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Abstract Objective: The optimal
role of vasopressor therapy in septic
shock is not known. We hypothe-
sized that the variability in the use
of vasopressors to treat hypotension
is associated with subsequent organ
failures. Design: Retrospective
observational single-center cohort
study. Setting: Tertiary care hos-
pital. Patients and participants:
Consecutive patients with septic
shock. Measurement and results:
Ninety-five patients were enrolled.
Serial blood pressure recordings and
vasopressor use were collected during
the first 12 h of septic shock. Median
duration of hypotension that was not
treated with vasopressors was 1.37 h
(interquartile range [IQR] 0.62–2.66).
Based on the observed variability,
we evaluated liberal (duration of
untreated hypotension < median)
vs. conservative (duration of un-
treated hypotensionn > median)
vasopressor therapy. Compared with
patients who received conserva-
tive vasopressor therapy, patients
treated liberally had similar baseline
organ impairment [median Sequential
Organ Failure Assessment (SOFA)
score 8 vs. 8, p = 0.438] were more
likely to be younger (median age

70 vs. 77 years, p = 0.049), to re-
quire ventilator support (78 vs. 49%,
p < 0.001), and to have progression
of organ failures after 24 h (59 vs.
37%, p = 0.032). When adjusted
for age and mechanical ventilation,
early therapy aimed at achieving
global tissue perfusion [odds ratio
(OR) 0.33, 95% confidence interval
(CI) 0.11–0.88), and early ade-
quate antibiotic therapy (OR 0.27,
95% CI 0.09–0.76), but not liberal
vasopressor use (OR 2.13, 95% CI
0.80–5.84), prevented progression of
organ failures. Conclusions: In our
retrospective study, early adequate
antibiotics and achieving adequate
global perfusion, but not liberal vaso-
pressor therapy, were associated with
improved organ failures after septic
shock. Clinical trials which compare
conservative vs. liberal vasopressor
therapy are warranted.

Keywords Septic shock · Resuscita-
tion · Vasopressor

Introduction

Current guidelines recommend maintaining a mean arte-
rial pressure (MAP) of 65 mm Hg to ensure optimal organ
perfusion in septic shock [1, 2]. While some expert

panels warn against the use of vasopressors prior to
adequate fluid resuscitation/global tissue perfusion in
most forms of shock, others recommend concurrent use
of vasopressors along with treatments aimed at global
tissue perfusion (fluid, inotrope, transfusion) in patients
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with septic shock [1–3]. Animal studies suggested that
the lower limit of autoregulation may be around a MAP
of 65 mm Hg, below which organ perfusion may become
linearly dependent on MAP, justifying the use of vaso-
pressors [4]. In some animal models of septic shock,
however, the use of vasopressors to maintain MAP has
not been beneficial [5]. The lower limit of hypotension
that may be safely tolerated in patients and the exact role
of vasopressors are currently unknown. The practice is
variable both with regard to the threshold for initiation of
vasopressors and goals for perfusion pressure.

In this retrospective observational study, we examined
the practice variability in treatment of hypotension during
the first 12 h of resuscitation and its association with out-
come.

Materials and methods1

Institutional review board approved the study. Daily
screening identified consecutive patients with septic shock
who were admitted to the medical intensive care unit (ICU)
over a 9-month period. We excluded patients who denied
research authorization, patients in whom care was with-
drawn within 12 h of admission to the ICU, and those in
whom septic shock had started before hospital admission.
The diagnosis of septic shock was based on standard crite-
ria: persistent hypotension (MAP < 65 mm Hg or systolic
blood pressure < 90 mm Hg) after fluid resuscitation vol-
ume > 20 ml/kg crystalloid bolus and/or necessitating use
of vasopressors, in patients with coexisting criteria for sep-
sis [3, 6].

