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Does dopamine administration in shock influence outcome?
Results of the Sepsis Occurrence in Acutely Ill Patients (SOAP)
Study*
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T he optimal adrenergic support
in shock is controversial. Do-
pamine and norepinephrine
are the most commonly used

agents to restore tissue perfusion pres-
sure in these conditions. Although dopa-
mine is the natural precursor of norepi-
nephrine, and both combine !- and
"-adrenergic properties, they are differ-
ent molecules and have different pharma-
cologic profiles. Dopamine has relatively

stronger "1-adrenergic properties, thus
increasing myocardial contractility more
than norepinephrine, which has rela-
tively stronger !-adrenergic properties
and thus increases arterial pressure and
systemic vascular resistance more than
dopamine.

Both have their advantages and poten-
tial disadvantages, although many of the
suggested effects of vasopressors have not
been demonstrated in humans, particu-

larly in those with critical illness. Dopa-
mine is more likely to increase cardiac
output and may also preferentially dis-
tribute blood flow to the splanchnic and
renal vasculature by its additional dopa-
minergic properties (1, 2). Dopamine
may have beneficial effects on diaphrag-
matic function (3) and on the resorption
of edema fluid (4, 5). However, it may
increase heart rate and can produce
tachyarrhythmias. Dopamine may also
suppress pituitary function, particularly
prolactin secretion (6).

Norepinephrine is a more potent vaso-
constrictor, through its potent !1 stimu-
lation with moderate "1 and minimal "2
activity. Norepinephrine was found to be
more effective than dopamine in restor-
ing hemodynamic stability and even
sometimes urine output in patients with
sepsis (7). Concerns with the use of nor-
epinephrine are the potential risks of ex-
cessive vasoconstriction and decreased

Objective: The optimal adrenergic support in shock is contro-
versial. We investigated whether dopamine administration influ-
ences the outcome from shock.

Design: Cohort, multiple-center, observational study.
Setting: One hundred and ninety-eight European intensive care

units.
Patients: All adult patients admitted to a participating inten-

sive care unit between May 1 and May 15, 2002.
Interventions: None.
Measurements and Main Results: Patients were followed up

until death, until hospital discharge, or for 60 days. Shock was
defined as hemodynamic compromise necessitating the adminis-
tration of vasopressor catecholamines. Of 3,147 patients, 1,058
(33.6%) had shock at any time; 462 (14.7%) had septic shock. The
intensive care unit mortality rate for shock was 38.3% and 47.4%
for septic shock. Of patients in shock, 375 (35.4%) received
dopamine (dopamine group) and 683 (64.6%) never received
dopamine. Age, gender, Simplified Acute Physiology Score II, and

Sequential Organ Failure Assessment score were comparable
between the two groups. The dopamine group had higher inten-
sive care unit (42.9% vs. 35.7%, p ! .02) and hospital (49.9% vs.
41.7%, p ! .01) mortality rates. A Kaplan-Meier survival curve
showed diminished 30 day-survival in the dopamine group (log
rank ! 4.6, p ! .032). In a multivariate analysis with intensive
care unit outcome as the dependent factor, age, cancer, medical
admissions, higher mean Sequential Organ Failure Assessment
score, higher mean fluid balance, and dopamine administration
were independent risk factors for intensive care unit mortality in
patients with shock.

Conclusions: This observational study suggests that dopamine
administration may be associated with increased mortality rates
in shock. There is a need for a prospective study comparing
dopamine with other catecholamines in the management of cir-
culatory shock. (Crit Care Med 2006; 34:589–597)
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organ perfusion. However, the combina-
tion of norepinephrine with dobutamine
may counteract this effect (8).

In a large cohort of European inten-
sive care unit (ICU) patients included in
the Sepsis Occurrence in Critically Ill Pa-
tients (SOAP) study, we determined
whether dopamine administration was
associated with a poor outcome in pa-
tients with shock due to any cause and in
a subgroup of septic shock patients, and
we identified other factors associated
with a poor outcome in these patients.
Although the study was purely observa-
tional, multivariate analyses can help to
identify important factors.

METHODS

Study Design. This report is the result of a
substudy from the SOAP database: a prospec-
tive, multiple-center, observational study that
was designed to evaluate the epidemiology of
sepsis in European countries and was initiated
by a working group of the European Society of
Intensive Care Medicine. Institutional recruit-
ment for participation was by open invitation
from the study steering committee to Euro-
pean ICUs. Since this epidemiologic, observa-
tional study did not require any deviation from
routine medical practice, institutional review
board approval was either waived or expedited
in participating institutions and informed
consent was not required. We included all
adult patients (#15 yrs) admitted to the par-
ticipating centers (see the Appendix for a list
of participating countries and centers) be-
tween May 1 and May 15, 2002. Patients were
followed up until death or hospital discharge
or for 60 days. Those who stayed in the ICU for

$24 hrs for routine postoperative observation,
and patients with burns, were excluded.

Data Management. Data were collected
prospectively using preprinted case report
forms. Detailed instructions, explaining the
aim of the study, instructions for data collec-
tion, and definitions for various important
items were available for all participants
through an Internet-based Web site before
starting data collection and throughout the
study period. The steering committee main-
tained continuous contact with the investiga-
tors and processed all queries during data col-
lection.

