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Low-dose dopamine administration (ie, doses < 5 �g/kg/min) has been advocated for 30 years as
therapy in oliguric patients on the basis of its action on dopaminergic renal receptors. Recently,
a large, multicenter, randomized, controlled trial has demonstrated that low-dose dopamine
administered to critically ill patients who are at risk of renal failure does not confer clinically
significant protection from renal dysfunction. In this review, we present the best evidence and
summarize the effects of low-dose dopamine infusion in critically ill patients. We review the
history and physiology of low-dose dopamine administration and discuss the reasons why
dopamine is not clinically effective in the critically ill. In addition to the lack of renal efficacy, we
present evidence that low-dose dopamine administration worsens splanchnic oxygenation,
impairs GI function, impairs the endocrine and immunologic systems, and blunts ventilatory
drive. We conclude that there is no justification for the use of low-dose dopamine administration
in the critically ill. (CHEST 2003; 123:1266–1275)
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L ow-dose dopamine is defined as the dose that
produces preferential dopaminergic and �-

adrenergic effects over its �-adrenergic effects
(� 5 �g/kg/min),1 and therefore causes renal and
splanchnic vasodilation in animals and healthy hu-
mans. Since its clinical application in patients with
congestive heart failure 40 years ago,2 there has been
a confusing profusion of experimental evidence ar-
guing both for and against the use of low-dose
dopamine administration in the treatment of patients
who are in oliguric states that are associated with
critical illness. Advocates cite increased renal and
splanchnic blood flow, and natriuresis as arguments

for its use.3 Detractors point to the lack of benefit,
and even to evidence of harm, of low-dose dopamine
administration in disease states.4–7 How do we rec-
oncile this paradox? What is the current evidence for
the use of low-dose dopamine administration in criti-
cally ill oliguric or at-risk patients? We argue that there
is now compelling evidence that low-dose dopamine
administration is not effective in critically ill patients
and may induce harm. In this review, we will present
the type I evidence, a meta-analysis, and will review the
history of the use of low-dose dopamine. We then
present reasons why low-dose dopamine is not clinically
effective and may induce harm in critically ill patients.
We conclude that low-dose dopamine has no place in
the critical care armamentarium and that this therapy
should be relegated to the place of high-tidal volume
ventilation and liberal transfusion practices.

The Best Evidence: Low-Dose Dopamine
Administration in Oliguric Patients With

Sepsis Syndrome Is Not Therapeutic

Despite the widespread use of low-dose dopamine
administration in oliguric patients,8–10 there have
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only been two randomized controlled trials (RCTs)
examining the efficacy of dopamine in the treatment
of acute renal failure in critically ill patients,11,12 and
only one was a large, multicenter RCT.12

In the first study,11 the effects of furosemide and
furosemide with dopamine on renal function were
studied in 23 patients with acute renal failure due to
falciparum malaria whose serum creatinine levels
ranged from 230 to 947 �mol/L (2.6 to 10.7 mg/dL).
Furosemide given IV at the dosage of 200 mg every
6 h for a period of 4 days did not alter the clin-
ical course of renal failure. The IV administration
of furosemide (200 mg every 6 h) with dopamine
(1 �g/kg/min) for 4 days increased creatinine clear-
ance and arrested the progress of renal failure
when the serum creatinine level was � 400 �mol/L
(4.5 mg/dL) but failed to alter the course of renal
failure when the serum creatinine level exceeded
600 �mol/L (6.8 mg/dL). The results of this trial
were encouraging but need to be repeated in a larger
population with nonmalarial sepsis.

Olson and coworkers13 conducted an RCT of
low-dose dopamine administration vs placebo ad-
ministration in 16 nonoliguric, mechanically venti-
lated patients with sepsis syndrome, which was de-
signed to assess the effects of low-dose dopamine on
surrogate markers of renal and gastric perfusion. In
this well-conducted study, a 2-h infusion of dopa-
mine (3 �g/kg/min) increased urine volume but did
not significantly alter creatinine clearance, gastric
pH, cardiac output, or the gastric-to-arterial Pco2
gradient. The study power was � 95% to detect a
difference in these prospectively identified variables
at the p � 0.05 level. The authors concluded that in
critically ill patients, the use of low-dose dopamine
results in diuresis but does not improve other mark-
ers of renal or gut perfusion.

A rigorously conducted multicenter RCT of
low-dose dopamine in patients with early renal dys-
function was published in December 200012 (Fig 1).
This trial randomized 328 patients who met the
criteria for systemic inflammatory response syn-
drome and acute renal dysfunction to infusions of
dopamine at 2 �g/kg/min or placebo. Renal dysfunc-
tion was defined as follows: urine output averaging
� 0.5 mL/kg/h for � 4 h; serum creatinine concen-
tration, � 150 �mol/L (1.7 mg/dL) in the absence of
premorbid renal dysfunction; a rise in serum creati-
nine concentration of � 80 �mol/L (0.9 mg/dL) in
� 24 h in the absence of a creatine kinase level of
� 5,000 IU/L; or myoglobin in the urine. The crite-
ria for stopping infusion included death, progression
to renal replacement therapy, improvement in sys-
temic inflammatory response syndrome and renal
function, or discharge from the ICU. After random-
ization, dopamine was infused for a mean duration of