The primary outcome variable was the progression
of organ failures based on Sequential Organ Failure
Assessment (SOFA) scores from the time of onset to
24 h thereafter [7, 8]. The worst levels of physiological
derangement around the time points of interest (onset
of septic shock – baseline and 24 h after – follow-up)
were used in all SOFA calculations. Secondary outcome
measures included ICU length of stay and mortality.

The following predictor variables were retrospectively
collected during the first 12 h of septic shock: (a) dura-
tion and intensity of hypotension; (b) fluid administration;
(c) central venous pressure (CVP) and mixed venous or
central venous oxygen saturation (SvO2 or ScvO2); (d) co-
interventions such as antibiotics, steroids, activated pro-
tein C, and mechanical ventilation; and (e) co-morbidities.

For each patient, an expert assessment was made
with regard to achievement of adequate global tissue
perfusion [1, 6], based on perfusion indices independent
of absolute levels of MAP. Adequate global perfusion was
defined as achievement of SvO2 > 65% or ScvO2 > 70%
within 6 h of septic shock [1, 6]. If SvO2 or ScvO2 were

1 See online data supplement.

not measured, timely restoration of adequate global
perfusion was defined based on serial determination of
serum lactate, base deficit, urine output (≥ 0.5 ml/kg h–1),
mental state, skin perfusion, and evidence of adequate
fluid resuscitation (CVP > 8 mm Hg or 6 l of crystalloid
or equivalent amount of colloid administration) [1, 9].
We defined adequate antibiotic therapy as appropriate
antibiotic initiation within 1 h of ICU admission or 3 h of
emergency department (ED) admission [10].

Serial blood pressure recordings from arterial lines
(or non-invasive cuff readings before the arterial line was
placed) starting from the time of onset of septic shock
were obtained from the electronic information system and
scanned ED records. In order to accurately determine the
total duration of vasopressor-untreated hypotension in the
first 12 h, we collected individual start and stop times for
each vasopressor and subsequently calculated the time
intervals devoid of vasopressor therapy coincident with
hypotension. The severity of hypotension was defined
in terms of an area under the curve (AUC), calculated
as follows: AUC =

∑
(65-MAP) × duration of measure-

ment [11]. Patients with gaps in blood pressure recordings
were excluded from analyses.

The variability of practice with regard to liberal vs.
conservative vasopressor therapy was determined from the
median duration and intensity of untreated hypotension
and by calculating coefficient of variation (mean/standard
deviation). Duration of untreated hypotension < median
value was considered liberal and if > median value was
deemed conservative. The effect of starting vasopressor
therapy before, as opposed to after, achieving adequate
global perfusion was evaluated in a post-hoc analysis.
Acute Physiology and Chronic Health Evaluation
(APACHE III) predicted mortality was calculated based
on the worst values obtained from the institutional APA-
CHE III database during the first 24 h after ICU admission.
Continuous and categorical variables were compared using
Mann–Whitney and chi-square tests or Fisher’s exact test.
Stepwise multivariate regression models were examined
to assess the effect of liberal vs. conservative vasopressor
therapy on development of organ failures and hospital
mortality. JMP statistical software (version 6.0, SAS,
Cary, N.C.) was used for all data analysis.

Results2

Ninety-five patients met the inclusion criteria. We
observed substantial variability in both the duration
[median 1.37, interquartile range (IQR) 0.62–2.66 h] and
the AUC (median 11.39, IQR 3.87–29.18 mm Hg×h) of
vasopressor-untreated hypotension. The coefficient of
variation was 1.15 for the duration and 0.97 for the AUC.

