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Sepsis is among the most common reasons for admission to ICUs throughout the world, and it is
believed to be the third most common cause of death in the United States. The pathogenetic
mechanism and physiologic changes associated with sepsis are exceedingly complex, but our under-
standing is evolving rapidly. The major pathophysiologic changes in patients with septic shock
include vasoplegic shock (distributive shock), myocardial depression, altered microvascular flow,
and a diffuse endothelial injury. These pathophysiologic changes play a central role in the manage-
ment of sepsis. The early management of patients with severe sepsis and septic shock centers on the
administration of antibiotics, IV fluids, and vasoactive agents, followed by source control. However,
the specific approach to the resuscitation of patients with septic shock remains highly controver-
sial. This review provides a practical and physiologic-based approach to the early management of
sepsis and explores the controversies surrounding the management of this complex condition.
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Abbreviations: ARISE = Australasian Resuscitation of Sepsis Evaluation; AUC = area under the curve; BUSH = Bathurst-
ultrasonic cardiac output monitor hemodynamic; CORTICUS = Corticosteroid Therapy of Septic Shock Study; CVP =
central venous pressure; EGDT = Early Goal Directed Therapy; EVLW = extravascular lung water; MAP = mean arterial
pressure; Scvo, = central venous oxygen saturation; USCOM = ultrasonic cardiac output monitor; VASST = Vasopressin

in Septic Shock Trial

The word “sepsis” is derived from the ancient Greek
word for rotten flesh and putrefaction. Sepsis refers
to the systemic inflammatory response following micro-
bial infection.! Although the clinical criteria that defines
sepsis remain controversial, ' sepsis may best be defined
as the “systemic response to infection with the pres-
ence of some degree of organ dysfunction.” Sepsis
is among the most common reasons for admission to
ICUs throughout the world. An epidemiologic study
in European ICUs demonstrated an incidence of 37%
for sepsis and 30% for severe sepsis.? Although the
exact incidence of sepsis in the United States is unclear,
the annualized incidence has been reported to have
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increased by 8.7% to 13% over the past 30 years.5*
The aging of the population in developed countries is
believed to be largely responsible for the increasing
incidence of sepsis.’” Epidemiologic data from 2004
to 2009 demonstrated a decrease in in-hospital mor-
tality from 35% to 26%.5 This study estimated that
there were 229,044 deaths from severe sepsis in 2009,
which would place severe sepsis as the third most com-
mon cause of death in the United States, after heart
disease and malignant neoplasms.® The 1-year all-cause
mortality of patients treated for severe sepsis and septic
shock may be as high as 44%.'! In addition, some data
suggest that patients who have had a septic episode
are at an increased risk of death for up to 5 years fol-
lowing the acute event.'?

Sepsis is an exceedingly complex condition. Expo-
sure of human macrophages to bacterial antigens has
been demonstrated to result in a significant change in
the expression of over 950 genes.’® These include genes
for proinflammatory and antiinflammatory cytokines,
chemokines, adhesion molecules, transcription factors,
enzymes, clotting factors, stress proteins, and anti-
apoptotic molecules. These gene products alter the
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function of every cell and tissue in the body. Further-
more, these mediators interact in complex positive
and negative feedback loops and result in epigenetic
modifications that further alter the expression of this
network of mediators.* The early phase of sepsis is
generally believed to result from the uncontrolled pro-
duction of proinflammatory mediators, the so-called
“cytokine storm.”'> However, some data suggest that
both a proinflammatory and an opposing antiinflam-
matory response occur concurrently in patients with
sepsis.'®!7 In general, following a variable time course,
patients transition from a predominantly proinflam-
matory to an antiinﬂammatory immunosuppressive
state.14~”~18

The pathogenetic mechanism and physiologic changes
associated with sepsis are exceedingly complex, but
our understanding of this topic is evolving rapidly; the
reader is referred to excellent reviews on this topic.*+19
The major pathophysiologic changes in patients with
severe sepsis and septic shock include vasoplegic shock
(distributive shock), myocardial depression, altered
microvascular flow, and a diffuse endothelial injury.202!
These pathophysiologic changes play a central role in
the early management of patients with sepsis. The
widespread endothelial injury results in a microvas-
cular leak, with tissue and organ edema, hypotension,
and shock. Increased endothelial permeability is caused
by shedding of the endothelial glycocalyx and the
development of gaps between endothelial cells (para-
cellular leak).?223 Vasoplegic shock due to the failure
of the vascular smooth muscle to constrict, results in
arterial and venodilatation.2 Venodilatation decreases
venous return and compounds the intravascular vol-
ume deficit caused by the vascular leak. This review
focuses on those interventions that are currently believed
to improve the outcome of patients with severe sep-
sis. Experimental immunomodulating interventions,
including the use of novel molecules and antibodies, *
extracorporeal blood purification,? or approaches to
“seal” the leaky endothelium,® are not discussed.

