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KEY POINTS

� Sepsis is frequent and deathly.

� The clinical management of patients with sepsis may be guided by applying the Surviving
Sepsis Campaign guidelines together with common sense and flexibility based on patient-
specific and setting-specific characteristics.

� Use 250-mL to 500-mL fluid boluses; continue only if there is clinical improvement.

� Use norepinephrine.

� Give broad-spectrum antibiotic early; de-escalate when the microbe is identified or the
patient improves.
Sepsis is a syndrome, defined as life-threatening organ dysfunction caused by a dys-
regulated host response to infection.1 It is a global health challenge resulting in many
deaths, prolonged suffering among survivors and relatives, and high use of resources
both in developed and developing countries.2,3

Patients with sepsis may progress in disease severity from infection with a modest
degree of organ dysfunction and in-hospital mortality of approximately 10% to severe
circulatory impairment (ie, septic shock), to mortality rate above 40%.4 This chain of
progression represents a window of opportunity, in which correct identification of
the patient and appropriate interventions and monitoring are likely to improve
outcomes. Thus the recently updated clinical practice guidelines from the Surviving
Sepsis Campaign (SSC) categorize sepsis and septic shock as medical emergencies
for which treatment and resuscitation should begin immediately.5 The diagnosis and
care of patients with sepsis is complex because of the pathophysiologic involvement
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of several organ systems and many of the biological processes are far from under-
stood.6,7 Diagnosis and care are also complex because patients present with sepsis
to different settings in the health care system (eg, prehospital, emergency department,
operating room, ward, or intensive care unit [ICU]). The patients, therefore, have to be
identified and cared for by different health care professionals.7 Together this may
lead to delayed diagnosis and less optimal treatment and care pathways for patients
with sepsis.
The key items in the initial management of the patient with sepsis are microbiolog-

ical culture and antibiotics, hemodynamic monitoring and interventions, source con-
trol, and supportive care, which for the severe cases most often occur in an ICU.
This narrative review discusses how to optimize the management of patients with

sepsis by the application of the updated SSC guidelines and common sense.

THE SURVIVING SEPSIS CAMPAIGN GUIDELINES AND CARE BUNDLES

The 2016 SSC guidelines article represent the work of a consensus committee of 55
international experts representing 25 international organizations.5 The guidelines
are based on the best available evidence systematically synthesized and presented
using the Grades of Recommendation Assessment, Development and Evaluation
(GRADE) approach,8 which was facilitated by methods experts. The 93 specific sug-
gestions and recommendations are rarely supported by high-quality evidence. Only 7
are based on high-quality evidence, 28 on moderate evidence, and 58 on low-quality
or very-low-quality evidence. Only 4 of the 26 statements on initial management, that
is, screening, diagnosis, initial resuscitation, antibiotics, and source control, are based
on moderate or high-quality evidence; the vast majority is based on low-level or
very-low-level evidence. Also, there are 4 strong recommendations based on
low-level evidence,5 1 of which is on initial fluid management, that is, the use of a fixed
volume of 30 mL/kg for all patients with septic shock.
To operationalize the guidelines, SSC care bundles were developed together with

the Institute for Healthcare Improvement. After the 2015 revision, the bundles now
consist of 7 specific management goals to be completed before 3 hours or 6 hours
within diagnostics (lactate measurement and blood culture), interventions (broad-
spectrum antibiotics, fixed volume fluids, and vasopressors), and reassessment
of the circulation in case of severe impairment (http://www.survivingsepsis.org/
Bundles/Pages/default.aspx). In the 2016 guidelines, only 2 of the 7 items included
in the revised bundles were graded as moderate quality of evidence (use of antibiotics
and vasopressors); the remaining 5 were graded as low quality or very low quality of
evidence.5 Adherence in clinical practice to the items in the bundles has repeatedly
been found to be low even with the use of focused implementation strategies.9–11

The low compliance rates may indicate that the SSC guidelines are not standard of
care in all settings.

HOW SHOULD THE SURVIVING SEPSIS CAMPAIGN GUIDELINES BE USED?