Data were entered centrally by medical
personnel using the SPSS version 11.0 for
Windows (SPSS, Chicago, IL). A random sam-

ple of 5% of data was reentered by a different
encoder and revised by a third; a consistency
of #99.5% per variable and 98.5% per patient
was observed during the whole process of data
entry. In case of inconsistency, data were ver-
ified and corrected. Daily frequency tables
were reviewed for all variables, and the inves-
tigators were queried when data values either
were questionable or were missing for re-
quired fields. There was no data quality con-
trol at the data collection level. Data collection
on admission included demographic data and
comorbid diseases. Clinical and laboratory
data for Simplified Acute Physiology Score
(SAPS) II (9) were reported as the worst value
within 24 hrs after admission. Microbiological
and clinical infections were reported daily as

Table 1. Catecholamine use in patients with shock (%)

Any Shock
(n % 1058)

Septic Shock
(n % 462)

Nonseptic Shock
(n % 596) p Value

Alone or in combination
Norepinephrine 848 (80.2) 386 (83.5) 462 (77.5) .015
Dopamine 375 (35.4) 181 (39.2) 194 (32.6) .025
Dobutamine 359 (33.9) 170 (36.8) 189 (31.7) .083
Epinephrine 246 (23.3) 126 (27.3) 120 (20.1) .006

Single agenta

Norepinephrine 336 (31.8) 123 (26.6) 213 (35.7) .002
Dopamine 93 (8.8) 31 (6.7) 62 (10.4) .035
Epinephrine 48 (4.5) 16 (3.5) 32 (5.4) .14

Norepinephrine & dobutamine 163 (15.4) 73 (15.8) 90 (15.1) .754
Norepinephrine & dopamine 123 (11.6) 64 (13.9) 59 (9.9) .047
Epinephrine & norepinephrine 68 (6.4) 45 (9.7) 23 (3.9) $.001
Dopamine & dobutamine 29 (2.7) 14 (0.3) 15 (2.5) .612
Epinephrine & dobutamine 14 (1.3) 2 (0.4) 12 (2.0) .026
Epinephrine & dopamine 9 (0.9) 5 (1.1) 4 (0.7) .47
Norepinephrine & dopamine & dobutamine 75 (7.1) 39 (8.4) 36 (6.0) .131
Norepinephrine & epinephrine & dobutamine 49 (4.6) 22 (4.8) 27 (4.5) .859
Norepinephrine & epinephrine & dopamine 18 (1.7) 8 (1.7) 10 (1.7) .947
Four agents 28 (2.6) 20 (4.3) 8 (1.3) .023

aTwo patients received only vasopressin, and two received phenylephrine as a single agent.

Table 2. Characteristics of patients with shock on admission

All Patients
(n % 1058)

No Dopamine
(n % 683)

Dopamine
(n % 375) p Value

Age,a mean ' SD 63 ' 16 62 ' 17 64 ' 16 .194
Maleb (%) 649 (61.9) 408 (60.2) 241 (65.0) .144
Comorbid diseases (%)

Cancer 133 (12.5) 90 (13.2) 43 (11.5) .698
Hematologic cancer 36 (3.4) 22 (3.2) 14 (3.7) .660
COPD 117 (11.1) 64 (9.4) 53 (14.1) .018
Liver cirrhosis 54 (5.1) 32 (4.7) 22 (5.9) .404
HIV infection 8 (0.8) 4 (0.6) 4 (1.1) .294
Heart failure 140 (13.2) 68 (10.0) 72 (19.2) $.001
Diabetes 81 (7.7) 52 (7.6) 29 (7.7) .944

Medical admission (%) 504 (48.6) 338 (49.5) 176 (46.9) .650
SAPS II score,c mean ' SD 47 ' 17 47 ' 17 47 ' 18 .975
SOFA score,d median (IQR) 8 (6–11) 8 (6–11) 8 (5–10) .111
Infection (%) 397 (37.5) 256 (37.5) 141 (37.6) .970

COPD, chronic obstructive pulmonary disease; SAPS, Simplified Acute Physiology Score; SOFA,
Sequential Organ Failure Assessment; IQR, interquartile range.

aOne missing; bnine missing gender (valid percentage is presented after exclusion of missing data);
c12 missing; dten missing (11 missing variables were replaced).
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well as the antibiotics administered. A daily
evaluation of organ function that was based on
a set of laboratory and clinical variables ac-
cording to the Sequential Organ Failure As-
sessment (SOFA) score (10) was performed,
with the most abnormal value for each of the
six organ systems (i.e., respiratory, renal, car-
diovascular, hepatic, coagulation, and neuro-
logic) being collected on admission and every
24 hrs thereafter. For a single missing value, a
replacement was calculated using the mean
value of the results on either side of the absent
result. If the first or the last value was missing,
the nearest value was carried backward or for-
ward, respectively. When more than one con-
secutive result was missing, it was considered
to be a missing value in the analysis. Missing
data represented $6% of the total collected
study data, of which only 2% were replaced.
Missing data in the current analysis (patients
with shock) represented $1% of the overall
variables. Only 28 patients had one or more
missing value. Infection was defined as the
presence of a pathogenic microorganism
and/or clinical infection necessitating antibi-
otic administration, and ICU-acquired infec-
tion was defined as infection occurring !48
hrs after ICU admission. Circulatory shock
was defined as a cardiovascular SOFA score
#2 (the need for vasopressor agents, i.e., do-
pamine #5 (g/kg/min, or epinephrine or nor-
epinephrine any dose), and septic shock was
defined as the association of shock and infec-
tion (11). Fluid balance was calculated during
the shock episode: the cumulative fluid bal-
ance as the sum of daily fluid balance, and the
mean fluid balance as the cumulative fluid

balance in liters divided by the number of days
in shock.

