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S epsis and particularly septic shock 
should be recognized as medical emergen-

cies in which time matters, as in stroke and 
acute myocardial infarction. Early recognition 
and rapid institution of resuscitative measures 
are critical. But recognizing sepsis can be a 
challenge, and best management practices 
continue to evolve. 
 This article reviews guidance on the di-
agnosis and management of sepsis and septic 
shock, with attention to maximizing adher-
ence to best practice statements, and contro-
versies in defi nitions, diagnostic criteria, and 
management. 

■ COMMON AND LIFE-THREATENING

Sepsis affects 750,000 patients each year in 
the United States and is the leading cause of 
death in critically ill patients, killing more 
than 210,000 people every year.1 About 15% 
of patients with sepsis go into septic shock, 
which accounts for about 10% of admissions 
to intensive care units (ICUs) and has a death 
rate of more than 50%. 
 The incidence of sepsis doubled in the 
United States between 2000 and 2008,2 pos-
sibly owing to more chronic diseases in our 
aging population, along with the rise of anti-
biotic resistance and the increased use of in-
vasive procedures, immunosuppressive drugs, 
and chemotherapy. 
 The cost associated with sepsis-related care 
in the United States is more than $20.3 billion 
annually.3

■ DEFINITIONS HAVE EVOLVED

In 1991, sepsis was fi rst defi ned as a systemic 
infl ammatory response syndrome (SIRS) due 
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ABSTRACT
Sepsis is a life-threatening organ dysfunction that results 
from the body’s response to infection. It requires prompt 
recognition, appropriate antibiotics, careful hemodynamic 
support, and control of the source of infection. With the 
trend in management moving away from protocolized care 
in favor of appropriate usual care, an understanding of 
sepsis physiology and best practice guidelines is critical. 

KEY POINTS
Tools such as the Systemic Infl ammatory Response 
Syndrome criteria and the quick version of the Sequential 
Organ Failure Assessment can help with early diagnosis 
and triage. 

The initial antibiotic should be broad-spectrum, based on 
local sensitivity patterns, with daily assessment of appro-
priate antibiotic de-escalation and cessation.  

Resuscitation with initial fl uid boluses should be followed 
by weighing benefi ts and risks of additional fl uid admin-
istration based on dynamically assessed volume status, 
and then aggressive fl uid removal during recovery. 

During resuscitation, a goal mean arterial pressure of 65 
mm Hg is preferred, using norepinephrine (with vasopres-
sin if needed) to achieve it. 

Glucocorticoids are not recommended if fl uid resuscita-
tion and vasopressors are suffi cient to restore hemo-
dynamic stability. 
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to a suspected or confi rmed infection with 2 
or more of the following criteria4:  
• Temperature below 36°C or above 38°C
• Heart rate greater than 90/minute
• Respiratory rate above 20/minute, or arte-

rial partial pressure of carbon dioxide less 
than 32 mm Hg

• White blood cell count less than 4 × 109/L 
or greater than 12 × 109/L, or more than 
10% bands.

 Severe sepsis was defi ned as the progression 
of sepsis to organ dysfunction, tissue hypoper-
fusion, or hypotension.
 Septic shock was described as hypotension 
and organ dysfunction that persisted despite 
volume resuscitation, necessitating vasoactive 
medication, and with 2 or more of the SIRS 
criteria listed above. 
 In 2001, defi nitions were updated with 
clinical and laboratory variables.5 
 In 2004, the Surviving Sepsis Campaign 
guidelines adopted those defi nitions, which 
led to the development of a protocol-driven 
model for sepsis care used worldwide.6 The US 
Centers for Medicare and Medicaid Services 
(CMS) followed suit, defi ning sepsis as the 
presence of at least 2 SIRS criteria plus infec-
tion; severe sepsis as sepsis with organ dysfunc-
tion (including serum lactate > 2 mmol/L); 
and septic shock as fl uid-resistant hypotension 
requiring vasopressors, or a lactate level of at 
least 4 mmol/L.7

 In 2016, the Sepsis-3 committee8 issued 
the following new defi nitions:
• Sepsis—A life-threatening condition 

caused by a dysregulated host response to 
infection, resulting in organ dysfunction 

• Septic shock—Circulatory, cellular, and 
metabolic abnormalities in septic patients, 
presenting as fl uid-refractory hypotension 
requiring vasopressor therapy with asso-
ciated tissue hypoperfusion (lactate > 2 
mmol/L). 

 The classifi cation of severe sepsis was elim-
inated.

Multiple defi nitions create confusion
Both the CMS and international consen-
sus defi nitions are currently used in clinical 
practice, with distinct terminology and dif-
ferent identifi cation criteria, including blood 
pressure and lactate cutoff points. The CMS 

defi nition continues to recommend SIRS for 
sepsis identifi cation, while Sepsis-3 uses se-
quential organ failure assessment (SOFA) or 
the quick version (qSOFA) to defi ne sepsis 
(described below). This has led to confusion 
among clinicians and has been a contentious 
factor in the development of care protocols.

 ■ TOOLS FOR IDENTIFYING HIGH RISK: 
SOFA AND qSOFA

SOFA is cumbersome
SOFA is an objective scoring system to de-
termine major organ dysfunction, based on 
oxygen levels (partial pressure of oxygen and 
fraction of inspired oxygen), platelet count, 
Glasgow Coma Scale score, bilirubin level, 
creatinine level (or urine output), and mean 
arterial pressure (or whether vasoactive agents 
are required).  It is routinely used in clinical 
and research practice to track individual and 
aggregate organ failure in critically ill pa-
tients.9 But the information needed is burden-
some to collect and not usually available at the 
bedside to help with clinical decision-making. 

qSOFA is simpler… 
Singer et al8 compared SOFA and SIRS and 
identifi ed 3 independent predictors of organ 
dysfunction associated with poor outcomes in 
sepsis to create the simplifi ed qSOFA: 
• Respiratory rate at least 22 breaths/minute
• Systolic blood pressure 100 mm Hg or 

lower
• Altered mental status (Glasgow Coma 

Scale score < 15). 
 A qSOFA score of 2 or more with a sus-
pected or confi rmed infection was proposed 
as a trigger for aggressive treatment, includ-
ing frequent monitoring and ICU admission. 
qSOFA has the advantage of its elements be-
ing easy to obtain in clinical practice.

…but has limitations
Although qSOFA identifi es severe organ dys-
function and predicts risk of death in sepsis, 
it needs careful interpretation for defi ning 
sepsis. One problem is that it relies on the 
clinician’s ability to identify infection as the 
cause of organ dysfunction, which may not 
be apparent early on, making it less sensitive 
than SIRS for diagnosing early sepsis.10 Also, 
preexisting chronic diseases may infl uence 
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accurate qSOFA and SOFA measurement.11 
In addition, qSOFA has only been validated 
outside the ICU, with limited utility in pa-
tients already admitted to an ICU.12

 Studies have suggested that the SIRS cri-
teria be used to detect sepsis, while qSOFA 
should be used only as a triaging tool.11,13 