The early management of patients with sepsis cen-
ters on the administration of antibiotics, IV fluids, and
vasoactive agents, followed by source control. Unfor-
tunately, there is no high-quality evidence (from one
or more randomized controlled trials) demonstrating
that any of these interventions alters outcome. How-
ever, it is likely that the early detection of sepsis with
the timely administration of appropriate antibiotics is
the single most important factor in reducing morbidity
and mortality from sepsis.? It has become increasingly
apparent that in many patients there is a long delay
in both the recognition of sepsis and the initiation of
appropriate therapy. This has been demonstrated to
translate into an increased incidence of progressive
organ failure and a higher mortality.262” Physicians,
therefore, need to have a high index of suspicion for the
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presence of sepsis. The clinical features that should
heighten the index of suspicion for the diagnosis of
sepsis are listed in Table 1.

ANTIBIOTIC THERAPY

Empirical IV antibiotic therapy should be started as
soon as possible and within the first hour of recognition
of severe sepsis, after appropriate cultures have been
obtained. In a retrospective analysis of 2,600 patients,
Kumar and colleagues? demonstrated that the risk of
dying increased progressively with an increase in the
time to receipt of the first dose of antibiotic from the
onset of sepsis-induced hypotension. Furthermore,
there was a 5% to 15% decrease in survival with every
hour of delay over the first 6 h. The choice of anti-
biotics is largely determined by the source or focus of
infection, the patient’s immunologic status, whether
the infection is nosocomial or community acquired,
and knowledge of the local microbiology and sensi-
tivity patterns. Initial empirical antiinfective ther-
apy should include one or more drugs act against
the likely pathogens and that penetrate into the pre-
sumed source of sepsis. Because the identity of the
infecting pathogen(s) and its sensitivity pattern(s) are
unknown at the time of initiation of antibiotics, the
initial regimen in patients with severe sepsis and septic
shock should include two or more antibiotics or an
extended spectrum B-lactam antibiotic with the aim of
treating all realistically possible microbial causes. A
number of studies have demonstrated that appropriate
initial antimicrobial therapy, defined as the use of at
least one antibiotic active in vitro against the causative
bacteria, reduced mortality when compared with the
inappropriate therapy other patients received.2%-3!

Once a pathogen is isolated, monotherapy is ade-
quate for most infections; this strategy of initiating
broad-spectrum cover with two or more antibiotics,
and then narrowing the spectrum to a single agent when
a pathogen is identified, is known as “antimicrobial

Table 1—Clinical Features That Should Alert the
Physician to the Diagnosis of Severe Sepsis

Clinical Feature

Heart rate > 120/min

Systolic BP <90 mm Hg
Respiratory rate > 20/min
Temperature > 38.5° or <36° C
Confusion

Lactate > 2 mmol/L

Procalcitonin > 0.5 ng/mL

WBC count > 12,000 or < 4,000 cells/p.L
Band count >5%
Lymphocytopenia < 0.5 X 103 pL
Thrombocytopenia <150 X 103 L
Oliguria

Chills and rigors
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de-escalation.”2 The indications for continuation
of double-antimicrobial therapy include enterococcal
infections and severe intraabdominal infections. In addi-
tion, double antimicrobial therapy (third-generation
cephalosporin and macrolide) is recommended for
patients with severe community-acquired pneumo-
nia and those with pneumococcal bacteremia.®35 To
rapidly achieve adequate blood and tissue concen-
trations, antibiotics should be given via IV, at least
initially. Dosing regimens should take into account
whether the antibiotic “kills” by time-dependent
kinetics (eg, B-lactam antibiotics, vancomycin) or by
concentration-dependent kinetics (eg, aminoglyco-
side).30313637 The clinical effectiveness of B-lactam
antibiotics and vancomycin is optimal when the con-
centration of the antimicrobial agent in the serum
exceeds the minimum inhibitory concentration of
the infecting organism for at least 40% of the dosing
interval. In addition, antibiotic dosing should take into
account the patient’s hepatic and renal function.