There has been vivid debate about how clinicians and heath care systems should use
clinical practice guidelines, such as the SSC guidelines. On one hand, guidelines may
be seen as a tool to provide the clinical application of the evidence base synthesized
by experts through clear recommendation.12 On the other hand, often guidelines are
outdated, may contain few recommendations based on high-quality evidence, and
may be used for legal or restrictive administrative purposes.12 Guidelines may be
colored by academic and fiscal conflicts of interest, and some investigators have
argued that they cause regression toward the mean of care — poor performing
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centers improve while good performing ones get worse — and that guidelines hamper
the conduct of clinical trials because uncertainties are rarely acknowledged in the
guidelines.13,14

Some of the arguments from the guidelines pros and cons may be dampened by
increasing emphasis on the World Health Organization definition of a clinical practice
guideline (Version: 10 March 2003): ”Guidelines are systematically developed
evidence-based statements which assist providers, recipients and other stakeholders
to make informed decisions about appropriate health interventions.” Thus, clinical
practice guidelines should assist and not mandate care; they are guidance to the
clinicians. Applying this to the SSC, the 2016 guideline article is an extensive, fully
updated document that may assist clinicians in delivering the best care to the patients
with sepsis while adding flexibility based on patient-specific and setting-specific
characteristics.
Where the SSC guidelines should advise clinicians, the SSC bundles may be

another issue, because these quality-improvement tools may easily be used to
mandate and measure care. Observational data suggest that adherence to the SSC
guidelines and bundles is associated with improved outcome, despite low adherence
to the items in bundles.9–11 This challenges the outcome results, in particular because
none of the bundles’ items has been shown to improve outcomes in randomized trials,
and observational data may overestimate the relative intervention effects by as much
as 30%.15,16 When coupled to outcome reports based on observational data with
inherent high risk of bias,9 then a self-fulfilling prophecy may be created. Interventions
based on low-quality evidence recommendations may be mandated and further sup-
ported by low-quality evidence as is the case, for example, in fixed-volume fluid resus-
citation in the SSC bundles and guidelines.5 Forcing care based on lower-quality
evidence may cause harm as suggested with certain antibiotics for pneumonia,17

and the inclusion of tight blood sugar control in the original SSC bundle items.18 It
is, therefore, appropriate to raise concerns about mandating sepsis care items without
high-quality evidence.19

HOW TO MANAGE THE PATIENT WITH SEPSIS?

What should clinicians managing patients with sepsis do when international standards
are based on such uncertain evidence? With the Hippocratic Oath, they have prom-
ised to abstain from doing harm. For patients with septic shock, this is particularly diffi-
cult because of the uncertain risk-benefit ratio for interventions used in the initial
management. In addition, the decision of whether or not to administer an intervention
has to be balanced against the potential dire consequences of delaying interventions
in these patients.7 On the other hand, a constant theme in recent years is that less is
often more in critical care. As many standard interventions and therapeutic targets in
critical care are being challenged, simplifying care becomes increasingly rational both
from patient, organizational, and financial perspectives.7 How to use some of the
specific items of the SSC guidelines together with a commonsense approach to aid
clinical management of patients with sepsis while trying to balance the potential
benefit and harm of the items is discussed.

IDENTIFICATION OF PATIENTS WITH SEPSIS

Although the updated definitions of sepsis and septic shock (Third International
Consensus Definitions for Sepsis and Septic Shock [Sepsis-3])1 should be applied
in the broader context, the clinician standing in front of a sick patient should not
rely solely on these or the previous syndrome criteria, because they were developed
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at a population level. Any patient with potential infection who seems very sick, that is,
with new-onset warning signs or organ dysfunction (Fig. 1), will likely benefit from
additional diagnostic work-up focusing on the circulation, markers of organ dysfunc-
tion, blood and other relevant cultures, and the most likely focus of infection. Impor-
tantly, the progression of sepsis is time dependent, so clinical reassessment should
be planned within a short time frame and communicated to the entire clinical team.
INITIAL RESUSCITATION AND ONGOING CIRCULATORY MANAGEMENT

Because patients with septic shock have been consistently documented to have
higher mortality than those with sepsis,4 vigilant hemodynamic monitoring and inter-
vention continue to be a central part of management of these patients and of
the SSC guidelines. There is low-quality or very-low-quality evidence for 14 of the
20 statements in the guidelines on initial resuscitation, fluids, vasoactive drugs, and
steroids. This is an obvious challenge, because some of the interventions used in
these patients were shown ineffective or even harmful when a higher level of evidence
was obtained from clinical trials and systematic reviews.20–25