 ■ ANTIMICROBIAL THERAPY

Prompt, broad-spectrum antibiotics 
Delay in giving appropriate antibiotics is asso-
ciated with a signifi cant increase in mortality 
rate.14–16 Appropriate antimicrobials should be 
initiated within the fi rst hour of recognizing 
sepsis, after obtaining relevant samples for cul-
ture—provided that doing so does not signifi -
cantly delay antibiotic administration.17 
 The initial antimicrobial drugs should be 
broad-spectrum, covering all likely pathogens. 
Multidrug regimens are favored to ensure suffi -
cient coverage, especially in septic shock. The 
empiric choice of antimicrobials should con-
sider the site of infection, previous antibiotic 
use, local pathogen susceptibility patterns, im-
munosuppression, and risk factors for resistant 
organisms. Double coverage for gram-negative 
organisms and for methicillin-resistant Staphy-
lococcus aureus (MRSA) should be considered 
for patients with a high likelihood of infection 
with such pathogens.18  Double gram-negative 
coverage may be appropriate when a high 
degree of suspicion exists for infection with 
multi-drug-resistant organisms such as Pseudo-
monas or Acinetobacter. If a nosocomial source 
of infection is suspected to be the cause of sep-
sis, anti-MRSA agents are recommended.
 Appropriate dosing is also important, as 
effi cacy depends on peak blood level of the 
drug and on how long the blood level remains 
above the minimum inhibitory concentration 
for the pathogen. An initial higher loading 
dose may be the best strategy to achieve the 
therapeutic blood level, with further dosing 
based on consultation with an infectious dis-
ease physician or pharmacist, as well as thera-
peutic drug monitoring if needed.17 

Consider antifungals
The last few decades have seen a 200% rise 
in the incidence of sepsis due to fungal organ-
isms.19 Antifungals should be considered for 
patients at risk, such as those who have had 

total parenteral nutrition, recent broad-spec-
trum antibiotic exposure, perforated abdomi-
nal viscus, or immunocompromised status, or 
when clinical suspicion of fungal infection is 
high. 
 Risk factors for fungal infection in septic 
shock should trigger the addition of echino-
candins or liposomal amphotericin B. Azoles 
are considered appropriate for hemodynami-
cally stable patients.20 

De-escalation and early cessation 
Antibiotics are not harmless: prolonged use of 
broad-spectrum antibiotics is associated with 
antimicrobial resistance, Clostridium diffi cile 
infection, and even death.21 
 A robust de-escalation strategy is needed to 
balance an initial broad-spectrum approach. 
A pragmatic strategy may involve starting 
with broad-spectrum antimicrobials, particu-
larly in the setting of hypotension, and then 
rapidly de-escalating to an antimicrobial with 
the narrowest spectrum based on local sensi-
tivity patterns. If the clinical course suggests 
the illness is not actually due to infection, the 
antibiotics should be stopped immediately. A 
rapid nasal polymerase chain reaction test for 
MRSA to guide de-escalation has been shown 
to be safe and to signifi cantly reduce empiric 
use of vancomycin and linezolid.22,23 
 Antibiotic de-escalation should be dis-
cussed daily and should be an essential com-
ponent of daily rounds.17 A 7- to 10-day course 
or even shorter may be appropriate for most 
infections,24,25 although a longer course may be 
needed if source control cannot be achieved, 
in immunocompromised hosts, and in S aureus 
bacteremia, endocarditis, or fungal infections.

 ■ FLUID RESUSCITATION

Sepsis is associated with vasodilation, capil-
lary leak, and decreased effective circulating 
blood volume, reducing venous return. These 
hemodynamic effects lead to impaired tissue 
perfusion and organ dysfunction. The goals of 
resuscitation in sepsis and septic shock are to 
restore intravascular volume, increase oxygen 
delivery to tissues, and reverse organ dysfunc-
tion.
 A crystalloid bolus of 30 mL/kg is recom-
mended within 3 hours of detecting severe 
sepsis or septic shock.17 However, only limited 
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data support the benefi ts of this recommen-
dation, and evidence of harm from sustained 
positive fl uid balance is growing. 
 Some have cautioned against giving too 
much fl uid, especially in patients who have 
limited cardiorespiratory reserve.26 Overzeal-
ous fl uid administration can result in pulmo-
nary edema, hypoxemic respiratory failure, 
organ edema, intra-abdominal hypertension, 
prolonged ICU stay and time on mechani-
cal ventilation, and even increased risk of 
death.26,27 
 With this in mind, fl uid resuscitation 
should be managed as follows during consecu-
tive phases28: 
• Rescue: During the initial minutes to 

hours, fl uid boluses (a 1- to 2-L fl uid bolus 
of crystalloid solution) are required to re-
verse hypoperfusion and shock

• Optimization: During the second phase, 
the benefi ts of giving additional fl uid to 
improve cardiac output and tissue perfu-
sion should be weighed against potential 
harms27 

• Stabilization: During the third phase, usu-
ally 24 to 48 hours after the onset of sep-
tic shock, an attempt should be made to 
achieve a net-neutral or a slightly negative 
fl uid balance 

• De-escalation: The fourth phase, marked 
by shock resolution and organ recovery, 
should trigger aggressive fl uid removal 
strategies.27

Assess volume with dynamic measures
 Clinicians should move away from using static 
measures to assess volume status. Central ve-
nous pressure, the static measure most often 
used to guide resuscitation, has been found 
to be accurate in only half of cases, compared 
with thermodilution using pulmonary artery 
catheters to assess change in cardiac output 
with volume administration.29 A 2017 meta-
analysis30 showed that the use of dynamic as-
sessment in goal-directed therapy is associated 
with lower mortality risk, shorter ICU stay, and 
shorter duration of mechanical ventilation. 
 Dynamic measures are used to estimate the 
effects of additional volume on cardiac out-
put. Two methods are used: either giving a fl u-
id bolus or passively raising the legs. The latter 
method returns 200 to 300 mL of blood from 

the lower extremities to the central circula-
tion and is performed by starting the patient 
in a semirecumbent position, then lowering 
the trunk while passively raising the legs. 
 With either method, the change in cardiac 
output is measured either directly (eg, with 
thermodilution, echocardiography, or pulse 
contour analysis) or using surrogates (eg, pulse 
pressure variation).
 Alternatively, changes in cardiac output 
can be evaluated by heart-lung interactions in 
a patient on a mechanical ventilator. Changes 
in intrathoracic pressure are assessed during 
the inspiratory and expiratory cycle to detect 
changes in cardiac output using pulse pressure 
variation, stroke volume variation, and varia-
tion in inferior vena cava size. 
 The dynamic measures mentioned above 
are more accurate than static measurements in 
predicting preload responsiveness, so they are 
recommended to guide fl uid management.31,32 
But they do have limitations.33 Although giv-
ing a fl uid bolus remains the gold standard 
for critically ill patients, indiscriminate fl uid 
administration carries the risk of fl uid over-
load. Heart-lung interactions are imprecise 
for patients with arrhythmias, those who are 
spontaneously breathing with active effort on 
the ventilator, and those with an open chest 
or abdomen. Thus, their use is limited in most 
critically ill patients.34 
 Unlike other dynamic tests, the passive 
leg-raise test is accurate in spontaneously 
breathing patients, for patients with cardiac 
arrhythmias, and for those on low tidal vol-
ume ventilation.35 Due to its excellent sensi-
tivity and specifi city, the passive leg-raise test 
is recommended to determine fl uid respon-
siveness.17,32 

Lactate level as a resuscitation guide
Lactate-guided resuscitation can signifi cantly 
lessen the high mortality rate associated with 
elevated lactate levels (> 4 mmol/L).36,37 A 
rise in lactate during sepsis can be due to tissue 
hypoxia, accelerated glycolysis from a hyper-
adrenergic state, medications (epinephrine, 
beta-2 agonists), or liver failure. Measuring 
the lactate level is an objective way to assess 
response to resuscitation, better than other 
clinical markers, and it continues to be an in-
tegral part of sepsis defi nitions and the Sur-

Antibiotic 
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viving Sepsis Campaign care bundle.7,8,17 Even 
though lactate is not a direct surrogate of tis-
sue hypoperfusion, it is a mainstay for assess-
ing end-organ hypoperfusion. 
 Central venous oxygen saturation-guided 
resuscitation (requiring central vascular ac-
cess) does not offer any advantage over lac-
tate-guided resuscitation.38 Microvascular as-
sessment devices are promising tools to guide 
resuscitation, but their use is still limited to 
clinical research. 
 Although optimal resuscitation end points 
are not known, key variables to guide resus-
citation include a composite of physical ex-
amination fi ndings plus peripheral perfusion, 
lactate clearance, and dynamic preload re-
sponsiveness.17,39 