4.7 days and placebo was infused for a mean of 5.2
days. The primary end point was the peak serum
creatinine level reached during the trial, and the
secondary end points were duration of mechanical
ventilation, duration of ICU stay, duration of hospital
stay, duration of cardiac arrhythmias, duration of
survival to hospital discharge, and time to renal
recovery. The trial was powered to detect a 20%
decrease in serum creatinine level, but after two
interim analyses the size of the trial was increased to
� 300 patients to increase the statistical power. This
trial found no difference between the dopamine and
placebo groups in peak serum creatinine concentra-
tion during treatment (dopamine group, 245 � 144
�mol/L [2.8 � 1.6 mg/dL]; control group, 249 � 147
�mol/L [2.8 � 1.7 mg/dL]; p � 0.93), in the increase
from baseline to the highest value during treatment
(dopamine group, 62 � 107 �mol/L [0.7 � 1.2 mg/
dL]; control group, 66 � 108 �mol/L [0.75 � 1.2
mg/dL]; p � 0.82), or in the numbers of patients
whose serum creatinine concentrations exceeded 300
�mol/L or 3.4 mg/dL (dopamine group, 56 patients;
control group, 56 patients; p � 0.92), or the number
of patients who required renal replacement therapy
(dopamine group, 35 patients; control group, 40
patients; p � 0.55). Durations of ICU stay (dopa-
mine group, 13 � 14 days; control group, 14 � 15
days; p � 0.67) and durations of hospital stay (dopa-
mine group, 29 � 27 days; control group, 33 � 39
days; p � 0.29) were also similar. There were 69
deaths in the dopamine group and 66 deaths in the
placebo group. The authors concluded, “Administra-
tion of low-dose dopamine by continuous IV infusion
to critically ill patients at risk of renal failure does not

Figure 1. RCT of low-dose dopamine in patients with early renal
dysfunction. Kaplan-Meier curve of time to recovery of normal
renal function for patients in whom the trial drug was stopped
because of early renal dysfunction is shown. Reprinted with
permission from Bellomo et al.12
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confer clinically significant protection from renal
dysfunction.” The three following questions remain:
How does this RCT compare to previous, underpow-
ered studies? How did this therapy become so widely
used? Why does low-dose dopamine not work in
critically ill patients?

We now review the only meta-analysis of the use
of low-dose dopamine in patients with acute renal
failure and of a systematic review of low-dose dopa-
mine in the neonatal and pediatric ICUs.

The Meta-Analyses: Low-Dose Dopamine
Does Not Prevent or Treat Renal

Dysfunction

Adult Literature

Kellum and Decker6 conducted a comprehensive
meta-analysis of dopamine in patients with acute
renal failure to evaluate the impact of dopamine on
the prevention, development, and course of acute
renal failure, mortality, and hemodialysis require-
ments in critically ill patients. These authors evalu-
ated 58 studies (2,149 patients) published over � 33
years. Only 24 studies (1,019 patients) reported
outcomes, and only 17 studies (854 patients) were
RCTs. Dopamine did not prevent mortality, the
onset of acute renal failure, or the need for dialysis
(Fig 2). There was sufficient statistical power to
exclude any large effect of dopamine on the risk of
acute renal failure or the need for dialysis. The
authors concluded that, “there is no evidence to
support the use of low-dose dopamine to prevent or
treat acute renal failure, and, therefore, dopamine
should be eliminated from routine clinical use for
this indication.”

In this meta-analysis,6 the studies all suffered from
a lack of sufficient numbers of patients to exclude a
type II (false-negative) error, and none of the studies
satisfied the requirements of a level I study (ie, large,
randomized trials with clear-cut results; and low risk
of false-positive [�] error or false-negative [�] error).
For example, there were 11 studies examining the
use of dopamine in patients with acute oliguria or
acute renal failure, but only 4 were level II studies
(small randomized trials with uncertain results or
moderate-to-high risk of false-positive error and/or
false-negative error), and the remainder were case
reports. Of the three studies involving septic pa-
tients, two were level II studies and one was a case
report.

Subsequent to the literature search in this meta-
analysis, Marik and Iglesias14 reported the largest
observational study of the use of low-dose dopamine
in a subgroup of patients in the NORASEPT II study
who had acute renal failure associated with septic

shock. Of 395 patients who had oliguria at the start of
the study, 44% received low-dose dopamine, 32%
received high-dose dopamine, and 24% received no
dopamine. Although dopamine was administered at
the discretion of the treating physician, the only
significant difference among the three groups was in
the use of vasopressor agents, which was by study
design. Norepinephrine was the most commonly
used pressor other than dopamine. The main find-
ings were as follows: no significant differences in the
incidence of acute renal failure, the need for dialysis,
or 28-day survival among the three groups of patients
(Table 1). These authors concluded, “dopamine has

Figure 2. A meta-analysis of the use of dopamine in acute renal
failure. Forrest plot showing relative risks (diamonds) and 95%
confidence intervals (lines) for all studies and for subgroups A, B,
and C. Subgroup A: 14 studies enrolling 661 patients but
excluding studies using radiocontrast dye. Subgroup B: four
studies enrolling 271 patients and limited to patients with heart
disease. Subgroup C: excluded statistical outliers in terms of
either control group event fate or the effect size for each
outcome, as determined by analysis of variance. ARF � acute
renal failure. Reprinted with permission from Kellum and
Decker.6
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no role in preventing acute renal failure in these
patients, and the routine use of low-dose dopamine
to prevent or attenuate acute renal failure cannot be
recommended.”

Pediatric Literature

Prins and coworkers10 surveyed all 19 neonatal and
pediatric ICUs in the Netherlands in 1999 and found
that all but one used low-dose dopamine more or less
regularly. In two ICUs, low-dose dopamine was used
regularly. The authors then undertook a systematic
review of low-dose dopamine use in the pediatric
literature and identified 11 studies meeting their
inclusion criteria. Only one study was an RCT and
the exact method of treatment allocation was un-
clear. In this one RCT,15 the effects of low-dose
dopamine on urine volume were negative. All other
studies that were identified in their extensive litera-
ture search were nonrandomized and inconclusive.
As the studies differed so greatly in patient selection,
design, end point classification, treatment regimens,
and overall validity, a meaningful meta-analysis was
not feasible. The authors conclude that, “Clinical
evidence to support low-dose dopamine use in crit-
ically ill infants and children is basically lacking.”

History of Low-Dose Dopamine

Dopamine was described in 1910 by Barger and
Dale.16 The unique vasodilatory properties of dopa-
mine were first suggested by Gurd17 in 1937 (infu-
sion of dopamine in guinea pigs and rabbits caused a
decrease in BP) and were in contrast to the known
pressor effects of norepinephrine and epinephrine.

