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Abstract

Background: The most appropriate inotropic agent for use in the newborn is uncertain. Dopamine and
epinephrine are commonly used, but have unknown effects during hypoxia and pulmonary
hypertension; the effects on the splanchnic circulation, in particular, are unclear.

Methods: The effects on the systemic, pulmonary, hepatic, and mesenteric circulations of infusions of
dopamine and epinephrine (adrenaline) were compared in 17 newborn piglets. Three groups [control
(n=5), dopamine (n=6) and epinephrine (n=6)] of fentanyl anesthetized newborn piglets were
instrumented to measure cardiac index (Cl), hepatic arterial and portal venous blood flow, mean
systemic arterial pressure (SAP), mean pulmonary arterial pressure (PAP), and arterial, portal and
mixed venous oxygen saturations. Systemic, pulmonary, and mesenteric vascular resistance indices
[systemic vascular resistance index (SVRI), pulmonary vascular resistance index (PVRI), mesenteric
vascular resistance index (MVRI)], and systemic and splanchnic oxygen extraction and consumption
were calculated. Alveolar hypoxia was induced, with arterial oxygen saturation being maintained at
55-65%. After 1 h of stabilization during hypoxia, each animal received either dopamine or
epinephrine; randomly administered doses of 2, 10, and 32 pugkg=' min-' and 0.2, 1.0, and
3.2 ug kg~" min~" respectively were infused for 1 h at each dose. Results were compared with the 1 h
hypoxia values by two-way analysis of variance.

Results: Epinephrine increased Cl at all doses, with no significant effects on SAP and SVRI. Although
epinephrine increased PAP at 3.2 nug kg=' min~', it had no effect on PVRI. Dopamine had no effect on
Cl, SAP, and SVRI, but increased PAP at all doses and PVRI at 32 ug kg~ min~'. The SAP/PAP ratio
was decreased with 32 g kg=' min~! dopamine, whereas epinephrine did not affect the ratio. In the
mesenteric circulation, dopamine at 32 ug kg=! min~! increased portal venous flow and total hepatic
blood flow and oxygen delivery, and decreased MVRI; epinephrine had no effect on these variables.
Epinephrine increased hepatic arterial flow at 0.2 pg kg~' min~'; dopamine had no effect on hepatic
arterial flow at any dose. Despite these hemodynamic changes, there were no differences in systemic
or splanchnic oxygen extraction or consumption at any dose of dopamine or epinephrine.
Conclusions: Epinephrine is more effective than dopamine at increasing cardiac output during hypoxia
in this model. Although epinephrine preserves the SAP/PAP ratio, dopamine shows preferential
pulmonary vasoconstriction, which might be detrimental if it also occurs during the management of
infants with persistent fetal circulation. Dopamine, but not epinephrine, increases portal flow and total
hepatic flow during hypoxia.

Keywords: inotropes, regional flow, oxygen extraction, piglets

Cl = cardiac index; EO, = oxygen extraction; HAF| = hepatic arterial flow index; hepatic DO, = hepatic oxygen delivery; hepatic DO, ratio = ratio of
hepatic arterial oxygen delivery to total hepatic oxygen delivery; MVRI = mesenteric vascular resistance index; PAP = mean pulmonary arterial pres-
sure; PVFI = portal venous flow index; PVRI = pulmonary vascular resistance index; S,0, = arterial saturation; SAP = mean systemic arterial pres-
sure; §,0, = portal venous saturation; S,0, = mixed venous saturation; SVRI = systemic vascular resistance index; VO, = oxygen consumption;
THFI = total hepatic flow index.



Introduction
Among the inotropes available for cardiovascular support
in critically ill newborns, dopamine and epinephrine

(adrenaline) are commonly used in neonatal intensive care
units [1]. With increasing clinical and animal data showing
that hemodynamic responses to inotropes in newborns
differ from those in adults and older children [2-4], it is
uncertain whether these agents are appropriate in the
treatment of shock or hypotension in sick newborns who
are at risk for the development of persistent fetal circula-
tion and necrotizing enterocolitis. Indeed, the appropriate
catecholamine in various clinical situations also remains
undetermined for the critically ill adult.

