition to propranolol, all patients took dipyridamole
(Persantine®; Boehringer Ingelheim Ltd., Ridgefield,
Connecticut), and all but one took nitrates, three were
receiving a thiazide diuretic, and one procainamide. Apart
from these drugs, no other vasoactive medications were
being used. No patient had received calcium entry block-
ing drugs.

We used a standardized anesthetic technique. All pa-
tients were premedicated with morphine 10 mg and di-
azepam 10 mg intramuscularly. Anesthesia was induced
with an intravenous infusion of morphine 0.5 mg/kg and
diazepam 0.5 mg/kg over 10-15 min while patients
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breathed 100% oxygen. Endotracheal intubation was
performed following paralysis by pancuronium 0.1 mg/
kg. Ringer’s lactate solution, 400-800 ml, was infused
during induction. Following intubation, patients were
ventilated with a mixture of oxygen and air (Fig, 0.7);
no nitrous oxide was used. Halothane was added during
surgery and the inspired concentration adjusted to pre-
vent systolic arterial pressure from increasing > 20%
above the patients’ preoperative levels, measured supine
in the patients’ hospital rooms the day before surgery.
Hemodynamic data were collected via ECG, radial ar-
tery catheters placed prior to anesthetic induction, and
via thermodilution pulmonary artery catheters introduced
following anesthetic induction and tracheal intubation.
Cardiac outputs were determined using iced injectate and
an Edwards 9520A® (American Edwards Laboratories,
Santa Ana, California) computer with recorder. The initial
values were rejected, and the following four determi-
nations were averaged. Hard-copy hemodynamic data
were recorded by a calibrated Gould electrostatic system.
End-tidal halothane concentrations were measured by a
calibrated Beckman LB-2 analyzer. Plasma propranolol
concentration was determined from arterial blood, using
high-pressure liquid chromatography with fluorescence
detection, and pronethalol was an internal standard.'”
Heart rate and arterial pressure were measured prior
to anesthetic induction, following induction, and then 30
s following laryngoscopy and intubation. Heart rate, ar-
terial pressure, right atrial, pulmonary artery, and wedge
pressure, cardiac output, and end-tidal halothane con-
centrations were measured during antiseptic skin prep-
aration approximately 5 min before skin incision. These
values were considered to be “control.” The measure-
ments were repeated 2 min following sternal skin incision,
1 min following sternotomy, and 3 and 6 min after the
beginning of maximum sternal retraction. Following car-
diopulmonary bypass, the measurements were performed
following aortic decannulation and on skin closure.
Arterial blood samples for later propranolol concen-
tration determination were removed immediately prior
to anesthetic induction, prior to skin incision, 6 min after
maximum sternal retraction, 10 min following the be-
ginning of cardiopulmonary bypass, at 30° C on rewarm-
ing during cardiopulmonary bypass, following aortic de-
cannulation postcardiopulmonary bypass, and finally on
skin closure. During the latter part of the study, it became
apparent that higher therapeutic range propranolol levels
were not present frequently following oral therapy alone.
We realized it would be necessary to observe hemody-
namic responses throughout a wide range of propranolol
blood levels, therefore, 12 of the final 14 patients studied
received, in addition to chronic oral propranolol, intra-
venous propranolol supplementation.'®** (It was antic-
ipated that the other 2 of these 14 patients already would
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have high levels as a consequence of their oral therapy.)
Our attempt was not to produce identical plasma levels,
but a relatively narrow range of 30-60 ng/ml, and then
correlate whatever levels resulted with subsequent he-
modynamics. Intravenous dosage was chosen by consid-
ering body weight, time elapsed since last oral propranolol
dose, and oral dosage given. Thirty minutes before in-
duction, a propranolol bolus of 2-7 mg, at 1 mg/min,
was given and then a continuous propranolol infusion of
0.4-0.9 pug-kg™' *min~! was begun and continued until
the time of cardiopulmonary bypass.'*~*" No propranolol
was given during or following bypass.

