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Despite major advances in mon-
itoring and therapy, the mor-
tality rate from septic shock
remains elevated and is often

.70% in patients presenting with severe
forms of shock (1–3). Several factors are
known to be associated with outcome: un-
derlying disease, source of infection, and

neutropenia (4–6). However, these factors
cannot be influenced by the action of the
clinician in charge of the patients. Inade-
quacy of antibiotic therapy also is strongly
associated with mortality (4–6). Biotech-
nology offers numerous new and expensive
investigational drugs for the treatment of
septic shock (7). However, the results of
trials of antibody and nonantibody sub-
stances directed against mediators of septic
shock have been disappointing, with no sig-
nificant effect on mortality (8). The com-
plex nature of the pathophysiological pro-
cesses in septic shock probably is related to
the difficulty of modern intensive care to
notably impact outcome. Mechanical ven-
tilation, hemodynamic monitoring, antimi-
crobial therapy, and volume resuscitation
combined with vasopressor support for re-

fractory cases remain the standard of care
for distributive/septic shock. Dopamine is
considered by many as the vasopressor of
choice when hypotension persists despite
adequate fluid resuscitation (9–11). On the
other hand, norepinephrine is considered
to be deleterious. Because of fear of exces-
sive vasoconstriction, many contend that
this drug potentiates end-organ hypoperfu-
sion, thereby contributing to increased
mortality.

The aim of the present study was to
identify factors associated with outcome
in a cohort of septic shock patients. We
paid special attention to the hemody-
namic management and to the choice of
the vasopressor used, to determine
whether the use of norepinephrine could
be associated with increased mortality.
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Objective: Despite increasingly sophisticated critical care, the
mortality of septic shock remains elevated. Accordingly, care re-
mains supportive. Volume resuscitation combined with vasopressor
support remains the standard of care as adjuvant therapy, and many
consider dopamine to be the pressor of choice. Because of fear of
excessive vasoconstriction, norepinephrine is considered to be del-
eterious. The present study was designed to identify factors associ-
ated with outcome in a cohort of septic shock patients. Special
attention was paid to hemodynamic management and to the choice
of vasopressor used, to determine whether the use of norepinephrine
was associated with increased mortality.

Design: Prospective, observational, cohort study.
Setting: Intensive care unit of a university hospital.
Patients: Ninety-seven adult patients with septic shock.
Measurements and Main Results: Data from these patients were

examined to select variables independently and significantly asso-
ciated with outcome during the hospital stay. Nineteen clinical,
biological, and hemodynamic variables were collected at study entry
or during the first 48–72 hrs and analyzed for each patient. A
stepwise logistic regression analysis and a model building strategy
were used to identify variables independently and significantly as-
sociated with outcome. The overall hospital mortality was 73% (71
patients). Five variables were significantly associated with outcome.
One factor was strongly associated with a favorable outcome: the
use of norepinephrine as part of the hemodynamic support of the
patients. The 57 patients who were treated with norepinephrine had
significantly lower hospital mortality (62% vs. 82%, p < .001; relative
risk 5 0.68; 95% confidence interval 5 0.54–0.87) than the 40

patients treated with vasopressors other than norepinephrine (high-
dose dopamine and/or epinephrine). Four variables were associated
with a poor outcome and significantly higher hospital mortality:
pneumonia as a cause of septic shock (82% vs. 61%, p < .03;
relative risk 5 1.47; 95% confidence interval 5 1.07–1.77), organ
system failure index < 3 (92% vs. 60%, p < .001; relative risk 5
1.47; 95% confidence interval 5 1.17–1.82), low urine output at entry
to the study (88% vs. 60%, p < .01; relative risk 5 1.44; 95%
confidence interval 5 1.06–1.87), and admission blood lactate con-
centration > 4 mmol/L (91% vs. 63%, p < .01; relative risk 5 1.60;
95% confidence interval 5 1.27–1.84).

Conclusions: Our results indicate that the use of norepineph-
rine as part of hemodynamic management may influence outcome
favorably in septic shock patients. The data contradict the notion
that norepinephrine potentiates end-organ hypoperfusion, thereby
contributing to increased mortality. However, the present study
suffers from some limitation because of its nonrandomized, open-
label, observational design. Hence, a randomized clinical trial is
needed to clearly establish that norepinephrine improves mortal-
ity of patients with septic shock, as compared with high-dose
dopamine or epinephrine. Pneumonia as the cause of septic
shock, high blood lactate concentration, and low urine output on
admission are strong indicators of a poor prognosis. Multiple
organ failure is confirmed as a reliable predictor of mortality in
septic patients. (Crit Care Med 2000; 28:2758–2765)
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MATERIALS AND METHODS

Patient Eligibility

The study was approved by the Hospital
Ethics Committee of our institution. During a
31-month period, 97 consecutive patients with
septic shock were prospectively studied. These
patients were consecutively admitted to the
16-bed general intensive care unit (ICU) of
Nord Hospital, Marseilles University Hospital
System. No patients were excluded from the
study. Patients were included in the study on
admission to the ICU, and we carefully fol-
lowed up until discharge from the hospital.