The adrenoceptors in the pulmonary and mesenteric vascu-
lature mature differently. For example, the neonatal pul-
monary vasculature appears to be deficient in
dopaminergic receptors [2,5], whereas o, B and dopamin-
ergic receptors are present in the mature mesenteric vas-
culature [6]. The functional maturity and expression of the
various adrenoceptors in the newborn vary greatly [7]. We
have previously reported the responses of the pulmonary
and mesenteric circulation to dopamine and epinephrine
infusions in anesthetized normoxic [8] and hypoxic [9]
piglets. In this acutely instrumented hypoxic model, epi-
nephrine, at a low dose (0.2 ug kg=! min-1), produced a
pulmonary vasodilatation; in comparison, dopamine had no
such effect. However, there are no data on the effects on
mesenteric hemodynamics and oxygen metabolism of infu-
sions of either dopamine or epinephrine during hypoxia.

The objectives of this study were to evaluate the effects of
dopamine and epinephrine infusions in hypoxic piglets on
systemic, pulmonary, and mesenteric circulations, and on
systemic and splanchnic oxygen metabolism.

Materials and methods

Seventeen newborn piglets (1-3 days of age), weighing
1.4-2.4kg (mean 1.89kg), were obtained. Anesthesia
was induced with inhaled halothane (5%, decreasing to
2%). A double lumen external jugular catheter and a
common carotid arterial line were inserted. A right atrial
catheter was established through the right external jugular
vein. After tracheotomy and the commencement of
assisted ventilation, anesthesia was maintained by a
10 ug kg™' dose of fentanyl and the piglets were paral-
ysed with 0.1 mg kg~' doses of pancuronium; halothane
was discontinued after a maximum of 20 min. Dextrose-
saline solution was infused at a rate of 15—-20 ml kg~ h~*
while the skin incisions were open. Piglets were ventilated
at pressures of 16/4 cmH,O at a rate of 12-18 breaths
per minute.

A left thoracotomy was then performed in the 4th inter-
costal space. The pericardium was opened and a
20-gauge catheter was inserted into the root of the
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pulmonary artery for the measurement of pulmonary artery
pressure. A 6 mm transit time ultrasound flow probe (Tran-
sonic Corporation, lthaca, NY, USA) was placed around
the main pulmonary artery to measure cardiac output. A
midline laparotomy was performed. A 5-Fr Argyle catheter
was inserted through the umbilical vein into the portal
venous system. Two Transonic transit time ultrasound flow
probes (2 mm and 1 mm) were placed around the portal
vein and the common hepatic artery respectively. The neck
incision, thoracotomy, and laparotomy were closed with
sutures after these procedures had finished. Blood gases
were drawn and 15 min of recording was done to ensure
that the animal was stable. Stability, which usually
occurred 20-30 min after completion of the surgical pro-
cedure, was defined as (1) heart rate and blood pressure
within 10% of the post-anesthetic presurgical values, (2)
right atrial pressure of 3-8 mmHg, (3) arterial P,O,
75-120 mmHg, P,CO, 37-43 mmHg and pH 7.35-7.45.
The surgical procedure usually finished within 75 min.
Fentanyl infusion at 5 ug kg=' h™' was used for analgesia
and sedation for the rest of the experiment. Rectal temper-
ature was maintained between 38.0 and 38.5°C by means
of a heating blanket and an infrared heating lamp.

Five piglets were used as controls. After a baseline moni-
toring period of at least 15 min, simultaneous blood
samples were drawn for determination of arterial, mixed
venous and portal venous oxygen saturation by co-oxime-
ter (Hemoximeter, Copenhagen, Denmark). The inspired
oxygen concentration was decreased to 12% and then
adjusted to achieve an arterial saturation of between 55%
and 65% (P,0O, usually 40-50 mmHg); blood gas estima-
tion was repeated at 30 min intervals. The following hemo-
dynamic variables were monitored continuously for 4 h of
hypoxia: mean systemic arterial pressure (SAP), mean pul-
monary arterial pressure (PAP), right atrial pressure (RAP),
heart rate, pulse oximetry oxygen saturation (Nellcor,
Hayward, CA, USA), pulmonary blood flow, portal venous
flow and hepatic arterial flow. Analog outputs of the pres-
sure amplifiers and flow monitors were digitized by a DT
2801-A analog to digital converter board (Data Transla-
tion, Mississauga, Ontario, Canada) in a Dell 425E per-
sonal computer. Software was custom written using the
Asyst programming environment. All signals were acquired
continuously at 24 Hz and saved on hard disk. Three-
minute averages of the hemodynamic variables and
oxygen saturation variables [arterial (S,0,), mixed venous
(8,0,), and portal venous (SpOQ) saturations] were mea-
sured at 60 min intervals during the 4 h of hypoxia.
Cardiac index (Cl), portal venous flow index (PVFI), and
hepatic arterial flow index (HAFI) were calculated by divid-
ing the non-indexed variables by body weight.