Statistical Methods. Data were analyzed
using SPSS 11.0 for Windows. Descriptive sta-
tistics were computed for all study variables.
Kolmogoroff-Smirnov test was used to verify
the normality of distribution of continuous
variables. Nonparametric measures of com-
parison were used for variables evaluated as
not normally distributed. Difference testing
between groups was performed using the two-
tailed Student’s t-test, Mann-Whitney U test,
chi-square test, and Fisher’s exact test as ap-
propriate. We performed a multivariable, for-
ward stepwise, logistic regression analysis
with ICU outcome as the dependent variable in
patients with shock due to any cause and in
patients with septic shock. Variables consid-
ered for the multivariable analysis included
age, gender, comorbid diseases and SAPS II
score on admission, the extent of organ failure
assessed by the SOFA score, the initial and
maximum dose of vasopressors, and the mean
fluid balance. Variables were introduced in the
multivariate model if significantly associated
with a higher risk of ICU mortality on a uni-
variate basis at p $ 0.2. Colinearity between
variables was excluded before modeling by
computing the correlation of estimates, with
an R2 # .7 considered to be significant. Inter-
action terms involving combinations between
comorbid diseases on admission and between
various catecholamines were tested. After ad-
justment for demographic variables, comor-
bidities on admission, severity scores, and
fluid balance, the initial and the maximum
doses of each agent were injected in the model

in a stepwise fashion. Three countries were
associated with higher and one with lower ICU
mortalities in comparison with other coun-
tries and were adjusted for in the final model.
The use of each catecholamine was introduced
in the last step as a categorical variable. A
Hosmer and Lemeshow goodness-of-fit test
was performed; Nagelkerke pseudo R2, classi-
fication tables, and odds ratios with 95% con-
fidence interval were computed. Kaplan-Meier
survival curves were plotted and compared
using a signed log rank test. To minimize the
effect of censored data in the survival analysis,
we considered 30-day survival as a target. All
statistics were two-tailed, and a p $ .05 was
considered to be significant.

RESULTS

Of the 3,147 patients included in the
SOAP study, 1,058 (33.6%) had shock at
any time; 462 (14.7%) had septic shock.
Among 198 contributing centers, 101
(1,719 patients) were university, 64 (879
patients) city, and 33 (549 patients) com-
munity hospitals. The incidence of shock
due to any cause (25.5%, 34.2%, and
35.9%, respectively, p $ .001) and septic
shock (10.6%, 14.9%, and 15.9%, respec-
tively, p % .004) was lower in community
compared with city and university hospi-
tals.

Catecholamine Use. Norepinephrine
was the most commonly used vasopressor
agent (80.2%), used as a single agent in

Figure 1. Use of dopamine and norepinephrine in the various European countries (only countries with #50 patients).
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31.8% of patients with shock. Dopamine
was used in 35.4% of patients with shock,
as a single agent in 8.8% of patients and
combined most commonly with norepi-
nephrine (11.6%). Epinephrine was used
less commonly (23.3%) but rarely as a
single agent (4.5%). Dobutamine was
combined with other catecholamines in
33.9% of patients, mostly with norepi-
nephrine (15.4%). All four catecholamines

were administered simultaneously in 2.6%
of patients (Table 1). Other, less commonly
used vasoactive/inotropic drugs included
dopexamine (n % 16), vasopressin (n % 11),
isoproterenol (n % 9), milrinone (n % 9),
and phenylephrine (n % 5).

Among patients with shock, 375 pa-
tients (35.4%) received dopamine (dopa-
mine group) and 683 (64.6%) did not
(Table 2). Age, gender, SAPS II score,

SOFA score, and infection rates on ad-
mission were comparable between dopa-
mine groups and other patients in shock.
The dopamine group had a higher inci-
dence of chronic obstructive pulmonary
disease and heart failure. The maximum
dose of dopamine administered per pa-
tient was 8.5 (5.5–13.3) (g/kg/min (me-
dian [interquartile range]). Of the 375
patients who received dopamine, 290
(77.3%) received doses of #5 (g/kg/min,
42 (11.2%) received 3–5 (g/kg/min, and
43 (11.5%) received $3 (g/kg/min (in
conjunction with either epinephrine or
norepinephrine). Dopamine was used
more in community than in university or
city hospitals (43.6%, 36.3%, and 29.9%,
respectively, p % .016). There was sub-
stantial international variability in the
use of vasopressors (Fig. 1).

Morbidity and Mortality. ICU and hos-
pital mortality rates were higher in pa-
tients with shock due to any cause
(38.3% vs. 8.5% and 44.6% vs. 13.6%,
respectively, both p $ .01) than in pa-
tients without shock, and higher in pa-
tients with septic than nonseptic shock
(47.4% vs. 31.2% and 54.1% vs. 37.2%,

Figure 2. Kaplan-Meier survival curve at 30 days of ICU admission in patients with shock due to any cause (n % 1058) according to administration of
dopamine (upper left), dobutamine (upper right), epinephrine (lower left), and norepinephrine (lower right). Survival was decreased in patients who
received dopamine or epinephrine compared with those who did not.

Table 3. Morbidity and mortality in patients with shock

All Patients
(n % 1058)

No Dopamine
(n % 683)

Dopamine
(n % 375) p Value

SOFA score, median (IQR)
Maximum SOFA score 10 (8–13) 10 (8–13) 10 (8–14) .579
Mean SOFA score 7 (5–9) 7 (5–9) 7 (5–10) .408

ICU-acquired infection 158 (14.9) 93 (13.6) 65 (17.3) .105
Hemofiltration (%) 182 (17.2) 121 (17.7) 61 (16.3) .550
Hemodialysis (%) 78 (7.4) 48 (7.0) 30 (8.0) .563
ICU stay, days, median (IQR) 6 (3–14) 6 (3–13) 7 (3–15) .165
Hospital stay,a days, median (IQR) 20 (8–43) 20 (8–46) 20 (8–38) .102
ICU mortality (%) 405 (38.3) 244 (35.7) 161 (42.9) .021
Mortality at 30 days (%) 419 (39.6) 252 (36.9) 167 (44.5) .013
Hospital mortalityb (%) 468 (44.6) 283 (41.7) 185 (49.9) .011