2 See online data supplement.
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Table 1 Baseline clinical characteristics of patients with septic shock categorized according to aggressive vs. conservative vasopressor use.
CHF, congestive heart failure; APACHE, Acute Physiology and Chronic Health Evaluation; IQR, interquartile range

Conservative Liberal Significance (p)
vasopressor therapy vasopressor therapy
(n = 49) (n = 46)

Age (years, median IQR) 77 (64–85) 70 (51–80) 0.04
Female gender, n (%) 20 (40) 16 (34) 0.54
CHF, n (%) 12 (24) 12 (26) 0.85
Diabetes, n (%) 16 (32) 16 (34) 0.82
Renal failure, n (%) 34 (69) 24 (52) 0.08
Liver disease, n (%) 3 (6) 3 (6) 1.0
Coronary artery disease, n (%) 16 (32) 13 (28) 0.64
Baseline SOFA 8 (6–9) 8 (6–11) 0.43
Baseline SOFA, non-cardiovasculara 6 (4–8) 6 (5–8) 0.70
APACHE III predicted hospital mortality, 0.41 (0.18–0.56) 0.42 (0.28–0.66) 0.23
median (IQR)b

Source of sepsis
Lung, n (%) 24 (48) 24 (52)
Urinary, n (%) 8 (16) 6 (13)
Other, n (%) 17 (34) 15 (32)

aSOFA score excluding cardiovascular component; bCalculated from the worst values obtained during the first 24 h

Table 2 Treatment characteristics of patients with septic shock categorized according to liberal vs. conservative vasopressor use

Conservative Liberal Significance (p)
vasopressor therapy vasopressor therapy
(n = 49) (n = 46)

Fluid Fluid received in 6 h (l) 3.31 (1.6–4.8) 5.5 (4.1–8.6) < 0.01
resuscitation CVP at 6 h, mm Hg, 6 (2–9) 8 (6–12) < 0.01
and tissue n = 69
perfusion ScvO2 at 6 h, %, n = 45 65 (56–74) 67 (58–77) 0.45

Adequate global perfusion, n (%) 28 (57) 35 (76) 0.04
perfusion, n (%)
Serum lactate (mmol/l) 2.2 (1.2–3.5) 3.4 (1.8–4.9) 0.02

Vasopressor AUC of untreated 26.96 (39.51–14.33) 3.812 (8.88–0.55) < 0.01
use hypotension (< 65)

mm Hg×h, median (IQR)
Duration of untreated 153 (106–244) 38 (23–60) < 0.01
hypotension, minutes,
median (IQR)
Type of pressor
Dopamine 4 7 0.28
Phenylephrine 7 7 0.89
Norepinephrine 22 33 < 0.01
Vasopressin 13 28 < 0.01

Other Adequate antibiotic 36 (73) 32 (69) 0.17
interventions therapy, n (%)

Dobutamine, n (%) 4 (8) 8 (17) 0.17
RBC transfusion, n (%) 14 (29) 14 (30) 0.84

Mechanical 9 (18) 27 (59) < 0.01
ventilation at the onset
of septic shock, n (%)
Mechanical ventilation 24 (48) 36 (78) < 0.01
any, n (%)
Steroids for relative 8 (16) 18 (39) 0.03
adrenal insufficiency, n (%)
Activated protein C, n (%) 11 (23) 16 (35) 0.18
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Table 3 Summary of outcome data of patients with septic shock categorized according to liberal vs. conservative vasopressor use. AUC,
area under the curve; RBC, red blood cells; LOS, length of stay; CVP, central venous pressure

Conservative Liberal Significance (p)
vasopressor vasopressor
therapy (n = 49) therapy (n = 46)

SOFA at 24 h, median (IQR) 8 (4–11) 10 (6–13) 0.04
Non-cardiovascular SOFA 6 (4–8) 7 (4–10) 0.06
at 24 h, median (IQR)a

Change in SOFA at 24 h, −1 (−2 to 2) +1 (−1.3 to 3) 0.05
median (IQR)
Progression of organ failures 18 (37) 27 (59) 0.03
(SOFA worsening at 24 h), n (%)
Change in non- 0 (−3 to 0) 0 (0–2) < 0.01
cardiovascular SOFA
at 24 h, median (IQR)a

Progression of organ failures 10 (20) 21 (46) < 0.01
(non-cardiovascular SOFA
worsening at 24 h), n (%)a

