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Hemodynamic Effects of Dopamine during

Thoracic Epidural Analgesia in Man

Johan Lundberg, M.D.,* Lars Norgren, M.D., Ph.D.,t Dick Thomson, M.D., Ph.D.,% Olof Werner, M.D., Ph.D.§

The cardiovascular effects of dopamine were studied before and
during thoracic epidural analgesia (TEA) in eight patients prior to
abdominal aortic surgery. Dopamine was infused at rates of 2, 4,
and 8 pg-kg™' -min~'. Mean plasma dopamine concentration in-
creased proportionally to the infusion rate. Before TEA, dopamine
8 ug-kg™' + min™" decreased systemic vascular resistance 4 = 4 mmHg
min - 17! (m % SD) (P < 0.05), but increased mean arterial pressure
15 £ 12 mmHg (P < 0.01), cardiac output 1.9 + 1.0 1-min™! (P
< 0.01), heart rate 10 + 9 beats - min™ (P < 0.05), and plasma nor-
epinephrine concentration 544 * 252 pg-ml™! (P < 0.01). After the
induction of TEA, which extended above the T2 dermatome and
below the L2 dermatome, saline and albumin were infused to main-
tain central venous and pulmonary capillary wedge pressures. TEA
reduced mean arterial pressure from 96 + 18 to 55 + 8 mmHg (P
< 0.01), cardiac output from 4.7 + 0.9 t0 3.9 £ 0.9 1 - min™! (P = 0.05),
systemic vascular resistance from 21 = 6 to 14 + 3 mmHg min 17!
(P < 0.05), and plasma norepinephrine concentration from 394 + 141
to 207 * 73 pg-ml™ (P < 0.01), The plasma epinephrine concen-
tration was reduced 49% after the induction of TEA. During TEA,
dopamine, 8 ug kg™ * min™ increased mean arterial pressure by 57
+ 9 mmHg (P < 0.01), cardiac output by 2.9 £ 0.8 1 - min™ (P < 0.01),
heart rate by 14 * 11 beats-min™' (P < 0.01), and plasma norepi-
nephrine concentration by 833 + 499 pg- ml™' (P < 0.01). Systemic
vascular resistance changed in a diphasic fashion. Thus, at 2
p#g-kg™' - min~! of dopamine, the value decreased further, below the
level seen with TEA alone, but increased at 4 and 8 pg+ kg™ - min™,
In addition, at 8 g+ kg™ - min™', mean pulmonary artery pressure
and pulmonary capillary wedge pressure were greater during than
before TEA, although the values were similar without dopamine.
The authors conclude that the effects of dopamine on mean arterial
pressure, cardiac output, systemic vascular resistance, pulmonary
capillary wedge, and mean pulmonary artery pressure were different
during TEA, as compared to before the block. A moderate dose of
dopamine (4 pg - kg™ - min™) was sufficient to maintain mean arterial
pressure and cardiac output at adequate levels during TEA although
systemic vascular resistance remained low. (Key words: Anesthetics,
local: mepivacaine. Anesthetic techniques: thoracic epidural.
Dopamine: cardiovascular effects. Sympathetic nervous system, cat-
echolamines: dopamine; epinephrine; norepinephrine.)

THORACIC EPIDURAL ANALGESIA (TEA) is usually ac-
companied by a decrease in arterial pressure due to a
blockade of sympathetic nerves, especially if the cardiac
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innervation is involved.'™* Several sympathomimetic
drugs, e.g., isoproterenol,®® norepinephrine,? ephedrine,®
and prenalterol,* have been used to counteract the hy-
potension. The use of dopamine to treat the hypotension
might have certain advantages related to its dose-depen-
dent hemodynamic effects. Dopamine mainly activates
beta-1 and dopamine receptors at infusion rates below 5
ug - kg™' - min~?, while stimulation of alpha receptors be-
comes prominent at higher infusion rates.”® Because of
its short onset and plasma half-life, the cardiovascular ef-
fects of dopamine are easily controlled by changing the
infusion rate.® It is, therefore, our practice to use dopa-
mine infusion to maintain arterial pressure during TEA
if normotension cannot be maintained by volume loading
alone. Previous reports on the use of dopamine during
regional analgesia in man demonstrate that dopamine
maintains arterial pressure during spinal anesthesia for
caesarean section'® and during TEA.!' However, dose-
effect studies have not been made. We studied plasma
catecholamine concentrations and hemodynamics while
dopamine was infused at stepwise increased rates before
and during TEA in patients scheduled for abdominal aor-
tic reconstructive surgery.

