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Norepinephrine supplemented with dobutamine
or epinephrine for the cardiovascular support of
patients with septic shock

Khaled M. Mahmoud, Amany S. Ammar

Abstract

Background and Aims: Sepsis management remains a great challenge for intensive care
medicine. The aim of this study was to evaluate the effect of adding dobutamine versus
epinephrine to norepinephrine in treating septic shock patients refractory to fluid therapy.
Materials and Methods: Sixty adult patients with the diagnosis of septic shock were
included in this study. Norepinephrine infusion was started at a dose of 0.05 pg/kg/min,
and increased gradually up to 0.1 pg/kg/min.Upon reaching this dose, patients with mean
arterial pressure <70 mmHg were further divided randomly into two equal groups. In
group l:the patients continued on norepinephrine and dobutamine was added at a starting
dose of 3 pg/kg/min and increased in increments of 2 pg/kg/min up to 20 pg/kg/min. In
group ll:the patients continued on norepinephrine and epinephrine was added in a starting
dose of 0.05 pg/kg/ min and increased in increments of 0.03 pg/kg/min up to 0.3 pg/kg/
min. Results: Group Il patients developed significantly better cardiovascular parameters,
lower arterial pH and higher serum lactate and urine output; however, the 28-day mortality
and major adverse effects were comparable in both groups. Conclusions: The addition
of epinephrine to norepinephrine has positive effects on the cardiovascular parameters
but negative results on the serum lactate concentration and systemic pH compared with
the addition of dobutamine to norepinephrine.
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Introduction

Sepsis remains a major challenge for intensive care
medicine despite great advances in medication. High
mortality from sepsis and septic shock continues despite
slight improvement in outcomes.!"? For a long time, there
has been a debate about the underlying pathophysiology
of sepsis. Sepsis triggers systemic vasodilatation, which
leads to maldistribution in regional blood flow and
development of shock.P#! Sepsis imposes significant
global tissue hypoxia, although vital signs may be
normal. High-risk patients with low tissue perfusion
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may be identified through metabolic markers, which
include serum lactate, sodium bicarbonate and arterial
acid-base deficits.>

Resuscitation of septic shock patients involves
volume replacement in addition to some vasoactive
agents that help in raising the arterial blood pressure
rapidly to a satisfactory level. Vasoactive drug therapy
in the treatment of septic shock aims to increase organ
perfusion pressure or oxygen delivery or both by using
vasopressors, inotropic agents or a combination of
both.”"l Norepinephrine is the first drug of choice in
septic shock patients, whereas epinephrine is considered
a good option in patients who are still hypotensive
with cardiac depression, but it may cause side-effects
such as gut ischemia, arrhythmia and tachycardia.l
Dobutamine is considered as another option in septic
shock patients with myocardial depression, but it may
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produce hypotension through its vasodilator effect.™!
We cannot predict the patient outcome through the use
of a specific catecholamine. Adequate-sized, prospective,
randomized studies are lacking. The question of the ideal
vasopressor agent in septic shock patient thus remains
controversial and unanswered.

The present study was aimed to evaluate the
effect of adding dobutamine versus epinephrine
to norepinephrine in treating septic shock patients
refractory to fluid therapy.

Materials and Methods

This prospective, randomized, double-blind study was
carried out in the intensive care unit (ICU) after a written
informed consent was obtained from the patients or their
next of kin and institutional review board approval was
obtained. Sixty adult patients with the diagnosis of septic
shock (sepsis plus hypotension refractory to an initial
fluid challenge) were included in this study between
January /2008 and April/2010. The patients known with
the following diseases (cardiac diseases, chronic renal
or hepatic impairment, peripheral vascular diseases,
coagulopathy and burns) were excluded from this study.
All patients were scored by the Sequential Organ Failure
Assessment (SOFA) score and monitored by ECG, pulse
oximetry, central venous pressure (CVP), invasive blood
pressure (IBP), arterial blood gases (ABG) sampling and
echocardiography.

All patients received traditional treatment of sepsis
(fluids, antibiotics, glucose control and respiratory
support), and the fluid therapy was in the form of
crystalloid infusion till achieving a normal CVP. In
patients who were still hypotensive, norepinephrine
infusion was started in a dose of 0.05 ng/kg/min, and the
dose was increased gradually up to 0.1 ug/kg/min. After
reaching this dose, patients with mean arterial pressure
(MAP) <70 mmHg were further divided randomly into
two groups, with 30 patients each.