Six piglets were prepared for each of the dopamine and
epinephrine infusion groups. Hypoxia, with an arterial
oxygen saturation between 55% and 65%, was induced
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Table 1

Effects (means * SD) of prolonged hypoxia in five anesthetized control piglets

Normoxia 1 h hypoxia 2 h hypoxia 3 h hypoxia 4 h hypoxia
Cardiac index (ml kg™" min~1) 136 £ 25 151 £ 49* 154 + 50* 151 + 35* 142 £ 43
Arterial saturation (%) 99+ 0.5 61+ 6* 63 + 3* 59 * 4~ 60 * 4
Systemic DO, (ml kg~ min~1) 20 +3.4 14 + 2.2* 13+ 1.6* 14 + 3.7* 13+ 3.7*
SAP (mmHg) 83+ 20 7915 79t 15 75+t 15 73+ 16*
PAP (mmHg) 25+ 2 37 £ 7* 37 £ 7* 38+ 7* 40 £ 6*
PVRI (mmHg mi-* kg=! min~") 0.19+0.04 0.27 £ 0.11* 0.25 + 0.09* 0.26 £0.07 0.30 £ 0.06*
SAP/PAP ratio 33106 2.2+ 05" 2.2+ 05" 2.0+ 04" 1.8 +0.4*
Systemic EO, (%) 2755 46 + 14~ 44 +13* 43+ 13 44 £ 11~

EO,, oxygen extraction; DO,, oxygen delivery. *P < 0.05 compared with normoxic baseline.

as above. After 1 h of systemic hypoxia, baseline record-
ings of the above hemodynamic and oxygenation variables
were made. Each piglet received either dopamine or epi-
nephrine and was administered all three doses, which
were selected in random order as determined by a Latin-
Square method. Dopamine and epinephrine were infused
at doses of 2, 10, and 32 pug kg™' min~" and 0.2, 1.0, and
3.2 ug kg™' min~! respectively. The total intravenous fluid
rate was kept constant throughout the infusions. The drug
infusion was continued for 60 min. The hemodynamic
(8 min averaged values) and oxygen saturation variables at
30 and 60 min of each infusion dose were collected for
analysis. Blood lactate was measured after 60 min of
hypoxia and after 60 min at each dose of the drug.

We calculated the following variables at individual doses:

1. Systemic vascular resistance index (SVRI) =
(SAP - RAP)/CI.

2. Pulmonary vascular resistance index (PVRI) = PAP/CI.

3. Mesenteric vascular resistance index (MVRI) =
SAP/PVFI.

4. Total hepatic flow index (THFI) = PVFI + HAFI.

5. Systemic oxygen extraction (systemic EO,) =
[(S,0, - S,0,)/S,0,] x 100%.

6. Splanchnic oxygen extraction (splanchnic EO,) =
[(S,0, - S,0,)/8,0,] x 100%.

7. Systemic oxygen consumption (systemic VO,) =
Cl x (5,0, - S,0,) x 1.34 x [Hb].

8. Splanchnic oxygen consumption (splanchnic VO,) =
PVFI x (S,0, - §,0,) x 1.34 x [Hb].

9. Hepatic oxygen delivery (hepatic DO,) =
(HAFI x S,0, + PVFI x S O,) x 1.34 x [Hb].

10.Ratio of hepatic arterial oxygen delivery to total hepatic
DO, (hepatic DO, ratio) = [HAFI x S,0,/(HAFI x
S,0, + PVFI x §,0,)] x 100%.

The protocol was approved by the Laboratory Animal Care
Committee of University of Alberta, and complied with the
guidelines of the Canadian Council on Animal Care.

Statistical analysis

One-way repeated-measures analysis of variance
(ANOVA) was used to analyze the variables at different
doses within groups. Two-way ANOVA was used to iden-
tify the difference between groups at different doses. The
data were analyzed with a software program (Sigma Stat
version 1.01; Jandel Scientific, San Rafael, CA, USA).
Dunnett's post-hoc test was used, if the overall ANOVA
was significant, to compare differences with the values
obtained after 1h of hypoxia (the ‘hypoxia baseline’).
P<0.05 was considered significant. All results are
expressed as means * SD.