Septic shock, according to the American
College of Chest Physicians/Society for Criti-
cal Care Medicine Consensus Conference on
sepsis and organ failure (12), was defined as
sepsis-induced hypotension, persisting despite
adequate fluid resuscitation, along with the
presence of hypoperfusion abnormalities or
organ dysfunction (oliguria , 30 mL/hr, lactic
acidosis, and alteration in mental status eval-
uated without sedative drugs). Sepsis was de-
fined by two or more of the following condi-
tions: temperature . 38°C or , 36°C; heart
rate . 90 beats/min; respiratory rate . 20
breaths/min or the need for mechanical ven-
tilation; and white blood cell count . 12,000
cells/mm3 or , 4,000 cells/mm3.

Monitoring

Heart rate, arterial pressure via an arterial
catheter, central venous pressure, pulse oxym-
etry (SpO2), and end-tidal CO2 were continu-
ously monitored in all patients. Urine was col-
lected via an indwelling bladder catheter.

Data Collection

The following variables were collected on
inclusion in the study: age, gender, underlying
disease, arterial pH, urine flow, blood lactate,
body temperature, blood creatinine, heart
rate, and mean arterial pressure (MAP). Other
variables were collected within 24–48 hrs:
Acute Physiology and Chronic Health Evalua-
tion (APACHE) II score (24 hrs); use of nor-
epinephrine, dobutamine, dopamine, or other
vasopressor (24 hrs); source of infection (48
hrs); bacteremia (48 hrs); documented infec-
tion (48 hrs); and presence of organ failure (72
hrs). The organ system failure index (OSFI)
was derived from that described by Goris et al.
(13). One point was given for dysfunction of
each organ system by using the following def-
initions: renal, creatinine . 170 mmol/L; he-
patic, a rise in the total bilirubin concentra-
tion to .34 mmol/L; respiratory, positive
pressure ventilation with positive end-expira-
tory pressure . 10 cm H2O and/or FIO2 . 0.4;
hematologic, platelets , 50 3 109/L; central
nervous system, clearly diminished respon-

siveness without sedation; cardiac, dopa-
mine . 10mgzkg21zmin21 and/or the use of
norepinephrine.

The type of hemodynamic management
protocol used in each patient was prospec-
tively noted. Patients were considered as sur-
vivors when they were discharged from the
hospital.

General Supportive Measures

All patients received broad-spectrum anti-
biotic coverage, usually a beta-lactam and an
aminoglycoside. Vancomycin was added when
methicillin-resistant staphylococci were sus-
pected. When culture results were obtained,
the antibiotic regimen was adjusted. Antimi-
crobial therapy was considered adequate when
all the strains isolated and presumably respon-
sible for infection were susceptible to at least
one of the antibiotics used. None of these
patients received corticosteroids. Respiratory

support was needed in all patients because of
severe hypoxemia. Acute pneumonia was
found in 55 patients and adult respiratory dis-
tress syndrome in the remaining patients.
Tidal volume, respiratory rate, and FIO2 were
adjusted with the objective to keep PaO2 . 70
mm Hg.

Hemodynamic Management

Initially patients with low ventricular pre-
load (estimated from pulmonary artery occlu-
sion pressure [PAOP]) were given fluid resus-
citation with colloid (hydroxyethyl starch, in
6% solution of normal saline) and crystalloid
(lactated Ringer’s solution) with the objective
to raise PAOP between 12 and 15 mm Hg.
Blood hematocrit was maintained 630% with
packed red cell transfusions. In some patients,
fluid infusion was discontinued before the tar-
geted PAOP was reached: when at a given
level, additional fluid infusion was no longer

Figure 1. Trial profile. Decision tree for prescribing vasopressors in the study patients.

2759Crit Care Med 2000 Vol. 28, No. 8



accompanied by an increase in cardiac index,
or when SpO2 significantly decreased. During
fluid challenge, but after $12 mL/kg of fluid
had been given, vasopressor therapy (dopa-
mine 5 mgzkg21zmin21) could be required al-
though cardiac filling pressures were not yet
adequate to maintain perfusion in face of very
severe hypotension. After fluid challenge, all
patients remained in clinical shock with oli-
guria and a MAP # 65 mm Hg. Then dopa-
mine was started in all patients at a dose of 5
mgzkg21zmin21 followed by 5 mgzkg21zmin21

increments, up to a dose of 15 mgzkg21zmin21.
Dobutamine was added at a dose of 5
mgzkg21zmin21 with 5 mgzkg21zmin21 incre-
ments if venous oxygen saturation was ,70%
(provided that SpO2 was .95% and blood he-
matocrit .30%). The aim of therapy was to
achieve and maintain MAP .70 mm Hg, ve-
nous oxygen saturation $70%, and urine flow
.0.7 mLzkg21zhr21. If hypotension persisted
with this treatment, dopamine was increased
up to 25 mgzkg21zmin21 (high-dose dopamine
16–25 mgzkg21zmin21), or dopamine was kept
at an infusion rate of 15 mgzkg21zmin21 and
norepinephrine was added, started at a dose of
0.5 mgzkg21zmin21 with 0.3-mgzkg21zmin21

increments, up to a maximal dose of 5.0
mgzkg21zmin21. If the treatment failed to cor-
rect abnormalities in MAP, epinephrine was
added (Fig. 1).