Data were analyzed by correlating the logarichm of
the plasma propranolol concentration versus the per-
centage change in hemodynamics induced by stressful
events. Percentage change in HR and MAP from pre-
anesthetic to postanesthetic induction values were cor-
related with the concurrent log propranolol level as was
change in HR and MAP from pretracheal to posttracheal
intubation. Hemodynamic parameters were measured
immediately prior to skin incision (control) and the per-
centage change following skin incision, sternotomy, and
3 and 6 min of maximum sternal retraction were cor-
related with the concurrent log plasma propranolol level.
In addition, transient end-tidal halothane concentration
and log propranolol were correlated. Cardiac catheter-
ization data and log propranolol levels (preinduction) were
examined to determine if preoperative ventricular func-
tion and plasma level correlated significantly. Hemody-
namics before skin incision (control) and log propranolol
were correlated to determine how propranolol affected
baseline measurements. Following cardiopulmonary by-
pass, hemodynamic variables and concurrent log pro-
pranolol levels were correlated. Correlations for all the
relationships were determined by linear regression and
correlation coefficients and P values obtained. Paired ¢
testing was used to compare mean plasma propranolol
values measured during the course of anesthesia and sur-
gery. Each value was compared with the previous value
and, in addition, postbypass values were compared with
that immediately before bypass. When repeated measures
were compared, the ¢ test was weighted appropriately
with the application of the Bonferroni modification.
Throughout statistical analysis, P < 0.05 was regarded
as significant.

Results

PATIENTS
Demographic data are presented in table 1. Twenty-
four patients had three-vessel coronary disease and two
had two-vessel disease. Thirteen had suffered previous

myocardial infarction and five had a history of hyper-
tension.
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TABLE 1. Patient Age and Cardiac Catheterization Data

PROPRANOLOL AND CORONARY ARTERY SURGERY

Range Mean £ 8D
Age (yr) 40-72 59.9 + 7.2
Ejection Fraction 0.40-0.69 0.54 + 0.08
LVEDP (mmHg) 6-30 18.6 = 7.9

PLASMA PROPRANOLOL LEVELS

Plasma propranolol concentrations are shown in figure
1 (mean = SE). Little change in mean plasma propranolol
concentration occurred between anesthetic induction and
cardiopulmonary bypass. Between skin prep and sternal
retraction, mean levels differed by only 2.3 £ 4.7 ng/
ml (mean * SD). However, on each occasion, propranolol
ranges were marked, concentrations ranging from 0-96
ng/mi at anesthetic induction, 0-86 ng/ml during an-
tiseptic skin prep, and 0-92 ng/ml after 6 min maximum
sternal retraction. During cardiopulmonary bypass, levels
decreased and were significantly less than prebypass but
following bypass the concentrations increased slightly.
From the end of bypass to skin closure, the greatest mean
level occurred at skin closure, even though no propranolol
had been administered in this period.

LoG PROPRANOLOL LEVELS AND HEMODYNAMICS

The effects of propranolol were shown by correlating
logarithm of the plasma concentrations versus the per-
centage change in hemodynamic variables occurring fol-
lowing stressful stimulation (induction, intubation, skin
incision, sternotomy, 3 and 6 min sternal retraction), He-
modynamics, hemodynamic changes, and correlations
with log propranolol levels are shown in tables 2 and 3
and figures 2-9. Although mean hemodynamic values
changed little, the range of hemodynamic responses was
marked.

Effects of laryngoscopy and tracheal intubation upon
HR and MAP are shown in table 2 (mean hemodynamic
values) and figure 2 (individual responses). Changes in
HR and MAP were suppressed in proportion to the con-

3as
30 -
25 |-
Plasma
propranold 20 -
level
(ng/ml) 15
T g |°F
10 |- 3
5 |-
Induction Skin Sternal CP Aortic  Skin

prep retrac bypass decan closure

FiG. 1. Plasma propranolol levels (mean + SE) during the course
of anesthesia and surgery. *Indicates significant difference from pre-
cardiopulmonary bypass value (at sternal retraction). (P < 0.001).
FIndicates significant difference from each preceding value (P < 0.05).
CP = cardiopulmonary bypass.

