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BACKGROUND: Severe sepsis and septic shock are common and associated with a
30 –50% mortality rate. Evidence-based therapies for severe sepsis supported by
international critical care and infectious disease societies exist, but are inconsistently employed.
METHODS: The epidemiology and deﬁnitions of sepsis syndromes are reviewed;
sepsis therapies supported by deﬁnitive studies in the ﬁeld, along with the supporting literature, are summarized and presented from a hospitalist perspective.
CONCLUSIONS: Compelling observational data supports the importance of early,
effective antibiotics. Well-designed randomized controlled trials and/or meta-analyses
demonstrate the impact of activated protein C, early goal-directed therapy, stress-dose
steroids, and intensive insulin in well-deﬁned subgroups of patients. These therapies
reduce the absolute mortality risk associated with severe sepsis by 9.5–16%; the
corresponding numbers needed to treat to save one life are 6.25–10.5. While major
trials are ongoing and the evidence for several sepsis therapies are limited to single
trials, the available evidence indicates that appropriate use of these treatments can
substantially reduce mortality from severe sepsis. Journal of Hospital Medicine 2006;
1:285–295. © 2006 Society of Hospital Medicine.
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D

espite decades of intensive research and improvements in
medical care, severe sepsis affects an estimated 751,000 patients in the United States every year, killing 215,000 of them at an
annual cost of 16.7 billion dollars.1 Because the elderly experience
a 100-fold increase in incidence, as compared with children, and
a nearly 4-fold increase in mortality (38.4% of those more than 85
years old), this burden is expected to increase with the aging
population.1 Patients with severe sepsis have prolonged ICU1-4
and hospital stays and incur substantially increased costs compared with other patients.3– 6
New research continues to explore the complex pathophysiology of sepsis,7 and clinicians, who once relied primarily on
clinical experience and expert opinion to guide therapy, now have
an increasing array of evidenced-based sepsis therapies to employ. Recent meta-analyses have evaluated several major treatments for severe sepsis,8 –10 and recommendations (the Surviving
Sepsis Campaign guidelines) for the treatment of severe sepsis
were recently endorsed by 11 international critical care and infectious disease organizations.11 This article summarizes the current
deﬁnitions of sepsis syndromes, the trials supporting the speciﬁc
therapies for sepsis that are currently recommended, ongoing
controversies and research, and implications for hospitalists, with
a focus on early, effective antibiotics, activated protein C, early
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goal-directed therapy, stress dose steroids, and intensive insulin therapy. For space considerations,
readers are directed elsewhere for data supporting
prophylaxis for deep venous thrombosis (DVT)12
and stress ulcer bleeding13 and for therapies less
often directed by hospitalists, such as lung protective ventilation.14

DEFINITIONS
Systemic inﬂammatory response syndrome (SIRS),
sepsis, severe sepsis, and septic shock were deﬁned
in 1992 to standardize the terminology of sepsis.15
These deﬁnitions have recently been reviewed and
supported by a variety of American and European
intensive care societies.16
SIRS is deﬁned by the presence of at least 2 of
the following:
●
●
●
●

Temperature ⬎ 38°C or ⬍ 36°C;
Heart rate ⬎ 90 beats/min;
Respiratory rate ⬎ 20 breaths/min or PaCO2 ⬍ 32
mm Hg;
WBC ⬎12,000 or ⬍ 4000 cells/mm3, or ⬎10% immature (band) forms.