Fluid Therapy

� For initial resuscitation, the SSC guidelines recommend at least 30mL/kg of crys-
talloids be given to all patients with sepsis-induced hypoperfusion in the first
3 hours.5 The physiologic rationale may be that all patients with sepsis-
induced hypoperfusion are hypovolemic, but this may not be correct.26 The ev-
idence to support this recommendation is weak and comes from observational
data and the notion that this volume was the average baseline fluid volume
observed in the recent early goal-directed therapy (EGDT) trials (median
28 mL/kg given in the 3 trials combined),27 in which overall low mortality was
observed. Thus, more than half of the patients received less than the recommen-
ded 30 mL/kg, which may be in line with a large cohort study from a national US
registry showing an average fluid volume of 4.4 L given on the first day in ICU.28

Thus, the initial 30 mL/kg of fluids may not be current practice in many settings.
More worrying, the only randomized trial done on fluid bolus versus no fluid bolus
in sepsis-induced hypoperfusion indicated increased mortality with fluid bolus-
ing.29 This trial was done in children in sub-Saharan Africa, so the generalizability
to adults with sepsis in more developed settings is unknown.

� For ongoing fluid therapy, the SSC recommends using fluid challenges as long as
hemodynamic factors continue to improve. The physiologic rationale is likely that
fluids given to maximize cardiac output are beneficial, which may have some
support in the perioperative setting.30 But the EDGT protocol, in which fluids, ino-
tropes, and blood were given to optimize hemodynamic factors, was no better
than usual care in patients with early septic shock in the recent large multicenter
trials, neither overall nor in several subgroups based on disease or shock
severity.27 Furthermore, the recent CLASSIC trial showed that a protocol restrict-
ing fluid input after the initial resuscitation was feasible in ICU patients with septic
shock and was associated with improved kidney function compared with a
standard care protocol.31 The hemodynamic parameters were identical in the
2 groups after randomization, indicating that additional fluid after the initial resus-
citation did not result in improved circulation, at least not in terms of blood lactate
level, vasopressor dose, or urine output.32

� A common-sense approach to fluid therapy in patients with sepsis-induced
hypoperfusion is to give 250-mL to 500-mL boluses followed by regular
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Fig. 1. Identifying sepsis among patients at risk being it in the ward, emergency department,
operating room, or ICU. (A) Proposed flow chart for identifying sepsis in patients with clinical
warning signs and suspected infection. Quick SOFA, SOFA variables, and suggested clinical
warning signs are presented (B). SOFA, Sequential (Sepsis-related) Organ Failure Assessment.
(Modified from Singer M, Deutschman CS, Seymour CW, et al. The Third International
Consensus definitions for sepsis and septic shock (sepsis-3). JAMA 2016;315(8):801–10.)
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reassessments of the circulation (Table 1). If a patient has had a documented
fluid loss, then a fixed volume may be given to replace the documented loss.
Although many patients improve their circulation with some fluid, those who do
not should not receive any more because these patients may be at particular
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Table 1
A common sense approach to the initial management of patients with sepsis

Identification of
patients with sepsis

All patients with potential infection who seem very sick should have a
diagnostic work-up focusing on the circulation, markers of organ
dysfunction, blood culture, and the most likely focus of infection.

Fluid therapy Use 250–500 mL fluid boluses; continue only if the circulation
improves.

Use fixed volume to substitute documented loss.
Use crystalloid solutions (ie, isotonic saline and buffered solution)

guided by repeated assessment of base excess and sodium in plasma.
Avoid hydroxyethyl starch and gelatin solutions.
Aim for fluid restriction and negative fluid balances as soon as the

circulation has stabilized.

Vasopressor agents Use norepinephrine.
Early infusion of norepinephrine may be considered for severe

hypotension, for example, MAP <50 mmHg, and for those who have
no documented loss of fluid.

Peripheral infusionmay be considered into a large vein proximal to the
antecubital or popliteal fossae while waiting for central access or if a
short infusion time is expected.