The 1960s heralded a great deal of interest in the
physiologic effects of dopamine, particularly in heart
failure patients. One of the first reports of the unique
renal effects of dopamine was a description of a
marked increase in sodium excretion using dopa-
mine in four patients with end-stage congestive heart

failure.2 Dopamine appeared to augment cardiac out-
put (and to precipitate angina) in each of these patients
at doses that varied between 100 and 1,000 �g/min, but
it was noted that marked increases in sodium excretion
occurred at lower doses with minimal cardiovascular
changes. These investigators went on to demonstrate
that dopamine increased effective renal plasma flow,
glomerular filtration, and sodium excretion in normal
human subjects.18 The dose that was used in each
patient was the largest that could be infused without
increasing mean arterial pressure and ranged from
2.6 to 7.1 �g/kg/min in this group of subjects.
Cardiac output increased in all patients, but the renal
fraction of cardiac output did not change signifi-
cantly. The authors concluded that the renal effects
of dopamine are different from those reported for
other sympathomimetic amines.

The same investigators19 went on to determine the
mechanism of the renal effects of dopamine. They
carried out a set of experiments infusing renal and
femoral dopamine and norepinephrine into anesthe-
tized dogs. Dopamine infused IV at an average rate
of 7.5 �g/kg/min increased renal blood flow and
decreased renal vascular resistance by 30%. Dener-
vated animals responded to dopamine in the same
manner. Norepinephrine decreased renal blood flow
and increased renal vascular resistance. Intra-arterial
dopamine infused at 1.2 �g/kg/min caused an in-
crease in renal blood flow too quickly to be due to
the systemic effects. Higher doses caused renal
vasoconstriction at doses that were highly variable
even under these controlled experimental condi-
tions, highlighting the individual variability in the
vasoconstrictor response. The vasodilation of dopa-
mine was not antagonized by �-adrenergic blocking
agents, therefore they postulated that dopamine
must have been acting on an undescribed receptor in
the kidney. Similar findings regarding the effect of
dopamine in the mesenteric vascular bed had just
been reported by another group of investigators.20

Dopamine infused in the femoral vascular bed pro-
duced only vasoconstriction,19 an effect that could be
totally blocked by �-adrenergic blocking agents.
They concluded that dopamine “may offer the pos-
sibility of redistributing cardiac output in favor of
visceral organs,” and that “It would also be interest-
ing to learn the effect of dopamine in conditions in
which pathologically high renal and mesenteric vas-
cular resistances exist, such as experimentally in-
duced shock.” These discoveries ushered in an era of
investigation of the use of dopamine in varied patho-
logic states such as acute renal failure, septic shock,
congestive heart failure, cardiac surgery, vascular
surgery, liver transplantation, obstetrics and gynecol-
ogy, pediatrics, and contrast-related nephropathy.3

Table 1—Acute Renal Failure, Need for Dialysis, and
28-Day Survival by Dosage of Dopamine in 395

Oliguric Patients With Septic Shock*

Variables

Low-Dose
Dopamine
(n � 174)

High-Dose
Dopamine
(n � 127)

No Dopamine
(n � 94)

Acute renal failure 51 (29) 39 (31) 27 (29)
Dialysis 23 (13) 18 (14) 12 (13)
28-day survival 112 (64) 74 (58) 62 (66)

*Values given as No. (%). There were no significant differences
between groups (p � 0.05). Reprinted with permission from Marik
and Iglesias.14
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Physiology of Low-Dose Dopamine

In 1984, D’Orio and colleagues1 compiled a series
of dose-response curves based on hemodynamic and
renal effects in patients treated with varying doses of
dopamine (Fig 3). On the basis of these observations,
the “suppressor dose” of dopamine, which was de-
fined as the dose at which the combination of
dopaminergic and �-adrenergic stimulation predom-
inates over �-adrenergic stimulation, corresponds to
an infusion rate of � 5 �g/kg/min. The term low-
dose or renal-dose dopamine therefore is used when
the desired effect of dopamine infusion is to stimu-
late the dopamine receptor (and possibly the �-
receptor) without any change in BP.

In animals and healthy humans, low-dose dopa-
mine augments renal blood flow, sodium excretion,
and glomerular filtration, and limits adenosine
triphosphate utilization and oxygen requirements in
nephron segments that are at risk of ischemic inju-
ry.21 These physiologic effects, which are mediated
primarily by the D1, D2, and D4 receptors (Table 2),
have made low-dose dopamine an attractive candi-
date for the prevention and treatment of acute renal
failure.

In 1996, Denton and coworkers7 summarized the
animal evidence for low-dose dopamine in experi-
mental acute renal failure and concluded that, “the
short-term benefits of ‘renal-dose’ dopamine on re-
nal blood flow, glomerular filtration and sodium
excretion observed under these controlled experi-
mental conditions suggest that ‘renal-dose’ dopa-
mine may be useful in the treatment of human acute
renal failure.” They then summarized the studies
investigating the efficacy of renal-dose dopamine for
preventing acute renal failure in high-risk patients.

They concluded that the results of these studies did
not support its use, but they cited a lack of statistical
power to detect a difference. They went on to
evaluate the human studies of renal-dose dopamine
in patients with acute renal failure either with or
without diuretic therapy. Again, most studies were
small and consisted of either uncontrolled case series
or serial uncontrolled measurements of serum cre-
atinine, glomerular filtration, urine volume, and
urine sodium excretion. They pointed out that even
when dopamine appeared to trigger a significant
improvement in renal blood flow, glomerular filtra-
tion, or sodium excretion, these benefits usually were
not sustained. They also cited a lack of information
on the influence of dopamine on the course of acute
renal failure, dialysis requirements, long-term sur-
vival, or patient survival. They concluded that al-
though there is compelling evidence that low-dose
dopamine augments renal blood flow, glomerular
filtration, and natriuresis in healthy humans and
experimental animals, such findings in human cases
of acute renal failure were lacking. Clearly, an RCT
with sufficient numbers of patients using meaningful
clinical outcomes was required. Such a trial12 was
completed in 1999, and the findings were completely
negative. How do we explain this? We now present
the reasons why the renal effects of low-dose dopa-
mine do not produce clinical benefit in critically ill
humans and the evidence for harm in other organ
systems.