FLuID THERAPY

Beyond the early administration of antibiotics, aggres-
sive “supportive measures” may be harmful and the
“less is more” paradigm appears applicable for the
management of patients with severe sepsis. In these
highly vulnerable patients, more intensive treatment
may promote the chance of unwanted adverse effects
and, hence, iatrogenic injury.* Current teaching sug-
gests that aggressive fluid resuscitation is the best ini-
tial approach for the cardiovascular instability of sepsis.
Consequently, large volumes of fluid (5-10 L) are
often infused in the early stages of sepsis. There is,
however, no human data that substantial (>30 mIL/kg)
fluid resuscitation reliably improves BP or end-organ
perfusion.34

From a pathophysiologic point of view, large-volume
fluid resuscitation in patients with sepsis is illogical
and may worsen the hemodynamic derangements of
sepsis. In patients with septic shock who are fluid
responders (an increase in cardiac output with fluid
boluses), vasodilatation with a fall in systematic vas-
cular resistance has been observed.4142 A similar find-
ing has been noted in an experimental sepsis model.*
Hence, although the cardiac output increases, vaso-
dilatation occurs and the BP may remain unchanged.*!
Increased shear stress increases the expression of nitric
oxide synthetase with increased release of nitric oxide.?
In addition, increased cardiac filling pressures increase
the release of natriuretic peptides, which act syner-
gistically with nitric oxide, causing cyclic guanosine
monophosphate-mediated vasodilatation.” Endotoxin
enhances this vasodilatory response.* As cardiac filling
pressures increase, extravascular lung water (EVLW)
and tissue edema increase.*>
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Furthermore, increased cardiac filling pressures con-
sequent to large-volume resuscitation increase the
release of natriuretic peptides.*47 Natriuretic peptides
cleave membrane-bound proteoglycans and glycopro-
teins (most notably syndecan-1 and hyaluronic acid)
off the endothelial glycocalyx.*%" The endothelial
glycocalyx plays a major role in regulating endothelial
permeability, and damage to the glycocalyx plays a
major role in increasing tissue edema.’! Because of
the endothelial injury, capillary leak, and increased
hydrostatic pressures, <5% of infused crystalloid
remains intravascular within 3 h after infusion, result-
ing in an increase in EVIW and further tissue edema.”
Increased EVLW has been demonstrated to be a
strong independent predictor of death.5>% In patients
with pneumonia, large-volume fluid resuscitation may
result in severe pulmonary edema. Myocardial edema
due to excess fluid administration compounds the
myocardial dysfunction.® Evidence of the harmful
effects of aggressive fluid resuscitation on the out-
come of sepsis is supported by experimental studies
as well as by data accumulated from clinical trials.*%
Multiple clinical studies have demonstrated an inde-
pendent association between an increasingly positive
fluid balance and increased mortality in patient with
sepsis.>3*57% In a secondary analysis of the Vasopressin
in Septic Shock Trial (VASST), Boyd and colleagues®
demonstrated that a greater positive fluid balance
and a higher central venous pressure (CVP) at both
12 h and 4 days were independent predictors of death.
In a recent study, Micek and colleagues®' demonstrated
that a positive fluid balance at 8 days was the strongest
independent predictor of hospital mortality. In this
study, the 24-h fluid balance was 37.5 mL/kg (about
2.5 L) in the survivors compared with 55.3 mL/kg
(3.9 L) in those who died. Zhang and colleagues*” dem-
onstrated a strong correlation among the net fluid
balance, the increase in brain natriuretic peptide, and
death in patients with sepsis. The most compelling data
that fluid loading in sepsis is harmful come from the
Fluid Expansion as Supportive Therapy (FEAST) study
performed in 3,141 sub-Saharan children with severe
sepsis.®? In this study, aggressive fluid loading was
associated with a significantly increased risk of death.
Furthermore, there was no subgroup of patients that
benefited from aggressive fluid resuscitation. This study
is frequently dismissed with the argument that it can-
not be extrapolated to adult patients.*