Initially aim forMAP of 65mmHg; lower may be acceptable provided a
patient is awake and adequately perfusing.

Inotropic agents It is less likely that inotropic agents result in overall benefit, while the
risk of adverse effects is high.

Dobutamine may be tried in case of ongoing severe tissue
hypoperfusion with signs of low cardiac output. In case of adverse
effects, in particular tachycardia, the infusion should be decreased
or stopped.

Blood transfusion Transfuse at Hb threshold of 7 g/dL unless the patient has acute
myocardial ischemia during which a higher Hb threshold may be
considered.

Hemodynamic
monitoring

Use repeated assessment of simple circulatory parameters, including
blood pressure, heart rate, temperature gradients on the
extremities, mottling, capillary refill time, and lactate.

Antibiotic therapy Give an broad-spectrum antibiotic as soon as possible
De-escalate when the microbe is identified or the patient is improving.
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risk of being harmed by too much fluid. For ongoing fluid therapy, increasing ev-
idence suggests a more restrictive approach should be used in preference to a
more liberal strategy.33

� Crystalloid solutions can be used alone because the synthetic colloid solutions
cause kidney and coagulation impairment34–36 and have been shown to in-
crease mortality with varying certainty (high certainty for hydroxyethyl starch
and low for gelatin).23,37 Albumin is likely safe in sepsis but has no obvious
benefits and is an expensive and limited resource.38 The SSC guidelines do
suggest consideration of albumin use in patients expected to require large
volumes of fluid.5

� As for the crystalloid solutions, both isotonic saline and buffered solutions may
be used because they appear to cause no differences in outcome.5,39 It may
be rational to give patients with severe acidosis buffered solutions and isotonic
saline to those at risk of severe hyponatremia.40 Thus, ongoing fluid therapy
may be guided by repeated assessment of plasma levels of base excess
and sodium.
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� Aiming at negative fluid balances may be of value for patients who have a positive
fluid balance and are hemodynamically stable because such strategies may
shorten the time of mechanical ventilation without increasing mortality.33

Vasopressors

� Norepinephrine is recommended as the first-line vasopressor in patients with
septic shock in the SSC guidelines and in other clinical practice guidelines.5,41

This choice should be uncontroversial because dopamine is associated with
harm compared with norepinephrine,21 and the overall benefit versus harm of
other alternatives (eg, vasopressin analogs and phenylephrine) has been inade-
quately assessed.41 The more challenging questions are when to start the
norepinephrine infusion and what endpoints should be targeted where evidence
from trials are limited.

� Early infusion of norepinephrine may be considered for sepsis patients with
severe hypotension, for example, mean arterial pressure less than 50 mm Hg
because very severe hypotension may pose a direct threat to a patient’s life. In
particular, patients with no documented fluid loss should be considered for early
norepinephrine. In those who have a higher mean arterial pressure (MAP) and/or
documented loss of fluid, IV fluid bolus(es) may be given before the initiation of
norepinephrine, as described previously.

� A peripheral venous infusion may be considered to facilitate early initiation of
norepinephrine while waiting for central access or if a short infusion time is ex-
pected. Taken together, the results of a cohort study and a systematic review
of case series suggest that peripheral infusion of vasopressors may be safe if
given into a large vein proximal to the antecubital or popliteal fossae for a few
hours only, during which the infusion site should be monitored.42,43 Such an
approach has been suggested in the guidelines of the Canadian Association of
Emergency Physicians.44

� Initially, aim for MAP of 65 mm Hg. To obtain this, patients should be allowed to
have values of MAP both below and above 65 mm Hg; if not, patients will likely
have time-averaged means of MAP well above the target as has been observed
in recent MAP target trials.45,46 The overshoot observed in these trials hampers
interpretation of their results. Thus, there is no good evidence to support any
particular level of MAP, but increasing doses of norepinephrine seem to result
in increased rates of adverse effects (eg, atrial fibrillation).45,46 Therefore, the
lowest possible MAP target should be accepted as long as the patient is awake
and makers of perfusion and kidney function remains unaltered. With this
approach, some patients can be handled with MAP target below 65 mm Hg,
whereas other patients (eg, those with chronic hypertension) may need a higher
target.45