Methods and Materials

The study was approved by the local Human Investi-
gations Committee and informed consent was obtained.
Eight patients of either sex were studied prior to surgery.
The age was 64 + 12 yr (mean + 1 SD) and the weight
was 62 = 8 kg. All patients belonged to ASA p.s. II. The
reason for surgery was either obliterative vascular disease
(n = 2) or abdominal aortic aneurysm (n = 6). One patient
had been treated for an uncomplicated myocardial in-
farction 3 yr previously, and another patient suffered from
bronchitis. No patient had signs of severe lower limb isch-
emia or cardiac failure at rest. One patient was receiving
digoxin, but none used beta-adrenergic blocking drugs
or calcium antagonists. Morphine hydrochloride 5-10 mg
was given IM 30 min before arriving in the operating
room. Additional 2 mg increments were given iv during
the investigation if further sedation was needed. An epi-
dural catheter (Portex®) was introduced 2-3 cm into the
epidural space with a median approach through the T7-
T8 or T8-T9 interspaces. A balloon-tipped flow directed
triple lumen thermal dilution catheter (1L 44166, 7F) was
inserted under local anesthesia through the right jugular
vein to an adequate position in the pulmonary artery.

20z ludy 01 uo 3sanb Aq jpd°80000-00050.86 1-Z¥S0000/¥SS Y L€/ 1 ¥9/G/99/)Pd-01o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



642 LUNDBERG ET AL,

Anesthesiology
V 66, No 5, May 1987

TABLE 1. Outcome of Three-way Analysis of Variance for Hemodynamics and Plasma Catecholamines. The P-value is Shown

HR MAP Cco SVR Cvp PCWP MPAP PVR Norepinephrine Epinephrine
Interaction
TEA-dopamine n.s. <0.001 0.017 | <0.001 n.s. <0.001 <0.001 ns. 0.007 ns.
Main effects
TEA <0.001 - - - <0.001 - - n.s. - <0.001
Dopamine <0.001 - - - <0.001 - - 0.044 - n.s.
n.s. = not significant (P > 0.05); - = the P-value is not shown since significant interaction TEA-dopamine was present.

Cardiac output (CO) was determined by thermodilution
(IL 701, Cardiac Output Computer, Instrumentation
Laboratories) as the mean of three consecutive measure-
ments. Iced 5.5% dextrose was utilized as thermal indi-
cator, administered with a pump injector at end expira-
tion. A radial artery cannula was inserted and pulmonary
arterial and central venous pressures were obtained with
Hewlett & Packard pressure transducers (HP 1280 C).
An ECG lead (V;), mean arterial pressure (MAP), mean
pulmonary artery pressure (MPAP), and central venous
pressure (CVP) were continuously recorded on a Min-
gograph-81 (Elema-Schénander, Sweden). Pulmonary
capillary wedge pressure (PCWP) was obtained intermit-
tently by inflating the balloon. Both the unfiltered pres-
sure curves and damped curves representing mean pres-
sure were recorded.'? Systemic vascular resistance (SVR)
was calculated as (MAP-CVP)/CO and pulmonary
vascular resistance (PVR) was obtained as (MPAP-
PCWP)/CO.

After insertion of the catheters, the patient rested for
15 min before a first set of measurements were taken.
Dopamine (Intropin®, Arnar-Stone), 100 mg in 500 ml
dextrose 5.5%, was then administered iv at a rate of 2,
4, and 8 ug-kg™'+min"! with an infusion pump. The
infusion was continued for 10 min at each rate. Since a
steady state plasma dopamine level is almost reached after
5 min,® measurements were made during the final 5 min,
Arterial plasma catecholamine samples were drawn no
earlier than 6 min after the start of the infusion. A control
measurement was obtained 12 min after stopping the do-
pamine infusion.

To establish TEA, 6-10 ml mepivacaine 20 mg+ ml™!
(Carbocain®, Astra) was injected via the epidural catheter.
A continuous infusion of mepivacaine 20 mg -+ ml™* at 7-
10 ml-h™! was started 30 min later. The distribution of
sensory loss was determined by pin-prick and with chlor-
ethylene cooling spray. In each patient the upper limit of
the sensory block was above the second thoracic derma-
tome. The lower limit was below the second lumbar der-
matome. Hemodynamic data were obtained 25-40 min
after the mepivacaine injection. Arterial samples for
plasma mepivacaine estimation were taken in five patients,
While TEA was established, each patient received 500 ml