In contemporary sepsis studies, between 1.5 and
4.0 L of fluid were given in the first 24 h.#76163 This
compares to 4.9+ 2.9 and 13.4 £6.3 L at 6 and 72 h,
respectively, in the intervention arm of the Early Goal
Directed Therapy (EGDT) study.* In the Australasian
Resuscitation of Sepsis Evaluation (ARISE) study,
which used the same entry criteria as the EGDT
study, 2.2+ 1.9 L of fluid were given in the first 6 h.®

CHEST /145/6/ JUNE 2014 1409

Downloaded From: http://journal.publications.chestnet.or g/ by a University of Michigan User on 10/29/2015


http://journal.publications.chestnet.org

The hospital mortality was 23% in the ARISE study
compared with 30% in the intervention arm of the
EGDT study. In the VASST, optimal survival occurred
with a positive fluid balance of approximately 3 L at
12 h.% In some patients, hypotension and tachycardia
do resolve with limited fluid resuscitation. However,
fluids alone will not reverse the hemodynamic insta-
bility of patients with more severe sepsis; in these
patients, fluids alone are likely to exacerbate the vaso-
dilatory shock and increase the capillary leak and tis-
sue edema. Based on these data, I suggest limiting
the initial fluid resuscitation to approximately 20 to
30 mL/kg. Furthermore, I recommend this fluid be
given as 500-mL fluid challenges. It is important to
emphasize that this conservative approach to fluid
management in patients with sepsis is based on indi-
rect evidence and not on a randomized controlled trial
specifically designed to answer this question. Further-
more, this recommendation differs somewhat from
that of the most recent Surviving Sepsis Campaign
guidelines, which suggest “a minimum fluid challenge
of 30ml/kg” and that “greater amounts of fluid may be
needed in some patients (Grade 1C).”65

The optimal time to start a vasopressor agent in
patients with sepsis has not been well studied. However,
after receiving 20 to 30 mI/kg of crystalloid, it seems
unlikely that additional fluid boluses will increase the
mean arterial pressure (MAP) in patients who remain
hypotensive.?*# I would, therefore, recommend the
initiation of a vasopressor agent (norepinephrine) in
patients who remain hypotensive (MAP <65 mm Hg)
after receiving 20 to 30 mI/kg of crystalloid solution.
Additional fluid boluses (500 mL) may be given once
the “target” norepinephrine dose is achieved (about
0.1-0.2 wg/kg/min), and this should be based on a
dynamic assessment of volume responsiveness and
ventricular function (Fig 1). I suggest using the passive
leg-raising maneuver coupled with minimally invasive
cardiac output monitoring to assess volume respon-
siveness.®67 Calibrated pulse contour analysis, bioreac-
tance, the ultrasonic cardiac output monitor (USCOM),
carotid Doppler flow, Doppler echocardiography, or
esophageal Doppler techniques can be used to dynami-
cally follow the cardiac output in real time.5" Biore-
actance, USCOM, and carotid Doppler flow are truly
noninvasive and are suitable for guiding fluid resus-
citation in the ED.™77 In cases of life-threatening
hypotension (diastolic BP <40 mm Hg), treatment
with vasopressors should be started concurrently with
fluid administration.™

Recent data suggest that the choice of resuscita-
tion fluid may have an effect on outcome. Balanced
salt solutions (Lactated Ringers solution, Hartmann’s
solution, Plasmalyte 148) are the preferred resuscita-
tion fluids. Normal saline (0.9% NaCl) is associated
with an increased risk of renal dysfunction,™ a hyper-
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chloremic metabolic acidosis, and an increased risk of
death.®2 Similarly, hydroxyethyl starch solutions are
associated with an increased risk of renal failure and
death and are considered contraindicated in patients
with sepsis.®*$ Albumin has a number of theoretical
benefits in patients with sepsis, including its anti-
oxidant and antiinflammatory effects as well as its
ability to stabilize the endothelial glycocalyx.5356
However, the use of albumin in patients with sepsis
is controversial. The multicenter randomized Albu-
min Italian Outcome Sepsis Study (ALBIOS) dem-
onstrated that a 25% albumin infusion decreased the
mortality of patients with septic shock (and a serum
albumin of <3g/dL) once hemodynamic stability had
been achieved.®” The use of albumin is patients with
sepsis is supported by the Saline vs Albumin Fluid
Evaluation (SAFE) study, as well as by a metaanalysis
on this topic.5% Because a 25% albumin infusion may
restore the damaged endothelial glycocalyx, this would
appear to be a reasonable intervention in patients
with severe septic shock.5556