Balanced crystalloids are preferred 
over isotonic solutions
Crystalloid solutions (isotonic saline or bal-
anced crystalloids) are recommended for vol-
ume resuscitation in sepsis and septic shock. 
The best one to use is still debated, but over 
the last decade, balanced solutions have come 
to be favored for critically ill patients. Grow-
ing evidence indicates that balanced crystal-
loids (lactated Ringer solution, Plasma-Lyte) 
are associated with a lower incidence of renal 
injury, less need for renal replacement therapy, 
and lower mortality in critically ill patients. 
Moreover, isotonic saline is associated with 
hyperchloremia and metabolic acidosis, and it 
can reduce renal cortical blood fl ow.40–42

No proven benefi t from colloids 
The rationale for using colloids is to increase 
intravascular oncotic pressure, reducing cap-
illary leak and consequently reducing the 
amount of fl uid required for resuscitation. But 
in vivo studies have failed to demonstrate this 
benefi t. 
 One can consider using albumin in sepsis 
if a signifi cant amount of resuscitative fl uid 
is required to restore intravascular volume.17 
But comparisons of crystalloids and albumin, 
either for resuscitation or as a means to in-
crease serum albumin in critically ill patients, 
have found no benefi t in terms of morbidity or 
mortality.43–45 When considering albumin to 
treat sepsis or septic shock, clinicians should 
remember its lack of benefi t and its substantial 
cost—20 to 100 times as much as crystalloids,  

with an additional cost greater than $30,000 
per case with use of albumin.46 
 Hydroxyethyl starch, another colloid, was 
associated with a higher mortality rate and a 
higher incidence of renal failure in septic pa-
tients and should not be used for resuscitation 
(Table 1).47

 ■ EARLY SOURCE CONTROL 

Source control is imperative in managing sep-
sis and septic shock. Inadequate source con-
trol may lead to worsening organ function and 
hemodynamic instability despite appropriate 
resuscitative measures.17 A thorough exami-
nation and appropriate imaging studies should 
be performed to determine the optimal way to 
control the source and assess the risks associ-

TABLE 1

Randomized controlled trials of volume
replacement in sepsis and septic shock

Author and 
year

 Number 
 of patients Major fi ndings

Finfer et al,43 
2004

  6,997 No reduction in mortality with 
albumin compared with saline

Perner et al,47 
2012

     804 Higher risk of death and renal 
replacement therapy with hydroxy-
ethyl starch compared with Ringer 
solution

Annane et al,45 
2013

  2,587 No reduction in mortality, need for 
renal replacement therapy, dura-
tion of resuscitation, or length of 
stay with colloids compared with 
crystalloids

Caironi et al,44 
2014

  1,818 No reduction in mortality, need for 
renal replacement therapy, or length 
of stay with albumin replacement

Young et al,41 
2015

  2,278 No difference in incidence of acute 
kidney injury, need for renal re-
placement therapy, or length of stay 
with balanced solution compared 
with saline

Semler et al,40 
2018

15,802 Lower rates of mortality and need 
for renal replacement therapy with 
balanced solutions compared with 
saline
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leg-raise test 
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and specifi city 
for determining 
fl uid
responsiveness

ated with each intervention. If appropriate, 
source control should be achieved within 6 
to 12 hours of diagnosis, once initial resusci-
tation is completed.48 The source control can 
range from removal of infected intravascular 
devices to a chest tube for empyema to per-
cutaneous or surgical intervention in cases of 
cholecystitis and pyelonephritis. 

 ■ RESTORING BLOOD PRESSURE

Persistent hypotension and tissue hypoper-
fusion after adequate fl uid resuscitation are 
caused by loss of normal sympathetic vascular 
tone, leading to vasodilation, neurohormonal 
imbalances, myocardial depression, micro-
circulatory dysregulation, and mitochondrial 
dysfunction. Vasopressors and inotropes re-
store oxygen delivery to tissues by increasing 
arterial pressure and cardiac output respec-
tively. 
 Mean arterial pressure is the preferred 
blood pressure to target during resuscitation. 
The recommended initial goal is 65 mm Hg. 
A higher goal of 80 to 85 mm Hg may help 
patients with chronic hypertension,49 while a 
lower target may be better tolerated in patients 
with reduced systolic function, older patients, 
and patients with end-stage liver disease.
 These recommendations are based on our 
understanding of autoregulation of blood fl ow 
in the vascular beds of central organs (brain, 
heart, kidneys). After blood pressure falls be-
low a critical threshold, tissue perfusion de-
creases linearly. That critical threshold can 
vary between organ systems and individuals, 
and the target can later be personalized based 
on global and regional perfusion as assessed 
with urine output, mental status, or lactate 
clearance.50 
 Decisions to titrate vasopressors to achieve 
mean arterial pressure goals should be bal-
anced against potential adverse effects, in-
cluding arrhythmias, cardiovascular events, 
and ischemia.
Norepinephrine is the fi rst-line vasopressor
Few large, multicenter randomized controlled 
studies have been done to determine the most 
effective initial and adjunctive vasoactive 
agents for septic shock. Norepinephrine has 
shown survival benefi t with lower risk of ar-
rhythmia than dopamine.51–53 On the other 

hand, 2 systematic reviews found no differ-
ence in clinical outcomes and mortality with 
norepinephrine vs epinephrine, vasopressin, 
terlipressin, or phenylephrine.53,54 
 Without convincing evidence to support 
other agents as fi rst-line therapy for septic 
shock, norepinephrine remains the preferred 
vasopressor for achieving the target mean ar-
terial pressure and is strongly recommended 
by the Surviving Sepsis Campaign guidelines, 
albeit supported by only moderate-quality 
data.17,55 

Adding a second vasopressor or inotrope
Another sympathomimetic drug such as vaso-
pressin or epinephrine can be used to either 
achieve target mean arterial pressures or de-
crease the norepinephrine requirement. A 
second vasopressor is routinely added when 
norepinephrine doses exceed 40 or 50 μg/min.
 Vasopressin. Septic shock involves rela-
tive vasopressin defi ciency. Adding vasopres-
sin as a replacement hormone has been shown 
to have a sparing effect on norepinephrine, re-
sulting in a lower dose needed. A randomized 
controlled trial comparing vasopressin plus 
norepinephrine vs vasopressin monotherapy 
failed to show any survival benefi t or reduc-
tion in kidney failure.56,57 Evidence supporting 
the use of vasopressin over norepinephrine 
as a fi rst-line agent remains limited, but va-
sopressin remains the preferred adjunct with 
norepinephrine.56,57

 Epinephrine is recommended by the 
Surviving Sepsis Campaign guidelines as a 
second-line vasopressor. It has potent alpha- 
and beta-adrenergic activity, which increases 
mean arterial pressure by increasing cardiac 
output and vasomotor tone. Use of epineph-
rine is limited by signifi cant risk of tachycar-
dia, arrhythmia, and transient lactic acidosis.58 
 Dopamine use is discouraged in sepsis ow-
ing to its propensity to induce tachyarrhyth-
mia and signifi cantly worsen outcomes in this 
setting.51,52 
 Phenylephrine is a pure alpha-adrenergic 
agonist that is routinely used in septic shock, 
albeit with limited data on its effi cacy and 
safety. Vail et al59 found increased mortality 
associated with phenylephrine use in septic 
shock in a multicenter cohort study conduct-
ed during a norepinephrine shortage. Phenyl-
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ephrine use should be limited to septic shock 
complicated by signifi cant tachyarrhythmia or 
as an adjunct for refractory vasodilatory shock 
until there is more evidence of its benefi ts.17