Results

Controls (n=5)

After 1 h of systemic hypoxia, significant increases in
PAP, PVRI, and Cl were found (Table 1). No significant
changes in SAP, SVRI, PVFI, HAFI, THFI, or MVRI were
demonstrated. Hypoxia increased systemic EO, and
splanchnic EO, significantly. Hepatic DO, ratio was not
affected. The control animals had no significant change
in any of the recorded hemodynamic and metabolic vari-
ables over the subsequent 3 h of the study in compari-
son with the 1 h values. At 1 h of hypoxia the control
group values for the above variables were not signifi-
cantly different from the hypoxia baseline values in the
other two groups.



Figure 1
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min of infusion at that dose); f, final (3 min average at 60 min of
infusion). *P<0.05 compared with effects of hypoxia.

Dopamine (n = 6) (Table 2)

There was no significant effect on SAP, ClI (Fig. 1) or cal-
culated SVRI (Fig. 2) with any dose of dopamine, PAP
was elevated at all doses, and a significant increase in
calculated PVRI was demonstrated only at
10 ug kg~' min~' dopamine. The SAP/PAP ratio was
lowered significantly with 32 ug kg=' min~' dopamine
(Table 2). The effects on PAP and the SAP/PAP ratio
were sustained throughout the infusions. There were sig-
nificant increases in PVFl and THFI (Fig.3), with
decreases in calculated MVRI, at a dose of
32 ug kg=' min~' dopamine. The SAP/PAP ratio during
32 ug kg™ min~! dopamine, at both the initial and final
30 min, was significantly lower than at the 1 h baseline,
and was lower than all doses of epinephrine. The
changes in PVFlI and calculated MVRI with
32 ug kg~' min~! dopamine at the final 30 min were sig-
nificantly different from these variables at the 1 h baseline
and at all doses of the epinephrine group.

The decrease in mesenteric vascular resistance and the
increase in hepatic venous flow during the highest dose
of dopamine, with a stable CI, led to an increase in the
total hepatic blood flow as a proportion of cardiac
output.

No significant changes in systemic EO,, systemic VO,,
splanchnic EO,, splanchnic VO,, and hepatic DO, ratio
were found with any dose of dopamine infusion. At
32 pg kg=' min=! dopamine, hepatic DO, increased signif-
icantly from the 1 h baseline. Serum lactate concentration
was elevated by hypoxia but was not significantly affected
by dopamine.

Table 2

Effects (means * SD) of dopamine infusions in six anesthetized hypoxic piglets

2i of 10i 10f 32i 32f

1 h hypoxia

Normoxia
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1.4+0.20*t
1.21 £.46*t

1.4 +£0.12*t
1.45 £.74*t

1.8+ 0.60
2.07 £0.86

1.7+ 0.33
1.99 £ 0.86

1.6 £0.21
1.98 £ 0.84

1.7 £0.32
2.0710.82

2.0+ 0.27
2.00 £ 0.55

3.4 £ 0.658

1.86 £ 0.49
3358

SAP/PAP ratio

MVRI (mmHg ml~" kg=! min~1)

19+ 4
40 £ 131

20+ 4

24 +8
42 +13.8

23+8

195
43+126

39
6.16 +2.14

Systemic DO, (ml kg=" min=7)

Systemic EO,, (%)
Splanchnic EO,, (%)

42+ 114

39+10.8

30
6.04 £ 2.00

0.97 £0.36

39+ 75

42 +£12.7

28 £11.78

26 +13.9
5.80 £ 2.33

24+ 11.4
6.27 £ 2.14
0.84 £ 0.49
3.32t1.26

+9.1

33+11.3
6.54 + 3.40

35+ 14.6
7.13 £ 2.57
1.11 +£0.22

2.88+1.26

37 +13.2
6.78 + 2.80
1.10 £ 0.32
2.566 £ 1.07

9.3

20 £6.78
7.02 + 3.36

Systemic VO, (ml kg~ min~1)

1.02+0.44
3.61 £ 1.25*

1.07 £ 0.36
2.73+0.85

1.07 £0.15
2.29 + 0.87

1.19+£0.42
5.86 + 0.928

Splanchnic VO, (ml kg=! min-1)

2.82 + 0.90

Hepatic DO, (ml kg™! min~1)
Hepatic DO, ratio (%)
(HAFI + PVFI)/CI (%)
Arterial lactate (mM)