VASOPRESSORS AND INOTROPIC AGENTS

A low MAP is a reliable predictor for the develop-
ment of organ dysfunction. When the MAP falls below
an organ’s autoregulatory threshold, organ blood flow
decreases in an almost linear fashion.! Because the
autoregulatory ranges of the heart, brain, and kidney
are >60 mm Hg,' a MAP below this level will likely
result in organ ischemia. An analysis of a large ICU
database demonstrated that the risk of kidney injury
and death increased sharply as the MAP fell below
60 mm Hg.®2 Varpula and colleagues® studied the
hemodynamic variables associated with mortality in
patients with septic shock. These researchers cal-
culated the area under the curve (AUC) of various
MAP thresholds over a 48-h time period. The highest
AUC values were found for a MAP <65 mm Hg
(AUC, 0.83; 95% CI, 0.772-0.934). Because of the shift
in the autoregulatory range (to the right) in patients
with chronic hypertension, a higher MAP may be
required in these patients.

The Assessment of Two Levels of Arterial Pressure
on Survival in Patients With Septic Shock (SEPSISPAM)
is a multicenter, randomized controlled trial com-
pleted in France.** In this study, patients with septic
shock were randomized to achieve a target MAP of
65 to 70 or 80 to 85 mm Hg. The primary outcome
was 28-day mortality. Secondary outcomes included
90-day mortality and organ failures. A priori, a second-
ary analysis was planned in patients with and without
a history of hypertension. Overall, there was no differ-
ence in either primary or secondary end point between
the two treatment groups. However the incidence
of organ failures (particularly renal dysfunction) was
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Recognize severe sepsis, maintain airway
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antimicrobial therapy
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FIGURE 1. Suggested initial approach to the management of patients with severe sepsis and septic shock. CI = cardiac index; ECHO = echocar-
diography; inc = increase; LR = Lactated Ringers solution; LV = left ventricle; MAP = mean arterial pressure; Max = maximal; PCT = pro-

calcitonin; PLR = passive leg raising; SV = stroke volume.

higher in the subgroup of patients with chronic hyper-
tension in the lower MAP group. Furthermore, much
like the Varpula study, the time below the 65 mm Hg
(but not 80 mm Hg) threshold was an independent
predictor of death. Based on these data, I suggest
targeting an initial MAP of 65 mm Hg in patients
with septic shock. In those patients with a history
of chronic hypertension, I would suggest targeting a
slightly higher MAP (75-80 mm Hg).%

In patients with sepsis, norepinephrine increases BP
as well as cardiac output and renal, splanchnic, cere-
bral, and microvascular blood flow, while minimally
increasing heart rate.%9% Although not widely appreci-
ated, norepinephrine causes «, adrenergic receptor-
mediated venoconstriction; this increases the mean
systemic pressure with a significant increase in venous
return and cardiac preload.®1% The early use of norepi-
nephrine restores BP and organ blood flow with a signif-
icant fluid sparing effect. Hamzaoui and colleagues'*
demonstrated that the early administration of norepi-
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nephrine largely reverses the hemodynamic abnormali-
ties of severe vasodilatory shock. Abid and colleagues!©?
demonstrated that the early use of norepinephrine
in patients with septic shock was a strong predictor
of survival. In situations in which norepinephrine is
not available, epinephrine is a suitable alternative
agent.193104 In patients with septic shock, dopamine is
associated with an increased mortality when com-
pared with norepinephrine, and is best avoided.103106
Similarly, phenylephrine is not recommended, because
in experimental models it decreases cardiac output
as well as renal and splanchnic blood flow.107 Fur-
thermore, phenylephrine has not been well studied
in patients with sepsis.