SOFA, Sequential Organ Failure Assessment; IQR, interquartile range; ICU, intensive care unit.
a18 missing; bthree missing.
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respectively, both p $ .01). ICU mortality
rate in patients with shock was similar
among university, city, and community

hospitals (39.4%, 38.9%, and 32.1%, re-
spectively, p % .273). Patients treated
with dopamine had higher ICU, 30-day,

and hospital mortality rates than other
patients in shock (Table 3). No difference
in ICU mortality rates in patients treated
with dopamine was observed among uni-
versity, city, and community hospitals
(45.1%, 42.2%, and 36.1%, respectively, p
% .445). The degree of organ dysfunction,
as assessed by the maximum and mean
SOFA scores during the ICU stay, was
similar among patients treated with do-
pamine and those who received no dopa-
mine, as was hospital and ICU length of
stay (Table 3). Similar rates of renal sup-
port therapy were observed in both
groups. A total of 284 (26.8%) patients
stayed in the hospital for !30 days. The
Kaplan-Meier survival curves are shown
in Figure 2. The 30-day survival was de-
creased in the dopamine group (log rank
% 4.6, p % .032) compared with the no-
dopamine group. Epinephrine adminis-
tration was also associated with a de-
creased 30 day-survival (log rank % 14.4,
p $ .001).

Of 244 patients who were treated with
both dopamine and norepinephrine, 141
(57.8%) received both drugs on the same
first day, another 73 (29.9%) received
norepinephrine as the first vasopressor
treatment, and 30 (12.3%) received dopa-
mine first. Mortality rates were 47.3%,
54.8%, and 53.3%, respectively (p % not
significant).

Predictors of ICU Outcome. Shock
nonsurvivors (n % 405) were older (Table 4),
were more commonly medical rather
than surgical admissions, and were more
likely to be female than the survivors.
Comorbid diseases associated with a poor
outcome included cancer, hematologic
cancer, and liver cirrhosis. As expected,
SAPS II and SOFA scores were higher in
nonsurvivors. Although infection on ad-
mission was more common in nonsurvi-
vors than survivors, ICU-acquired infec-
tion rates were similar in both groups. As
expected, nonsurvivors required higher
catecholamine doses. Dopamine and epi-
nephrine were used more in nonsurvivors
than in survivors. Cumulative and mean
fluid balances were greater and ICU and
hospital lengths of stay were longer in
nonsurvivors than in survivors.

In a multivariate, logistic forward
stepwise analysis with ICU outcome as
the dependent factor, age, cancer, medi-
cal admission, higher mean SOFA score,
greater mean fluid balance, and dopa-
mine administration were independent
risk factors for ICU mortality in patients
with shock (Table 5). None of the tested
interactions were significant and, there-

Table 4. Characteristics of survivors and nonsurvivors of shock due to any cause (n % 1058)

Nonsurvivors
(n % 405)

Survivors
(n % 653) p Value

Age,a mean ' SD 65 ' 15 61 ' 17 .005
Femaleb (%) 174 (43.4) 226 (34.9) .006
Comorbid diseases (%)

Cancer 60 (14.8) 73 (11.2) .023
Hematologic cancer 22 (5.4) 14 (2.1) .004
COPD 53 (13.1) 64 (9.8) .098
Liver cirrhosis 30 (7.4) 24 (3.7) .007
HIV infection 5 (1.2) 3 (0.5) .680
Heart failure 52 (12.8) 88 (13.5) .776
Diabetes 31 (7.7) 50 (7.7) .999

Medical admission (%) 254 (62.7) 260 (39.8) $.001
SAPS II,c mean ' SD 54.9 ' 18.4 41.9 ' 14.8 $.001
SOFA score, median (IQR)

Initial SOFA scored 9 (6–12) 8 (5–10) $.001
Maximum SOFA score 13 (10–15) 9 (7–11) $.001
Mean SOFA score 10 (7–13) 6 (4–7) $.001

Infection on admission (%) 174 (43.0) 223 (34.2) .004
ICU-acquired infection (%) 59 (14.6) 99 (15.2) .793
Sepsis at any time (%) 243 (60.0) 339 (51.9) .010
Mechanical ventilation (%) 391 (96.5) 591 (90.5) $.001
Catecholamine use (%)

Norepinephrine 332 (82.0) 516 (79.0) .241
Dopamine 161 (39.8) 214 (32.8) .021
Epinephrine 123 (30.4) 123 (18.8) $.001
Dobutamine 151 (37.3) 208 (31.9) .070

Maximum catecholamine dose,e mean ' SD
Norepinephrine 0.7 ' 0.7 0.5 ' 0.7 $.001
Dopamine 13.4 ' 10.8 8.6 ' 5.5 $.001
Epinephrine 0.8 ' 0.8 0.6 ' 0.8 .001
Dobutamine 11.3 ' 8.0 7.5 ' 5.2 $.001

Cumulative fluid balance, L, mean ' SD 4.5 ' 18.1 )1.8 ' 17.2 $.001
Mean fluid balance, L, mean ' SD 1.0 ' 1.7 )0.1 ' 1.2 $.001
ICU stay in days, median (IQR) 4 (1–12) 7 (3–15) $.001
Hospital stay in days, median (IQR) 9 (3–23) 29 (15–56) $.001

COPD, chronic obstructive pulmonary disease; SAPS, Simplified Acute Physiology Score; SOFA,
Sequential Organ Failure Assessment; IQR, interquartile range; ICU, intensive care unit.

aOne missing; bnine missing gender (valid percentage is presented after exclusion of missing
values); c12 missing; dten missing (11 missing variables were replaced); edoses in (g/kg ! min)1.