Change in creatinine −0.1(0 to −0.4) −0.2 (0.02 to −0.4) 0.59
(mg/dl), median (IQR)
Hospital mortality, n (%) 15 (30) 16 (34) 0.66
ICU LOS, days, 2.73 (5.23–1.56) 4.14 (6.67–2.08) 0.09
median (IQR)

aSOFA score excluding cardiovascular component; bCalculated from the worst values obtained during the first 24 h

The baseline characteristics, treatments, and outcome
of patients who underwent liberal vs. conservative vaso-
pressor treatment during the first 12 h of septic shock
resuscitation are presented in Tables 1–3. Twelve of 49
patients in the conservative group did not receive any
vasopressor treatment at the discretion of the treating
physician despite the total duration of hypotension
(MABP< 65 mm Hg) ranging from 1.5 to 6 h. When
stratified by the adequacy of global perfusion (Fig. 1),
liberal use of vasopressors without adequate global per-

Fig. 1 Change in SOFA at 24 h stratified by fluid resuscitation and
vasopressor use (p = 0.019): I Conservative vasopressor and ad-
equate global perfusion (n = 28); II liberal vasopressor and ad-
equate global perfusion (n = 35); III conservative vasopressor and
inadequate global perfusion (n = 21); IV liberal vasopressor and in-
adequate global perfusion (n = 11). Error bars represent standard
deviations

fusion resulted in maximal worsening of SOFA scores,
whereas adequate global perfusion with conservative use
of vasopressors was most likely to result in improvement
of SOFA scores (Fig. 1). In a post-hoc analysis, patients
who were started on vasopressor therapy before achieving
adequate global perfusion had significantly worse outcome
(see online data supplement).

When adjusted for age and mechanical ventilation in
a multiple logistic regression analysis, adequate global per-
fusion (OR 0.33, 95% CI 0.11–0.88) and adequate antibi-
otic therapy (OR 0.27, 95% CI 0.09–0.76), but not liberal
vasopressor therapy (OR 2.13, 95% CI 0.80–5.84) were as-
sociated with less progression of organ failures after 24 h.
When adjusted for predicted mortality, admission source,
gender, and adequate fluid resuscitation, liberal vasopres-
sor use did not significantly influence hospital mortality
(OR 1.40, 95% CI 0.46–4.38). When adjusted for predicted
ICU length of stay, liberal vasopressor use did not signifi-
cantly influence ICU length of stay (adjusted mean differ-
ence 0.42, 95% CI –1.4 to 2.24 days).

Discussion

The results of our study suggest significant practice
variability in the use of vasopressors to treat hypoten-
sion during resuscitation of septic shock. Liberal use
of vasopressors did not result in improvement of organ
failures 24 h later. In fact, our results raise the hypoth-
esis that titrating care with vasopressors to predefined
numerical end points of mean arterial pressure early in
the course of septic shock may neither be required nor
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beneficial, as suggested by the worsening of SOFA scores
in patients who were treated with liberal vasopressors
without adequate global perfusion (Fig. 1) or were started
on vasopressors prior to achievement of adequate global
perfusion (see online data supplement).

In our study, restoration of adequate global perfusion
appeared to have the most significant impact on outcomes,
in line with the results of the landmark clinical trial [6].
The basic premise of early goal-directed resuscitation in
shock is to correct the mismatch between global oxygen
delivery and consumption before the occurrence of irre-
versible cellular damage and, at the organ level, multiple
organ failure [1, 6]. The markers of global tissue perfusion
used in this study included central venous oxygen satura-
tion, base deficit, and serum lactate. The clinical value of
these markers has been emphasized in the recent consen-
sus conference on hemodynamic monitoring in shock [1].
Previous animal experiments suggested that maldistribu-
tion of blood flow may be accentuated by liberal use of
vasopressors in the setting of septic shock [5]. In patients
with septic shock sequential increases in norepinephrine
failed to produce any significant changes in lactate levels,
urinary output, microcirculatory blood flow, splanchnic
perfusion or oxygen metabolism [12]. A recent study of
28 patients with septic shock randomized to goal MAP
of 65 vs. 85 mm Hg after initial stabilization showed no
significant difference between the two groups in oxygen
variables and renal function [13]. Data from animal
models and from one case series suggesting that early
vasopressor treatment may be beneficial have not been
reproduced in controlled human studies [14, 15]. In fact,
reversing the vasodilatory state in sepsis may be detrimen-
tal as suggested by the recent trial of nitric oxide synthase
inhibitor 546C88 in patients with septic shock [16].