Sepsis is SIRS due to documented or strongly suspected infection.
Severe sepsis is sepsis with organ dysfunction
(such as lactic acidosis, oliguria, thrombocytopenia,
or delirium), hypoperfusion, or hypotension (⬍ 90
mm Hg systolic or more than 40 mm Hg below
baseline).
Septic shock is severe sepsis complicated by
hypotension or pressor dependence despite adequate (20-30 mL/kg; 1.5-3 liters in most patients)
ﬂuid resuscitation.
Sepsis terminology must be applied carefully.
Many hospitalized patients meet criteria for SIRS,
yet it is inaccurate to say a patient who has acute
leukemia with leukocytosis, anemia-induced tachycardia, and thrombocytopenia has severe sepsis if
those abnormalities are not a result of inﬂammation or infection. Accurate documentation of sepsis
syndromes can improve professional and institutional reimbursement and provide prognostic information: the in-hospital mortality rates for severe
sepsis and septic shock are approximately 30% and
50%, respectively.17 More importantly, thoughtful
application of these deﬁnitions can help a hospitalist identify septic patients who qualify for one of the
proven therapies for severe sepsis.
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EARLY, EFFECTIVE ANTIBIOTICS
For obvious ethical reasons, randomized, controlled trials to study the impact of inappropriate or
delayed antibiotic therapy for serious infections are
not possible. However, the evidence supporting
early, effective antibiotic therapy is still compelling,
and because many hospitalists often initiate treatment with antibiotics before transferring a patient
to intensive care, this may represent the most important intervention hospitalists can provide to patients with serious infections. Several studies have
estimated the impact of early, effective antibiotics
on outcomes.
Houck et al. retrospectively reviewed 13,771
cases of community-acquired pneumonia among
elderly Medicare patients. They found that 39.1% of
the patients waited more than 4 hours for antibiotics and 7.6% waited more than 12 hours; three
quarters of these delays resulted from delayed ordering of antibiotics.18 Further, 21.2% received an
antibiotic selection incompatible with recent professional guidelines. Receiving antibiotics within 4
hours reduced in-hospital and 30-day mortality by
15% and length of stay by 0.4 days.18 Similar conclusions were reported by 3 of 4 previous analyses.19 –22 Extending these ﬁndings to critically ill
patients, Iregui et al. found that delayed treatment
with appropriate antibiotics (odds ratio, 7.68) was a
greater predictor of mortality for 107 patients with
ventilator-acquired pneumonia than were APACHE
II scores and malignancy; 31% failed to receive appropriate antibiotics within 24 hours, and again,
three quarters of these delays resulted from delays
in writing antibiotic orders.23
Not surprisingly, antibiotic therapy must be effective as well as timely. MacArthur et al. studied
the impact of adequate (ie, active against cultured
organisms, if isolated) antibiotics on the outcomes
of 2634 septic patients enrolled in a randomized
trial of an anti-TNF antibody. Nearly 91% received
appropriate antibiotics; their mortality rate was
33%, 10% lower than that of the patients whose
initial antibiotics were inadequate (P ⬍ .001).24 Leibovici et al. reported similar ﬁndings in a prospective study of patients with bacteremia. Only 63% of
3413 subjects received an antibiotic active against
the infecting pathogen, and their mortality was
20%, 14% lower than that in the group that received
ineffective antibiotics (P ⫽ .0001).25 Other authors
have reported even worse outcomes with ineffective therapy: 62% mortality among inadequately
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treated bacteremic or fungemic ICU patients, compared with 28.4% among those who were adequately treated26 and an odds ratio of dying of 8.14
for the 46 of 270 septic ICU patients who received
inadequate initial antibiotics,27 making inadequate
antibiotic therapy the strongest risk factor for
death. Finally, Kollef et al. reported that 26% of 655
infected ICU patients received inadequate antibiotics and suffered an infection-related mortality rate
of 40.2%, more than twice the 17.7% rate among
adequately treated patients (P ⬍ .001). Inadequate
antimicrobial therapy was a greater risk factor for
death than early respiratory failure or sepsis-related
organ failure assessment scores.28
Guidelines for anti-infective care now recommend obtaining appropriate cultures and administering broad-spectrum antibiotics (appropriate for
suspected infections, local susceptibility patterns,
and any relevant prior culture data from individual
patients) within 1 hour of presentation.11 In addition, any removable focus of infection must be
identiﬁed and managed (eg, an abscess, infected
catheter, tampon, or infection requiring surgery).