5% albumin solution and approximately 1000 ml Ringer’s
acetate to maintain central venous pressure and pulmo-
nary capillary wedge pressure at the same levels as during
the control measurement without dopamine before TEA.
Subsequently, dopamine was infused and the hemody-
namic effects were recorded as outlined above, except
that dopamine was not stopped in order to obtain a final
control measurement. Body temperature was maintained
at 36-37° C. The investigation lasted 2 h. Thereafter,
surgery was performed during a combination of general
anesthesia and TEA,

ANALYSES

Arterial samples for measurements of plasma dopa-
mine, norepinephrine, and epinephrine concentrations
were taken in EGTA + glutathione prepared tubes and
immediately centrifuged and stored at ~70° C until an-
alyzed using high pressure liquid chromatography.'?

Plasma dopamine, norepinephrine, and epinephrine
activity were measured with an inter-assay sensitivity of
5-15%, depending on the catecholamine level in each
sample. The minimum detectable level of epinephrine
was 30 pg-ml~!, and the reference values for norepi-
nephrine were 170-680 pg - ml™!, for epinephrine < 75
pg-ml™}, and for dopamine < 60 pg-ml™' with this
method. Plasma mepivacaine levels in five patients were
measured in arterial samples stored at —70° C until as-
sayed at Astra AB, Sodertilje, Sweden, using a gaschro-
matographical and masspectrometrical technique. In five
patients, arterial bloodgas samples were drawn before and
during TEA and analyzed with an IL 413 blood gas an-
alyser (Instrumentation Laboratories).

STATISTICS

Three-way analysis of variance with 4 X 2 X 8 cells
(dopamine dosage (4); before-during TEA (2); patients
(8)) was performed to assess the significance of interaction
dopamine-TEA (table 1). The significance of ‘“main ef-
fects” was only tested if no interaction was present.'* The
analysis was finished by pairwise comparison with the ¢
test if either significant interaction or a significant main
effect was found. P < 0.05 was considered to be significant.

20z ludy 01 uo 3sanb Aq jpd°80000-00050.86 1-Z¥S0000/¥SS Y L€/ 1 ¥9/G/99/)Pd-01o11e/AB0|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology
V 66, No 5, May 1987

TABLE 2. Plasma Catecholamine Changes During Dopamine Infusion Before and During TEA
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Dopamine Infusion Rate, pg kg™ + min™!

Plasma norepinephrine: (pg+ml™)
Preblock
TEA

Plasma epinephrine: (pg* ml™)
Preblock
TEA

Plasma dopamine: {ng+ml™!)
Preblock
TEA

394 +141
207 * 73§

113
58

66
50

I+

<0.5
0.9+ 0.3

2 4 8 Post-infusion Control
421 = 167 518 + 1857 938 % 346+ 479 + 165*
226+ 68} 367+ 801% 1040 + 474+ -
148+ 170 140 = 161 148+ 99 76+ b1
72+ 50 68+ 58 103+ 83 -
37+ 151 75+ 274 139+ 104+ 8+ 3%
41+ 12 77+ 38t 156+ 974 -

* (p <0.05) and H(p < 0.01): Significant change compared to findings
before dopamine infusion.
1 (p<0.05)and §(p <0.01): Significant change compared to findings

The values are presented as mean = 1 SD in the text and
table 2, and as mean + 1 SEM in figure 1.

Results

The patients were awake and cooperative throughout
the investigation. One patient complained of nausea, and

90

before TEA at the same dopamine infusion rate.
- = No postinfusion control was performed during TEA.

two other patients had an increased number of extrasys-
toles at 8 pg-kg™' » min™! of dopamine, both before and
during TEA. Mean values for arterial pH, Po,, Pco,, and
base excess during airbreathing in five patients were 7.42
+ 0.03, 69 = 5 mmHg, 42 + 1 mmHg, and 2 + 2 mM,
respectively, before TEA. The corresponding figures
during TEA were 7.40 + 0.04, 75 £ 10 mmHg, 44 + 1

10 ¢ CVP mmHg

" HR beats min™
80
70 f
60
50}k I
120
100
Py
80
FIG. 1. Changes in HR, MAP, CO, SVR, 60
CVP, PCWP, MPAP, and PVR by dopamine v
before (---) and during (—) TEA. Values are 7
mean and 1 SEM, The last point is the post-
infusion control value obtained before TEA. 6 I
* and **;: significant differences before/dur- 5
ing TEA (P <0.05and P < 0.01 respectively). I
% and % significant change in comparison 4
to the measurement without dopamine.
~ SVR mmHg min 1™
20N, [
18F O N 3 1
16 F* N KF A PVR mmHg min 1™
2 d
I —~—— I
J 1 2 5 L L L/ |
0 0 2 4 8 O

pg kg 'min”' dopamine

ug kg™ min"' dopamine
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mmHg, and 1 = 4 mM, ie, there was no significant
change. During TEA the mean plasma mepivacaine con-
centrations in five patients were 1.7+£04,15+04,1.5
+0.2,and 1.9 £ 0.2 pg- mi~! at the dopamine infusion
rates of 0, 2, 4, and 8 ug -kg™' » min~!, respectively. The
highest individual value recorded was 2.4 ug-ml™".