When hemodynamic status of patients was
stable for at least 24 consecutive hours, pro-
gressive weaning of the drugs was begun.

Statistical Analysis

Univariate Analysis. Results are shown as
mean 6 SD. Normal distribution of data was
checked for each variable by chi-square anal-
ysis. A univariate analysis was performed by
analysis of variance or chi-square test. Homo-
geneity of variances was determined by the
Bartlett’s test. Kaplan-Meier survival curves
were constructed and compared by a log-rank
statistic (14). Statistical significance was at-
tributed to p , .05.

To evaluate the influence of the different
variables on outcome (survival during hospital
stay evaluated on day 7, on day 28, and on
hospital discharge), we examined the distribu-
tion of clinical characteristics in relation to
outcome of the patients by using categorical
data analysis, and we calculated the corre-
sponding chi-square statistic. The relative risk
and 95% confidence intervals were used as
measures of association between a clinical fac-
tor and death risk. For continuous variables,
cutoff points were determined before the anal-
ysis and were defined as follows: age . 75 yrs,
urine flow , 10 mLzhr21, blood lactate $ 4
mmolzL21, MAP , 50 mm Hg, blood creati-
nine . 200 mmolzL21, body temperature ,
36°C, and arterial pH , 7.1.

Multivariate Analysis. To further evaluate
the influence of the different variables on sur-

vival during hospital stay, we performed a
multivariate procedure on the studied qualita-
tive variables. The aim of this analysis was to
determine the concomitant effects of the
quantitative variables on hospital survival or
death. For that purpose, the last step in the
analysis was to develop a logistic regression
analysis. A logistic regression model was de-
veloped to predict survival while controlling
for other potential confounding factors. The
aim was to find the best model and then to test
whether the inclusion of the selected variables
added significant power.

To determine the independent contribu-
tion of the variables to outcome, we used a

logistic regression analysis and a model build-
ing strategy (15, 16). The goal was to select
those variables that result in a “best” model to
predict outcome of septic shock patients. On
completion of the univariate analysis, those
variables whose univariate test had a p , .25
were considered candidates for the multivari-
ate model (15, 16). The use of a more tradi-
tional level (such as .05) often fails to identify
variables of importance. Use of larger level has
the disadvantage of including variables that
are of questionable importance (16). We then
performed stepwise selection of variables
(multivariate analysis by stepwise logistic re-

Table 1. Hospital mortality rates observed according to the studied variables (univariate analysis)

Variables
Mortality Rate

(% yes/no) p Value

Age, .75 yrs 87/67 .07
Male 70/69 .97
Underlying disease 86/64 .08
Pneumonia 82/61 .03
Peritonitis 71/64 .41
Bacteremia 68/73 .90
Documented infection 67/76 .41
Heart rate, .130 beatszmin21 73/68
Mean arterial pressure, ,50 mm Hg 61/72 .24
Urine flow, ,10 mlzhr21 88/61 .01
Arterial pH, ,7.1 74/67 .83
Blood lactate, .4 mmolzL21 91/63 .01
Creatinine . 200 mmolzL21 77/68 .31
Organ system failure index score, $3 92/60 .001
Use of norepinephrine 62/84 .001
Use of high-dose dopamine 66/74 .54
Use of dobutamine 65/73 .52
Use of epinephrine 71/63 .52

Table 2. Distribution and relative risk for outcome-related risk or protective factors in patients with
septic shock

Relative Risk
(Confidence Limit, 95%) p Value

Protective factor 0.68 (0.54–0.87) .03
Use of norepinephrine

Risk factors
Lactate, .4 mmolzL21 1.60 (1.27–1.84) .002
Urine flow ,10 mLzhr21 1.44 (1.06–1.87) .005
Pneumonia 1.47 (1.07–1.77) .04
Organ system failure index, $3 1.47 (1.17–1.82) .01

Indifferent factors
Underlying disease 0.93 (0.74–1.23) NS
Creatinine, .200 mmolzL21 0.84 (0.54–1.21) NS
MAP, ,50 mm Hg 1.11 (0.84–1.43) NS
Bacteremia 0.77 (0.64–1.28) NS
Peritonitis 0.91 (0.68–1.20) NS
Age, .75 yrs 0.77 (0.53–1.30) NS
Documented infection 1.29 (0.93–1.60) NS
Body temperature, ,36°C 1.10 (0.39–2.54) NS
Heart rate, .130 beats/min 0.80 (0.63–1.27) NS
Arterial pH, ,7.1 0.84 (0.71–1.27) NS
Use of high-dose dopamine 1.04 (0.74–1.57) NS
Use of epinephrine 0.94 (0.67–1.35) NS
Use of dobutamine 0.84 (0.59–1.74) NS

MAP, mean arterial pressure.
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gression; SAS/STAT Program, SAS Institute,
Cary, NC). This provided an effective means to
screen a large number of variables and to
simultaneously fit a number of logistic regres-
sion equations. Final multivariate logistic
model included only the factors that remained
independently and significantly associated
with outcome during hospital stay after ad-
justment for the effects of all other variables.
When variables independently related to out-
come were determined and the predictive
model was established, we calculated the as-
sociation of predicted probabilities and ob-
served clinical responses.