10+ 8.6
32 + 6!
10.2 £ 4.9

13+ 11.3

16111
27 £ 11
120+ 7.1

18121
26+ 12

19+ 14.2
23+4
9.4+47

18+ 13.2
23+5

20 +£13.1
23+3
9.2+6.6

17£14.2
28 + 45§

i, initial (8 min average at 30 min of infusion); f, final (3 min average at 60 min of infusion). "P < 0.05 compared with variables at 1 h of hypoxia (one-way repeated measures ANOVA); tP < 0.05

compared with variables during all doses of epinephrine infusion (two-way ANOVA); $P < 0.05 for difference between normoxia baseline and 1 h of hypoxia. EO,, oxygen extraction; DO,

oxygen delivery; MVRI, mesenteric vascular resistance index; hepatic DO, ratio, the proportion of hepatic DO, accounted for by hepatic arterial oxygen delivery; (HAFI + PVFI)/CI, total hepatic

blood flow as a proportion of the cardiac index.
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Figure 4 Figure 5
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Experimental Period

Effects of hypoxia and epinephrine infusion on cardiac index, and
systemic and pulmonary artery pressures. i, initial (3 min average at 30
min of infusion at that dose); f, final (3 min average at 60 min of
infusion). *P<0.05 compared with effects of hypoxia.

Experimental period

Effects of hypoxia and epinephrine infusion on systemic and pulmonary
vascular resistance indices. i, initial (3 min average at 30 min of
infusion at that dose); f, final (3 min average at 60 min of infusion).
*P<0.05 compared with effects of hypoxia.

(Fig. 5). No significant change was found in PVFI, THFI
(Fig. 6), and calculated MVRI with any dose of epinephrine.
HAFI was increased significantly with 0.2 ug kg=" min~?
epinephrine. The Cl with 3.2 ug kg=' min epinephrine
was significantly higher than during dopamine infusion at
any dose. The increase in HAFI, at 0.2 ug kg=' min~', was
significantly higher than that produced by any dose of
dopamine.

There was no change in mesenteric vascular resistance
and increase in Cl with epinephrine; there was therefore a
trend to a decrease in the total hepatic blood flow when
expressed as a proportion of cardiac output, which was
not statistically significant.

There were no significant changes in systemic EO,, sys-
temic VO,, splanchnic EO,, splanchnic VO,, and hepatic
DO, during epinephrine infusion in comparison with the 1 h
baseline. A significant elevation in hepatic DO, was found
at the final recording obtained during 0.2 ug kg=" min=" epi-
nephrine (at 1 h), and this was significantly elevated com-
pared with the baseline hypoxia and all doses of dopamine.
The serum lactate was elevated by 1 h of hypoxia to a level
equivalent to that in the dopamine group, and was further
elevated by either 1.0 or 3.2 ug kg=! min~! epinephrine (but
not by 0.2 ug kg=' min~1).

Discussion

Both dopamine and epinephrine are commonly used med-
ications in the treatment of shock and hypotension in sick
newborns. Our study is the first that compares the effects
of dopamine and epinephrine infusions on regional hemo-
dynamics and oxygen metabolism in a newborn mammal. It

Figure 6
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Experimental Period

Effects of hypoxia and epinephrine infusion on portal venous, hepatic
arterial, and total hepatic blood flows. i, initial (3 min average at 30 min
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is also important to realize that all previous studies of the
effects of inotropes in the newborn have used infusions for
a maximum of 15-20 min. The prolonged inotrope infu-
sions in our experiment are unique and are somewhat
more relevant to the problem of cardiovascular support for
the critically ill newborn, who might receive these drugs for
hours or days.

Similarly, many newborns receiving these drugs are
hypoxic, receive large doses of opiates to reduce instabil-
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ity, are critically ill and stressed, and might have recently
had major surgery. Thus, although acutely instrumented
models are often criticized for being ‘unphysiologic,” the
stress of surgery might, in some ways, represent the clini-
cal situation in which these drugs are actually used more
accurately than healthy, chronically instrumented, models.
Nevertheless, the animal model employed in the present
study does not completely mirror the conditions in criti-
cally ill newborn humans. Although sick hypoxic newborns
are usually hypotensive as well, it is also important to
realize that the animals had no underlying disease condi-
tion; some such conditions, for example sepsis, might
modify responses to infused catecholamines. Because of
potential differences in drug metabolism, the number,
affinity, and maturation of adrenergic receptors, and car-
diovascular reflexes, the responses described to any
inotropic agent in a non-human mammal should be taken
as only a guide to potential effects, which must be con-
firmed in human newborns.