current log propranolol concentration (P < 0.001), as
can be seen in figures 3 and 4 and in table 2.
Hemodynamic effects of skin incision, sternotomy, and
sternal retraction are shown in table 3 (mean values) and
figure 5 (individual responses from skin preparation con-
trol to sternal retraction). Significant inverse correlations
between log propranolol concentrations and the mag-
nitude of HR, PCWP, and CI responses were observed.
Correlations, r and P values are given in table 3, and
relationships following sternal retraction are illustrated
in figures 6 to 8, Log propranolol versus HR response
was consistently the most statistically significant corre-
lation, while those between log propranolol versus PCWP
and CI changes were of a lesser significance. By the time
of sternal retraction, a decline in CI occurred in 14 pa-
tients, although cardiac index fell below 2.0 1- min™ + m™2
in only one patient, (propranolol level 8 ng/ml). A weak
direct correlation (P < 0.05) between log propranolol
versus SVR response was observed following sternotomy
and sternal retraction (fig. 9). The relationship between

TABLE 2. Heart Rate and MAP Awake, Postanesthetic Induction and Following Tracheal Intubation. Hemodynamic Changes and
Correlations with Concurrent Log Plasma Propranolol Concentrations are Shown

Correlation: Log
Hemodymamic Hemaodynamic A Hemodymunic A Propranolol versus
Variable {range) {mean % SD) Per Cent Hemodynamic & n ¥ P
Heart rate (beats/min)
Awike 67 6
Postanesthetic induction 72+ .6 -3t 17 5%+ b — 25 —0.05 NS
Laryngoscopy and intubation 81« 7 20 19 9% b —10.56X + 25.2 25 —0.63 <0.001
Mean arterial pressure (mmHg)
Awake 94 + 14
Postanesthetic induction 81 +13 0 to —30 -13+ 9 — 25 0.25 NS
Laryngoscopy and intubation 108 + 22 Oto 60 27 £ 17 —29.9X + 69.3 25 —0.62 <0.001
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TaBLE 3. Hemodynamic Variables at Control and Following Surgical Stimulation. Hemodynamic Changes (Range and Mean + SD)
Between Control and Points of Surgical Stress are Shown. Correlations Between Concurrent Log
Propranolol versus Hemodynamic Changes are Shown

Hemodynamic & Hemodynamic & Correlation: Log
Hemuodynamic from Control fram Comvrol Propranolol versus
Variable (range) (mean £ SD) Per Cent Hemodynimic 4 n r P

Heart rate (beats/min)

Control (skin prep) 695

Skin incision 726 —8to 16 3+5 —8.7X + 15.1 26 -0.66 <0.001

Sternotomy 718 —14t0 21 48 —14.6X + 20.4 26 | -0.70 <0.001

3 min sternal retraction 74 £ 10 —-11 to 27 5%10 —-19.3X + 31.4 26 -0.75 <0.001

6 min sternal retraction 75 £ 11 -8 to 30 710 —-21.3X + 36.8 25 —0.80 <0.001
PCWP (mmHg)

Control (skin prep) 14.3 £ 4.3

Skin incision 19.2 £ 6.3 -lto13 49+ 3.5 —28.5X + 70.5 26 —0.54 <0.01

Sternotomy 19.6 £ 5.3 Ot 12 5.0 £ 3.2 — 25 | —0.37 NS

3 min sternal retraction 20.8 £ 6.1 Ow 15 6.6 + 4.4 —30.2X + 86.5 26 -0.53 <0.01

6 min sternal retraction 22.8 +£ 6.9 1 to 21 8.5+ 4.6 —35.7X + 106.5 26 -0.56 <0.01
CI (I-min~'+m™%)

Control (skin prep) 3.1+0.7

Skin incision 2.9 £ 0.7 -1.0 t0 0.7 —-0.2 £ 0.5 — 26 -0.30 NS

Sternotomy 2.8 £ 0.6 -1.6to 1.3 —-0.3 £0.7 =22,1X + 19.7 25 | —0.57 <0.01

3 min sternal retraction 2.8 £ 0.5 -16tol —-0.2 £ 0.7 -25.8X + 26.1 25 —-0.71 <0.001

6 min sternal retraction 2.9 +£ 0.6 -0.2to -0.2 £ 0.7 —23.8X + 24.6 25 | —0.63 <0.001
SVR (dyn-s-cm™)