Table 5. Summary of a multivariable forward stepwise logistic regression analysis with intensive care
unit outcome as the dependent factor in patients with shock due to any cause and those with septic
shock

Shock Due to Any Causea

(n % 1058)
Septic Shockb

(n % 462)

Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value

Mean SOFA score 1.53 (1.44–1.62)c $.001 1.52 (1.39–1.67)c $.001
Mean fluid balance 1.42 (1.26–1.59)d $.001 1.39 (1.19–1.63)d $.001
Medical admission 2.36 (1.7–3.27) $.001 1.83 (1.12–2.99) .016
Age 1.02 (1.01–1.03)e .001 1.03 (1.01–1.04)e .001
Dopamine administration 1.67 (1.19–2.35) .003 2.05 (1.25–3.37) .005
Cancer 2.05 (1.27–3.3) .003 3.54 (1.72–7.3) .001

CI, confidence interval; SOFA, Sequential Organ Failure Assessment.
aHosmer and Lemeshow goodness-of-fit chi-square % 6.9 (p % .543). Nagelkerke R2 % .494. This

model has a 79.8% correct classification (88.8 for survivors and 65.4 for nonsurvivors); bHosmer &
Lemeshow chi square % 5.9 (p % .661), Nagelkerke R2 % .501. This model has 76.4% correct
classification (81.5% in survivors and 70.6% in nonsurvivors); cper point; dper liter; eper year. The
country effect was not significant and was not retained in the final model.
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fore, were not considered in the final
model.

Dopamine Use in Septic Shock. In the
462 patients with septic shock, dobut-
amine use was more common in nonsur-
vivors than in survivors (41.6% vs.
32.5%, p $ .05). There was a tendency
toward more epinephrine use (31.5% vs.
23.5%, p % .052) and dopamine (43.4%
vs. 35.4%, p % .079) administration in
nonsurvivors than in survivors. Also,
there was a tendency toward lower 30-day
survival (Fig. 3) in patients with septic
shock treated with dopamine than others
(log rank % 2.8, p % .09). Epinephrine
administration was associated with de-
creased 30-day survival (log rank 4.04,
p % .045). However, norepinephrine and
dobutamine administration was not asso-
ciated with altered 30-day survival. Other
factors associated with ICU mortality
from septic shock included older age, fe-
male gender, cancer, hematologic cancer,
medical admission, higher SAPS II and
SOFA scores, and higher fluid balance
(Table 6). The ICU mortality rate in pa-
tients with septic shock was similar
among patients admitted from a univer-
sity, city, or community hospital (47.6%,

47.3%, 46.6%, respectively, p % .989)
with a similar incidence of dopamine ad-
ministration (41.4%, 32.1%, 44.6%, re-
spectively, p % .127). In septic shock pa-
tients treated with dopamine, ICU
mortality rates were also similar (52.2%,
54.8%, and 50%, respectively, p % .925).

In a multivariate logistic forward step-
wise analysis (Table 5) with ICU mortality
as the dependent factor, dopamine ad-
ministration was independently associ-
ated with a higher risk of death from
septic shock (odds ratio, 2.05; 95% con-
fidence interval, 1.25 –3.37), in addition
to higher SOFA score, greater mean fluid
balance, cancer, older age, and medical
admission.

In patients with nonseptic shock (n %
596), ICU (34% vs. 30%, p % .303) and
hospital (42% vs. 35%, p % .117) mortal-
ity rates were higher, but statistically not
significant, in patients who received do-
pamine compared with those who did
not. In a multivariable logistic regression
analysis with ICU mortality as the depen-
dent variable, dopamine administration
was not an independent risk factor for
mortality in this group of patients (data
not shown)

DISCUSSION

Our data suggest that dopamine ad-
ministration may be associated with a
worse outcome from shock due to any
cause. Our study included almost 200
ICUs and #3,000 patients. One third of
the patients had shock at some point dur-
ing their ICU stay and 15% had septic-
shock. Dopamine was used in 35% of the
patients with shock in these European
ICUs.

Dopamine administration was associ-
ated with ICU and hospital mortality rates
20% higher than in patients with shock
who did not receive dopamine; survival
rates were also lower at 30 days than for
other patients in shock. These differences
could not be explained by differences in
severity of disease, as SAPS II and SOFA
scores on admission were similar in the
two groups. Despite the relatively higher
incidence of treatment with dopamine in
ICUs located in community hospitals and
the lower incidence in those located in
city hospitals, this factor could not ex-
plain the worse outcome associated with
dopamine use in this study as mortality
rates were similar across hospital types

Figure 3. Kaplan-Meier survival curve at 30 days of ICU admission in patients with septic shock (n % 462) according to administration of dopamine (upper
left), dobutamine (upper right), epinephrine (lower left), and norepinephrine (lower right). Survival was decreased in patients who received epinephrine
compared with those who did not. There was a tendency for decreased survival in the dopamine compared with the no-dopamine group.
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not only in the whole population with
shock but also in the subgroup with sep-
tic shock.

The use of norepinephrine did not
show even a trend toward higher mortal-
ity in our patients. Patients treated with
epinephrine had a worse outcome, but
this agent is often given as a second-line
agent in patients with more severe forms
of cardiovascular failure. Also, dobut-
amine may be used more commonly for
patients who have more severe myocar-
dial depression (12). However, the multi-
variable analysis identified dopamine as
an independent risk factor for death in
patients with shock due to any cause.

Our data cannot identify the reason
for the increased mortality in dopamine-
treated patients, but several hypotheses
can be raised. First, dopamine may in-
duce tachyarrhythmias. However, the in-
crease in heart rate may contribute to the
increase in cardiac output, thereby im-
proving organ perfusion. The administra-
tion of dobutamine together with norepi-
nephrine can also increase heart rate.
Second, some investigators have sug-
gested that norepinephrine may have
more beneficial effects on gut mucosal