ACTIVATED PROTEIN C
Recombinant human activated protein C (APC) is a
protein with anticoagulant and anti-inﬂammatory
properties that is relatively deﬁcient in approximately 87% of septic patients.29 Although numerous trials of other anticoagulants (antithrombin III
and tissue factor pathway inhibitor) and immunosuppressives (tumor necrosis factor inhibitors,
high-dose steroids, interleukin-1 receptor antagonists, and others) have failed to show any beneﬁt,7
in 2001 APC became the ﬁrst proven therapy speciﬁcally for sepsis. The PROWESS trial, which established its efﬁcacy, randomized 1690 patients who
met ⱖ3 SIRS criteria and dysfunction of at least 1
organ system to APC (24 g/kg IV per hour for 96
hours interrupted for bleeding or urgent procedures) or placebo. APC reduced 28-day mortality
from 30.8% to 24.7%, yielding an absolute risk reduction of 6.1% and a corresponding number
needed to treat (NNT) of 16.4. This beneﬁt was seen
across all subgroups including those with normal
baseline APC levels.29
Not surprisingly, APC increases the risk of serious bleeding. Although this effect was of borderline
signiﬁcance in PROWESS (3.5% vs. 2% in the placebo group, P ⫽ .06),29 it was conﬁrmed in subsequent trials (3.9% vs. 2.2%, P ⫽ .01)30 and may be
larger still in open-label use, at 6.5%.17,31 Intracere-

bral hemorrhage (ICH), a particularly devastating
complication, occurred in 0.2% of the PROWESS
patients and 0.5% of patients in 2 subsequent studies30,32; in both major trials, there was a single extra
event in the APC arm.29,30 Like serious bleeding in
general, ICH was more common in open-label use,
occurring in 1.5% of patients.31,33 Therefore, it is
vital to have strict adherence to exclusion criteria
and familiarity with the risk factors for serious
bleeding. In the PROWESS trial, after randomization, risk factors for serious bleeding included procedures and injury to vascular organs, an activated
partial-thromboplastin time of more than 120 seconds, an international normalized ratio greater
than 3, gastrointestinal ulceration, and development of severe thrombocytopenia (⬍ 30,000/
mm3)29; in a 2002 study of 2786 APC recipients, ICH
was largely conﬁned to patients with meningitis or
a platelet count less than 30,000/mm3.32
APC therapy has several other limitations and
drawbacks. Multiple contraindications, including
predisposition to bleeding, a recent history of
bleeding, anticoagulant use, immunosuppression,
liver disease, dialysis dependence, and hypercoagulable states, restrict its use. APC appears to work
best when administered early, within 24 hours of
the onset of organ dysfunction.31 In addition, APC
is indicated only in adults with Acute Physiology
and Chronic Health Evaluation (APACHE II) scores
greater than 24 and multiorgan failure. Post hoc
analysis of the PROWESS data showed that although the relative risk (RR) of death for those with
APACHE II scores of 25 or more was .71 and statistically signiﬁcant, the RR for those with scores below 25 was a nonsigniﬁcant .99.34 A subsequent
study, ADDRESS, conﬁrmed there was no beneﬁt to
septic patients with a low risk of death.30 In the
ADDRESS study 2613 patients with severe sepsis
and either an APACHE II score less than 25 or single
organ failure were randomized to APC or placebo.
No differences were found in 28-day and in-hospital mortality; among patients who had undergone
surgery in the previous 30 days, those receiving APC
had a signiﬁcantly increased risk of death (20.7% vs.
14.1%, P ⫽ .03).
An additional drawback of APC therapy is its
cost, approximately $6800 per infusion, although
the cost per year of life gained, $24,484, or $52,360
per life saved (NNT ⫻ $6800), is reasonable for
those with APACHE II scores greater than 24.34
Concerns have also been raised about the PROWESS trial itself: the production of the study drug and
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some exclusion criteria were changed midtrial, after
which the effectiveness of APC improved. APACHE
II scores had not been validated for selection of
patients for therapies and may have varied with
time or by observer. The original PROWESS study
population may have been skewed away from
chronically ill patients.35 Experts differ on the signiﬁcance of these concerns and even whether APC
therapy should be considered the standard of care
pending further research.32,35 The ADDRESS trial
also failed to demonstrate a beneﬁt in a subgroup of
patients with APACHE II scores above 24, although
it was underpowered to do so, and according to
enrollment criteria, none of those patients had multiorgan failure.30 However, in the subgroup of
PROWESS patients with APACHE II scores greater
than 24, the absolute reduction in mortality was a
full 13%,17 with a corresponding NNT of 7.7, and
although the PROWESS ﬁndings have not been duplicated in a second randomized trial, a single-arm,
open-label study of APC (ENHANCE) showed a
nearly identical mortality rate.31 Pending conﬁrmatory trials, APC remains a recommended therapy
for selected patients sick enough to beneﬁt and
without excessive bleeding risk.11