Control (skin prep) 953 £ 181

Skin incision 1,254 = 354 —46 to 819 323 + 238 _— 25 -0.10 NS

Sternotomy 1,272 = 327 —164 to 1,001 320 + 284 23.9X + 6.4 25 0.45 <0.05

3 min sternal retraction 1,266 + 371 ~188 to 1,698 313 + 366 304X -~ 1.0 25 0.45 <0.05

6 min sternal retraction 1,262 + 363 —244 10 1,278 310 + 338 21.9X + 8.5 25 0.40 <0.05
MAP (mmHg)

Control (skin prep) 82 + 11 :

Skin incision 98 + 12 -5 10 37 15 £12 — 26 -0.27% NS#*

Sternotomy 95 + 12 =151t0 29 13+11 —_ 25 | —0.23* NS*

3 min sternal retraction 98 + 14 —11 t0 40 15+ 13 _ 25 —0.22%* NS*

6 min sternal retraction 96 + 12 ~6 to 46 15+ 11 — 25 —0.26%* NS*

* During surgery, SBP was prevented from increasing >20% above
preoperative levels by administration of halothane, thus a significant

log propranolol versus change in MAP seen on intubation
did not continue during surgery because, as a part of the
study protocol, systolic BP was prevented from increasing
>20% above preoperative value by halothane adminis-
tration. A weak inverse correlation was observed between
log propranolol and end-tidal halothane concentration
(P < 0.05).

Although we found significant correlations beiween
log propranolol levels and the magnitude of hemodynamic
responses to intubation and surgical stimulation, we found
no correlation between log propranolol levels and the
hemodynamic responses to anesthetic induction. Per cent
change in HR and MAP following anesthetic induction
did not correlate significantly with log propranolol (r
= —0.05 and r = 0.25, respectively) (table 2).

We found no correlation between log propranolol level
measured prior to skin incision and patient’s age, myo-
cardial infarction history, LVEDP, or ejection fraction
(obtained at cardiac catheterization). In premedicated,

correlation between log propranolol versus change MAP was not ex-
pected.

resting awake patients prior to anesthetic induction, the
correlation log propranolol versus HR and MAP was not
significant, r = —0.04 and r = —0.08 respectively. (HR
and MAP mean values are shown in table 2, while mean
propranolol level appears in fig. 1.) Likewise, in unstim-
ulated, anesthetized patients (end-tidal halothane 0.24
+ 0.10%) in the control period prior to skin incision, no
correlation existed between log propranolol and HR,
MAP, PCWP, CI, or SVR. Hemodynamic mean values
are shown in table 3.

Following cardiopulmonary bypass, no significant re-
lationship was observed between log propranolol levels
and hemodynamics (table 4). However.in the postbypass
period, propranolol levels and ranges were significantly
lower than prebypass (fig. 1, table 4). One patient (pro-
pranolol level 7 ng/ml) received dopamine to maintain
CI above 2.5 1-min™'-m™, Six patients (propranolol
range 0-21 ng/ml) received nitroglycerin or nitroprus-
side to reduce an elevated SVR. Two patients (propranolol
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PROPRANOLOL AND

HR MAP
beats/min mm Hg
100 160
90 140 —
80 |— * 120 |—
| |
70 |- 100 —
60 | 80 |1
s0 L1 ' 60 |
Pre- Post Pre- Post
laryng- intubation laryng- intubation
oscopy oscopy

F1G. 2. Individual patient HR and MAP responses between
prelaryngoscopy and following tracheal intubation.

levels 0 and 19 ng/ml) were paced electrically to maintain
HR above 65 beats/min.

Three patients were excluded from the study. Two
developed skin flushing, hypotension, and tachycardia on
morphine administration and were treated with phen-
ylephrine. One patient developed PVCs on introduction

30
L ]
[
[ ]
20 |-
%A p
HR
10 L
y= -10.5x + 25.2 . °
n= 25 . .
r= -0.63 °
p= <0.001 ¢ o
0 |
s} 10 100

Plasma propranolol level (ng/ml)

F1G. 3. Correlation per cent HR change from prelaryngoscopy
to postintubation versus the log plasma propranolol level.
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100
»
y= 29.9x +69.3
n= 25
r= -0.62
%A — p= <0.001 L4
mean
arterial
pressure

Plasma propranolo! level (ng/ml)

F1G. 4. Correlation per cent MAP change from prelaryngoscopy
to postintubation versus the log plasma propranolol level.

of halothane. In these instances the anesthetic technique
was changed. Occasionally, all hemodynamic or halothane
data were not obtained from the remaining 26 patients
because of technical mishaps.