Group I (norepinephrine plus dobutamine)

The patients continued on norepinephrine in a dose of
0.1 pg/kg/min and dobutamine was added in a starting
dose of 3 pg/kg/min using syringe pump. Dobutamine
was increased in increments of 2 pg/kg/min up to 20
ug/kg/min and, upon reaching a cardiac index (CI) >2.5
L/min/m? and/ or MAP >70 mmHg, the incremental
doses were stopped.

Group Il (norepinephrine plus epinephrine)
The patients continued on norepinephrine in a dose

of 0.1 pg/kg/min and epinephrine was added in a
starting dose of 0.05 pg/kg/min using syringe pump.
Epinephrine was increased in increments of 0.03 ug/kg/
minup to 0.3 pg/kg/min and, upon reaching a CI >2.5
L/min/m? and/or MAP >70 mmHg, the incremental
doses were stopped.

The patients were randomly assigned, in a 1:1 ratio,
according to a computer-generated random list.
Randomization was done centrally by an independent
statistician to ensure appropriate concealment. An
investigator who was responsible for the collection of
the data was blinded with respect to the study protocol
during the whole process of data evaluation. Any
additional management was left to the discretion of the
patients’” primary physicians.

Parameters of assessment

The primary outcome measures were SOFA score
and cardiovascular effects: heart rate (HR), MAP, CVP,
CI, systemic vascular resistance index (SVRI), ejection
fraction (EF), left ventricular end diastolic volume
(LVEDV) and oxygen delivery, whereas secondary
outcome measures included metabolic measurements
(arterial pH, serum lactate and urine output), 28-day
all-cause mortality and major adverse effects.

Statistical analysis

With a two-sided type I error of 5% and study power
at 80%, a mean sample size of 30 patients in each group
was found sufficient to demonstrate a 25% difference
in the measured parameters with an expected standard
deviation of 25%, which was based on a previous pilot
study in our hospital. Two-way ANOVA was used
to identify the difference between groups at different
time points. The data were analyzed with a software
program (Sigma Stat version 1.01; Jandel Scientific, San
Rafael, CA, USA). Mann-Whitney U test was used for
comparison of nonparametric data. Categorical variables
were compared by Chi-square test or Fisher's exact test,
as appropriate. The data were expressed as mean + SD
or median (interquartile range) for continuous variables
and number (%) for categorical variables with 95%
confidence interval. P <0.05 was considered significant.

Results

The patient groups were comparable at baseline
regarding demographic data and characteristics of
infections (P > 0.05), as shown in Table 1. Also, the two
treatment groups were well balanced as regards the
general characteristics at randomization (P > 0.05), as
shown in Table 2.
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Both HR and MAP were significantly higher in group
II (P <0.05) at 6, 12, 24 and 48 h, and MAP reached the
target level of >70 mmHg in group Il at 12 h versus 24 h
in group I [Table 3]. In a view to the CVP, there was an
insignificant difference at start, 6, 12 and 24 h (P > 0.05),
whereas it was significantly higher in group II at 48 h
(P <0.05) [Table 3]. CI, SVRI and EF were significantly
higher in group II (P < 0.05) at 6, 12, 24 and 48 h, and CI
reached the target level of >2.5 L/min/m?in group II at
6 h, whereas it reached the target level in group I at 12
h [Table 3]. LVEDV was significantly higher in group I
(P <0.05) at 6,12, 24 and 48 h [Table 3].

Table I: Demographic data and characteristics of infections
of the studied groups

Parameter Group | Group Il
n = 30 patients n = 30 patients
Age (years) 524 £ 45 50.3 £6.5
Weight (kg) 73.0 £ 8.0 743 £9.2
Sex (M/F) 16/14 15/15
Type of infection
Community acquired 14 (47) 13 (43)
Hospital acquired, postoperative 6 (20) 7 (23)
Hospital acquired, others 10 (33) 10 (33)
Primary source of infection
Lung 13 (43) 12 (40)
Abdomen 8(27) 9 (30)
Primary septicemia 5(17) 5(17)
Urinary tract I 3) I 3)
Bones/joints/soft tissues I 3) I 3)
Mediastinum/endocarditis I 3) I 3)
Central nervous system 1 (3) 1 (3)
Positive blood cultures 12 (40) Il (37)
Causal microorganism
None 4 (30) 3(10)
Gram positive bacteria 8(27) 9 (30)
Gram negative bacteria 12 (40) 11 (37)
Anaerobes 3 (10) 4(13)
Mycobacterium I 3) I 3)
Fungi 2(7) 2(7)
Parasite 0(0) 0(0)
Virus 0(0) 0(0)