EARLY GOAL-DIRECTED THERAPY
Because physician-directed resuscitation for sepsis
may normalize vital signs, central venous pressures
(CVP), and urine output without correcting hypoperfusion, Rivers et al. tested a resuscitation protocol that incorporated a central line that continuously monitored mixed-venous oxygen saturation
as a surrogate for cardiac output.36 They randomized 263 patients with septic shock (deﬁned as hypotension ⬍ 90 mm Hg after a 20-30 mL/kg bolus,
or lactate ⬎ 4 mmol/L, which is associated with at
least a 3-fold increase in the mortality of emergency
department patients with suspected infection37) to
either standard care or early goal-directed therapy
(EGDT) for the initial 6 hours of hospital care. Patients with acute coronary ischemia, pulmonary
edema, stroke, asthma, overdose, trauma, dysrhythmia, immunosuppression, uncontrolled cancer, or a need for urgent procedures were excluded.
Standard care was directed by physiologic parameters such as vital signs, urine output, and CVP.
EGDT used sequential therapies designed to support organ perfusion: 500 mL of normal saline was
given every half hour until the CVP was at least 8-12
mm Hg. Pressors were given until the mean arterial
pressure was 65-90 mm Hg (norepinephrine36 or
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dopamine were preferred agents, and vasopressin
[0.01-0.04 units/min] was an option for shock refractory to ﬁrst-line pressors)11,38 Transfusion (to a
hematocrit goal of 30) and dobutamine were given
until mixed-venous oxygenation saturation was
70% or better (Fig. 1). Lastly, patients who did not
achieve this goal were sedated and mechanically
ventilated.
Results were dramatic: mortality was reduced
from 46.5% to 30.5%, with an ARR of 16% and an
NNT of 6.25. Study patients received similar
amounts of crystalloid, but received it earlier than
the standard care patients and received more transfusions and inotropes. Substantially more patients
in the EGDT group than the standard care group
achieved a mixed venous oxygen saturation of 70%;
13.7% of the EGDT patients had “occult” hypoperfusion (low mixed-venous oxygenation that responded to inotropes despite satisfactory vital
signs). EGDT improved length of stay (4 days
shorter among survivors) and duration of intubation, as well as APACHE scores and several physiologic parameters.36
Critics of this trial note the impossibility of adequate blinding and the high mortality in the placebo group. Further, because the trial tested the
EGDT protocol as a whole, there was no way to
know if each step was optimal. For example, a different CVP goal could have been used or adjustments made for mechanical ventilation, which can
falsely elevate a low CVP into the desired range (the
Surviving Sepsis Campaign guidelines recommend
a CVP goal of 12-15 mm Hg in mechanically ventilated patients11). Also, the selection of pressor, the
use of inotropes, and the transfusion threshold
were chosen on the basis of physiologic rationales,
but all of these are arguable.39 This was also a single
trial, and earlier goal-directed protocols for ICU
patients actually showed harm,40,41 although those
trials targeted supranormal physiologic goals in
more established critical illness.42 Finally, on a
practical level, hospitals and particularly emergency departments must commit resources to train
physicians and staff, purchase the appropriate central venous catheters, and convince eligible patients
to undergo an invasive procedure. In a survey of 30
attending physicians in academic referral hospitals,
only 7% reported standard use of EGDT. Barriers
included the requirement for specialty monitoring
equipment and other resources, and central venous
cannulation.43
Despite these concerns, the striking reduction
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FIGURE 1. Early goal-directed therapy (CVP, central venous pressure; MAP, mean arterial pressure; ScVO2, central venous oxygen saturation; Hct, hematocrit).