RESULTS

The 97 patients were 29 women and
68 men with a mean age of 53 6 12 yrs;
the mean APACHE II score was 28 6 4.
All patients needed mechanical ventila-
tion. Causes of septic shock were 50
pneumonia (52%), 33 peritonitis (34%),
and 14 miscellaneous etiologies (11%).
The hospital mortality was 73% (70 pa-
tients). All patients with peritonitis had
positive cultures of abdominal fluid. An-
tibiotic selection was appropriate to all
strains of Enterobacteriaceae isolated.
Coverage of anaerobic bacteria was ob-
tained by the use of a betalactam antibi-
otic 1 inhibitor (piperacilin-tazobactam)
or imipenem. Nine patients with pneu-
monia had negative bronchoalveolar la-
vage cultures. The other patients with
pneumonia had positive bronchoalveolar
lavage cultures. In three of these patients,
the initial antibiotic regimen was not ap-
propriate and treatment was modified on
day 2, according to the culture results.
For other infections (skin infections, five
patients; urinary tract infections, seven
patients; catheter-related infections, two
patients), cultures were all positive and
the antibiotic treatment was appropriate
to the isolated pathogens.

Tables 1 and 2 present the prognostic
values of the variables possibly related to
outcome (univariate analysis). The use of
norepinephrine as part of the hemody-
namic support was strongly related to a
favorable outcome and was considered as
a protective factor that markedly de-
creased hospital mortality. Four factors
were considered as risk factors and were
associated with unfavorable outcome: el-
evated lactate concentration ($4
mmolzL21), low urine flow (,10
mLzhr21), pneumonia as the cause for
septic shock, and OSFI $ 3 (Tables 1 and
2). Other tested factors including the use
of high-dose dopamine and of epineph-
rine were of minor importance and did
not significantly influence outcome.

Figure 2 shows a significantly (p ,
.001) better survival for patients treated
with norepinephrine as part of their he-
modynamic support (Kaplan-Meier sur-
vival curves). Mortality was lower in these
patients on day 7 (28% vs. 40%, p ,
.005), on day 28 (55% vs. 82%, p ,
0.001), and on hospital discharge (62%
vs. 84%, p , 0.001). In Table 3, patients
treated with norepinephrine were com-
pared with patients not treated with nor-
epinephrine, to exclude potential differ-
ences that might have explained the
difference in survival. Table 3 shows that
the patients had similar characteristics.
Table 4 shows the hemodynamic support
used in patients treated or not with nor-

epinephrine. Five out of the seven pa-
tients who received epinephrine in addi-
tion to high-dose dopamine died in
intractable shock. Seven out the ten pa-
tients who received epinephrine in addi-
tion to norepinephrine also died in in-
tractable shock.

The multivariate analysis and model
building are presented in Table 5. Once
again, the use of norepinephrine as part
of the hemodynamic support was the only
factor associated with a favorable out-
come. Four factors were independently
and significantly associated with an unfa-
vorable outcome in the multivariate lo-
gistic model: pneumonia as the cause for
septic shock (p , .05), low urine flow and

Figure 2. Survival Kaplan-Meier curves for patients treated according to the use of norepinephrine or
other vasopressors. A significantly better survival (log-rank test) was observed for patients treated with
norepinephrine. (p , .001).
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high lactate concentration before treat-
ment was started (p , .001), and OSFI $
3 (p , .001). The efficiency of the predic-
tive model was high as shown by the 86%
concordance between probabilities pre-
dicted by the model and observed clinical
responses of individual patients (2,916
pairs of data were evaluated).

DISCUSSION

The present data show that mortality
in the study patients was strongly associ-
ated with high blood lactate concentra-
tion and low urine output at time of onset

of septic shock, with pneumonia as a
cause for septic shock, and with OSFI $3.
Mortality was favorably influenced by the
use of norepinephrine as part of the he-
modynamic management.

Early studies showed that norepineph-
rine could be effective, but because of the
lack of routine hemodynamic monitoring
and the fear of excessive vasoconstriction,
this drug is not used widely (15–19). In-
deed, the inappropriate use of potent va-
sopressor agents in hypovolemic situa-
tions leads to tissue hypoperfusion and
severe ischemia of vital organs (20). Many
clinicians are reluctant to use norepi-

nephrine because of findings from dated
studies with no relevance to our current
understanding of the hemodynamic man-
agement of patients with septic shock.
Thus, many consider dopamine to be the
pressor of choice when hypotension per-
sists in septic shock patients despite fluid
resuscitation (21–23). However, several
studies have shown that an adequate tis-
sue perfusion pressure cannot be ob-
tained in many patients with the use of
dopamine, even at doses as high as 80
mg/kg/min (24–27). In these studies, nor-
epinephrine was found to be beneficial,
with improvement in arterial blood pres-
sure, urine flow, oxygen delivery, and
consumption. Our critical care team has
observed many favorable outcomes from
the use of norepinephrine, which may be
attributable, in part, to the special atten-
tion paid to achieving effective circulat-
ing volume replacement before prescrib-
ing the vasopressor agents. These
subjective observations needed confirma-
tion from more scientific data, which led
to the multivariate analysis performed in
the present study. We hypothesized that
norepinephrine could increase blood
pressure without impairing organ perfu-
sion and hence could contribute to a bet-
ter outcome.