Discussion

In patients undergoing CABG surgery, we investigated
the correlation between log plasma propranolol level and
the magnitude of hemodynamic responses induced by
perioperative stresses. Our results demonstrate that re-
sponses to tracheal intubation and to surgical stimulation
are influenced by propranolol in proportion to the log
plasma concentration. Heart rate responses were asso-
ciated closely with plasma concentration while MAP,
PCWP, CI, and SVR changes were associated to a lesser
degree.

HR PCWP Cl SVR
beats/min mm Hg L min. M 2 dynes. cm. secS
100 as 5.0 2250
90 |- 30— 4.5 2000
80 I~ 25 - * 4.0 1750
70 = 20 3.5 1500
60 |- 15 (- 3.0 1250
50 |~ 10 — 25 1000
40 — 5 20 750
30 | ! 0 1 ! 1.5 500
Skin Sternal Skin Sternal Skin  Sternal Skin  Sternal

prep retraction

prep retraction

ptep retraction

prep retraction

Fic. 5. Individual patient HR, PCWP, CI, and SVR responses be-

tween preincision skin preparation control and 6 min following max-
imum sternal retraction. (MAP response is not included, as halothane
was administered to prevent SBP from increasing >20% above pre-
operative levels.)
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48 < 50
y= -21.3x + 36.8 y= -258x + 26.1
n= 25 n= 25
38 ¢ r= -0.80 r= -0.71
p= =<0.001 25 p- p = <0.001
.
) 3
%A, : /z:|A o® .
HR
0
N
12 . 20 [ ]
o \. o
°
0 * \'\ .25
L ]
°
. \o
-12 ] P ) |
0 10 100 -60
0 10 100

Plasma propranolol level (ng/ml)

FIG. 6. Correlation between HR response to maximum sternal
retraction versus concurrent log plasma propranolol level.

Surgery resembles exertional stress as similar increases
in sympathetic activity, catecholamine release, and car-
diovascular stimulation occur in both situations.*'*** It is
logical, therefore, that propranolol should attenuate the
HR response to both exercise stress and to stressful sur-
gical stimulation. We have shown that propranolol sup-
presses the HR changes induced by laryngoscopy, intu-
bation, and surgical stress in inverse proportion to the
drug’s log plasma concentration. Mean arterial pressure
increases that followed laryngoscopy and intubation were
attenuated in a similar way. Such an attenuation is again
understandable as, in awake humans, one proposed
mechanism of propranolol’s antianginal effect is reduction
of the blood pressure response to exertion and emotion.

It is less logical that wedge pressure increase should
be attenuated by higher propranolol levels, especially as

150
° y= -357x+ 1085
b n= 26
r= -0.56
120 .o p= <0.01
%A
PCWP

0 ]

0 10 100
Plasma propranolol tevel (ng/mi)

F16. 7. Correlation between PCWP response to maximum sternal
retraction versus concurrent log plasma propranolol level.

Plasma propranolol level (ng/ml)

FiG. 8. Correlation between CI response to maximum sternal
retraction versus concurrent log plasma propranolol level.

higher levels were associated with greater increases in
SVR. However, in patients with coronary artery disease,
increase in wedge pressure is a hemodynamic feature of
exercise or pacing stress.?* In the presence of coronary
artery disease, sympathetic stimulation and catecholamine
release may induce ischemia, worsen regional asynergy,
and reduce the rate of ventricular relaxation, even though
catecholamines have a positive relaxing effect on isolated
cardiac muscle.** Propranolol may improve asynergy,®
improve relaxation rate, and lower wedge pressure.?
Propranolol also attenuates tachycardia and prolongs
diastole, thus permitting greater time for coronary flow.*’
Propranolol may, by relieving ischemia, lower wedge
pressure®’; and presumably prevention of ischemia would
prevent wedge pressure increases. During this investi-