Data are mean = SD for continuous variables and no. (%) for categorical variables
P > 0.05 denotes statistical insignificance

Table 2: General characteristics at randomization

Parameter Group | Group Il
n =30 n =30
patients patients
ICU admission to randomization delay (days) 2 *+ 1.6 2+1.5
SOFA score 152 +24 144 +29
Glasgow Coma Score 143 13+4
Hematocrit (%) 31576 31.6+68
Need for additional therapies:
Renal replacement therapy 3 (10) 4(13)
Appropriate initial antibiotics 26 (83) 24 (80)
Corticosteroids
None 8(27) 8(27)
Hydrocortisone alone 12 (40) 11 (37)
Hydrocortisone and fludrocortisone 10 (33) 11 (37)
Mechanical ventilation 29 (97) 28 (93)

Data are mean = SD for continuous variables and number (%) for categorical
variables P > 0.05 denotes statistical insignificance

Oxygen delivery was comparable in both groups at
start (P > 0.05); however, it was significantly higher in
group II (P <0.05) at 6,12, 24 and 48 h [Table 4]. Arterial
pH was significantly lower in group II (P < 0.05) at 24 and
48 h [Table 4]. Serum lactate was significantly higher in
group II (P <0.05) at 48 h [Table 4]. In view of the urine
output, this was noted to be significantly higher in group
II (P <0.05) at 6,12, 24 and 48 h [Table 4]. The 28-day all-
cause mortality was comparable in both groups [Table 4].

Both groups were comparable with respect to ICU
length of stay as well as time to hemodynamic success
and vasopressor withdrawal. Furthermore, there were

Table 3: Hemodynamic parameter changes in the studied
groups

Parameter Group | Group Il P-value
n = 30 patients n = 30 patients
HR (b/m)
At start 102 + 6 103 +7 0.78
At6h 1035 115 +7 0.02
At 12h 1035 114 +£6 0.02
At24 h 1035 118 £ 5 0.01°
At48 h 105 %5 120+ 7 0.0l
MAP (mmHg)
At start 525 54+ 4 0.67
At 6 h 54+8 67 7 0.0l
At12h 69 7 78+9 0.03"
At24 h 70+7 8l.1 =9 0.02
At 48 h 71 £6 88 + 8 0.003"
CVP (mmHg)
At start 19 =17 12.1 £ 1.5 0.66
Atéh 122+ 1.7 128 = 1.7 0.54
At 12h 1.8=17 12.8 = 2.0 0.51
At 24 h 13.1 = 1.7 135+ 1.5 0.58
At 48 h 130+ 1.4 149+ 1.3 0.04
Cl (L/min/m?)
At start 2,10 = |1 215+ 1.0 0.65
At6h 226 £ 1.0 286 = 1.0 0.04°
At 12h 251 £ 1.3 298 + 1.3 0.04°
At24h 262=* 1.3 3.0 1.1 0.04
At48h 267 1.2 3.6 x1.2 0.03"
SVRI (dyn.sec/cm®/m?)
At start 1656 + 62 1689 + 104 0.34
At 6 h 1673 + 54 1744 = 119 0.01°
At12h 1692 + 50 1801 + 128 0.003"
At24 h 1718 = 57 1808 + 120 0.01°
At 48 h 1746 + 58 1870 + 89 0.002"
EF (%)
At start 41.7 = 3.1 408 = 3.2 0.39
Atéh 433 = 3.1 54.6 = 3.6 0.02"
At12h 50.7 = 3.1 599 =36 0.02°
At 24 h 52.1 =29 62.1 =42 0.0l
At 48 h 57.1 £3.1 65.5 + 25 0.02
LVEDV (mL)
At start 123 + 6 121 =8 0.51
At6h 119+ 6 108 + 8 0.03"
At 12h 12 x9 101 =6 0.02°
At24h 10x7 100 = 10 0.02°
At 48 h 108 = 5 95+ 4 0.01°

HR = Heart rate, MAP = Mean arterial pressure, CVP = Central venous pressure, Cl
= Cardiac index, SVRI = Systemic vascular resistance index, EF = Ejection fraction,
LVEDV = Left ventricular end diastolic volume; Data are mean *+ SD; *Denotes
statistical significance (P < 0.05)
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Table 4: Oxygen, metabolic parameters, urine output and
28-day all-cause mortality in both groups