 Angiotensin II was recently approved as a 
vasopressor for use in septic shock. It activates 
angiotensin type 1a and 1b receptors to in-
crease intracellular calcium in smooth muscle, 
promoting vasoconstriction. Clinical data re-
lated to its use are limited to a recent trial that 
showed that the addition of angiotensin II im-
proved blood pressure in patients with refrac-
tory vasodilatory shock receiving high-dose 
vasopressors.60 The data are still sparse on its 
safety, and its precise role in refractory shock 
treatment algorithms has yet to be defi ned.
 Inotropic agents may be required for pa-
tients with inadequate cardiac output after 
fl uid resuscitation due to sepsis-induced car-
diomyopathy or combined shock. Data are 
limited suggesting an optimal inotropic agent 
in septic shock, but epinephrine and dobuta-
mine are most commonly used.61,62 A compari-
son of norepinephrine plus dobutamine vs epi-
nephrine in septic shock found no difference 
in mortality, side effects, or shock duration.62 
Milrinone and levosimendan (not approved 
in the United States) have been studied, with 
limited data to support their use over dobu-
tamine.63,64 The response to use of inotropes 
should be monitored by measuring changes in 
cardiac output, central venous oxygen satura-
tion, or other indices of tissue perfusion (Ta-
ble 2).

 ■ ROLE OF CORTICOSTEROIDS
IS QUESTIONED

Corticosteroids downregulate the maladaptive 
infl ammatory response seen in sepsis and help 
address relative adrenal insuffi ciency caused 
by adrenal suppression or glucocorticoid tissue 
resistance.65 In septic shock, they have a vaso-
pressor-sparing role and reduce the duration of 
shock, ventilator use, and ICU stay. 
 However, the evidence is not conclusive 
that giving corticosteroids for sepsis improves 
clinical outcomes or survival,66–71 and so they 
are not recommended in sepsis or severe sepsis 
if fl uid resuscitation and vasopressors are suffi -
cient to restore hemodynamic stability. Rath-
er, they can be added as adjunctive therapy for 

patients requiring higher doses of vasopres-
sors.17,65 
 Adverse events in studies of corticoste-
roids were limited to hyperglycemia, hyperna-
tremia, and hypertension, with no increase in 
superinfections.71 The limited adverse events, 
along with a uniform demonstration of shorter 
shock duration, ventilator duration, and ICU 
stay, suggest steroids may have a role in man-
aging refractory septic shock.66–69 
 If corticosteroids are used in septic shock, 
current guidelines recommend hydrocortisone 
200 mg per day intravenously as a continu-
ous drip or 50 mg bolus in 4 divided doses for 
at least 3 days, based on a systematic review 
showing a longer course of low-dose steroids 
is associated with a lower mortality rate.72 
There is no clear consensus on whether ste-
roids should be tapered or if abrupt cessation is 
appropriate, as larger randomized clinical tri-

TABLE 2

Randomized controlled trials of vasopressors 
and inotropes in septic shock

Author and 
year

Number 
of patients Major fi ndings

Annane et 
al,62 2007

   330 No difference in mortality with epi-
nephrine vs norepinephrine ± dobu-
tamine; higher lactate elevation and 
lower pH in epinephrine group

Russell et al,57 
2008

   780 No reduction in mortality with 
addition of vasopressin to norepi-
nephrine

Survival benefi t in patients with 
septic shock requiring norepineph-
rine < 15 μg/min

Vasopressin had norepinephrine-
sparing effect.

De Backer et 
al,51 2010 

1,679 Higher rates of mortality and ar-
rhythmia with dopamine than with 
norepinephrine

Gordon et 
al,56 2016 

   409 No improvement in kidney failure-
free days, use of renal replacement 
therapy, or mortality with vasopres-
sin 

Khanna et 
al,60 2017

   344 Angiotensin II increased blood pres-
sure in refractory vasodilatory shock
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als did not use a tapering strategy and found 
no difference in shock recurrence.66,67 In most 
cases, steroids are stopped after cessation of 
vasopressors.65 
 Future research should focus on appropri-
ate timing of glucocorticoid initiation after 
onset of shock and comparing a fi xed duration 
regimen to a clinically guided one. 
 Etomidate as an induction agent for intu-
bation has been associated with suppression 
of cortisol synthesis and a reduced response 
to exogenous steroids. Whether it affects 
outcomes is unclear. Nonetheless, clinicians 
should practice extreme caution with etomi-
date use in septic shock (Table 3).73 

 ■ BIOMARKERS

Biomarkers facilitate early diagnosis, identify 
patients at high risk, and monitor disease pro-
gression to guide resuscitation goals and tailor 
management. 

 C-reactive protein and erythrocyte sedi-
mentation rate have been used in the past, 
but with limited success.74 
 Procalcitonin has emerged as a method to 
help detect bacterial infections early and to 
guide de-escalation or discontinuation of anti-
biotics.75,76 Procalcitonin-guided de-escalation 
of antibiotics reduces duration of antibiotic 
exposure, with a trend toward decreased mor-
tality.77,78

  Galactomannan and beta-D-glucan can be 
used to detect infections with fungi, specially 
Aspergillus. Beta-d-glucan is more sensitive for 
invasive Aspergillus, while galactomannan is 
more specifi c.79 
 Cytokines such as interleukins (eg, IL-
6, IL-8, IL-10), tumor necrosis factor alpha, 
acute-phase proteins, and receptor molecules 
are currently being studied to determine their 
utility in sepsis care. 
 The limited sensitivity and specifi city of 
single biomarkers may be overcome by using 
a combination of biomarkers, which is a cur-
rent focus of research.80 For now, the decision 
to initiate, escalate, and de-escalate therapy 
should be based on clinical assessment, with 
procalcitonin or other biomarkers used as an 
adjunct to other clinical factors.17 

 ■ USUAL CARE VS PROTOCOLIZED 
INITIAL RESUSCITATION 

In 2001, Rivers et al61 compared usual care 
for severe sepsis or septic shock with a pro-
tocolized targeting of physiologic end points 
as goals of resuscitation for the 6 hours before 
admission to the ICU in a single center. They 
found a signifi cantly lower mortality rate in 
the goal-directed therapy group. This fi nding 
heavily infl uenced the bundle-based, goal-
directed management strategy recommended 
by the Surviving Sepsis Campaign in 2004.81 
 However, the protocolized approach has 
been challenged since then, with 3 large mul-
ticenter trials fi nding that usual care was not 
inferior to protocolized care in sepsis, with no 
difference in mortality or length of stay.82–84 
Further, usual care was associated with signifi -
cantly reduced need for central vascular ac-
cess, blood transfusions, and dobutamine. A 
meta-analysis involving nearly 4,000 patients 
at 138 hospitals in 7 countries found that usu-

TABLE 3

Randomized controlled trials of corticosteroids 
in septic shock

Author
and year

Number 
of patients Major fi ndings

Annane et al,68

2002
   300 Lower mortality rate and shorter 

duration of shock in corticotropin 
nonresponders with hydrocortisone 
+ fl udrocortisone, but not in all 
patients

Sprung et al,69 
2008

   499 No difference in mortality rate, but 
shorter duration of shock and no 
increased risk of superinfection with 
hydrocortisone

Keh et al,70 
2016

   380 No benefi t of hydrocortisone in 
preventing septic shock or decreas-
ing mortality in severe sepsis

Annane et al,66 
2018

1,241 Lower mortality rate and shorter 
duration of shock and mechanical 
ventilation with addition of hydro-
cortisone + fl udrocortisone.