in mortality associated with EGDT led to its endorsement by the Surviving Sepsis Campaign
guidelines and underscores the principle of aggressive early resuscitation for patients who do not
meet eligibility criteria but appear at risk for worsening sepsis. As yet, however, no strong evidence
mandates a speciﬁc approach to the septic patient
without shock.

STRESS DOSE STEROIDS
Because of the importance of the inﬂammatory cascade in severe sepsis, a potential role for steroids in
the management of sepsis has been repeatedly
studied. More than 50 studies have been performed
since the 1950s, generally with pharmacologic
doses of steroid; a meta-analysis showed that such
a practice was ineffective.44,45 However, data accumulated that relative adrenal insufﬁciency during
severe sepsis was common and associated with an
increased risk of death and that physiologic doses
of steroids could reverse refractory hypotension.46
To deﬁne the role of a physiologic course of steroids
in septic shock, Annane et al. randomized 299 critically ill adults to either 7 days of stress dose hydro-

cortisone (50 mg IV every 6 hours) and ﬂudrocortisone (50 g NG every 24 hours) or matched
placebos. Enrolled patients were severely ill; the
placebo group had a 63% mortality, and patients
had to have septic shock, oliguria or hypoxia, hypotension despite low-dose dopamine, and lactate
greater than 2 mmol/L and require mechanical
ventilation. Pregnant women, those with myocardial infarction or pulmonary embolus, advanced
malignancies, or immunodeﬁciency, and those
with clear indications or contraindications to steroids were excluded.47 Enrollment criteria were
modiﬁed midstudy; changes included the exclusion
of patients who had recently received etomidate,
which inhibits 11-␤-hydroxylase and has been identiﬁed as a risk factor for adrenal insufﬁciency in
intensive care patients.48 All patients received a
250-g cosyntropin stimulation test. The authors
considered patients nonresponders to consyntropin if serum cortisol failed to increase to 9 g/dL
or more.
Steroids reduced the duration that a vasopressor was required and reduced mortality from 63%
to 53% among nonresponders, giving an NNT of
Evidence-Based Sepsis Therapy / Jenkins
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only 10 to prevent 1 death at 28 days. Although the
authors described “no evidence” of adverse effects,
among the subset of 70 patients who responded
appropriately to cosyntropin, there was a nonsigniﬁcant trend toward increased mortality, and
rates of hyperglycemia were not provided.47 The
authors concluded that physicians should test
appropriate patients for adrenal reserve, give the
studied steroid regimen while results are pending, and discontinue treatment if a patient retains
adrenal reserve.
The literature on steroids and critical illness is
complex, with more than 1300 articles on steroids
and sepsis published since 1988, and several concerns were raised about the Annane study. For example, did much of the beneﬁt for those patients
enrolled before the protocol amendment come
from reducing an adverse effect of etomidate?49
Does the high-dose, 250-g cosyntropin stimulation test overcome (and conceal) partial ACTH resistance that might beneﬁt from treatment?50 Might
not a robust baseline cortisol suggest sufﬁcient adrenal function regardless of the incremental response to cosyntropin?51 Partial answers were provided by 2 subsequent meta-analyses. Both found
that more recent studies gave lower doses of steroids in longer, 5- to 7-day courses to sicker patients and demonstrated improvement in mortality
and shock reversal, with relative risk reductions of
14%-22%; the NNT ranged from 8 to 11. One analysis found no difference in outcomes between adrenally sufﬁcient and adrenally insufﬁcient patients,
and those authors advised considering treatment
for all patients regardless of their adrenal function
test results.8 The other analysis concluded that the
data on steroids for those with adrenal reserve was
too limited to recommend treating adrenally sufﬁcient patients.9
Disputes about certain details, such as whether
patients should be treated without regard to adrenal reserve, continue in the literature.45,52 An ongoing randomized, controlled trial, CORTICUS, is expected to provide additional guidance on the use of
low-dose steroids in sepsis; in the meantime, the
literature clearly supports a longer course of lowdose steroid therapy for patients with pressor-dependent septic shock with inadequate adrenal reserve by cosyntropin testing, and guidelines allow
discretion about whether patients with adequate
adrenal reserve should also be treated.11 Hospitalists may also want to treat septic shock with equivalent doses of dexamethasone (approximately 2 mg
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IV every 6 hours) if adrenal evaluation may be delayed, as this agent will not confound cosyntropin
stimulation test results, and they may want to avoid
etomidate in septic patients53,54 for whom they perform or supervise intubations.