In patients who remain hypotensive or have evi-
dence of inadequate organ perfusion despite fluid
optimization and an adequate dose of norepineph-
rine (approximately 0.1-0.2 pg/kg/min), I recommend
further hemodynamic assessment to exclude ventric-
ular dysfunction. Global biventricular dysfunction has
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been reported in up to 60% of patients with septic
shock.19519 Ventricular function is best assessed by
bedside echocardiography and confirmed by minimally
invasive cardiac output monitoring. Dobutamine at a
starting dose of 2.5 pg/kg/min is recommended in
patients with significant ventricular dysfunction (milri-
none is an alternative agent).' The dose of dobu-
tamine should be titrated to the hemodynamic response
as determined by minimally invasive cardiac output
monitoring.!%11° This recommendation is in keeping
with the updated Surviving Sepsis Campaign guide-
lines, which suggest “a trial of dobutamine infusion
up to 20 micrograms/kg/min be administered or added
to vasopressor (if in use) in the presence of (a) myo-
cardial dysfunction as suggested by elevated cardiac
filling pressures and low cardiac output, or (b) ongoing
signs of hypoperfusion, despite achieving adequate
intravascular volume and adequate MAP (grade 1C).”®
These recommendations, however, differ from the
EGDT study protocol, which suggests the use of an
inotropic agent based on the CVP (>8-12 mm Hg) and
a central venous oxygen saturation (Scvo,) of <70%
(without an evaluation of ventricular function or car-
diac output).5* Bouferrache and colleagues'! demon-
strated a poor agreement in the use of inotropic agents
when treatment was guided by early transesophageal
echocardiography as compared with the EGDT study
protocol in patients presenting with septic shock.
The Surviving Sepsis Campaign guidelines suggest
that “vasopressin 0.03 units/min can be added to nor-
epinephrine with the intent of either raising MAP
or decreasing norepinephrine dosage (ungraded).”®
Vasopressin reverses the “relative vasopressin defi-
ciency” seen in patients with septic shock and increases
adrenergic sensitivity.22 Terlipressin is an alternative
agent should vasopressin not be available (terlipressin
is not Food and Drug Administration-approved in
the United States).!'314 Vasopressin may be effective
in raising BP in patients with refractory hypotension;
however, the optimal time to initiate this drug is not
clear. The VASST randomized patients with septic
shock to norepinephrine alone or norepinephrine
plus vasopressin at 0.03 units/min."> By intention-to-
treat analysis there was no difference in outcome
between the groups. However, an a priori-defined
subgroup analysis demonstrated that survival among
patients receiving < 0.2 pg/kg/min norepinephrine at
the time of randomization was better with the addi-
tion of vasopressin than that of those receiving nor-
epinephrine at a dose >0.2 pg/kg/min. I, therefore,
suggest the addition of vasopressin at a dose of nor-
epinephrine between 0.1 and 0.2 pwg/kg/min. There-
after the dose of norepinephrine should be titrated to
achieve a MAP of at least 65 mm Hg. It is important
to emphasize that vasopressin is administered as a
fixed dose of 0.03 units/min and should not be upti-
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trated. An outline of this treatment algorithm for the
hemodynamic stabilization of patients with septic shock
is provided in Fig 1.

Although this algorithm/protocol has not been tested
in a randomized controlled trial, it is very similar to
the Bathurst-USCOM hemodynamic (BUSH) proto-
col developed by Smith and colleagues."® Using data
from the Australian and New Zealand Intensive Care
Society (ANZICS) Center for Outcomes and Resource
Evaluation (CORE) database, these researchers dem-
onstrated a 94% reduction in mortality from septic
shock with the introduction of the BUSH protocol.!'6
Patients treated with the BUSH protocol received
significantly less fluid in the first 24 and 48 h, whereas
a greater percentage received norepinephrine within
the first 24 h as compared with the control group.
It is important, however, to emphasize that “patients
are not airplanes and doctors are not pilots™!'’; each
patient is unique, with a unique response to invading
pathogens and a unique response to treatment. There-
fore, these algorithms must be adapted dynamically
to each patient as his/her clinical course evolves.