We chose the empirical doses in this comparison study on
the basis of our previous paper showing that a tenfold
higher dose of dopamine achieves a similar increase in Cl
to that of epinephrine [9]. The random order of administra-
tion of the doses was designed to eliminate the possible
effects of bias related to progressive cumulative doses and
the duration of systemic hypoxia. There is no commercially
available co-oximetry system specifically designed for piglet
blood. The only commonly used oximeter with animal coeffi-
cients, the IL282, does not include piglet blood settings.
However, we have previously shown, when using these
devices, that the apparent carboxyhemoglobin is erro-
neously elevated when using blood with very different
optical characteristics [10]; the apparent carboxyhemoglo-
bin levels in our piglets were almost always less than 2%,
suggesting that the oxygen saturation values should be reli-
able. Furthermore, the trends shown are likely to be accu-
rate, even if the actual values are somewhat imprecise.

This study confirms the differential responses in systemic,
pulmonary, and mesenteric circulations with dopamine and
epinephrine infusions that we have previously reported in
anesthetized normoxic piglets [8]. Such responses differ
from responses seen in adult subjects; these differences
might be related to differential maturation of adrenoceptors
and functional immaturity of the receptor mechanisms in
newborns [11,12], as well as to differences in the ultra-
structure and metabolism of the myocardium [13,14]. The
ontogeny of the adrenoceptors seems to vary in the
regional circulations and therefore the responses to
inotropes are different in different vascular beds [15-17].

Our findings suggest that epinephrine, being both an o
and a 3 adrenoceptor agonist, would be a more appropri-
ate agent for use in inotropic support for hypoxic new-
borns if the same effects are present in the human infant.

We demonstrated an increase in oxygen delivery conse-
quent on the use of epinephrine during hypoxia; SAP was
maintained and CI increased throughout the dose range
(0.2-8.2 ug kg™ min~"). An increase in cardiac output
and oxygen delivery would be important in shocked
hypoxic newborns. Dopamine did not affect the SAP and
Cl at any dose, although it might increase SAP and ClI at
a dose of 32 ugkg™" min~" in normoxic conditions, as
previously described in other studies [11,18-20]. This is
consistent with clinical reports showing that dopamine
might increase blood pressure in hypotensive newborns
but with no increase in cardiac output; indeed cardiac
output seems to decrease [21]. In our previous experi-
ment we did not demonstrate any further increase in ClI
with either dopamine or epinephrine infusions during
hypoxia with arterial oxygen saturation between 45% and
50% [9]. The difference in the effects of hypoxia on the
responses to inotropes of cardiac output in this and the
previous study might well be related to the difference in
the severity of the hypoxia [22].

O'Laughlin et al demonstrated an increase in cardiac
output during dopamine infusion in hypoxic unanesthetized
newborn lambs at a mean postnatal age of 6.5 days [23].
The differences in the results of the two studies might rep-
resent a species difference, a postnatal age effect, an
anesthesia effect, or some other detail of the experimental
maneuvers. The drug infusions in O’Laughlin’s study were
begun after 30 min of hypoxia; we have shown in a piglet
model that 30 min is an insufficient period for the stabiliza-
tion of cardiac output after initiation of this degree of
hypoxia [24]. It could therefore be that the dopamine infu-
sion in O'Laughlin’s study was begun at a time when the
cardiac output was still increasing. The doses also seem to
have been given in sequential rather than random order,
which can lead to apparent effects that are due to the
order of administration rather than a true dosage effect.
O’Laughlin also reported drug effects after 15 min; we did
not measure hemodynamics at this time, so we might have
missed transient effects of the drugs.

The relative effects of epinephrine on systemic and pul-
monary pressures are potentially favourable if they can be
reproduced in newborns with persistent pulmonary hyper-
tension. The SAP/PAP ratio is crucially important for the
direction of shunting across the ductus arteriosus, which
determines the oxygen content of the blood distributed to
various organs. In the presence of a lowered SAP/PAP
ratio, owing to hypoxic pulmonary vasoconstriction, epi-
nephrine did not alter the ratio but did increase cardiac
output and therefore oxygen delivery. However, dopamine
infusion at a high dose (32 ug kg=" min~') had a detrimen-
tal effect on the SAP/PAP ratio [25]; with no significant
effect on Cl this could lead to a decrease in tissue oxygen
delivery if ductal shunt were reversed and systemic oxygen
saturations fell as a consequence. The differences



between the two drugs might well be because
epinephrine is a potent 3, agonist, whereas dopamine has
little effect at this receptor, and there seems to be
enhanced f,-adrenoceptor responsiveness in the pul-
monary vasculature during hypoxia [26].