PLASMA CATECHOLAMINE CONCENTRATIONS

The mean value for arterial dopamine concentration
increased in proportion to the infusion rate, with very
similar values before and during TEA (table 2).

Before TEA, and before dopamine, arterial norepi-
nephrine (NE) concentration was 394 + 141 pg-ml™ in-
creasing to 938 = 346 pg-ml™' at 8 ug-kg™' - min~' of
dopamine (table 2). The post infusion plasma NE level
was slightly elevated (479 + 165 pg - ml™!, P < 0.05) com-
pared to the preinfusion level. TEA reduced NE concen-
tration 48% when no dopamine was being administered,
but the NE concentration increased more in response to
dopamine during TEA so that the NE concentration at
8 ug+kg™' - min~! of dopamine was similar to the corre-
sponding value obtained before TEA. The plasma epi-
nephrine concentration was unaffected by dopamine in-
fusion (tables 1, 2), but was significantly reduced by TEA
according to the anova (table 1).

HEMODYNAMICS

Effects of dopamine before TEA. Mean values for HR, CO,
CVP, and MPAP increased gradually with the dopamine
infusion rate. At 8 ug-kg™'+min~!, cardiac output was
40% above the control value. Mean arterial pressure was
significantly less than control at 4 pg-kg™'-min~' (P
< 0.05), but greater than control at 8 pg kg™ - min™! (P
< 0.01). Dopamine caused a decrease in systemic vascular
resistance at all these infusion rates with the lowest mean
value at 4 pg-kg™'-min~'. No significant change in
PCWP and PVR was found before TEA. In addition,
there was no significant difference between the hemo-
dynamic measurements at the postinfusion control and
the initial measurement without dopamine, except for HR
which increased by 4 beats- min™! (P < 0.05) (fig. 1).

Effects of TEA. In comparison with the observations ob-
tained before TEA without dopamine, TEA reduced
mean CO by 18% (P = 0.05), MAP by 43% (P < 0.01),
and SVR by 33% (P < 0.05). HR increased by 5
beats-min™! in one patient and decreased by 1-23
beats - min~" in the others (not significant). CVP increased
1 = 1 mmHg (P < 0.05), while PCWP, MPAP, and PVR
were unaltered (fig. 1).

Effects of dopamine during TEA. The increases in MAP,
CO, PCWP, and MPAP caused by dopamine were more
marked during than before TEA. This was confirmed by
a statistically significant interaction between dopamine and
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V 66, No 5, May 1987

TEA effects (table 1). HR and CVP increased progres-
sively with the dopamine infusion rate, but the response
was not significantly different from conditions before TEA
(table 1).

Two pug - kg™' - min~! induced no significant change in
MAP, but 4 ug-kg™'-min~' caused a marked increase,
in contrast to what was observed before TEA. There was
a diphasic response in SVR, which decreased at 2
pg - kg™ - min~!, but increased again as the dopamine in-
fusion rate was raised. Dopamine had no obvious effect
on PVR (fig. 1).

Discussion

EFFECTS OF DOPAMINE BEFORE TEA

Plasma dopamine concentration was proportional to
the infusion rate and the values found by us are consistent
with previous reports.!® In the present study, the samples
were taken at least 6 min after each increase in infusion
rate. As dopamine has a short plasma half-life, the infusion
periods were adequate for plasma dopamine concentra-
tion to reach a steady state. This is supported by the find-
ings by Jirnberg et al.,® that the plasma concentration is
nearly the same at 5 and 30 min of constant dopamine
infusion. It is less certain that other dopamine effects also
reached steady state. Thus, the same authors also found
that plasma NE concentration increased continuously
during the first half hour of infusion. Therefore, we were
careful to standardize the times for blood sampling and
hemodynamic measurements. However, it has been found
in healthy volunteers that the plasma NE concentration
must exceed 1800 pg - ml~" to produce any hemodynamic
and/or metabolic effects.’® In our study, the NE levels
only reached 938 =+ 346 pg - ml™" at the 8 g+ kg™ - min™!
dopamine infusion rate before TEA.