Parameter Group | Group 11 P-value
n = 30 patients n = 30 patients
O2 delivery (mL/min)
At start 498 + 79 499 + 68 0.88
At6h 505 = 104 618 = 89 0.01*
At 12h 560 + 90 670 = 103 0.01*
At24h 565 = 122 706 = 120 0.003*
At 48 h 629 + 96 785 = 106 0.002*
Arterial pH
At start 7.16 = 0.36 7.17 = 0.36 0.99
At 6 h 7.18 = 0.36 7.17 £ 0.35 0.94
At 12h 7.19 £ 0.31 7.16 = 0.32 0.52
At24h 72 +0.29 7.15+0.28 0.04*
At 48 h 722 £0.23 7.15 £ 0.31 0.03*
Serum lactate (mmol/L)
At start 2.88 = 0.49 291 =0.29 0.8l
At24h 2.76 = 0.42 2.96 = 0.33 0.11
At 48 h 2.30 = 0.43 2.94 +0.28 0.04*
Urine output (ml/h)
At start 21.0 43 205+ 44 0.89
At 6 h 252+ 46 34057 0.02*
At 12h 283 £ 4.7 37555 0.03*
At24h 320 £ 4.6 39.2 6.1 0.03*
At 48 h 358 = 12.0 45273 0.02*
28-day all-cause 15 (50) 16 (53) 0.80
mortality

Data are mean = SD for continuous variables and no. (%) for categorical variables;
"Denotes statistical significance (P < 0.05)

no significant differences between both groups regarding
the incidence of acute coronary syndrome, arrhythmias,
cerebral stroke, limb ischemia or any other adverse
events related to catecholamine administration. SOFA
score improved over time, and was comparable in both
groups [Table 5].

Discussion

The results of the present study showed that the
addition of epinephrine in a dose of 0.05-0.3 ug/kg/min
to norepinephrine in a dose of 0.1 pg/kg/min in patients
with septic shock unresponsive to fluid resuscitation
had positive effects on the hemodynamics but negative
results on the serum lactate concentration and systemic
pH compared with the addition of dobutamine in a dose of
3-20 ng/kg/min. Both groups were comparable regarding
the progress of SOFA score and 28-day mortality.

This was in agreement with many studies, one of them
being a study done by Minneci ef al.,™ which compared
the different effects of epinephrine, norepinephrine and
vasopressin in septic shock canines. Cardiovascular
parameters were significantly increased with epinephrine
compared with the other two groups.

Kreijci et al.®! studied the effects of epinephrine,
norepinephrine and phenylephrine on the

Table 5: Length of ICU stay, time to hemodynamic success
and vasopressor withdrawal, major adverse effects and time
course of SOFA score in both groups

Parameter Group | Group Il P-value
n = 30 patients n = 30 patients
ICU length of stay (days) 7(4-11) 6 (5-10) 0.34
Time to hemodynamic 4(2-9) 5(3-10) 0.41
success (days)
Time to vasopressor 5 (4-8) 6 (5-8) 0.37
withdrawal (days)
Major adverse effects:
Acute coronary syndrome 1 (3) 1 3) N/A
Arrhythmias 4 (13) 6 (20) 0.49
Cerebral stroke 0 (0) 0(0) N/A
Limb ischemia 2(7) 3 (10) 0.64
Time course of SOFA score
At start 152 + 6.4 144 +59 0.21
At24h 14.6 + 6.1 139 +6.2 0.25
At 48 h 144 + 6.3 13.8+5.9 0.31
At72h 14.1 £7.0 13.5 6.1 0.29
At 96 h 13.5+6.9 12.7 + 6.6 0.34

ICU = Intensive Care Unit, SOFA = Sequential organ failure assessment, N/A =
Not applicable; Data are expressed as median (interquartile range) or mean + SD
for continuous variables and as no. (%) for categorical variables P > 0.05 denotes
statistical insignificance

microcirculatory blood flow of the gastrointestinal
tract in a septic shock model in pigs. They increased
the perfusion pressure to the gastrointestinal tract but
without concomitant increase in the microcirculatory
blood flow. Systemic blood flow was increased by
both epinephrine and norepinephrine. These findings
were explained by the fact that both epinephrine and
norepinephrine divert blood flow away from the
mesenteric circulation with a consequent decrease in
the microcirculatory blood flow. On the other hand,
phenylephrine supports the systemic blood pressure
without changing distribution of blood flow.

In another study,"” dobutamine prevented vasopressin-
induced splanchnic lactate release and hyperlactatemia
and maintained cardiac output in a porcine endotoxic
shock model.