The Top Nine Reasons That Low-Dose
Dopamine Is Not Effective in the

Critically Ill

The Renal Dose of Dopamine Is Not Predictable in
the Critically Ill

Selective stimulation of the renal dopamine recep-
tors is thought to occur at doses of � 5 �g/kg/min,1
which is the definition of a renal dose of dopamine.
However, it was demonstrated in critically ill infants
and children that great interindividual variation ex-
ists in dopamine clearance and that plasma dopa-
mine levels cannot be predicted accurately from the
infusion rate.22 Juste and coworkers23 also have
demonstrated that there is a very poor correlation
between plasma dopamine level and infusion rate in
48 hemodynamically stable critically ill adults. This
correlation actually worsened when only those pa-
tients receiving a renal dose of 2 to 5 �g/kg/min were
considered. The authors concluded that, “the con-
cept of a selective renovascular low-dose dopamine
infusion is invalid in critically ill patients.”

Figure 3. Dopamine dose-related effects in humans. � � dopa-
minergic receptors; � � � receptors; � � � receptors. Reprinted
with permission from D’Orio et al.1
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Increased Plasma Renin Activity Counteracts the
Effects of Dopamine in the Critically Ill

Marik24 proposed that the renal response to low-
dose dopamine might depend on the balance be-
tween the vasodilating natriuretic effect of dopamine
and the vasoconstricting antinatriuretic effects of
the renin-angiotensin-aldosterone system. Nine oli-
guric critically ill patients who were receiving vaso-
pressor therapy were administered low-dose dopa-
mine (2 �g/kg/min). Five patients had an increase in
urine output of 58 mL/h (ie, responders), and four
patients did not have an increase in urine volume (ie,
nonresponders). The mean plasma renin activity
was 5.7 ng/mL/h in the responders compared with
26.8 ng/mL/h in the nonresponders (p � 0.05). A
significant inverse correlation existed between the
plasma renin activity and the increase in urinary
output. Marik concluded that the response to “renal-
dopamine” in critically ill patients was negated in
patients with high plasma renin activity.

Hysteresis Exists in the Effect of Dopamine on
Renal Blood Flow in Severe Sepsis

Most studies have evaluated the renal effects of
short-term (ie, 1 to 4 h) dopamine infusion. Pro-
longed low-dose dopamine infusions induce a tran-
sitory improvement in renal function, although tol-
erance occurs after 2 to 48 h. In a dog model of heart
failure,25 it was demonstrated that the initial renal
vasodilation was lost after 2 h of dopamine infusion.

Similar findings have been reported in hypertensive
adults26 and critically ill humans.27 Lherm and co-
workers27 found that the renal effects of low-dose
dopamine in patients with sepsis syndrome de-
creased after 48 h of infusion. They proposed that
“these findings suggest a desensitization of renal
dopaminergic receptors.” Ichai and coworkers28 sim-
ilarly found that the renal effects (ie, diuresis, in-
creased creatinine clearance, and fractional excretion
of sodium) of low-dose dopamine reached a maxi-
mum during 8 h and disappeared after 48 h in
critically ill patients. Again, the down-regulation of
dopaminergic receptors was suggested.

In an elegant study, Day and coworkers29 mea-
sured the effect of low-dose dopamine (ie, 2.5 to
5 �g/kg/min) on renal blood flow as measured by a
thermodilution catheter placed in the renal vein in
19 patients with severe falciparum malaria or severe
sepsis. Although renal blood flow and renal blood
flow as a fraction of cardiac output increased at
dopamine infusion rates of 2.5 and 5.0 �g/kg/min, at
10 �g/kg/min both decreased to a level that was not
significantly different from baseline and failed to
increase again when the dose was reduced to renal
doses again. The authors postulated that this hyster-
esis in the dose-response curve was due to tolerance
to dopamine over time, or that the �-adrenergic
agonist dose of dopamine somehow made the kidney
refractory in terms of hemodynamic response to
further doses of “solely dopaminergic” dopamine.
They concluded that whatever the underlying patho-

Table 2—Effects of Dopamine on Human Physiology*

Structure Effect Receptor

Whole kidney Increased blood flow; increased glomerular filtration;
natriuresis; diuresis

D1 and �1 adrenoreceptors

Glomerular hemodynamics Afferent arteriolar vasodilation; variant effect on efferent
arteriole; inhibition of renin release

D1

Juxtaglomerular apparatus
Proximal tubule Inhibition of Na	/K	-ATPase; inhibition of Na	-H	

exchange; inhibition of Na	-PO4 cotransport; antagonism
of angiotensin II

D1 and D2

Thick ascending loop of
Henle

Inhibition of Na	/K	-ATPase D1 and D2

Collecting duct Inhibition of Na	/K	-ATPase; antagonism of ADH action;
PGE2 production

D4

D4
D2

Sympathetic presynaptic
nerve endings

Renal vasodilation via inhibition of noradrenaline release D2

Systemic vasculature Increased BP; decreased BP �-adrenoreceptor
Heart Reduced heart rate; increased heart rate; increased

contractility
D2

�1-adrenoreceptor
�1-adrenoreceptor

Hypothalamus Facilitation of vasopressin release D2

*ADH � antidiuretic hormone; PGE2 � prostaglandin E2; ATPase � adenosine triphosphatase. Adapted with permission from Power et al.5
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physiologic reasons for the hysteresis, “there is no
evidence for any sustained beneficial effect of dopa-
mine in terms of either renal hemodynamics or renal
oxygen transport in severely ill patients.”

Medullary Dysoxia Is a “Demand-Side” Problem,
Not a Renal Blood-Flow Problem

The renal medulla has a limited blood supply30

and high-energy demands due to tubular transport
activity. Medullary oxygen extraction approaches
90%,31 and therefore the renal medulla is said to be
“always on the brink of dysoxia” due to high demand
and low delivery of oxygen.6 This may explain why
vasodilator agents, such as radiocontrast dye, cause
renal injury. The high ionic load places an oxygen
demand on the medulla that outstrips the supply. It
has been hypothesized32 that dopamine actually can
increase medullary oxygen demand by inhibiting
proximal solute reabsorption and by delivering a
higher solute load to the distal tubular cells, increas-
ing the risk of ischemia. In support of this hypothe-
sis, dopamine has been shown33 to increase renal
medullary blood flow but not to improve renal
medullary dysoxia in hypovolemic animals. In hu-
mans, dopamine has been shown34 to worsen renal
tubular injury due to radiocontrast agents. Thus,
agents (such as low-dose dopamine) that increase
renal blood flow may not be “renoprotective” if they
worsen medullary oxygen demand and tip the pre-
carious balance in favor of dysoxia.