Venkatesh et 
al,67 2018

3,800 No reduction in mortality with 
addition of hydrocortisone, but 
reduced duration of shock, mechani-
cal ventilation and length of stay in 
intensive care unit
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al care emphasizing detecting sepsis early and 
rapidly implementing appropriate antimicro-
bial therapy and adequate fl uid resuscitation 
was not only equivalent to protocolized care 
in outcomes but was more cost-effective.85 
(Table 4).

Is SEP-1 appropriate?
In January 2013, the State of New York man-
dated that all state hospitals initiate processes 
for early detection and treatment of sepsis. In 
October 2015, the National Quality Forum 
and CMS implemented these processes na-
tionwide.7 The resultant CMS SEP-1 quality 
measure standardizes early management of se-
vere sepsis and septic shock, with the goal of 
improving outcomes. Its elements are based 
on the Surviving Sepsis Campaign guidelines 
and consist of a series of steps that need to be 
completed within 3 and 6 hours after sepsis is 
recognized. 
 Steps to be performed within 3 hours in-
clude measuring the serum lactate level, draw-
ing blood cultures, and starting appropriate 
antibiotics, intravenous fl uid resuscitation, 
and vasopressor support if needed. A lactate 
level is repeated within 6 hours, and static and 
dynamic assessment of perfusion must be done 
to determine the need for additional fl uid or 
vasopressors to improve end-organ perfusion. 
 SEP-1 overall hospital performance is pub-
licly available on the CMS website (medicare.
gov/hospitalcompare/search.html?) and has 
the potential to be used for fi nancial incen-
tives centered on SEP-1 measure compliance 
performance.86 

 Although SEP-1 has been adopted as a 
quality measure, some question its clinical 
relevance, as many of the core recommenda-
tions are not supported by strong evidence.86,87 
Three major trials found that the mortality 
rate was no lower with bundled sepsis care 
than with usual care.82–84 Seymour et al28 col-
lected New York State Department of Health 
data for 49,331 patients with sepsis and septic 
shock and found that more rapid completion 
of the 3-hour bundle—particularly of antibi-
otic administration but not of fl uids—was as-
sociated with decreased hospital mortality. A 
multicenter retrospective cohort study88 found 

that failure to meet SEP-1 criteria for any step 
other than giving antibiotics did not translate 
to poor outcomes. 
 A major concern about mandating SEP-1 
is that fl uids and broad-spectrum antibiotics 
will be overprescribed as healthcare systems 
try to meet CMS-mandated quality measures. 
Indiscriminate use of these therapies has the 
potential to cause harm and puts an undue 
strain on healthcare resources.89

A call to refi ne guidance  
Sepsis is a multifaceted disease, and its man-
agement is complex. Simplifi ed guidelines and 
quality measures based on sound evidence are 
needed. Electronic medical record systems 
show promise for assisting with early and ac-
curate detection of sepsis and have the poten-
tial to play an important role.90,91 Checklists 
that allow bedside caregivers to exercise their 
clinical acumen are another approach. The 
success of optimal care initiatives requires 
sustained, collaborative quality improvement 
across different specialties in medicine, nurs-
ing, and hospital administration.92 ■

The lactate 
level remains 
an objective 
guide to assess 
response to 
resuscitation

TABLE 4

Randomized controlled trials evaluating early 
goal-directed care in septic shock

Author and
year

Number 
of patients Major fi ndings

Rivers et al,61 
2001

   268 Signifi cantly lower mortality rate 
with protocolized care

Peake et al,82 
2014

1,600 No reduction in mortality, need for 
advanced respiratory or renal sup-
port, or intensive care unit length of 
stay with protocolized care

Rowan et al,85 
2014

1,351 No reduction in mortality, need for 
advanced respiratory or renal sup-
port, or intensive care unit length of 
stay with protocolized care

Mouncey et 
al,83 2015

1,260 No reduction in mortality, need for 
advanced respiratory, cardiovas-
cular or renal support, or intensive 
care unit length of stay with proto-
colized care



62 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 1  JANUARY 2020

SEPSIS AND SEPTIC SHOCK

 ■ REFERENCES
 1. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pin-

sky MR. Epidemiology of severe sepsis in the United States: analysis 
of incidence, outcome, and associated costs of care. Crit Care Med 
2001; 29(7):1303–1310. doi:10.1097/00003246-200107000-00002

 2. Hall MJ, Williams SN, DeFrances CJ, Golosinskiy A. Inpatient care for 
septicemia or sepsis: a challenge for patients and hospitals. NCHS 
Data Brief 2011; (62):1–8. pmid:22142805

 3. Dellinger RP. The Surviving Sepsis Campaign: where have we been 
and where are we going? Cleve Clin J Med 2015; 82(4):237–244. 
doi:10.3949/ccjm.82gr.15001

 4. Bone RC, Balk RA, Cerra FB, et al. Defi nitions for sepsis and organ 
failure and guidelines for the use of innovative therapies in sepsis. 
The ACCP/SCCM Consensus Conference Committee. American 
College of Chest Physicians/Society of Critical Care Medicine. Chest 
1992; 101(6):1644–1655. doi:10.1378/chest.101.6.1644

 5. Levy MM, Fink MP, Marshall JC, et al; SCCM/ESICM/ACCP/ATS/SIS. 
2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Defi nitions 
Conference. Crit Care Med 2003; 31(4):1250–1256. 
doi:10.1097/01.CCM.0000050454.01978.3B

 6. Levy MM, Rhodes A, Phillips GS, et al. Surviving Sepsis Campaign: 
association between performance metrics and outcomes in a 7.5-
year study. Crit Care Med 2015; 43(1):3–12. 
doi:10.1097/CCM.0000000000000723

 7. National Quality Forum (NQF). NQF revises sepsis measure. www.
qualityforum.org/NQF_Revises_Sepsis_Measure.aspx. Accessed De-
cember 11, 2019.

 8. Singer M, Deutschman CS, Seymour CW, et al. The Third Interna-
tional Consensus Defi nitions for Sepsis and Septic Shock (Sepsis-3). 
JAMA 2016; 315(8):801–810. doi:10.1001/jama.2016.0287

 9. Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ 
Failure Assessment) score to describe organ dysfunction/failure. On 
behalf of the Working Group on Sepsis-Related Problems of the 
European Society of Intensive Care Medicine. Intensive Care Med 
1996; 22(7):707–710. pmid:8844239

 10. Fernando SM, Tran A, Taljaard M, et al. Systemic infl amatory 
response syndrome, quick sequential organ function assessment, 
and organ dysfunction: insights from a prospective database of 
ED patients with infection. Ann Intern Med 2018; 168(4):266–275. 
doi:10.7326/M17-2820

 11. Gül F, Arslantas MK, Cinel I, Kumar A. Changing defi nitions of sep-
sis. Turk J Anaesthesiol Reanim 2017; 45(3):129–138. 
doi:10.5152/TJAR.2017.93753

 12. Seymour CW, Liu VX, Iwashyna TJ, et al. Assessment of clinical 
criteria for sepsis: for the Third International Consensus Defi nitions 
for Sepsis and Septic Shock (Sepsis-3). JAMA 2016; 315(8):762–774. 
doi:10.1001/jama.2016.0288

 13. Williams JM, Greenslade JH, McKenzie JV, Chu K, Brown AFT, Lip-
man J. Systemic infl ammatory response syndrome, quick sequential 
organ function assessment, and organ dysfunction: insights from 
a prospective database of ED patients with infection. Chest 2017; 
151(3):586–596. doi:10.1016/j.chest.2016.10.057

 14. Kumar A, Ellis P, Arabi Y, et al; Cooperative Antimicrobial Therapy 
of Septic Shock Database Research Group. Initiation of inappropri-
ate antimicrobial therapy results in a fi vefold reduction of survival 
in human septic shock. Chest 2009; 136(5):1237–1248. 
doi:10.1378/chest.09-0087