perfusion than dopamine (7). However,
this statement is primarily based on a
pilot study, suggesting a higher gastric
intramucosal pH with norepinephrine
than with dopamine, an observation that
is debated (2, 13). Experimental studies
on this have yielded controversial results.
Ruokonen et al. (14) found no changes in
splanchnic blood flow or oxygen con-
sumption with norepinephrine, whereas
dopamine consistently increased splanch-
nic blood flow. More recently, De Backer
et al. (2) found no differences in splanch-
nic blood flow or PCO2 gap between nor-
epinephrine and dopamine in 20 patients
with septic shock. If anything, dopamine
was associated with a lower mixed ve-
nous-hepatic venous oxygen saturation
gradient, indicating a better oxygen bal-
ance with dopamine than norepinephrine
(2). Hence, it is unlikely that norepineph-
rine has more beneficial effects on gut
mucosal perfusion than dopamine. Third,
norepinephrine may have more beneficial
effects on renal perfusion and more effec-
tively restore urinary output (15). On the
other hand, the use of renal dose dopa-
mine has been challenged for its lack of
efficacy (16) and can no longer be recom-

mended, although, interestingly, 23% of
patients who received dopamine received
doses "5 (g/kg/min, suggesting that do-
pamine is still used in some ICUs for its
supposed beneficial effects on renal func-
tion. We observed no difference in the
need for renal support therapy in our
study between dopamine-treated patients
and other patients. Fourth, dopamine ad-
ministration can reduce the release of a
number of hormones from the anterior
pituitary gland, including prolactin (17,
18), which can have important immuno-
protective effects. The tendency toward a
higher incidence of ICU-acquired infec-
tion in dopamine-treated patients in our
study may favor this mechanism. How-
ever, one may argue that if dopamine is
used only for limited periods of time (as
in shock resuscitation), the deleterious
effects of this action may be transient and
may even be beneficial in septic shock if
the host response is exaggerated.

One report showed improved out-
comes for patients in septic shock treated
with norepinephrine (19), but the non-
randomized, observational nature of that
study means that the results must be
interpreted with caution. No clinical
study has definitely indicated that one
catecholamine is superior to another, so
that at present no agent should be pre-
ferred over the other (20, 21).

Observational studies such as the cur-
rent one have their limitations. The in-
clusion period was very short (2 wks) and
participation was voluntary, so the re-
sults may not be extrapolated to all ICU
patients. Moreover, the multivariable
analyses cannot take all possible con-
founding factors into account, including
organizational issues and differences in
clinical practice (22) at the level of indi-
vidual ICUs; the use of novel therapies
that have proven efficacy in certain sub-
sets of ICU patients, such as activated
protein C (23); and the adoption of early
goal-directed therapy (24). Also, in cases

T his observational

study suggests

that dopamine ad-

ministration may be associ-

ated with increased mortal-

ity rates in shock.

Table 6. Characteristics of survivors and nonsurvivors of septic shock (n % 462)

Septic Shock
(n % 462)

Survivors (n
% 243)

Nonsurvivors
(n % 219) p Value

Age, yrs, mean ' SD 63 ' 16 61 ' 17.2 66 ' 14.8 .002
Femalea (%) 178 (38.6) 79 (32.5) 99 (45.4) .004
Comorbid diseases (%)

Cancer 61 (13.2) 23 (9.5) 38 (17.4) .013
Hematologic cancer 23 (5.0) 5 (2.1) 18 (8.2) .002
COPD 61 (13.2) 30 (12.3) 31 (14.2) .566
Liver cirrhosis 25 (5.4) 11 (4.5) 14 (6.4) .375
HIV infection 5 (1.1) 2 (0.8) 2 (0.9) .917
Heart failure 57 (12.3) 30 (12.3) 27 (12.3) .996
Diabetes 39 (8.4) 18 (7.4) 21 (9.6) .400

Medical admissions (%) 246 (53.2) 116 (47.7) 130 (59.4) .012
SAPS II,b mean ' SD 49.8 ' 17.1 45.6 ' 14.7 54.0 ' 18.3 $.001
SOFA score, median (IQR)

Initial SOFA scorec 8 (6–11) 8 (5–10) 9 (6–12) .002
Maximum SOFA score 11 (9–14) 10 (8–12) 13 (11–16) $.001
Mean SOFA score 7 (5–10) 6 (4–8) 9 (7–13) $.001

Infection on admission (%) 335 (72.5) 179 (73.7) 156 (71.2) .559
ICU-acquired infection (%) 88 (19.0) 41 (16.9) 47 (21.5) .210
Catecholamine use (%)

Norepinephrine 386 (83.5) 197 (81.1) 189 (86.3) .134
Dopamine 174 (37.7) 86 (35.4) 95 (43.4) .079
Epinephrine 126 (27.3) 57 (23.5) 69 (31.5) .052
Dobutamine 170 (36.8) 79 (32.5) 91 (41.6) .044

Cumulative fluid balance, L, mean ' SD 2.5 ' 23.1 )2.9 ' 23.0 5.6 ' 23.0 $.001
Mean fluid balance, L, mean ' SD 0.9 ' 1.7 )0.1 ' 1.3 1.0 ' 1.8 $.001
ICU stay, days, median (IQR) 10 (5–21) 12 (7–25) 7 (3–15) $.001
Hospital stay,d days, median (IQR) 27 (11–29) 44 (23–60) 14 (5–31) $.001

COPD, chronic obstructive pulmonary disease; SAPS, Simplified Acute Physiology Score; SOFA,
Sequential Organ Failure Assessment; IQR, interquartile range; ICU, intensive care unit.

aOne missing gender (valid percentage is presented after exclusion of missing values); bfive
missing; csix missing (eight missing variables were replaced); deight missing.
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of nonseptic shock, we were not able to
discriminate between the various etiolo-
gies (anaphylactic, cardiac failure, etc),
their management, and potential differ-
ences in their outcomes. We cannot de-
termine a cause-and-effect relationship
based on the current analysis. Neverthe-
less, this study suggests that dopamine
administration may be associated with
worse outcomes from shock of any cause.
This observation needs further evaluation
by a prospective, randomized, controlled
study.
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Editorials

Pharmacologic support of the failing circulation: Practice,
education, evidence, and future directions*

F ollowing a physiologic stress,
the organism initiates the so-
called acute phase response,
which involves inflammatory

mediators, hormones (thyroid hormones,
steroids, sexual hormones, insulin), and
the autonomic nervous system. Pharma-
cologic support of the failing circulation
has been debated for !40 yrs, and cat-
echolamines have been used for near a
century to support it (1, 2). These physi-
ologic neurohumoral mediators are man-
datory to be adapted to terrestrial life as,
for example, the massive catecholamine
surge necessary to adapt from an intra-
uterine to an extrauterine life in which
umbilical cord catecholamine levels cor-
relate with perinatal stress (3). Actually,
several agents are available with different
pharmacologic spectra. Among cat-
echolamines, dopamine, dobutamine,
epinephrine, and norepinephrine are the
most used drugs.