Diuresis May Be Harmful in the Oliguric
Critically Ill

Overwhelmingly, the predominant effect of low-
dose dopamine in critically ill patients appears to be
diuresis.13,28,35–37 However, diuresis by itself has no
apparent benefit on important clinical outcomes.12,28

Since fluid resuscitation is the cornerstone of therapy
in patients with sepsis, it is not surprising that
diuresis in oliguric septic patients does not result in
any clinical benefit and indeed could cause harm.
Interestingly, in a study of critically ill oliguric
patients,24 200 patients were screened and only 9
were entered into the study. Many oliguric patients
were excluded because of an improvement in their
urine output after fluid challenges. That is, inappro-
priate diuresis with low-dose dopamine may give a
false clinical impression of adequate intravascular
volume and conceivably could worsen acute renal
failure.

Low-Dose Dopamine Harms the Splanchnic
Circulation in the Critically Ill

A number of studies in both animals and humans
have demonstrated that dopamine increases splanch-

nic blood flow and yet, paradoxically, that dopamine
worsens splanchnic mucosal ischemia. GI mucosal
ischemia leads to the translocation of endotoxin and
microorganisms into the portal circulation,38 and
hepatic ischemia leads to increased production and
decreased clearance of proinflammatory cytokines.39

This sequence of events leads to the clinical mani-
festations of sepsis and to the inevitable development
of multiple organ failure.38,39 Thus, it has been
proposed that, “the gut is the motor of multiple
organ failure,”40 and therapy for sepsis has focused
on adequate resuscitation of the splanchnic circula-
tion.41 In this section, we review the evidence that
dopamine harms the splanchnic circulation.

If dopamine is a splanchnic vasodilator, how can
this be detrimental to the splanchnic circulation?
Eble20 first described the vasodilatory properties of
dopamine on the splanchnic circulation in 1964, a
finding that was confirmed by many other investiga-
tors.42–44 Giraud and MacCannell45 went on to dem-
onstrate that dopamine administration resulted in a
net increase in splanchnic blood flow but that redis-
tribution away from the gut mucosa also occurred,
resulting in decreased splanchnic oxygen extraction.
In addition, endotoxemia may worsen the mismatch
between splanchnic oxygen delivery and oxygen de-
mand, and the increased oxygen demand in the
splanchnic region may be the main risk factor for
splanchnic tissue hypoxia in patients with septic
shock.44

Low-dose dopamine actually hastens the onset of
gut ischemia, as demonstrated by Segal and col-
leagues,46 who compared whole-body and gut oxygen
uptake and delivery using progressive phlebotomy in
anesthetized pigs. In animals treated with dopamine
at a rate of 2 �g/kg/min, the onset of gut ischemia
occurred before whole body ischemia, and this was
associated with a decreased ability of the gut to
extract oxygen. The authors proposed that, “low-dose
dopamine, used frequently to treat oliguria in
shocked patients, is causing a far more important
detrimental effect on oxygen transport and utiliza-
tion in gut that could lead to development of occult
gut ischemia and multiple system organ failure.”

The detrimental effect of high-dose dopamine on
the splanchnic circulation was demonstrated in hu-
mans with hyperdynamic sepsis by Marik and Mo-
hedin47 utilizing gastric tonometry as a surrogate of
splanchnic mucosal perfusion. Twenty patients were
randomized to infusions of norepinephrine (mean
infusion rate, 0.18 �g/kg/min) or dopamine (mean
infusion rate, 26 �g/kg/min), and hemodynamic
measurements and gastric mucosal pH were re-
corded. Both norepinephrine and dopamine in-
creased oxygen delivery and oxygen uptake, but
gastric pH increased significantly in patients who had
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been treated with norepinephrine and decreased
significantly in patients who had been treated with
dopamine. They postulated that, “dopamine may
increase gut mucosal oxygen needs and at the same
time redistribute blood flow within the gut, resulting
in reduced mucosal blood flow.”

The detrimental effect of low-dose dopamine
(ie, 5 �g/kg/min) on gastric mucosal perfusion in septic
humans was confirmed by Nevière and colleagues48

in 1996. Dopamine infusion was associated with a
significant decrease of gastric mucosal blood flow
(
28 � 8% from baseline; p � 0.05), despite a sig-
nificant increase in whole-body oxygen delivery. In
contrast, they found that dobutamine (5 �g/kg/min)
increased gastric mucosal blood flow (32 � 14%
from baseline; p � 0.05), suggesting that despite an
increase in systemic oxygen transport, dobutamine
and dopamine may have different effects on gastric
mucosal perfusion in septic patients.

Finally, low-dose dopamine (4 �g/kg/min) has
been shown to adversely effect gastroduodenal mo-
tility in mechanically ventilated, critically ill patients
both during fasting and nasogastric feeding.49 We
conclude that low-dose dopamine has a detrimental
effect on the splanchnic system in septic and criti-
cally ill humans and that this negative effect is not
necessarily shared by other vasoactive agents such as
norepinephrine and dobutamine.

Low-Dose Dopamine Harms the Endocrine System
in the Critically Ill

Critical illness is a maladaptive endocrinologic and
metabolic state characterized by muscle wasting and
organ system failure. Low therapeutic doses of do-
pamine infusion (2 to 5 �g/kg/min) result in plasma
levels that are 40-fold to 100-fold higher than those
generated by endogenous secretion50 and have been
shown to induce partial hypopituitarism in critically
ill newborns,51 infants and children,52 and adults.53–56

Van den Berghe and coworkers54 studied the
effect of low-dose dopamine on the endocrine sys-
tem in 12 critically ill polytrauma patients. The
authors measured strikingly low serum thyroid-stim-
ulating hormone concentrations in critically ill pa-
tients who had received brief or prolonged dopamine
infusions, and a sharp rise occurred immediately
after dopamine withdrawal. Similarly, prolonged do-
pamine infusion (3 days) was associated with lower
thyroxine and triiodothyronine levels, which rose to
virtually normal values within 24 h after dopamine
withdrawal. The results suggest that low-dose dopa-
mine infusion appears to induce or aggravate the sick
euthyroid syndrome in critical illness by suppressing
thyroid-stimulating hormone secretion and decreas-
ing thyroxine and triiodothyronine concentrations.