160 v
y= 30.4x -1.0
n= 25
120 |~ r= 0.45
%A p= <005
]
systemic L .
vascular 80 o
resistance .°/
40 |- . LA """ o e o
P .
o y ® °
[ ]
.40 1
° 10 100

Plasma propranolol level (ng/ml)

F1G. 9. Correlation between SVR response to maximum sternal
retraction versus concurrent log plasma propranolol level. Correlation
coefficients are lower than those observed for other hemodynamic
response versus log propranolol level relationships.
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TABLE 4. Plasma Propranolol Levels, End-Tidal Halothane Concentrations and Hemodynamic Parameters Following Cardiopulmonary
Bypass. No Significant Correlation Between Log Propranolol versus Hemodynamics was Observed (Values are Mean = SD)

Plasma Propranolol Level
(ng/ml) End-tidal
Halothane HR MAP Pewe Cl SVR
Rumge Mean 2 8D (%) (beats/min) (mnltlg) {mmllg) (lemin™ « Y (d)'n-s-cm")
Aortic Decannulation 0-41 9.7 £ 3.8 0.32 £ 0.14 8210 889 16.6 = 3.1 3.3+0.7 980 + 260
Skin Closure 0-38 10.5 + 3.9 0.36 = 0.17 83 x 11 9] +8 155 £ 29 2.8 + 0.6 1,187 + 370

gation, greater halothane concentrations were used in
patients with lower propranolol levels and this agent’s
negative inotropic effect may have contributed to wedge
pressure increases.

Both resting cardiac index and exercise-induced in-
crease in cardiac index are depressed by propranolol in
awake patients. Here, at low propranolol levels, we ob-
served suppression of CI increase following stress, while
at greater levels an actual decline in CI occurred. Pro-
pranolol blocks both central and peripheral beta-receptors
and in the presence of greater propranolol levels, the CI
changes may have been mediated by unopposed alpha-
adrenergic activity leading to peripheral vasoconstriction.
However, halothane-induced vasodilatation may have
modified this response. In support of this hypothesis, we
observed greater SVR increases in the presence of greater
propranolol concentrations. Perhaps a cardioselective
beta-blocking drug such as metoprolol would have less
effect upon SVR and CI. Heart rate effects also would
influence CI.

Although the correlations we have established are sta-
tistically significant, for any given propranolol level be-
tween-patient variation in response is apparent. This vari-
ation is least marked for HR changes but more obvious
for changes in SVR where, for example, at a plasma level
of approximately 50 ng/ml, the change in SVR ranged
from —5 to +160%. Heart rate, MAP, and CI responses
correlated more closely with the propranolol level than
did PCWP or SVR changes. We believe propranolol is
one of several factors that influence hemodynamic per-
formance during anesthesia and surgery and for this rea-
son the correlation coefficients we observed were not
always highly significant. In addition, patient age, en-
dogenous catecholamine secretion, beta-receptor number,
and sensitivity also contribute to individual variations in
propranolol effect.”®

In awake humans, suppression of exercise-induced
tachycardia and reduction in angina frequency have been
correlated with the log plasma propranolol level. Plasma
levels as low as 8 ng/ml have a measurable effect upon
exercise tachycardia; levels of 30 ng/ml reduce angina
frequency; and at about 100 ng/ml a high degree of beta
blockade exists.”"'? The correlations we have examined
apply to plasma propranolol concentrations from 0 to 96

ng/ml. The effects of higher levels were not investigated.
However, it has been suggested that intense beta blockade
exists at 80-100 ng/ml and that further increases in
plasma level produce little further log concentration-re-
lated effect, i.e., a plateau for propranolol effect occurs
at about 100 ng/m].7-'%28

Our observations that HR and MAP in the resting
awake patient correlate poorly with log propranolol levels
has been reported previously.*'"*** This finding implies
that it may be difficult to judge a patient’s degree of beta
blockade simply by observing heart rate. Lack of cor-
relation may be explained by the predominance of para-
sympathetic tone and low sympathetic activity while at
rest.*