 15. Kumar A, Roberts D, Wood KE, et al. Duration of hypotension 
before initiation of effective antimicrobial therapy is the critical 
determinant of survival in human septic shock. Crit Care Med 2006; 
34(6):1589–1596. doi:10.1097/01.CCM.0000217961.75225.E9

 16. Ferrer R, Martin-Loeches I, Phillips G, et al. Empiric antibiotic treat-
ment reduces mortality in severe sepsis and septic shock from the 
fi rst hour: results from a guideline-based performance improvement 
program. Crit Care Med 2014; 42(8):1749–1755. 
doi:10.1097/CCM.0000000000000330

 17. Rhodes A, Evans LE, Alhazzani W, et al. Surviving Sepsis Campaign: 
international guidelines for management of sepsis and septic shock: 

2016. Intensive Care Med 2017; 43(3):304–377. 
doi:10.1007/s00134-017-4683-6

 18. Micek ST, Welch EC, Khan J, et al. Empiric combination antibiotic 
therapy is associated with improved outcome against sepsis due to 
Gram-negative bacteria: a retrospective analysis. Antimicrob Agents 
Chemother 2010; 54(5):1742–1748. doi:10.1128/AAC.01365-09

 19. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of 
sepsis in the United States from 1979 through 2000. N Engl J Med 
2003; 348(16):1546–1554. doi:10.1056/NEJMoa022139

 20. Pappas PG, Kauffman CA, Andes DR, et al. Clinical practice guideline 
for the management of candidiasis: 2016 update by the Infectious 
Diseases Society of America. Clin Infect Dis 2016; 62(4):e1–e50. 
doi:10.1093/cid/civ933

 21. Garnacho-Montero J, Gutiérrez-Pizarraya A, Escoresca-Ortega A, 
et al. De-escalation of empirical therapy is associated with lower 
mortality in patients with severe sepsis and septic shock. Intensive 
Care Med 2014; 40(1):32–40. doi:10.1007/s00134-013-3077-7

 22. Paonessa JR, Shah RD, Pickens CI, et al. Rapid detection of methicil-
lin-resistant Staphylococcus aureus in BAL. Chest 2019; 155(5):999–
1007. doi:10.1016/j.chest.2019.02.007

 23. Parente DM, Cunha CB, Mylonakis E, Timbrook TT. The clinical 
utility of methicillin-resistant Staphylococcus aureus (MRSA) nasal 
screening to rule out MRSA pneumonia: a diagnostic meta-analysis 
with antimicrobial stewardship implications. Clin Infect Dis 2018; 
67(1):1–7. doi:10.1093/cid/ciy024

 24. Chastre J, Wolff M, Fagon JY, et al; PneumA Trial Group. Compari-
son of 8 vs 15 days of antibiotic therapy for ventilator-associated 
pneumonia in adults: a randomized trial. JAMA 2003; 290(19):2588–
2598. doi:10.1001/jama.290.19.2588

 25. Pugh R, Grant C, Cooke RP, Dempsey G. Short-course versus 
prolonged-course antibiotic therapy for hospital-acquired pneu-
monia in critically ill adults. Cochrane Database Syst Rev 2011; 
(10):CD007577. doi:10.1002/14651858.CD007577.pub2

 26. Sakr Y, Rubatto Birri PN, Kotfi s K, et al; Intensive Care Over Nations 
Investigators. Higher fl uid balance increases the risk of death from 
sepsis: results from a large international audit. Crit Care Med 2017; 
45(3):386–394. doi:10.1097/CCM.0000000000002189

 27. Malbrain ML, Marik PE, Witters I, et al. Fluid overload, de-resuscita-
tion, and outcomes in critically ill or injured patients: a systematic 
review with suggestions for clinical practice. Anaesthesiol Intensive 
Ther 2014; 46(5):361–380. doi:10.5603/AIT.2014.0060

 28. Seymour CW, Gesten F, Prescott HC, et al. Time to treatment and 
mortality during mandated emergency care for sepsis. N Engl J Med 
2017; 376(23):2235–2244. doi:10.1056/NEJMoa1703058

 29. Marik PE, Baram M, Vahid B. Does central venous pressure predict 
fl uid responsiveness? A systematic review of the literature and the 
tale of seven mares. Chest 2008; 134(1):172–178. 
doi:10.1378/chest.07-2331.

 30. Bednarczyk JM, Fridfi nnson JA, Kumar A, et al. Incorporating 
dynamic assessment of fl uid responsiveness into goal-directed 
therapy: a systematic review and meta-analysis. Crit Care Med 2017; 
45(9):1538–1545. doi:10.1097/CCM.0000000000002554

 31. Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes in arterial 
waveform derived variables and fl uid responsiveness in mechanical-
ly ventilated patients: a systematic review of the literature. Crit Care 
Med 2009; 37(9):2642–2647. doi:10.1097/CCM.0b013e3181a590da

 32. Monnet X, Marik P, Teboul JL. Passive leg raising for predicting fl uid 
responsiveness: a systematic review and meta-analysis. Intensive 
Care Med 2016; 42(12):1935–1947. doi:10.1007/s00134-015-4134-1

 33. Cecconi M, De Backer D, Antonelli M, et al. Consensus on circulatory 
shock and hemodynamic monitoring. Task force of the European 
Society of Intensive Care Medicine. Intensive Care Med 2014; 
40(12):1795–1815. doi:10.1007/s00134-014-3525-z

 34. Mahjoub Y, Lejeune V, Muller L, et al. Evaluation of pulse pressure 
variation validity criteria in critically ill patients: a prospective ob-
servational multicentre point-prevalence study. Br J Anaesth 2014; 
112(4):681–685. doi:10.1093/bja/aet442

 35. Cherpanath TG, Hirsch A, Geerts BF, et al. Predicting fl uid respon-
siveness by passive leg raising: a systematic review and meta-analysis 



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 1  JANUARY 2020 63

DUGAR AND COLLEAGUES

of 23 clinical trials. Crit Care Med 2016; 44(5):981–991. 
doi:10.1097/CCM.0000000000001556

 36. Jansen TC, van Bommel J, Schoonderbeek FJ, et al; LACTATE study 
group. Early lactate-guided therapy in intensive care unit patients: 
a multicenter, open-label, randomized controlled trial. Am J Respir 
Crit Care Med 2010; 182(6):752–761. 
doi:10.1164/rccm.200912-1918OC

 37. Casserly B, Phillips GS, Schorr C, et al. Lactate measurements in 
sepsis-induced tissue hypoperfusion: results from the Surviving 
Sepsis Campaign database. Crit Care Med 2015; 43(3):567–573. 
doi:10.1097/CCM.0000000000000742

 38. Jones AE, Shapiro NI, Trzeciak S, Arnold RC, Claremont HA, Kline 
JA; Emergency Medicine Shock Research Network (EMShockNet) 
Investigators. Lactate clearance vs central venous oxygen saturation 
as goals of early sepsis therapy: a randomized clinical trial. JAMA 
2010; 303(8):739–746. doi:10.1001/jama.2010.158

 39. Hernández G, Ospina-Tascón GA, Damiani LP, et al. Effect of a 
resuscitation strategy targeting peripheral perfusion status vs serum 
lactate levels on 28-day mortality among patients with septic shock: 
The ANDROMEDA-SHOCK Randomized Clinical Trial. JAMA 2019; 
321(7):654–664. doi:10.1001/jama.2019.0071

 40. Semler MW, Self WH, Wanderer JP, et al; SMART Investigators and 
the Pragmatic Critical Care Research Group. Balanced crystalloids 
versus saline in critically ill adults. N Engl J Med 2018; 378(9):829–
839. doi:10.1056/NEJMoa1711584