Using a methodology similar to ours (AUC for
MAP < 65), Varpula et al. reported on the association
between the degree of hypotension and worse outcome
in septic shock [11]. The main difference between this
study and that of Varpula et al. is the collection of data
on vasopressor-untreated hypotension (representing the
variability in vasopressor use) rather than all hypotension
(reflecting the severity of vasodilatation/hemodynamic
compromise) in the former study. While the study by
Varpula et al. suggests that patients who have lower
blood pressure are more severely ill, no inference can
be made about the efficacy of vasopressor therapy [11].
In a recent animal study, early use of norepinephrine
(concurrent with fluid resuscitation) improved tissue
perfusion [15]. In contrast, the increase in vasoconstriction
and mean arterial blood pressure using the inhibitor of
nitric oxide synthetase was associated with worse outcome
in a multicenter clinical trial [16]. Conflicting results in
previous animal and human studies may be explained
partly by dose-dependent differences in vasoconstrictor
vs. inotropic activity of specific vasoactive drugs. There
may be a level of hypotension that is life-threatening

where vasopressor support may be beneficial. This thresh-
old, however, may be lower than the currently accepted
norm of 65 mm Hg, in particular, before adequate fluid
resuscitation/tissue perfusion.

The principal limitations of our study lie in its
single-center retrospective observational design. Liberal
vasopressor use was associated with overall more ag-
gressive care, in particular with regard to mechanical
ventilation and fluid resuscitation. Our study design did
not allow us to distinguish between the (a) provider char-
acteristics (aggressive intensivists having a low threshold
for vasopressors and positive pressure ventilation with
subsequent larger fluid requirements to compensate for
decreased venous return) vs. (b) patient characteristics
(patients who were treated liberally with vasopressors
were simply sicker, as evidenced by poor response to
initial treatment and quick deterioration despite similar
baseline severity of illness scores).

Although statistical modeling can adjust for measured
confounding variables, there may be other important de-
terminants of vasopressor preference that have not been
recorded. Classification according to median duration of
vasopressor-untreated hypotension, although arbitrary, was
a reasonable attempt to define “liberal” vs. “conservative”
approach. Also, the median duration of untreated hypoten-
sion appears to be longer than reported in other studies
which limit the external validity of our results [14]. The
absence of cardiac output measurements further limits the
interpretations of our study, as it is possible that low car-
diac output states may have remained undiagnosed in some
of our patients who were treated with vasopressors.

Post-hoc analysis comparing the use of vasopressors
before, as opposed to after, achieving adequate global per-
fusion revealed stronger association between liberal use of
vasopressors and worse outcome (see online data supple-
ment). Our choice of surrogate outcome, the difference in
SOFA between 0 and 24 h, is supported by the literature [8]
and correlated with hospital mortality. Since the use of
vasopressors influences cardiovascular SOFA calculation,
we reported additional analysis excluding the cardiovas-
cular SOFA component. Additional data with respect to
organ-specific SOFA scores is reported in the ESM that
accompanies this article.

Conclusion
In conclusion, early adequate antibiotics and adequate
global perfusion, but not liberal vasopressor use, were
associated with less progression of organ failures in
septic shock. Clinical trials are required to determine the
effects of different thresholds for vasopressor therapy on
outcomes of patients with septic shock.
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