The SOAP initiative is a “snapshot” of
all patients admitted to 200 intensive care
units (ICUs) across Europe during 2 wks,
and has recently been published in the
journal (3a). In the present issue of Crit-
ical Care Medicine, Dr. Sakr and col-
leagues (4) present a secondary analysis
focusing on hemodynamic support using
the database. They isolated patients re-
ceiving catecholamines and analyzed
their survival according to the drug re-
ceived. Other aspects from the SOAP sur-
vey were published as abstracts (5–8) or
articles assessing specific points such as
the pulmonary artery catheter (9).

Database Analysis

The SOAP database includes 3,197 pa-
tients (a mean number of 16 patients per

ICU) of which 1,058 received cat-
echolamines and 462 had an infection
and received catecholamines. Despite
concerns (10), more and more subgroup
and sub-subgroup analyses occur in the
recent literature. Multiplying numerous
subgroup analysis (type of shock, type of
catecholamine) with several outcomes
(death, length of stay, length ventilation,
acquired infections) leads to a plethora of
statistical tests. This could lead to false-
positive tests by chance alone and also
reveal false-negative results due to
chance or lack of power (11). In fact,
when comparing by univariate analysis
20 x variables with ten outcomes, ten
comparisons will be positive by chance
only. This is nicely illustrated by the anal-
ysis in the ISIS-2 database showing that
aspirin has a positive effect on myocardial
infarction survival (12). In the subgroup
analysis of patients with the Libra or
Gemini astrological sign, aspirin in-
creased cardiovascular mortality (9% "
13%, not significant), whereas all other
astrological signs showed protective ef-
fect of aspirin (12). The study by Dr. Sakr
and coworkers (4) represents a tremen-
dous amount of work, and the authors
should be congratulated for this. This is a
prospective cohort study of !3,000 ICU
patients. However, the results should be
read with caution: The translation from
a statistically significant piece of infor-
mation to a clinically relevant result is
sometimes like finding a needle in a
haystack.

A major methodological concern in
cohort studies is the control for potential
confounding factors, and statistical
methods to adjust for them are well de-
scribed in the literature (13) with their
advantages and inconveniences. The ma-
jor difficulty is to select potential vari-
ables to adjust for them: First, if con-
founders are not completely adjusted for,
they may have some residual effects. For
example, are all patients with an admis-
sion SOFA score in the third quartile
(8–11) comparable? Second, several con-
founding variables may be interrelated

and not independent. For example, in Ta-
ble 5 of Dr. Sakr and colleagues’ (4) arti-
cle, one could suggest that patients with
a higher SOFA score had a higher fluid
balance. Third, the border between con-
founding variables to adjust and outcome
variables is thin and sometimes hard to
define. For example, prolonged length of
stay may be a risk factor for nosocomial
infection, but nosocomial infection may
prolong length of stay.

Definition of Shock

There is a continuous spectrum be-
tween normal physiology and end-stage
cellular failure leading to cell apoptosis
or necrosis. The borders of shock lie
somewhere in this gray area. Cardiogenic
shock, for example, has been defined by a
cardiac output value and septic shock by
a hypotension “refractory” to fluid ther-
apy. Dr. Sakr and colleagues (4) used a
SOFA cardiovascular score !2, corre-
sponding to the use of catecholamines.
This is definitively not the standard defi-
nition of shock but has the advantage of
been clear-cut. We must be cautious us-
ing this definition. With the same ap-
proach, Dr. Sakr and colleagues defined
infection by “the presence of a pathogenic
microorganism and/or clinical infection
necessitating antibiotic.” These defini-
tions change the spotlight on this article:
This is not a article on shock manage-
ment but rather on catecholamine use.
Does epinephrine/norepinephrine/dopa-
mine/dobutamine have an effect?

This study focuses on four cat-
echolamines, but other catecholamines
and nonadrenergic hemodynamic drugs
such as vasopressin receptor analogues or
calcium sensitizers are used more and
more frequently. However, they are used
as second-line agents after conventional
drugs fail, and when looking at the mor-
tality rate in patients receiving these
drugs vs. patients not receiving them, it
is expected that they will “apparently”
increase mortality rate. The role of these
drugs may change when the results of the
VASST study become available (14).

*See also p. 589.
Key Words: acute phase response; cat-

echolamines; sepsis
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Cohort and Controlled Studies

Cohort studies are not randomized
controlled trials. In cohort studies, a) pa-
tients are enrolled according to defined
criteria—as admission to the ICU other
than as a “simple” postoperative case in
the present study; b) treatment allocation
is not controlled but determined by prac-
tice pattern, personal choices, or policy;
c) outcomes can be defined after inter-
vention; and moreover d) the statistical
analyses are more complicated and re-
quire complex multivariate analysis (15).
It has been suggested that cohort studies
should confirm the results of randomized
controlled trials (16), but in the present
cohort study the authors suggest that a
randomized trial should be done. With
the advent of large ICU database allowing
number crunching and statistical explo-
ration, the role of so-called cohort studies
is changing: They allow the exploration of
potential associations to be ultimately
tested in prospective randomized trials.