The same investigators analyzed the effect of
low-dose dopamine infusion on growth hormone
secretion in a group of critically ill adults.56 They
found that pulsatile growth hormone secretion is low
in patients with critical illnesses and that dopamine
infusion further attenuates growth hormone secre-
tion by amplitude modulation. They postulate that
this iatrogenic growth hormone suppression might
further aggravate the catabolic state that is observed
in critically ill patients.

Low-dose dopamine was shown to suppress serum
dehydroepiandrosterone sulfate (DHEAS) concen-
trations and circulating prolactin levels in 20 criti-
cally ill adult polytrauma patients.53 The withdrawal
of dopamine therapy was associated with a median
25% increase in serum DHEAS concentrations
within 24 h of dopamine withdrawal, and prolactin
levels also rebounded after 24 h of dopamine with-
drawal. Cortisol levels were not affected, suggesting
a differential regulation of DHEAS and cortisol
metabolism in patients with critical illnesses. The
authors postulated that the dopamine-induced sup-
pression of DHEAS might be mediated by hypopro-
lactinemia or hypothyroidism. Others57 have con-
firmed that dopamine infusion was associated with a
10-fold reduction in serum prolactin levels. Serum
DHEAS and prolactin levels may affect the immune
system (see below), which further lends support to
the hypothesis that low-dose dopamine administra-
tion induces hypopituitarism in the critically ill.

Finally, the effect of low-dose dopamine on lutein-
izing hormone secretion was studied in 15 critically
ill men.53 Low luteinizing hormone secretion and
low serum testosterone concentrations were demon-
strated in these men. Low-dose dopamine infusion
(ie, 5 �g/kg/min) further lowered luteinizing hor-
mone secretion. The withdrawal of dopamine ther-
apy was associated with a significant increase in
luteinizing hormone levels at 3 h and by a failure of
testosterone levels to rebound. The authors con-
cluded that this is further evidence that low-dose
dopamine contributes to the impaired endocrine
dysfunction of patients with critical illnesses.

Dopamine Harms the Immunologic System in the
Critically Ill

The immune dysfunction of critical illness is char-
acterized by anergy, by a failure of the delayed
hypersensitivity response, by primarily neutrophil
chemotaxis, and by T-lymphocyte dysfunction.58 The
presence of dopamine receptors has been demon-
strated on thymocytes,59 and dopamine interacts
with lymphocytes.60 Dopamine agonists suppress
T-lymphocyte function,61 and dopamine produces
T-cell defects62 in animal models in vivo. In vitro,
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dopamine inhibits the transformation of lymphocytes
by mitogens.63 Devins and coworkers57 demon-
strated a reduction in T-cell responsiveness in six
critically ill patients receiving dopamine infusion
compared to 20 critically ill patients not receiving
dopamine. It has been suggested that dopamine-
induced suppression of serum DHEAS may aggra-
vate T-helper type 1 T-lymphocyte dysfunction.53

Prolactin is also an important immune-regulating
hormone, and dopamine-induced hypoprolactinemia
could be another mechanism of T-cell hyporespon-
siveness.53,57 Thus, dopamine affects lymphocytes
directly through surface receptors and indirectly
through an altered endocrine hormonal milieu.

Low-Dose Dopamine Blunts Ventilatory Drive

Low-dose dopamine infusion (ie, 3 �g/kg/min) has
been shown to blunt ventilatory drive in healthy
humans by reducing the sensitivity of the fast che-
moreflex loop to carbon dioxide.64 Low-dose dopa-
mine is also a potent depressant of hypoxic ventila-
tory response.64,65 The effect of low-dose dopamine
on ventilatory drive in critically ill patients is not
known, but we hypothesize that a blunting of che-
moreceptor responsiveness could delay liberation
from mechanical ventilation in patients with mar-
ginal ventilatory drive.

Conclusion

In conclusion, although low-dose dopamine aug-
ments renal blood flow and increases urine volume
and sodium excretion in animals and healthy hu-
mans, this therapy does not alter the course of acute
renal failure in critically ill humans. Both renal
pathophysiology and the extrarenal effects of low-
dose dopamine can explain this paradox. First, the
renal-dose of dopamine is not predictable in critically
ill humans. Second, dopaminergic receptor down-
regulation and hysteresis to the effect of low-dose
dopamine occurs. Third, renin-angiotensin system
activation in patients with critical illnesses negates
the effects of dopaminergic stimulation. Fourth,
renal medullary dysoxia appears to be a demand-side
problem, not a supply problem, and dopamine may
increase medullary oxygen demand. Fifth, the pre-
dominant effect of dopamine in critically ill humans
appears to be diuresis, which is contraindicated in
patients who are in most oliguric states that are
associated with critical illness. Finally, there is com-
pelling evidence that dopamine is harmful to the GI,
endocrine, immunologic, and respiratory systems in
patients with critical illnesses. We conclude that
there is no longer a justification for using low-dose
dopamine in treating critically ill patients.