Several investigators have demon-
strated the ability of norepinephrine to
raise arterial pressure and systemic vas-

Table 3. Characteristics of patients according to the presence or absence of norepinephrine in
hemodynamic support

Patients Who
Received

Norepinephrine
(n 5 57)

Patients Who
Did Not
Receive

Norepinephrine
(n 5 40)

Age (yrs) 54 6 12 57 6 15
Male (%) 37 (65) 31 (77)
APACHE II score 28 6 4 28 6 3
Lactate (mmolzL21)a 5.4 6 1.7 5.7 6 1.9
Urine flow (mLzhr21)a 14 6 12 17 6 13
Heart rate (beats/min)a 124 6 17 125 6 13
MAP (mm Hg)a 54 6 7 56 6 9
Creatinine (mmolzL21)a 216 6 184 197 6 167
Causes of septic shock (%)

Peritonitis 20 (35) 13 (32)
Pneumonia 30 (53) 20 (50)
Other infections 7 (12) 7 (18)

Documented infections (%) 52 (91) 36 (90)
Underlying diseases (%) 57 (100) 37 (93)

Multiple trauma 15 (26) 10 (27)
Complicated vascular surgery 15 (26) 11 (30)
Complicated abdominal surgery 17 (30) 12 (32)
Cancer 10 (18) 4 (11)
Neutropenia 0 (0) 0 (0)

APACHE, Acute Physiology and Chronic Health Evaluation; MAP, mean arterial pressure.
aAt study entry. No significant differences were observed for the studied variables.

Table 4. Therapies used to treat septic shock with regard to the hemodynamic management used

Patients Who
Received

Norepinephrine
(n 5 57)

Patients Who
Did Not
Receive

Norepinephrine
(n 5 40)

Fluid expansion (mL) (initial fluid resuscitation) 1827 6 673 1742 6 717
Norepinephrine (patients) 57 —

Maximal dose (mgzkg21zmin21) 2.27 6 2.10 —
Duration (days) 7 6 3 —

Dobutamine (patients) 32 25
Maximal dose (mgzkg21zmin21) 18 6 10 15 6 7
Duration (days) 6 6 4 4 6 7

Dopamine (patients) 57 40
Maximal dose (mgzkg21zmin21) 13 6 5 22 6 7a

Duration (days) 3 6 3 3.5 6 6
Epinephrine (patients) 10 7

Maximal dose (mgzkg21zmin21) 2.7 6 3.1 2.9 6 2.9
Duration (days) 2.1 6 2.2 3.1 6 2.9

—, not applicable.
ap , .01.

M ortality in the

study patients

was strongly

associated with high blood

lactate concentration and

low urine output at time of

onset of septic shock, with

pneumonia as a cause for

septic shock, and with organ

system failure index $3.

Mortality was favorably in-

fluenced by the use of nor-

epinephrine as part of the

hemodynamic management.
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cular resistance while preserving cardiac
function in patients with septic shock
(24–26, 28–30). Septic shock is charac-
terized by depression of both left and
right ventricular function. Vasopressor
infusion should not be considered in pa-
tients with high systemic vascular resis-
tance because elevated cardiac afterload
obtained by straining the myocardium
could be deleterious in cases of severe
cardiac dysfunction. This point is crucial:
A potent vasopressor such as norepineph-
rine must be used only to restore normal
values of systemic vascular resistance
and/or systemic arterial blood pressure in
patients with severe and documented va-
sodilation. We demonstrated that al-
though norepinephrine markedly in-
creased biventricular afterload condi-
tions, a significant improvement in right
ventricular function was observed in sep-
tic shock patients treated with norepi-
nephrine (31). This was explained in part
by beta-1 stimulation and to a greater
extent by a correction of systemic hypo-
tension followed by an increase in coro-
nary perfusion pressure.

Studies have demonstrated the bene-
ficial effects of norepinephrine on renal
function during septic shock (25, 28, 32,
33). In patients with hypotension and hy-
povolemia (e.g., during hemorrhagic
shock), the use of vasopressors should be
avoided for the following reasons: Despite
the constant improvement in blood pres-
sure, renal blood flow decreases and renal
vascular resistance rises (19). The situa-
tion is different in hyperdynamic septic
shock. It is speculated that urine flow
decreases mainly as a result of lowered
glomerular perfusion pressure. Because
norepinephrine has a greater effect on
efferent than on afferent arteriolar resis-
tance (33) and increases the filtration
fraction, normalization of renal vascular

resistance could effectively reestablish
urine flow. Schaer et al. (34) demon-
strated in dogs that when cardiac index is
normal or elevated, norepinephrine in-
creases renal vascular resistance but re-
nal blood flow remains stable or even
increases. The increase in urine output
observed in patients treated with norepi-
nephrine also could be explained by a
decrease in antidiuretic hormone release,
which, through different mechanisms, fa-
vors water retention (35). Cardiac and
sinoaortic baroreceptors are sensitive to
pressure, and in case of low intravascular
pressure, they activate the sympathic sys-
tem and increase antidiuretic hormone
secretion. Restoration of adequate sys-
temic and central pressures in patients
with septic shock probably inhibited va-
sopressin secretion (36).