Dopamine Pharmacology

Physiologically, dopamine is synthe-
sized from the amino acid phenylalanine
by two cytosolic enzymes, thyroxine hy-
droxylase and dopa decarboxylase. Dopa-
mine is further converted by the granular
enzyme dopamine-!-hydroxylase into
norepinephrine, which is converted into
epinephrine by phenylalanine-N-methyl-
transferase. Norepinephrine and epineph-
rine are catabolized by the catechol-O-
methyl-transferase into normetanephrine
and metanephrine and degraded into va-
nilmandelic acid by the monoaminoxydase.
Dopamine infusions in the pharmacologic
range yield plasma concentrations 100-fold
above physiologic concentrations (17),
but dopamine has a marked interindi-
vidual pharmacokinetic variability: Infus-
ing 10 "g/kg/min dopamine in healthy
volunteers yielded steady-state plasma
concentration in the 12,000 –200,000
ng/L range (18). Norepinephrine has
been recently shown to have the same
interindividual pharmacokinetic with a
70 –10,000 mL/min range in plasma
clearance (19). Perfusing dopamine in-
creased the plasma concentration of its
metabolite norepinephrine (20). This
could add to the #-mediated effect.
Therefore dopamine, norepinephrine,
and epinephrine are related drugs, linked
by pharmacokinetics and pharmacody-
namics relations.

“One Size Fits All” Strategy and
Hemodynamic Support

Leone et al. (21) in a French survey
showed that in selected clinical situa-
tions, the choice of catecholamine is
based on personal and cultural prefer-
ences: Dobutamine for cardiogenic shock
and epinephrine for anaphylactic shock
and cardiac arrest had an agreement
$90%. On the other end, norepinephrine
was used as first-line vasopressor for sep-
tic shock in only 52%, and there was a
lack of consensus on the catecholamine
to use for “regional flow optimization” or
in “high-risk surgical patients.” An im-
portant point shown by Dr. Sakr and col-
leagues (4) is that the pattern of catechol-
amine use is very different between
community and teaching university hos-
pitals and that the pattern is very differ-
ent from one country to another: Com-
munity hospital physicians prescribe
relatively more dopamine and less nor-
epinephrine than teaching centers. There
are different ICU settings and cultures
from Portugal to Sweden, but it is sur-
prising that $40% of Portuguese patients
receive dopamine and $40% norepineph-
rine, whereas %6% of Swedish patients
receive either dopamine or norepineph-
rine. The lower proportion of patients
requiring catecholamine in community
hospitals implies that physicians are ex-
posed to fewer catecholamine-dependent
patients and do not care for multiple cat-
echolamine-dependent patients daily.
There is no rational evidence to support
this, but one may argue that among com-
munity hospital physicians, there is a cer-
tain “fear” of norepinephrine and the be-
lief that dopamine, “a little bit ! and a
little bit #, as inotrope or vasopressor,
may do the job.” We could therefore ex-
tend Bailey’s (22) editorial on dopamine
pharmacokinetics titled “One Size Does
Not Fit All” to “One Drug Does Not Fit
All.”

The blame on dopamine could be ex-
tended to epinephrine: from Dr. Sakr and
colleagues’ (4) Figure 2 one can conclude
that epinephrine is associated with a
lower survival rate. Epinephrine has sev-
eral metabolic side effects limiting its
use. Therefore, it has been mainly used as
a second-line or rescue agent when the
first line fails. It is obvious that patients
receiving epinephrine have a higher mor-
tality rate than patients not receiving epi-
nephrine. We could do the same analysis
showing that patients receiving vasopres-
sin had a higher mortality rate than pa-

tients not receiving it. However, who will
discard these drugs from the pharmaco-
peia based on the present article?

Low-Dose Dopamine Is
Still Alive!

How long will it be before low-dose or
so-called renal dose dopamine will be de-
finitively abandoned (23, 24) ? More than
40 yrs have passed since McDonald et al.
(25) showed that dopamine administra-
tion increased urine production in
healthy volunteers. Acute renal failure is
almost always the result of renal hypo-
perfusion, and magnetic resonances stud-
ies have confirmed the resultant renal
hypoxia (26). There is evidence that do-
pamine may increase renal oxygen con-
sumption and may therefore jeopardize
renal oxygen supply/demand balance.
There is also ample evidence that the
so-called renal dopamine does not change
mortality, risk of renal failure, or need for
extracorporeal renal replacement therapy
(24). The evidence-based guidelines pub-
lished in 2004 in this journal do not sup-
port the use of dopamine as renal protec-
tion or renal salvage agent (27). The data
from Dr. Sakr and colleagues (4) unveil
the gap between the evidence-based data
and bedside clinical practice.

As suggested by Dr. Sakr and col-
leagues (4), are we ready to begin a ran-
domized trial comparing dopamine and
norepinephrine for hemodynamic sup-
port? What type of monitoring should be
applied (9, 28), how should information
of this monitoring be read (29, 30) and
interpreted (31) and what would be the
end point of resuscitation? Who will apply
in a trial where the active drug (dopa-
mine) may kill more patients than the
other group (no dopamine)? Is a random-
ized trial the top priority? The monitor-
ing armamentarium is expanding toward
continuous cardiac output, continuous
stroke volume variation, pulse pressure
variation, intrathoracic blood volume,
global end-diastolic volume, echocardiog-
raphy, and microcirculation. The therapeu-
tic possibilities now include vasopressin
and its analogues, phosphodiesterase inhib-
itors, and calcium channel sensitizers. The
present article shows a potential associa-
tion between certain catecholamines and
an important outcome—mortality—but
no causal relationship could be demon-
strated. The lack of well-designed clinical
trials contributes to the persistence of the
biodiversity in catecholamine use. The ar-
ticle by Dr. Sakr and colleagues (4) raises
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more questions than answers and has re-
opened the eternal dispute on which cate-
cholamine to use in shock.

David Bracco, MD
Anesthesiology and Critical

Care
Montreal University Hospital
Montreal, Canada
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