References
1 D’Orio V, El Allaf D, Juchmes J, et al. The use of low-dose

dopamine in intensive care medicine. Arch Int Physiol Bio-
chim Biophys 1984; 92(suppl):S11–S20

2 Goldberg LI, McDonald RH Jr, Zimmerman AM. Sodium
diuresis produced by dopamine in patients with congestive
heart failure. N Engl J Med 1963; 269:1060–1064

3 Carcoana OV, Hines RL. Is renal dose dopamine protective
or therapeutic? Yes. Crit Care Clin 1996; 12:677–685

4 Cottee DB, Saul WP. Is renal dose dopamine protective or
therapeutic? No. Crit Care Clin 1996; 12:687–695

5 Power DA, Duggan J, Brady HR. Renal-dose (low-dose)
dopamine for the treatment of sepsis-related and other forms
of acute renal failure: ineffective and probably dangerous.
Clin Exp Pharmacol Physiol Suppl 1999; 26:S23–S28

6 Kellum JA, Decker JM. Use of dopamine in acute renal
failure: a meta-analysis. Crit Care Med 2001; 29:1526–1531

7 Denton MD, Chertow GM, Brady HR. “Renal-dose” dopa-
mine for the treatment of acute renal failure: scientific
rationale, experimental studies and clinical trials. Kidney Int
1996; 50:4–14

8 Lassnigg A, Donner E, Grubhofer G, et al. Lack of renopro-
tective effects of dopamine and furosemide during cardiac
surgery. J Am Soc Nephrol 2000; 11:97–104

9 Casement J, Irgin SM, Kaul S, et al. Audit of the use of renal
dose dopamine in intensive care units. Intensive Care Med
1997; 23:S91

10 Prins I, Plotz FB, Uiterwaal CS, et al. Low-dose dopamine in
neonatal and pediatric intensive care: a systematic review.
Intensive Care Med 2001; 27:206–210

11 Lumlertgul D, Keoplung M, Sitprija V, et al. Furosemide and
dopamine in malarial acute renal failure. Nephron 1989;
52:40–44

12 Bellomo R, Chapman M, Finfer S, et al. Low-dose dopamine
in patients with early renal dysfunction: a placebo-controlled
randomised trial: Australian and New Zealand Intensive Care
Society (ANZICS) Clinical Trials Group. Lancet 2000; 356:
2139–2143

13 Olson D, Pohlman A, Hall JB. Administration of low-dose
dopamine to nonoliguric patients with sepsis syndrome does
not raise intramucosal gastric pH nor improve creatinine
clearance. Am J Respir Crit Care Med 1996; 154:1664–1670

14 Marik PE, Iglesias J. Low-dose dopamine does not prevent acute
renal failure in patients with septic shock and oliguria: NORA-
SEPT II Study Investigators. Am J Med 1999; 107:387–390

15 Cuevas L, Yeh TF, John EG, et al. The effect of low-dose
dopamine infusion on cardiopulmonary and renal status in
premature newborns with respiratory distress syndrome.
Am J Dis Child 1991; 145:799–803

16 Barger G, Dale HH. Chemical structure and sympathomi-
metic action of amines. J Physiol (Lond) 1910; 41:19–59

17 Gurd MR. The physiological action of dihydroxyphenylethyl-
amine and sympatol. J Pharma Pharmacol 1937; 10:188–198

18 McDonald RH Jr, Goldberg LI, McNay JL, et al. Effects of
dopamine in man: augmentation of sodium excretion, glomer-
ular filtration rate, and renal plasma flow. J Clin Invest 1964;
43:1116–1124

19 McNay JL, McDonald RH Jr, Goldberg LI. Direct renal
vasodilatation produced by dopamine in the dog. Circ Res
1965; XVI:510–517

20 Eble JN. A proposed mechanism for the depressor effect of
dopamine in the anesthetized dog. J Pharmacol Exp Ther
1964; 451:64–70

21 Lee MR. Dopamine and the kidney: ten years on. Clin Sci
1993; 84:357–375

22 Zaritsky A, Lotze A, Stull R, et al. Steady-state dopamine

1274 Critical Care Reviews



clearance in critically ill infants and children. Crit Care Med
1988; 16:217–220

23 Juste RN, Moran L, Hooper J, et al. Dopamine clearance in
critically ill patients. Intensive Care Med 1998; 24:1217–1220

24 Marik PE. Low-dose dopamine in critically ill oliguric pa-
tients: the influence of the renin-angiotensin system. Heart
Lung 1993; 22:171–175

25 MacCannell KL, Giraud GD, Hamilton PL. Haemodynamic
responses to dopamine and dobutamine infusions as a func-
tion of duration of infusion. Pharmacology 1983; 26:29–39

26 Orme ML, Breckenridge A, Dollery CT. The effects of long
term administration of dopamine on renal function in hyper-
tensive patients. Eur J Clin Pharmacol 1973; 6:150–155

27 Lherm T, Troche G, Rossignol M, et al. Renal effects of
low-dose dopamine in patients with sepsis syndrome or septic
shock treated with catecholamines. Intensive Care Med 1996;
22:213–219

28 Ichai C, Passeron C, Carles M, et al. Prolonged low-dose
dopamine infusion induces a transient improvement in renal
function in hemodynamically stable, critically ill patients: a
single-blind, prospective, controlled study. Crit Care Med
2000; 28:1329–1335

29 Day NP, Phu NH, Mai NT, et al. Effects of dopamine and
epinephrine infusions on renal hemodynamics in severe
malaria and severe sepsis. Crit Care Med 2000; 28:1353–1362

30 Heyman SN, Fuchs S, Brezis M. The role of medullary
ischemia in acute renal failure. New Horiz 1995; 3:597–607

31 Brezis M, Rosen S, Silva P, et al. Renal ischemia: a new
perspective. Kidney Int 1984; 26:375–383

32 Olsen NV, Hansen JM, Ladefoged SD, et al. Renal tubular
reabsorption of sodium and water during infusion of low-dose
dopamine in normal man. Clin Sci (Lond) 1990; 78:503–507

33 Heyman SN, Kaminski N, Brezis M. Dopamine increases
renal medullary blood flow without improving regional hy-
poxia. Exp Nephrol 1995; 3:331–337

34 Weisberg LS, Kurnik PB, Kurnik BR. Risk of radiocontrast
nephropathy in patients with and without diabetes mellitus.
Kidney Int 1994; 45:259–265

35 Duke GJ, Briedis JH, Weaver RA. Renal support in critically
ill patients: low-dose dopamine or low-dose dobutamine? Crit
Care Med 1994; 22:1919–1925