INTENSIVE INSULIN THERAPY
Mounting evidence supports the short-term role of
hyperglycemia in morbidity and mortality, especially in critical illness. Hyperglycemia impairs neutrophil and endothelial cell function as well as
protective responses to cardiac and neuronal
ischemia,55 whereas insulin has anti-inﬂammatory
and antiapoptotic effects,7,56 suggesting that intensive insulin might improve the outcomes of critically ill patients. To test this theory, van den Berghe
and colleagues randomized 1548 mostly surgical
ICU patients to insulin infusions titrated for glucose
goals of either 80-110 or 180-200 mg/dL, followed
by subcutaneous insulin after ICU discharge. Although blinding was impossible, in both cases glucose management was performed by a separate
research team. Multiple beneﬁts were noted: ICU
and total in-hospital deaths were reduced, mostly
among patients with an ICU stay of more than 5
days, whose risk of death fell from 20.2% to 10.6%.
Intensive insulin also reduced septicemia, renal impairment, critical illness polyneuropathy, and duration of intensive care.57
Subsequently, a meta-analysis of 35 trials suggested that insulin reduced the mortality of critically ill patients by 15%.10 Van den Berghe et al.’s
results were also duplicated in a broad, medicalsurgical ICU population, although the reductions in
morbidity and mortality were measured against
historical controls.58 However, whether the results
of the inﬂuential surgical ICU study could be applied to medical patients was not known until 2006,
when the van den Berghe group reported the effects
of similar insulin protocols on 1200 patients in the
medical ICU who were expected to need intensive
care for at least 3 days.59 In this study, intensive
insulin failed to reduce overall mortality (40% and
37.3%, P ⫽ .33). However, intensive insulin did reduce mortality among the 64% of patients who
stayed in the ICU 3 or more days from 52.5% to 43%
(NNT 10.5, P ⫽ .009). This beneﬁt was offset by an
increased number of deaths in the intensive insulin
group among patients with ICU stays of less than 3
days (P ⫽ .05-.35 depending on the method used).59
Intensive insulin did reduce newly acquired kidney
injury, duration of mechanical ventilation, and
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lengths of ICU and hospital stays, and the reduction
in morbidity increased with the duration of intensive insulin therapy. Hypoglycemia (mean 32 mg/
dL) occurred in 25% of patients with prolonged
stays— 6.4 times as often as in the usual care
group.60 Liver and renal failure were associated
with hypoglycemia.59
Critics of the surgical ICU trial noted the high
mortality among the usual care patients (5.1%), a
robust 34% mortality reduction for a relatively small
50 mg/dL reduction in morning glucose levels, and
the aggressive use of parenteral nutrition, raising
the question of whether intensive insulin merely
attenuated the side effects of intravenous glucose.61,62 Also, the ideal blood glucose target is not
known with certainty. Retrospective studies suggested the upper limit for target blood glucoses
could be 145 mg/dL63 and found differing thresholds at which hyperglycemia increased mortality in
nondiabetics (144 mg/dL) and diabetics (200 mg/
dL).64 However, in the surgical ICU trial, there was
no threshold below which there was no further
reduction in risk; patients whose mean blood glucose was below 110 mg/dL had lower mortality
than those whose levels were between 110 and 150
mg/dL (P ⫽ .026).65 Finally, the effects of hyperglycemia and intensive insulin may vary by population: retrospective studies found that ICU hyperglycemia was more strongly associated with mortality
among nondiabetics,64,66 and van den Berghe et al.
noted no beneﬁt from intensive insulin in a small
subgroup of diabetics.59
In summary, large, well-designed trials have
demonstrated that intensive insulin reduced mortality in critically ill patients after a delay of 3-5
days, but this beneﬁt did not extend to all patients
in the medical ICU.57,59 Some authors have suggested deferring intensive insulin for 3 days,67 but
because early therapy probably contributes to the
delayed mortality beneﬁt, this approach may deprive patients of the observed beneﬁts. Ongoing
clinical trials (NICE-SUGAR) are likely to provide
useful information about how hyperglycemia
should be managed in different populations, including septic ICU patients.61 In the meantime, institutions can select the intensity of their insulin
therapy by weighing morbidity and long-term mortality beneﬁts against possible short-term harms
and ensuring that hospital staff members are sufﬁciently trained to control hyperglycemia safely. For
example, in critical illness, intravenous insulin is
preferable to subcutaneous insulin, and the fre-