Fears of excessive vasoconstriction
and accentuated organ hypoperfusion
may lead to concern about splanchnic
ischemia. This concern also appears to be
unwarranted. Marik et al. (37) showed
that the use of norepinephrine resulted in
a significantly greater increase in phi
than dopamine, suggesting an uncom-
pensated increase in oxygen requirement
with dopamine and an improvement in
splanchnic oxygen utilization with nor-
epinephrine. Likewise, Meier-Hellman et
al. (38) showed a significant increase in
splanchnic blood flow and oxygen deliv-
ery in patients treated with norepineph-
rine. One also could speculate that nor-
epinephrine infusion might contribute to
the progression of multiple organ failure
by potentiating end-organ hypoperfusion,
thereby increasing mortality. Indices of
hypoperfusion like splanchnic blood flow,
phi, or glomerular filtration rate were not
measured in the present study, but the
relationship between the use of norepi-
nephrine and the development of multi-

ple organ dysfunction syndrome was
carefully examined by Goncalves et al.
(39). The conclusion of their multivariate
analysis was that the use of norepineph-
rine failed to predict mortality although
APACHE III score and multiple organ
dysfunction score did. Their data clearly
contradict the notion that norepineph-
rine facilitates the development of multi-
ple organ dysfunction. Nonsurvivors suc-
cumbed secondary to the severity of their
illness and underlying conditions, and
not as a result of norepinephrine therapy
(39).

One point should be discussed in more
detail: Should we use dopamine or nor-
epinephrine as the “first-line” inotropic
agent? The first point is that during the
initial therapy of septic patients who have
clinical signs of shock despite initial fluid
resuscitation, vasopressor therapy should
be started to support organ function,
sometimes before the adequacy of in-
travascular volume can be ensured (11).
In this setting, dopamine, which can
increase both pressure and flow, is the
first choice (at a dose range of 5–10
15mgzkg–1zmin–1, as in the present study).
In patients who receive adequate fluid
resuscitation and remain hypotensive de-
spite the use of dopamine, the present
study clearly shows that norepinephrine
is superior to high-dose dopamine. This
conclusion is supported by a previous
randomized clinical trial that also favored
norepinephrine over dopamine in a small
group of patients with hyperdynamic sep-
tic shock. Presently we do not have the
data to make firm recommendations for
the therapy of hemodynamically unstable
patients. The present study underscores
some benefits of the use of norepineph-
rine in adequately fluid resuscitated pa-
tients.

Epinephrine also was used in the
study patients when norepinephrine or
high-dose dopamine failed. This was the
case in 17.5% of patients in each group.
Five out of the seven patients who re-
ceived epinephrine in addition to high-
dose dopamine died in intractable septic
shock. Seven out of ten patients who re-
ceived epinephrine in addition to norepi-
nephrine also died in intractable septic
shock. Epinephrine did not appear as a
significant factor in the multivariate
analysis, probably for two reasons: a) an
inadequate sample size (seven and ten
patients); and b) a prescription in very
severe forms of septic shock resistant to
fluid loading, dobutamine, high-dose do-
pamine, or norepinephrine.

Table 5. Multivariate logistic model including the factors that remained independently and signifi-
cantly associated with outcome

Variables Coefficient (C)

Standard
Error
(SE)

C:SE

Ratio p Value

Protective factor
Use of norepinephrine 2.3718 0.8019 2.95 .003

Risk factors
Organ system failure index 5 3 0.0723 0.0212 3.41 .001
Pneumonia 1.1576 0.5003 2.31 .05
Lactate . 4 mmolzhr21 0.3422 0.1350 2.53 .001
Urine flow , 10 mLzhr21 20.0418 0.0239 1.74 .08

The ratio of coefficient to standard error (C:SE) can be read roughly as t statistics. Absolute value
.2 indicates variable of significant effect on outcome in the presence of other variables.
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We also observed that blood lactate
concentrations are reliable prognostic in-
dicators. This confirms results from pre-
vious investigators (40–42). The time-
course of lactate under treatment is of
great interest, but high concentrations at
the onset of septic shock are also inter-
esting to consider. Hyperlactatemia re-
quires careful interpretation, which is be-
yond the scope of this study. However, it
can be considered as a simple bedside
prognostic index that enables the clini-
cian to identify patients early with a high
risk of fatality.

As expected, multiple organ dysfunc-
tion was an independent predictor of poor
outcome (12). Almost all the nonsurvi-
vors in the present study had dysfunction
of at least three organ systems, whereas
survivors generally had dysfunction of
two or one organ systems.