 41. Young P, Bailey M, Beasley R, et al; SPLIT Investigators; ANZICS CTG. 
Effect of a buffered crystalloid solution vs saline on acute kidney 
injury among patients in the intensive care unit: the SPLIT Random-
ized Clinical Trial. JAMA 2015; 314(16):1701–1710. 
doi:10.1001/jama.2015.12334

 42. Krajewski ML, Raghunathan K, Paluszkiewicz SM, Schermer CR, 
Shaw AD. Meta-analysis of high- versus low-chloride content in 
perioperative and critical care fl uid resuscitation. Br J Surg 2015; 
102(1):24–36. doi:10.1002/bjs.9651

 43. Finfer S, Bellomo R, Boyce N, French J, Myburgh J, Norton R; SAFE 
Study Investigators. A comparison of albumin and saline for 
fl uid resuscitation in the intensive care unit. N Engl J Med 2004; 
350(22):2247–2256. doi:10.1056/NEJMoa040232

 44. Caironi P, Gattinoni L. The clinical use of albumin: the point of view 
of a specialist in intensive care. Blood Transfus 2009; 7(4):259–267. 
doi:10.2450/2009.0002-09

 45. Annane D, Siami S, Jaber S, et al; CRISTAL Investigators. Effects of 
fl uid resuscitation with colloids vs crystalloids on mortality in criti-
cally ill patients presenting with hypovolemic shock: the CRISTAL 
randomized trial. JAMA 2013; 310(17):1809–1817. 
doi:10.1001/jama.2013.280502

 46. Jiang L, Jiang S, Zhang M, Zheng Z, Ma Y. Albumin versus other 
fl uids for fl uid resuscitation in patients with sepsis: a meta-analysis. 
PLoS One 2014; 9(12):e114666. doi:10.1371/journal.pone.0114666 

 47. Perner A, Haase N, Guttormsen AB, et al; 6S Trial Group; Scandina-
vian Critical Care Trials Group. Hydroxyethyl starch 130/0.42 versus 
Ringer’s acetate in severe sepsis. N Engl J Med 2012; 367(2):124–134. 
doi:10.1056/NEJMoa1204242

 48. Jimenez MF, Marshall JC; International Sepsis Forum. Source control 
in the management of sepsis. Intensive Care Med 2001; 27(suppl 
1):S49–S62. pmid:11307370

 49. Asfar P, Meziani F, Hamel JF, et al; SEPSISPAM Investigators. High 
versus low blood-pressure target in patients with septic shock. N 
Engl J Med 2014; 370(17):1583–1593. doi: 10.1056/NEJMoa1312173

 50. Leone M, Asfar P, Radermacher P, Vincent JL, Martin C. Optimizing 
mean arterial pressure in septic shock: a critical reappraisal of the 
literature. Crit Care 2015; 19:101. doi:10.1186/s13054-015-0794-z

 51. De Backer D, Biston P, Devriendt J, et al; SOAP II Investigators. Com-
parison of dopamine and norepinephrine in the treatment of shock. 
N Engl J Med 2010; 362(9):779–789. doi:10.1056/NEJMoa0907118

 52. De Backer D, Aldecoa C, Njimi H, Vincent JL. Dopamine versus nor-
epinephrine in the treatment of septic shock: a meta-analysis. Crit 
Care Med 2012; 40(3):725–730. doi:10.1097/CCM.0b013e31823778ee. 

 53. Avni T, Lador A, Lev S, Leibovici L, Paul M, Grossman A. Vasopres-

sors for the treatment of septic shock: systematic review and meta-
analysis. PLoS One 2015; 10(8):e0129305. 
doi:10.1371/journal.pone.0129305

 54. Gamper G, Havel C, Arrich J, et al. Vasopressors for hypoten-
sive shock. Cochrane Database Syst Rev 2016; 2:CD003709. 
doi:10.1002/14651858.CD003709.pub4

 55. Scheeren TWL, Bakker J, De Backer D, et al. Current use of vasopres-
sors in septic shock. Ann Intensive Care 2019; 9(1):20. 
doi:10.1186/s13613-019-0498-7

 56. Gordon AC, Mason AJ, Thirunavukkarasu N, et al; VANISH Investiga-
tors. Effect of early vasopressin vs norepinephrine on kidney failure 
in patients with septic shock: the VANISH Randomized Clinical Trial. 
JAMA 2016; 316(5):509–518. doi:10.1001/jama.2016.10485

 57. Russell JA, Walley KR, Singer J, et al; VASST Investigators. Vasopres-
sin versus norepinephrine infusion in patients with septic shock. N 
Engl J Med 2008; 358(9):877–887. doi:10.1056/NEJMoa067373

 58. Levy B, Perez P, Perny J, Thivilier C, Gerard A. Comparison of 
norepinephrine-dobutamine to epinephrine for hemodynamics, 
lactate metabolism, and organ function variables in cardiogenic 
shock. A prospective, randomized pilot study. Crit Care Med 2011; 
39(3):450–455. doi:10.1097/CCM.0b013e3181ffe0eb

 59. Vail E, Gershengorn HB, Hua M, Walkey AJ, Rubenfeld G, Wunsch 
H. Association between US norepinephrine shortage and mortality 
among patients with septic shock. JAMA 2017; 317(14):1433–1442. 
doi:10.1001/jama.2017.2841

 60. Khanna A, English SW, Wang XS, et al; ATHOS-3 Investigators. 
Angiotensin II for the treatment of vasodilatory shock. N Engl J Med 
2017; 377(5):419–430. doi:10.1056/NEJMoa1704154

 61. Rivers E, Nguyen B, Havstad S, et al; Early Goal-Directed Therapy 
Collaborative Group. Early goal-directed therapy in the treatment 
of severe sepsis and septic shock. N Engl J Med 2001; 345(19):1368–
1377. doi:10.1056/NEJMoa010307

 62. Annane D, Vignon P, Renault A, et al; CATS Study Group. Nor-
epinephrine plus dobutamine versus epinephrine alone for 
management of septic shock: a randomised trial. Lancet 2007; 
370(9588):676–684. doi:10.1016/S0140-6736(07)61344-0

 63. Chang W, Xie JF, Xu JY, Yang Y. Effect of levosimendan on mortality 
in severe sepsis and septic shock: a meta-analysis of randomised tri-
als. BMJ Open 2018; 8(3):e019338. 
doi:10.1136/bmjopen-2017-019338

 64. Barton P, Garcia J, Kouatli A, et al. Hemodynamic effects of i.v. mil-
rinone lactate in pediatric patients with septic shock. A prospective, 
double-blinded, randomized, placebo-controlled, interventional 
study. Chest 1996; 109(5):1302–1312. doi:10.1378/chest.109.5.1302

 65. Annane D, Pastores SM, Rochwerg B, et al. Guidelines for the diag-
nosis and management of critical illness-related corticosteroid insuf-
fi ciency (CIRCI) in critically ill patients (Part I): Society of Critical Care 
Medicine (SCCM) and European Society of Intensive Care Medicine 
(ESICM) 2017. Crit Care Med 2017; 45(12):2078–2088. 
doi:10.1097/CCM.0000000000002737

 66. Annane D, Renault A, Brun-Buisson C, et al; CRICS-TRIGGERSEP 
Network. Hydrocortisone plus fl udrocortisone for adults with septic 
shock. N Engl J Med 2018; 378(9):809–818. 
doi:10.1056/NEJMoa1705716

 67. Venkatesh B, Finfer S, Cohen J, et al; ADRENAL Trial Investigators 
and the Australian–New Zealand Intensive Care Society Clinical Tri-
als Group. Adjunctive glucocorticoid therapy in patients with septic 
shock. N Engl J Med 2018; 378(9):797–808. 
doi:10.1056/NEJMoa1705835