quent measurement of whole-blood glucose instead of ﬁnger-stick glucose helps to avoid errors.55,68 And although researchers were unable to
prospectively identify patients with long ICU
stays,59 severely septic patients have long ICU
stays (generally 7.5-16.6 days),1– 4 and individual
ICUs might observe enough stays of more than 2
days in their patient population to justify intensive insulin for this subgroup. And ﬁnally, although no conclusive evidence mandates a speciﬁc approach to hyperglycemia outside the ICU,
the ICU data provide a physiologic rationale for
cautious but tight control of glucose in more
moderately ill patients. Guidelines for the management of inpatient hyperglycemia were published previously.55

SEPSIS AND THE HOSPITALIST
Hospitalists who provide critical care may make
frequent decisions about the inclusion and exclusion criteria for the major trials of sepsis, weigh
their relative beneﬁts against risks and costs, contemplate gray areas such as adrenal testing in
shock, and employ evidence-based therapies for
severe sepsis. However, hospitalists may also see
patients who qualify for these therapies when they
are called to see septic patients in the emergency
department, when severe sepsis develops in patients on the medicine ward, or when they provide
consultation services in an ICU. Sepsis care must be
implemented urgently; patients in the pivotal trial
of steroids had to be randomized within 3 hours of
shock onset,47 data suggest that the window for
optimal antibiotic therapy may be no greater than 4
hours from diagnosis,18 whereas guidelines suggest
therapy within 1 hour,11 and early goal-directed
therapy was studied only for the ﬁrst 6 or more
hours of hospitalization.36 Thus, hospitalists who
do not provide ICU care should be able to identify
patients with severe sepsis and either deliver initial
care or recognize the need for immediate consultation. Speciﬁcally, hospitalists can:
●

●

●

Recognize that both absolute (⬍ 90 mm Hg) and
relative hypotension (⬎ 40 mm Hg below baseline)
indicate septic shock;
Identify normotensive candidates for EGDT (severe
sepsis with serum lactate ⬎ 4 mmol/L) by requesting
a serum lactate in addition to prompt appropriate
cultures for severe acute infection69;
Recognize atypical presentations of sepsis (tachypnea, tachycardia, confusion, etc.) and maintain a
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●

●

●

high suspicion for sepsis in patients who may be
predisposed to infection and to atypical presentation because of age, immunosuppression, neutropenia, diabetes, or other conditions;
Initiate effective antibiotics and EGDT promptly for
individual patients or by coordinating efforts to improve sepsis care at an institutional level, for example, as a component of medical emergency team
services70,71;
Rapidly identify and manage removable foci of infection such as abscesses, empyemas, necrotizing
fasciitis, or infected vascular catheters; and
Competently educate hospital staff, residents, and
medical students about sepsis care.