Other studies (4 – 6, 40 – 42) have
aimed to identify prognostic variables in
human sepsis. The present study provides
new insight because of its design. Indeed,
our ICU serves as a referral center, and
thus only patients with severe forms of
septic shock were treated. Severity can be
assessed by the high APACHE II score,
the fact that most patients had underly-
ing diseases (cancer, complicated sur-
gery, trauma), and the fact that respira-
tory failure led to the use of mechanical
ventilation for all patients. Mortality re-
lated to septic shock was high in the
study patients; however, this is in accor-
dance with other studies on patients with
severe forms of septic shock (1, 3).
Hence, it is likely that studying such pa-
tients accounts for the rather high mor-
tality observed, and we cannot eliminate
some bias attributable to the selection of
the patients. Because of the possibility
that the underlying disease itself could
lead to early mortality, we evaluated mor-
tality at three different time points: 7
days, 28 days, and hospital discharge. On
these three time points, mortality was
significantly lower in the norepinephrine
group than in the other group (see Re-
sults section and Fig. 2)

In conclusion, within the limits of this
study, five variables were independently
and significantly associated with outcome
of septic shock patients. Four factors
were associated with a poor outcome:
pneumonia as a cause of septic shock,
OSFI $ 3, and low urine output and high
blood lactate concentration at the time of
onset of septic shock. One factor, the use
of norepinephrine as part of the hemody-
namic support, was associated with a

highly significant decrease in hospital
mortality. The data contradict the notion
that norepinephrine potentiates end-
organ hypoperfusion through excessive
vasoconstriction, thereby increasing
mortality. However, the present study
suffers from some limitations because of
its nonrandomized, open-label, observa-
tional design. Hence, whether norepi-
nephrine clearly affects mortality of sep-
tic shock patients, as compared with
high-dose dopamine or epinephrine,
should be confirmed by a randomized
trial.

REFERENCES

1. Ruokonen E, Takala J, Kari Y, et al: Septic
shock and multiple organ failure. Crit Care
Med 1991; 19:1146–1151

2. Tuschschmidt J, Fried J, Astiz M, et al: Ele-
vation of cardiac output and oxygen delivery
improves outcome in septic shock. Chest
1992; 102:216–220

3. Ziegler EF, Fisher CJ, Sprung CL, et al:
Treatment of Gram-negative bacteremia and
septic shock with HA-1A human monoclonal
antibody against endotoxin. N Engl J Med
1991; 324:429–436

4. Barriere SL, Lowry SF: An overview of mor-
tality risk prediction in sepsis. Crit Care Med
1995; 23:376–393

5. Garcia de la Torre M, Romero-Vivas T, Mar-
tinez-Beltran J: Klebsiella bacteremia: An
analysis of 100 episodes. Rev Infect Dis 1985;
7:143–148

6. Hilf M, Yu VL, Sharp J: Antibiotic therapy for
Pseudomonas aeruginosa bacteremia: Out-
come correlation in a prospective study of
200 patients. Am J Med 1989; 87:540–549

7. Cunnion RE: Clinical trials of immunother-
apy for sepsis. Crit Care Med 1992; 20:
721–723

8. Zeni F, Freeman B, Natanson C: Anti-
inflammatory therapies to treat sepsis and
septic shock: A reassessment. Crit Care Med
1997; 25:1095–1100

9. Wilson RF, Sibbald WJ, Jaanimagi JL: Hemo-
dynamic effects of dopamine in critically ill
patients. J Surg Res 1976; 20:163–171

10. Regnier B, Safran J, Carlet J, et al: Compar-
ative hemodynamic effects of dopamine and
dobutamine in septic shock. Intensive Care
Med 1979; 5:115–120

11. Task Force of the American College of Crit-
ical Care Medicine, Society of Critical Care
Medicine. Practice parameters for hemody-
namic support of sepsis in adult patients in
sepsis. Crit Care Med 1999; 27:639–660

12. Bone RC, Balk RA, Cerra FB, et al: ACCP/
SCCM Consensus Conference. Definitions for
sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. Crit
Care Med 1992; 20:964–974

13. Goris RJA, Boekhorst TPA, Nuytuick JKS, et

al: Multiple organ failure. Arch Surg 1985;
120:1109–1115

14. Peto R, Pike MC, Armitage P: Design and
analysis of randomized clinical trials requir-
ing prolonged observation of each patient II:
Analysis and examples. Br J Cancer 1977;
35:1–39

15. Glantz SA, Slinker BK: Regression with a
qualitative dependant variable. In: Primer of
Applied Regression and Analysis of Variance.
Volume 1. New York, McGraw-Hill, 1990, p
777

16. Kleimbaum DG: Logistic Regression. New-
York, Springer-Verlag, 1994, p 282

17. Moyer JH, Skelton JM, Mills LC: Norepineph-
rine: Effect in normal subjects: Use in treat-
ment of shock unresponsive to other mea-
sures. Am J Med 1953; 12:330–343

18. Smulian H, Cuddy RP, Eich RH: Hemody-
namic effects of pressor agents in septic and
myocardial infarction shock. JAMA 1964;
190:188–194

19. Cohn JN, Luria MH: Studies in clinical shock
and hypotension: II. Hemodynamic effect of
norepinephrine and angiotensin. J Clin
Invest 1965; 44:1494–1501