The hemodynamic findings resemble those found by
others.!”"'® Thus, CO increased continuously with the in-
creasing infusion rate, while SVR and MAP decreased at
low infusion rates. The increase in CVP and PCWP may
probably be attributed to alpha receptor mediated vaso-
constriction of capacitance vessels.!®?° The unchanged
pulmonary vascular resistance has also been noted ear-
lier.21:22

EFFECTS OF TEA

The reduced plasma NE concentration during TEA
reflects the decreased sympathetic nervous activity with
inhibited release of catecholamines from the sympathetic
nerve fibers.2? The circulatory effects that we observed
were similar to those found by McLean et al.? after com-
bined cervical and lumbar epidural analgesia with mepi-
vacaine. Thus, CO, MAP, and SVR were markedly re-
duced. These changes occurred in spite of the fact that
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CVP and PCWP were maintained by infusion of fluid.
Hence, it appears that TEA reduced cardiac contractility.

The decrease in MAP during TEA was more profound
than in a number of previous studies. This may be due
to differences in study design. Bonica et al.! used rather
large doses of lidocaine in young volunteers, which may
have resulted in plasma concentrations high enough to
cause circulatory stimulation. The plasma mepivacaine
concentrations that we found (below 2.5 ug+ml™) were
too small to exert any direct systemic effects which only
occur at approximately 5-6 ug - ml™'.2* Otton and Wilson®
and Ottesen®® used rather low doses of mepivacaine which
explains why the sympathetic block was probably less ef-
fective than in our investigation. In addition, these authors
studied younger patients.

EFFECTS OF DOPAMINE DURING TEA

An adrenoceptor agonist may be expected to have more
profound effects against a background of a reduced, in-
stead of a normal or increased, sympathetic nervous ac-
tivity. In fact the hemodynamic effects of dopamine after
TEA were markedly different from those observed before
TEA. Butterworth et al.,?® who studied dogs during car-
diopulmonary bypass, found evidence that dopamine
causes venous constriction during, but not before, spinal
anesthesia. This agrees well with the greater increases in
PCWP during than before TEA in the present study (fig.
1). Another reason for the pronounced increases in
PCWP, MPAP, and CVP during dopamine infusion would
be the volume expansion that took place during the in-
duction of TEA. MAP and CO increased so much during
dopamine infusion that the values at 8 ug+ kg™ * min™
were similar to those found at the same infusion rate be-
fore TEA. However, the increased PCWP suggested that
left ventricular contractility was less.

At 2 ug-kg™' - min~! dopamine, SVR decreased below
the level seen with TEA alone. Thus, dopamine caused
further vasodilatation, in spite of an existing marked re-
duction in sympathetic tone. In this respect, our data con-
tradict the statement by Lokhandwala and Barrett*’ that
an intact sympathetic system is required to observe the
initial vasodilating effects of dopamine. They suggested
that the vasodilatation is mostly due to stimulation of pre-
junctional dopamine receptors, which inhibit transmission
via vasoconstrictor fibers. Following neurogenic blockade,
only an alpha receptor mediated vasoconstriction would
be present.?® Stimulation by dopamine of sympathetic
nerve fibers, still intact in spite of the block,? could ex-
plain the previously mentioned contradiction. A more
likely explanation is that dopamine caused vasodilatation
directly through stimulation of postjunctional (DA-1) re-
ceptors, e.g., in the splanchnic and renal vasculature.’
Since dopamine is a very weak beta-2 agonist,” the vaso-
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dilatation cannot be explained by beta-2 stimulation. In
contrast to what was found before TEA, the net effect of
dopamine 4~8 ug +kg™' - min~" during TEA was systemic
vasoconstriction. This is consistent with findings in dogs
during spinal anesthesia.?®

CONCLUSION

Provided there is no hypovolemia or prior myocardial
failure, low infusion rates of dopamine (approximately 4
g+ kg™ - min™') are sufficient to achieve cardiovascular
stability during an extensive TEA. Volume loading alone
did not adequately counteract the hypotensive effect of
TEA in this study.

At the higher infusion rate, 8 ug+kg™' - min~!, MAP,
CO, and SVR before and during TEA were very similar,
in spite of the marked effect of TEA without dopamine.
However, this infusion rate carries the risk of inappro-
priate increases in CVP, PCWP, and MPAP.

The authors thank Professor Dag Lundberg and Professor Karl-
Erik Andersson for valuable discussion and criticism.
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