36 Juste RN, Panikkar K, Soni N. The effects of low-dose
dopamine infusions on haemodynamic and renal parameters
in patients with septic shock requiring treatment with nor-
adrenaline. Intensive Care Med 1998; 24:564–568

37 Girbes AR, Patten MT, McCloskey BV, et al. The renal and
neurohumoral effects of the addition of low-dose dopamine in
septic critically ill patients. Intensive Care Med 2000; 26:
1685–1689

38 Meakins JL, Marshall JC. The gut as the motor of multiple
organ failure. In: Marston A, Bulkley GB, Fiddian-Green RG,
et al, eds. Splanchnic ischaemia and multiple organ failure.
London, UK: Edward Arnold, 1989; 339–348

39 Fiddian-Green RG. Studies in splanchnic ischaemia and
multiple organ failure. In: Marston A, Bulkley GB, Fiddian-
Green RG, et al, eds. Splanchnic ischaemia and multiple
organ failure. London, UK: Edward Arnold, 1989; 349–363

40 Carrico CJ, Meakins JL, Marshall JC, et al. Multiple-organ-
failure syndrome. Arch Surg 1986; 121:196–208

41 Gutierrez G, Palizas F, Doglio G, et al. Gastric intramucosal
pH as a therapeutic index of tissue oxygenation in critically ill
patients. Lancet 1992; 339:195–199

42 Kullmann R, Breull WR, Reinsberg J, et al. Dopamine
produces vasodilation in specific regions and layers of the
rabbit gastrointestinal tract. Life Sci 1983; 32:2115–2122

43 Burns A, Gray PA, Park GR. Effects of dopaminergic stimu-
lation on the splanchnic and renal vasculature. Clin Intensive
Care 1991; 2(suppl):50–52

44 Ruokonen E, Takala J, Kari A, et al. Regional blood flow and

oxygen transport in septic shock. Crit Care Med 1993;
21:1296–1303

45 Giraud GD, MacCannell KL. Decreased nutrient blood flow
during dopamine- and epinephrine-induced intestinal vasodi-
lation. J Pharmacol Exp Ther 1984; 230:214–220

46 Segal JM, Phang PT, Walley KR. Low-dose dopamine hastens
onset of gut ischaemia in a porcine model of hemorrhagic
shock. J Appl Physiol 1992; 73:1159–1164

47 Marik PE, Mohedin M. The contrasting effects of dopamine
and norepinephrine on systemic and splanchnic oxygen utili-
zation in hyperdynamic sepsis. JAMA 1994; 272:1354–1357

48 Nevière R, Mathieu D, Chagnon JL, et al. The contrasting
effects of dobutamine and dopamine on gastric mucosal
perfusion in septic patients. Am J Respir Crit Care Med 1996;
154:1684–1688

49 Dive A, Foret F, Jamart J, et al. Effect of dopamine on
gastrointestinal motility during critical illness. Intensive Care
Med 2000; 26:901–907

50 Jarnberg PO, Bengtsson L, Ekstrand J, et al. Dopamine
infusion in man: plasma catecholamine levels and pharmaco-
kinetics. Acta Anaesthesiol Scand 1981; 25:328–331

51 De Zegher F, Van Den Berghe G, Devlieger H, et al.
Dopamine inhibits growth hormone and prolactin secretion
in the human newborn. Pediatr Res 1993; 34:642–645

52 Van den Berghe G, de Zegher F, Lauwers P. Dopamine
suppresses pituitary function in infants and children. Crit
Care Med 1994; 22:1747–1753

53 Van den Berghe G, de Zegher F, Wouters P, et al. Dehydro-
epiandrosterone sulphate in critical illness: effect of dopa-
mine. Clin Endocrinol (Oxf) 1995; 43:457–463

54 Van den Berghe G, de Zegher F, Lauwers P. Dopamine and
the sick euthyroid syndrome in critical illness. Clin Endocri-
nol (Oxf) 1994; 41:731–737

55 Van den Berghe G, de Zegher F, Lauwers P, et al. Luteiniz-
ing hormone secretion and hypoandrogenaemia in critically ill
men: effect of dopamine. Clin Endocrinol (Oxf) 1994; 41:
563–569

56 Van den Berghe G, de Zegher F, Lauwers P, et al. Growth
hormone secretion in critical illness: effect of dopamine.
J Clin Endocrinol Metab 1994; 79:1141–1146

57 Devins SS, Miller A, Herndon BL, et al. Effects of dopamine
on T-lymphocyte proliferative responses and serum prolactin
concentrations in critically ill patients. Crit Care Med 1992;
20:1644–1649

58 McRitchie DI, Girotti MJ, Rotstein OD, et al. Impaired
antibody production in blunt trauma: possible role for T cell
dysfunction. Arch Surg 1990; 125:91–96

59 Ovadia H, Lubetzki-Korn I, Abramsky O. Dopamine recep-
tors on isolated membranes of rat thymocytes. Ann N Y Acad
Sci 1987; 496:211–216

60 Werner H, Paegelow I, Meyer-Rienecker H, et al. Interaction
between lymphocytes and neurotransmitters. Ann N Y Acad
Sci 1987; 496:312–315

61 Bernton EW, Meltzer MS, Holaday JW. Suppression of
macrophage activation and T-lymphocyte function in hypo-
prolactinemic mice. Science 1988; 239:401–404

62 Kouassi E, Boukhris W, Descotes J, et al. Selective T cell
defects induced by dopamine administration in mice. Immu-
nopharmacol Immunotoxicol 1987; 9:477–488

63 Wolfe SA Jr, Kulsakdinun C, Battaglia G, et al. Initial
identification and characterization of sigma receptors on
human peripheral blood leukocytes. J Pharmacol Exp Ther
1988; 247:1114–1119

64 Ward DS, Bellville JW. Effect of intravenous dopamine on
hypercapnic ventilatory response in humans. J Appl Physiol
1983; 55:1418–1425

65 Olson LG, Hensley MJ, Saunders NA. Ventilatory responsive-
ness to hypercapnic hypoxia during dopamine infusion in
humans. Am Rev Respir Dis 1982; 126:783–787

www.chestjournal.org CHEST / 123 / 4 / APRIL, 2003 1275