Hospitalists are busy physicians, and the task of
reviewing sepsis literature and implementing recommendations is daunting. However, hospitalists
can turn to resources such as the Surviving Sepsis
Campaign Guidelines, a series of recommendations
for managing severe sepsis that were endorsed by
11 international critical care and infectious disease
societies and published in Critical Care Medicine in
2004.11 The Institute for Healthcare Improvement
has also published a series of online severe sepsis
“bundles,” or groups of proven interventions, complete with implementation tips and supporting literature, available at http://www.survivingsepsis.
org or http://www.ihi.org/IHI/Topics/CriticalCare/
Sepsis/,72 and individual institutions have described
their implementation of evidence-based, protocoldirected sepsis care (http://www.mustprotocol.
com).69

FIGURE 2.

Reduction in absolute risk of death in sepsis and myocardial
infarction therapies (EGDT, early goal-directed therapy; APC, activated protein
C [APACHE II score ⬎ 24]; SDS, stress dose steroids [cosyntropin nonresponders]; II, intensive insulin [in ICU 3 days]; lytic, thrombolysis for STelevation MI; AP, antiplatelet therapy [acute coronary syndrome]).

FIGURE 3. Number needed to treat to save one life in sepsis and myocardial

CONCLUSION: DEADLY YET TREATABLE
The death toll from severe sepsis in the United
States exceeds that of lung, breast, and colon cancer combined and equals that of myocardial infarction (MI),1 a condition that appropriately triggers a
series of emergency interventions. Physicians now
have an arsenal of therapies for severe sepsis analogous to those employed for MI, and a comparison
between the 2 conditions underscores the high
mortality rate of severe sepsis and the enormous
impact on patient outcomes provided by evidencebased sepsis therapy. Figure 2 compares the 9.5%16% ARR for death associated with APC in patients
with APACHE 2 scores greater than 24 and multiorgan failure,29 EGDT,36 stress dose steroids in
shock complicated by adrenal insufﬁciency,47 and
intensive insulin in patients with medical ICU stays
longer than 3 days,59 with the beneﬁts of thrombol292
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infarction therapies (EGDT, early goal-directed therapy; APC, activated protein
C [APACHE II score ⬎ 24]; SDS, stress dose steroids [cosyntropin nonresponders]; II, intensive insulin [in ICU 3 days]; lytic, thrombolysis for STelevation MI; AP, antiplatelet therapy [acute coronary syndrome]).

ysis for ST-elevation MI (2%-3%)73 or antiplatelet
therapy for acute MI (2.3%).74 Figure 3 compares
the corresponding NNT values to save 1 life; according to the available data, a hospitalist is 5-8
times more likely to save a life with EGDT than with
ﬁbrinolysis.
Because the literature supporting several major
sepsis therapies have been limited to retrospective
studies18-28 and single randomized, controlled trials29,36 and because key trials are still underway
(CORTICUS, NICE-SUGAR), the beneﬁts of sepsis
therapies are less certain than are those for the
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treatment of MI. This was underscored by the ﬁnding that the beneﬁt in reduced mortality of intensive insulin in the surgical ICU57 did not extend to
all patients in the medical ICU.59 However, the potentially marked survival beneﬁt of early effective
antibiotics, APC, EGDT, stress dose steroids, and
intensive insulin and the urgency with which they
must be applied demand that all hospitalists become or remain familiar with the evolving sepsis
literature.
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