 68. Annane D, Sébille V, Charpentier C, et al. Effect of treatment with 
low doses of hydrocortisone and fl udrocortisone on mortality in 
patients with septic shock. JAMA 2002; 288(7):862–871. 
doi:10.1001/jama.288.7.862

 69. Sprung CL, Annane D, Keh D, et al; CORTICUS Study Group. Hydro-
cortisone therapy for patients with septic shock. N Engl J Med 2008; 
358(2):111–124. doi:10.1056/NEJMoa071366

 70. Keh D, Trips E, Marx G, et al; SepNet–Critical Care Trials Group. 
Effect of hydrocortisone on development of shock among patients 
with severe sepsis: the HYPRESS Randomized Clinical Trial. JAMA 



64 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 1  JANUARY 2020

SEPSIS AND SEPTIC SHOCK

2016; 316(17):1775–1785. doi:10.1001/jama.2016.14799
 71. Rochwerg B, Oczkowski SJ, Siemieniuk RAC, et al. Corticosteroids 

in sepsis: an updated systematic review and meta-analysis. Crit Care 
Med 2018; 46(9):1411–1420. doi:10.1097/CCM.0000000000003262

 72. Annane D, Bellissant E, Bollaert PE, Briegel J, Keh D, Kupfer Y. 
Corticosteroids for treating sepsis. Cochrane Database Syst Rev 2015; 
(12):CD002243. doi:10.1002/14651858.CD002243.pub3

 73. Cuthbertson BH, Sprung CL, Annane D, et al. The effects of etomi-
date on adrenal responsiveness and mortality in patients with septic 
shock. Intensive Care Med 2009; 35(11):1868–1876. 
doi:10.1007/s00134-009-1603-4

 74. Rello J, Valenzuela-Sánchez F, Ruiz-Rodriguez M, Moyano S. Sepsis: 
a review of advances in management. Adv Ther 2017; 34(11):2393–
2411. doi:10.1007/s12325-017-0622-8

 75. Matthaiou DK, Ntani G, Kontogiorgi M, Poulakou G, Armaganidis 
A, Dimopoulos G. An ESICM systematic review and meta-analysis of 
procalcitonin-guided antibiotic therapy algorithms in adult critically 
ill patients. Intensive Care Med 2012; 38(6):940–949. 
doi:10.1007/s00134-012-2563-7

 76. Wacker C, Prkno A, Brunkhorst FM, Schlattmann P. Procalcitonin as 
a diagnostic marker for sepsis: a systematic review and meta-analy-
sis. Lancet Infect Dis 2016; 16(7):819–827. 
doi:10.1016/S1473-3099(16)00053-0

 77. de Jong E, van Oers JA, Beishuizen A, et al. Effi cacy and safety of 
procalcitonin guidance in reducing the duration of antibiotic treat-
ment in critically ill patients: a randomised, controlled, open-label 
trial. Lancet Infect Dis 2016; 16(7):819–827. 
doi:10.1016/S1473-3099(16)00053-0

 78. Lam SW, Bauer SR, Fowler R, Duggal A. Systematic review and meta-
analysis of procalcitonin-guidance versus usual care for antimicro-
bial management in critically ill patients: focus on subgroups based 
on antibiotic initiation, cessation, or mixed strategies. Crit Care Med 
2018; 46(5):684–690. doi:10.1097/CCM.0000000000002953

 79. Aguado JM, Vázquez L, Fernández-Ruiz M, et al; PCRAGA Study 
Group; Spanish Stem Cell Transplantation Group; Study Group of 
Medical Mycology of the Spanish Society of Clinical Microbiology 
and Infectious Diseases; Spanish Network for Research in Infectious 
Diseases. Serum galactomannan versus a combination of galac-
tomannan and polymerase chain reaction-based Aspergillus DNA 
detection for early therapy of invasive aspergillosis in high-risk 
hematological patients: a randomized controlled trial. Clin Infect Dis 
2015; 60(3):405–414. doi:10.1093/cid/ciu833

 80. Faix JD. Biomarkers of sepsis. Crit Rev Clin Lab Sci 2013; 50(1):23–36. 
doi:10.3109/10408363.2013.764490

 81. Dellinger RP, Levy MM, Rhodes A, et al; Surviving Sepsis Campaign 
Guidelines Committee including the Pediatric Subgroup. Surviv-
ing Sepsis Campaign: international guidelines for management of 

severe sepsis and septic shock: 2012. Crit Care Med 2013; 41(2):580–
637. doi:10.1097/CCM.0b013e31827e83af

 82. ARISE Investigators; ANZICS Clinical Trials Group; Peake SL, Delaney 
A, Bailey M, et al. Goal-directed resuscitation for patients with early 
septic shock. N Engl J Med 2014; 371(16):1496–1506. 
doi:10.1056/NEJMoa1404380

 83. Mouncey PR, Osborn TM, Power GS, et al; ProMISe Trial Investiga-
tors. Trial of early, goal-directed resuscitation for septic shock. N 
Engl J Med 2015; 372(14):1301–1311. doi:10.1056/NEJMoa1500896

 84. ProCESS Investigators; Yealy DM, Kellum JA, Huang DT, et al. A ran-
domized trial of protocol-based care for early septic shock. N Engl J 
Med 2014; 370(18):1683–1693. doi:10.1056/NEJMoa1401602

 85. PRISM Investigators; Rowan KM, Angus DC, Bailey M, et al. Early, 
goal-directed therapy for septic shock—a patient-level meta-analy-
sis. N Engl J Med 2017; 376(23):2223–2234. 
doi:10.1056/NEJMoa1701380

 86. Pepper DJ, Jaswal D, Sun J, Welsh J, Natanson C, Eichacker PQ. 
Evidence underpinning the Centers for Medicare & Medicaid Ser-
vices’ severe sepsis and septic shock management bundle (SEP-1): a 
systematic review. Ann Intern Med 2018; 168(8):558–568. 
doi:10.7326/M17-2947

 87. Klompas M, Rhee C. The CMS sepsis mandate: right disease, wrong 
measure. Ann Intern Med 2016; 165(7):517–518. 
doi:10.7326/M16-0588

 88. Rhee C, Filbin MR, Massaro AF, et al; Centers for Disease Control 
and Prevention (CDC) Prevention Epicenters Program. Compliance 
with the national SEP-1 quality measure and association with sepsis 
outcomes: a multicenter retrospective cohort study. Crit Care Med 
2018; 46(10):1585–1591. doi:10.1097/CCM.0000000000003261

 89. Marik PE, Malbrain MLNG. The SEP-1 quality mandate may be harm-
ful: how to drown a patient with 30 mL per kg fl uid! Anaesthesiol 
Intensive Ther 2017; 49(5):323–328. doi:10.5603/AIT.a2017.0056

 90. Bhattacharjee P, Edelson DP, Churpek MM. Identifying patients 
with sepsis on the hospital wards. Chest 2017; 151(4):898–907. 
doi:10.1016/j.chest.2016.06.020

 91. Weiss CH, Moazed F, McEvoy CA, et al. Prompting physicians to 
address a daily checklist and process of care and clinical outcomes: 
a single-site study. Am J Respir Crit Care Med 2011; 184(6):680-686. 
doi:10.1164/rccm.201101-0037OC

 92. Scheer CS, Fuchs C, Kuhn SO, et al. Quality improvement initia-
tive for severe sepsis and septic shock reduces 90-day mortality: a 
7.5-year observational study. Crit Care Med 2017; 45(2):241–252. 
doi:10.1097/CCM.0000000000002069. 

Address: Abhijit Duggal, MD, MPH, MSc, FACP, Department of Critical 
Care Medicine, Respiratory Institute, G62, Cleveland Clinic, 9500 Euclid 
Avenue, Cleveland, Ohio. 44195; duggala2@ccf.org