The previous results can be explained by the fact that
dobutamine is an adrenergic agent stimulating both {3,
and B, receptors only and so it is a good inotrope but has
no constrictive effects in contrast to epinephrine, which
has potent o and f effects that makes it a good pressor
and inotrope and, therefore, increases the SVR, MAP,
HR and cardiac output."”!

Wilson and coworkers!" reported that epinephrine can
restore global hemodynamics in septic shock primarily
through increasing stroke volume and ClI, together
with more modest elevation in HR and SVR. In another
study," epinephrine was used as a first-line agent where
a linear relationship was shown between epinephrine
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dose and MAP, HR, left ventricular stroke work index
and CI, as well as oxygen consumption and delivery.
No adverse cardiac side-effects were reported despite
elevation of oxygen consumption.

In contrast with our results, the study done by Le Tulzo
et al.? reported that epinephrine in a dose of 0.1 pg/
kg/min improved right ventricular function in patients
unresponsive to dopamine and dobutamine, but the
SVR remained unchanged. These differences may also
be explained by the lower dose of epinephrine used
compared with the dose used in our study, which was
up to 0.3 pg/kg/min. We used a higher dose according
to the concept that improvement in MAP and oxygen
delivery induced by epinephrine in septic shock patients
may offset its ischemic adverse effects.

Serum lactate was statistically significantly higher and
arterial pH was significantly lower in the norepinephrine
plus epinephrine group, which is in agreement with the
study done by Seguin et al.,[!! which studied the effect
of dopexamine plus norepinephrine versus epinephrine
on gastric perfusion in patients with septic shock. This
study found that serum lactate was increased with
epinephrine but not significantly, and explained this by
the fact that epinephrine diverts blood flow away from
the gastrointestinal mucosa with subsequent increase in
regional lactate.

Another explanation for the decrease of lactic acid by
the use of dobutamine and its increase with the use of
epinephrine was cleared by a study done by Durantea
and coworkers,! who attributed this finding to the
splanchnic vasoconstrictor action of epinephrine through
its o effects, which leads to gut ischemia in contrast to
dobutamine, which has a splanchnic vasodilator action
due to its B -relaxing effect, which leads to elevation of
the splanchnic blood flow and gastric perfusion with
consequent decrease of serum lactate.

A recent study done by Levy!®! has considered
increase of lactate by administration of epinephrine to
be a physiological metabolic response to epinephrine
stimulation. Epinephrine activates glycogenolysis
and glycolysis, which leads to elevation of ATP levels
and activation of Na*/K*-ATPase, resulting in ATP
consumption and ADP generation, activation of
phosphofructokinase, further activation of glycolysis
and with consequent formation of pyruvate and its
conversion into lactate. Another study™! has reported
elevation of skeletal muscle lactate production in patients
with sepsis during administration of epinephrine. The
authors attributed this effect to be a metabolic response

to epinephrine administration that is mediated by Na*/
K*-ATPase and, accordingly, raised the debate about
clinical relevance of increased lactate levels in septic
shock patients subjected to epinephrine administration.
However, up till now, elevation of lactate levels in
septic patients is still considered a bad omen, reflecting
anaerobic glycolysis in hypoperfused tissues that is
associated with a worse prognosis, although it may be in
part a physiological response to severe sepsis resulting
from increased aerobic glycolysis in skeletal muscle
induced by epinephrine-activated Na*/K*-ATPase
activity.

The urine output was significantly increased in the
norepinephrine plus epinephrine group compared with
the norepinephrine plus dobutamine group.

This result is supported and explained by many open-
label clinical series done by Bourgoin and colleagues.!
The authors attributed elevation of the renal perfusion
pressure and urine output to the increase of MAP to a
level of 75 mmHg; however, other studies referred that
to increase of MAP from 60 to 65 mmHg,.

It should be noticed that up till now, there is no
adequate-sized, prospective randomized clinical study
indicating that one catecholamine is superior to the
other during septic shock. The patient outcome cannot
be predicted through the use of a specific catecholamine.
Consequently, the question of the ideal vasoactive agent
in a septic shock patient remains controversial and
unanswered.

In conclusion, the addition of epinephrine in a dose of
50-300 ng/kg/min to norepinephrine in a dose of 100
ng/kg/min in patients with septic shock unresponsive
to fluid resuscitation had positive effects on the
hemodynamics but negative effects on serum lactate and
systemic pH compared with the addition of dobutamine
in a dose of 3-20 pg/kg/min. However, the metabolic
effects had no influence on the time to hemodynamic
stabilization or recovery of organ dysfunction.
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