RESUSCITATION END POINTS

A large number of hemodynamic, perfusion, oxygen-
ation, and echocardiographic targets have been pro-
posed as resuscitation goals in patients with severe
sepsis and septic shock.63111115 Most of these targets,
however, are controversial and are not supported
by outcome data. The Surviving Sepsis Campaign
guidelines recommend a CVP of § to 12 mm Hg
(12-15 mm Hg if mechanically ventilated), an Scvo,
>T70%, and a urine output > 0.5 mI/kg/h as targets
for resuscitation.® It has been well established that
there is no relationship between the CVP and intra-
vascular volume and no relationship between the
CVP and fluid responsiveness.!9120 Consequently, I
believe that the CVP should not be used to guide
fluid therapy.56

The use of Scvo, to guide the resuscitation of patients
who are septic is equally problematic. Patients who
are septic usually have a normal or increased Scvo,
caused by reduced oxygen extraction.'2!122 Indeed, in
the recent review article by Angus and van der Poll,*
a Scvo, >T70% was considered a diagnostic criterion
for severe sepsis. In a large, multicenter, goal-directed
study conducted by Pope and colleagues,'? a high
(>90%) but not a low (< 70%) initial Scvo, was an
independent predictor of death. Furthermore, in a
paper by Nee and Rivers,'?* which reviewed the out-
come of patients enrolled in the Surviving Sepsis
Campaign database, they conclude that the “attain-
ment of a CVP of >8 mm Hg and Scvo, of >70% did
not influence survival in patients with septic shock.”2*
Although urine output may be a valuable marker of
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renal perfusion in hypovolemic states, this clinical
sign becomes problematic in sepsis-associated acute
kidney injury; experimental models show that oliguria
occurs in the presence of marked global renal hyper-
emia.'??" Titration of fluids to urine output may,
therefore, result in fluid overload. Three large, inter-
national, multicenter, randomized trials (ProCESS,
ARISE, and ProMISe) are investigating the role of
the CVP and Scvo, as targets for therapy in patients
with severe sepsis and septic shock.!? It is hoped that
the outcome of these trials will resolve this ongoing
controversy.'® In addition, two trials are evaluating the
role of noninvasive hemodynamic monitors in guiding
fluid resuscitation in the early stages of septic shock.™7

The Surviving Sepsis Campaign guidelines recom-
mend “targeting resuscitation to normalize lactate in
patients with elevated lactate levels as a marker of
tissue hypoperfusion.” This recommendation is based
on the notion that an elevated lactate is a consequence
of tissue hypoxia and inadequate oxygen delivery,*
and is “supported” by two studies that used lactate
clearance as the target of resuscitation.'»*3! How-
ever, the concept that sepsis is associated with tissue
hypoxia is unproven and likely incorrect, as argued by
Hotchkiss and Karl'32 >20 years ago. Multiple studies
have demonstrated that the increased blood lactate
concentration in sepsis is not caused by tissue hypoxia
but is rather produced aerobically as part of the met-
abolic stress response.'3*1% Increasing oxygen delivery
in these patients does not increase oxygen consump-
tion.135137 Previous studies have demonstrated that
targeting supramaximal oxygen delivery does not
improve outcome and may be harmful.'313 Morelli
and colleagues'* demonstrated that in the setting of
septic shock, an infusion of a short-acting B-blocker
reduced cardiac output and oxygen delivery; paradoxi-
cally, this intervention reduced blood lactate levels
and improved patient survival as compared with the
control group.

These data would suggest that achieving a MAP
of at least 65 mm Hg should be the primary target
in the resuscitation of patients with septic shock.
Furthermore, although attempts to achieve a supra-
normal cardiac index may be potentially harmful,
I would suggest targeting a normal cardiac index
(> 2.5 L/min/m?).13 Although a falling arterial lactate
concentration is a sign that the patient is responding
to therapy (attenuation of the stress response), titrat-
ing therapy to a lactate concentration is devoid of
scientific evidence.!3313 Additional end points of
resuscitation remain unproven at this time.

BLOOD TRANSFUSION

The 2012 Surviving Sepsis Campaign guidelines
state that “during the first 6 hours of resuscitation,
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it Scvo, is less than 70%...then dobutamine infu-
sion...or transfusion of packed red blood cells to
achieve a hematocrit of greater than or equal to 30%
in attempts to achieve the Scvo, goal are options.”®
In patients who are septic, RBC transfusions do not
acutely increase tissue oxygen uptake; paradoxically,
they have been demonstrated to impair microcapil-
lary flow and tissue oxygenation.'®” In addition, the
release of cell-free hemoglobin from banked blood
may be particularly deleterious in patients who are
septic.!4142 One study demonstrated that “transfu-
sion of PRBCs was associated with worsened clinical
outcomes in patients with septic shock treated with
EGDT.”43 Blood transfusions are associated with an
increased risk of secondary infections, multiorgan dys-
function syndrome, and death and should be consid-
ered only in patients with a hemoglobin <7 g/dL.144145