Surprisingly, we found no significant correlation be-
tween log plasma propranolol level and changes in HR
or decrease in MAP during induction of anesthesia.
Greater HR and MAP decreases did not occur in the
presence of greater propranolol levels. Pancuronium ef-
fect on HR did not correlate with propranolol level. We
found no relationship between hemodynamic state and
log propranolol level in the surgically unstimulated patient
during light halothane anesthesia. A similar lack of sig-
nificant correlation existed during light halothane anes-
thesia following cardiopulmonary bypass, but at this time
the propranolol concentrations investigated were low.
(However, Wechsler'® has described increased postbypass
inotropic requirements in patients maintained upon 320
to 480 mg propranolol/day until the time of surgery.)
Lack of correlation between hemodynamic change on
anesthetic induction and with hemodynamics following
bypass implies that continuing propranolol until the time
of surgery, as most clinicians do, may not be hazardous
as the warning on the package insert insists.

During data analysis, patients given supplemental in-
travenous propranolol were not separated from those
who had received oral propranolol only. It has been con-
tended that a difference in beta blockade efficacy exists
when propranolol is given orally versus intravenously.”'
This difference occurs predominantly when oral pro-
pranolol has been administered acutely because, in this
situation, hepatic metabolism generates 4-hydroxy pro-
pranolol and other vasoactive metabolites. Subsequently,
it has been agreed by most investigators that, during long-
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term oral therapy, vasoactive metabolite levels decline
and any contribution to overall propranolol effect prob-
ably is negligible.'****® Our patients had all received
long-term oral therapy, and following such therapy it is
believed that propranolol’s effectiveness is a predictable
function of its plasma concentration according to the clas-
sical drug-receptor theory for competitive antago-
nism,7+29:33

Our results are in agreement with those of Prys-Rob-
erts,' who found that beta blockade attenuates HR and
MAP response to intubation. We are not in agreement
with McCammon et «l.'* who did not demonstrate such
an action. Perhaps measurement of actual plasma pro-
pranolol levels in the latter study would have helped re-
solve this apparent conflict. Measurement of propranolol
levels may be useful when anesthetic techniques are in-
vestigated and compared, as differing degrees of back-
ground beta blockade would influence hemodynamic re-
sults. A knowledge of patient propranolol levels during
investigations of high-dose fentanyl anesthesia may have
helped resolve the controversy concerning the ability of
fentanyl to suppress hemodynamic responses to surgical
stimuli.*! Again, differences in background beta blockade
may have contributed variations in different investigators’
experiences. Safwat e al.'® reported that very small in-
travenous propranolol doses (0.5 mg)—an amount un-
likely to produce persistent therapeutic plasma levels—
suppress HR and BP response to surgery. At first glance,
these results are not in agreement with the present study,
however, propranolol’s effectiveness closely follows the
time course of the plasma level. Following even a small
bolus injection, the concentration would be initially high
and produce an appropriately marked effect.?*

As might be expected, propranolol levels decreased
during cardiopulmonary bypass, however, following by-
pass we noticed an interesting aspect of propranolol ki-
netics—levels increased slightly. This observation has
been reported previously, and it may be due to redistri-
bution of propranolol from the tissues (probably the
lungs).?®

We conclude that concurrent plasma propranolol con-
centration is a major factor influencing hemodynamic
responsiveness to stressful stimulation during anesthesia
for CABG surgery. Propranolol, in proportion to its log
plasma level, attenuated stress-induced increases in HR,
MAP, PCWP, and CI. Individual variation in propranolol
effect occurred, this being most apparent for PCWP and
SVR changes. Despite greater halothane use in patients
with lower propranolol levels, hemodynamic changes in
this situation were more marked. We believe beneficial
propranolol effects observed in awake humans continue
during surgery, but that at greater plasma levels they
were achieved at the expense of some increase in SVR
and decrease in CI. We also believe that propranolol, in
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the plasma range investigated, is not associated necessarily
with unacceptable cardiovascular depression on anesthetic
induction, during anesthesia, or following cardiopul-
monary bypass.

The authors wish to thank Ms. Harriet Morrow, Ms. Julie Vogen,
and Mr. Edward Thompson for their assistance.
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