Dopamine increased mesenteric flow at the highest dose
(82 ug kg=" min~"). In our previous normoxic experiments
there were no significant changes in PVFl and calculated
MVRI with dopamine infusion [7,8]. We have shown, with
a selective agonist, active vasodilatation mediated by spe-
cific dopamine receptors in the mesenteric circulation of
the newborn piglet [7]. Thus hypoxia seems to have
enhanced the vasodilatory efficacy of dopamine in the cir-
culation of the bowel, which might be via downregulation
of o receptors [27] in the mesenteric circulation and/or
increased effects of stimulating dopaminergic receptors.
However, despite this apparent beneficial effect in the
mesenteric blood flow, we did not investigate the mucosal
blood flow in the gut, which is particularly vulnerable to
hypoxic—ischemic insult. Indeed, a harmful effect of
dopamine infusion on the mucosal blood flow has been
reported [28]. Whereas epinephrine infusion showed a
vasoconstrictive effect on the mesenteric vasculature in
the previous normoxic experiment [8], this decrease in
mesenteric flow was not apparent in this hypoxic model;
the possible mechanisms for this difference include an
effect of hypoxia on the activity of a receptors, and an
enhanced responsiveness to B, stimulation. Thus the dif-
ferences in both the epinephrine and dopamine responses
during hypoxia would be explained by a reduction in o-
mediated vasoconstriction.

Epinephrine infusions should be used cautiously despite
the lack of effects on the bowel circulation seen in this
study, in view of the results of the previous study, which
did show a reduction in bowel perfusion during epineph-
rine infusion at high dose [8]. Vasoconstriction with high
doses of epinephrine could subject the hypoxic bowel in
sick newborns to ischemic injury and increase the risk for
the development of necrotizing enterocolitis [29,30].

Dopamine demonstrates a potentially hepatoprotective
effect at its highest dose. At 32 ug kg=' min~', dopamine
improved hepatic DO, as a result of mesenteric vasodi-
latation without a concomitant increase in splanchnic EO,
or splanchnic VO,,. The increase in HAFI and hepatic DO,
ratio with 0.2 ug kg=! min~! epinephrine infusion is inter-
esting. It demonstrates a probable 3,-vasodilatation effect
with epinephrine at low dose during hypoxia (as also
reflected in the decrease in calculated SVRI); a low dose
of epinephrine could also be protective and improve
hepatic perfusion and oxygen delivery in hypoxic new-
borns. Further studies on hepatic perfusion and oxygen
metabolism in systemic hypoxia are required for an evalua-
tion of the hepatoprotective role of inotropes.
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No effect on systemic or splanchnic VO, or EO, was
demonstrated with either inotrope despite the increase in
systemic oxygen delivery with epinephrine infusions.
Anaerobic metabolism is the main source of ATP produc-
tion during hypoxia. It is advantageous for the tissue to
minimize oxygen consumption during systemic hypoxia
[31]. Although we require cautious interpretation of the
negative findings because of the small sample size and
thus the limited statistical power, we did not show an
effect on oxygen metabolism with either catecholamine. A
dopamine-related increase in oxygen consumption has
been shown in a study of endotoxic dogs during normoxia
[32]. In the same experiment, during a 30 min hypoxic
challenge, a decrease in systemic VO, with no improve-
ment in systemic EO, was demonstrated. We did not
confirm this in our study, which might be related to the dif-
ference in oxygen metabolism in isolated hypoxia as
opposed to hypoxia and sepsis, and to the duration of
hypoxia between studies.

Conclusion

During severe alveolar hypoxia in the newborn piglet, epi-
nephrine increases cardiac output whereas dopamine has
no effect. Epinephrine preserves the SAP/PAP ratio,
whereas dopamine causes pulmonary vasoconstriction.
Epinephrine has no effect on splanchnic blood flow,
whereas dopamine increases both portal and total hepatic
flow. A reconsideration of the approach to the sick
newborn infant is warranted.
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