CORTICOSTEROIDS

The use of low-dose corticosteroids in patients with
severe sepsis remains controversial.'6 It has been pro-
posed that inadequate cellular glucocorticoid activity
(critical illness-related corticosteroid insufficiency)
due to either adrenal suppression or glucocorticoid
tissue resistance results in an exaggerated and pro-
tracted proinflammatory response.'*” In addition to
down-regulating the proinflammatory response, cor-
ticosteroids may have additional beneficial effects,
including increasing adrenergic responsiveness'*s and
preserving the endothelial glycocalyx.!*# Because
corticosteroids enhance local immune defenses but
reduce global nuclear factor kB expression and cause a
predominant THZ2 immunosuppressive state, steroids
are likely to be beneficial early in the course of the
disease but are likely to compound the immunosup-
pression when given later in the course of sepsis. The
time-dependent initiation of the use of corticoste-
roids has not been taken into consideration in those
studies (and meta-analyses) which have analyzed the
benefits/risk of steroids in sepsis. Park and colleagues, '™
in a retrospective analysis of 178 patients with septic
shock, found that corticosteroids were only of ben-
efit if given within 6 h after the onset of septic shock-
related hypotension. In the Corticosteroid Therapy
of Septic Shock Study (CORTICUS), the initial time
frame for the initiation of corticosteroids was 24 h,
which was then increased to 72 h.'5! It is also impor-
tant to recognize that in the CORTICUS, >60% of
the patients were surgical patients. It has now been
well established that surgery induces an immunosup-
pressive TH2 state and that this occurs within hours
of surgery.’ Postsurgical patients who develop sepsis
remain in a predominant TH2 state.’ It would, there-
fore, appear counterproductive to give postsurgical
patients who are septic corticosteroids because this
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is only likely to compound the immunosuppressive
state and increase the risk of secondary infections
(as was demonstrated in the CORTICUS).

Although the mortality benefit of corticosteroids
in septic shock is controversial, low-dose hydrocorti-
sone has been demonstrated to significantly reduce
vasopressor dependency, with a favorable side-effect
profile.14615 Furthermore, the combination of low-
dose corticosteroids and vasopressin has been associ-
ated with decreased mortality and organ dysfunction
in patients with septic shock.'?*1% Based on these
data, I would suggest treatment with hydrocortisone
concomitant with the initiation of vasopressin for the
management of severe vasodilatory septic shock; how-
ever, this approach has not been tested prospectively.
Two large randomized controlled trials are currently
underway, and it is hoped that they will resolve this
ongoing controversy about the use of corticosteroids
in septic shock. 15715

SOURCE CONTROL

It has been known for centuries that, unless the
source of the infection is controlled, the patient can-
not be cured of his/her infective process and death
will eventually ensue. It is important that specific
diagnoses of infection that require emergent source
control be made in a timely manner (eg, necrotizing
soft tissue infection, peritonitis, cholangitis, intes-
tinal infarction) and surgical consultation be obtained
immediately.551% When source control in a patient
who is severely septic is required, the effective inter-
vention associated with the least physiologic insult
should be used (eg, percutaneous rather than surgical
drainage of an abscess).551% If intravascular access
devices are a possible source of severe sepsis or septic
shock, they should be removed promptly after other
vascular access has been established.!6!

CONCLUSIONS

Despite initial enthusiasm about “disease-modifying
agents,” the early administration of appropriate anti-
biotics and early hemodynamic resuscitation remain
the cornerstone of the management of patients with
sepsis. I believe that the first step in the resuscitation
of a patient with septic shock is to achieve a MAP of
at least 65 mm Hg with the use of vasoactive agents
and small volumes of balanced fluid. A simultaneous
goal would be to ensure adequate flow (cardiac out-
put) as determined by echocardiography and mini-
mally invasive cardiac output monitoring, supported
by an integrated assessment, which includes phys-
ical examination, biochemical measurements, and
the monitoring of the patient’s clinical response to

therapy.
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