20. Marakawa K, Kobayashi A: Effect of vasopres-
sors on renal tissue gas tensions during hem-
orrhagic shock in dogs. Crit Care Med 1988;
16:789–792

21. Parillo JE, Parker MM, Natanson C, et al:
Septic shock in humans: Advances in the
understanding of pathogenesis, cardiovascu-
lar dysfunction, and therapy. Ann Intern Med
1990; 113:227–242

22. Vincent JL, Preiser JC: Inotropic agents. New
Horiz 1993; 1:137–144

23. Zaritsky AL: Catecholamines, inotropic med-
ications, and vasopressor agents. In: The
Pharmacologic Approach to the Critically Ill
Patient. Chernow B (Ed). Baltimore, MD,
Williams & Wilkins, 1994, pp 387–404

24. Martin C, Papazian L, Perrin G, et al: Nor-
epinephrine or dopamine for the treatment
of hyperdynamic septic shock? Chest 1993;
103:1826–1831

25. Desjars P, Pinaud M, Potel G, et al: A reap-
praisal of norepinephrine therapy in human
septic shock. Crit Care Med 1987; 15:
134–137

26. Meadows D, Edwards JD, Wilkins RG, et al:
Reversal of intractable septic shock with nor-
epinephrine therapy. Crit Care Med 1988;
16:663–666

27. Edwards JD, Brown GC, Nightingale P, et al:
Use of survivor’s cardiorespiratory values as
therapeutic goals in septic patients. Crit Care
Med 1989; 17:1098–1103

28. Martin C, Eon B, Saux P, et al: Renal effects
of norepinephrine used to treat septic shock
patients. Crit Care Med 1990; 18:282–285

29. Martin C, Saux P, Eon B, et al: Septic shock:
A goal directed therapy using volume load-
ing, dobutamine and/or norepinephrine.
Acta Anaesthesiol Scand 1990; 34:413–417

30. Martin C, Saux P, Mege JL, et al: Prognostic
values of serum cytokines in septic shock.
Intensive Care Med 1994; 20:272–277

2764 Crit Care Med 2000 Vol. 28, No. 8



31. Martin C, Perrin G, Saux P, et al: Effect of
norepinephrine on right ventricular function
in septic shock patients. Intensive Care Med
1994; 20:444–447

32. Desjars P, Pinaud M, Bugnon D, et al: Nor-
epinephrine therapy has no deleterious renal
effects in human septic shock. Crit Care Med
1989; 17:426–429

33. Mills LC, Moyer JF, Handley CA: Effects of
various sympathicomimetic drugs on renal he-
modynamics in normotensive and hypotensive
dogs. Am J Physiol 1960; 198:1279–1288

34. Schaer GL, Fink MP, Parillo JE: Norepineph-
rine alone versus norepinephrine plus low-
dose dopamine: Enhanced renal blood flow
with combination pressor therapy. Crit Care
Med 1985; 13:492–496

35. Jard S: Mechanisms of action vasopressin
and vasopressin antagonists. Kidney Int
1988; 34:S38–S42

36. London GM, Levenson JA, Safar M: Hemody-
namic effects of head-down tilt in normal
subjects and sustained hypertensive patients.
Am J Physiol 1983; 245:H194–H202

37. Marik PE, Mohedin M: The contrasting effects
of dopamine and norepinephrine on systemic
and splanchnic oxygen utilization in hyperdy-
namic sepsis. JAMA 1994; 272:1354–1357

38. Meier-Hellman A, Bredle DL, Specht M, et al:
The effects of low-dose dopamine on splanch-
nic blood flow and oxygen utilization in pa-
tients with septic shock. Intensive Care Med
1997; 23:31–37

39. Goncalves JA, Hydo LJ, Barie PS: Factors

influencing outcome of prolonged norepi-
nephrine therapy for shock in critical surgi-
cal illness. Shock 1998; 10:231–236

40. Bakker J, Coffernils M, Leon M, et al: Blood
lactate levels are superior to oxygen-derived
variables in predicting outcome in human
septic shock. Chest 1991; 99:956–962

41. Bernardin G, Pradier C, Tiger F, et al: Blood
pressure and arterial lactate level are early
indicators of short-term survival in human
septic shock. Intensive Care Med 1996; 22:
17–25

42. D’orio V, Mendes P, Saad G, et al: Accuracy in
early prediction of prognosis of patients with
septic shock by analysis of simple indices:
Prospective study. Crit Care Med 1990; 18:
1339–1345

USE SCCM’S TOLL-FREE PHONE ACCESS
TO MEMBER SERVICE CENTER

SCCM members can call our Executive Office, using a toll-free number: 877.291.SCCM
(7226). The new line has been in use since January. The only limitation is that callers
must be in the United States, Canada, or Mexico. Those in other countries should
continue to use 714.282.6000.

In either case, callers will be routed into the SCCM Member Service Center, where
specially trained staff will be able to handle all inquiries without the need to shuffle callers
around the office. Whether it is a question about an upcoming CME event or a book order,
the Member Service Center is equipped to handle your call quickly and courteously.
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