Inotropes

� The use of inotropes in patients with septic shock should be carefully considered
because there are no placebo-controlled trials showing their efficacy, and safety.
Recent trials in patients with septic shock and in patients with impaired heart
function prior to or after cardiac surgery indicated no beneficial effects from lev-
osimendan and even harm in those with septic shock.47–49 Based on a physio-
logic rationale, the SSC guidelines suggest using dobutamine in patients with
evidence of persistent tissue hypoperfusion despite adequate fluid loading and
the use of vasopressor agents.5 One strategy of applying this concept was exten-
sively accessed in the EGDT trials; however, outcomes were not improved by the
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use of dobutamine in patents in the EGDT groups who had a persistently low cen-
tral venous oxygen saturation (ScvO2) compared with patients in the usual-care
groups.27 Judging the effects of dobutamine based on the EGDT trial is not
straightforward; however, the results of a recent propensity-adjusted cohort
study suggested increased mortality with the use of dobutamine in patients
with septic shock.50 Taken together, it is less likely that the use of inotropes
(ie, dobutamine, levosimendan, and milrinone) improves patient-important out-
comes yet the risk of harm is imminent.

Blood Transfusion

� Transfusion with red blood cells should be performed at a hemoglobin (Hb) level
of 7.0 g/dL.5,24,25,51 There is limited evidence that extenuating circumstances
should alter this threshold level except for ongoing myocardial ischemia, during
which a higher Hb threshold for transfusion may be considered.52 There is limited
evidence for the use of alternative triggers of transfusion other than Hb.

Hemodynamic Monitoring

� The repeated assessment of circulatory parameters is likely to be important in
guiding therapy; this may be done using simple markers of perfusion including
lactate (see Table 1). Urine output may be used, but it may result in overtreat-
ment, because oliguria may be due to causes other than a low renal blood
flow in sepsis.26

� On the other hand, it is less likely that more advanced hemodynamic monitoring
improves outcomes of patients with septic shock. No hemodynamic target used
to guide therapy has been shown to improve outcomes of patients with sepsis.
Guidance by ScvO2 monitoring, at least as part of the EGDT protocol,27 and
guidance using cardiac output, at least in general ICU patients and those with
early shock,53,54 does not lead to improved outcomes. The use of alternative
strategies, such as echocardiography, has not been tested in trials of sepsis
resuscitation. Furthermore, the validity of some of the measures obtained by
echocardiography may be questioned.55,56 The use of markers predictive of fluid
responsiveness has shown proof-of-concept,57,58 but it is still unknown if
outcomes are improved by applying these in the management of patients
with sepsis.

ANTIMICROBIAL THERAPY

� Broad-spectrum antibiotic therapy should be given as soon as possible to
patients with septic shock because this, together with source control, is the
only specific intervention against sepsis.5 The choice of antimicrobial cover
should be made according to the likely focus of infection and knowledge about
the local antibiogram, in particular the likelihood of infections with multiresist-
ant bacteria. If needed, more than 1 antibiotic may be given to broaden the
cover, but there is limited evidence supporting the use of combination therapy
with the specific aim of covering the suspected microbe with more than
1 antibiotic.59

� Antibiotic cover should be narrowed as soon as the pathogenic microbe has
been identified or the patient has improved.5 If repeated sampling of procalcito-
nin is used, there is evidence to suggest that antibiotics may be stopped when
procalcitonin is normal or has decreased below 80% of the peak value.60,61

This protocol will likely reduce the use of antibiotics without adverse effects on
patient outcomes.
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PERSPECTIVE

The clinical management of patients with sepsis and septic shock may be guided by
applying the SSC guidelines together with common sense and flexibility based on
patient-specific and setting-specific characteristics. A balanced approach is particu-
larly important in areas of uncertainty of which there are still many, as exemplified by
the low number of recommendations in the guidelines supported by high-quality evi-
dence.5 These areas of uncertainty should be broadly acknowledged for clinicians,
clinical researchers, and policy makers to act cautiously and together point to the in-
terventions needed to be tested in trials. The aim should be to assess as many current
and novel interventions for sepsis as possible in large, multicenter, randomized trials
with the lowest possible risk of bias. The results of such trials should improve clinical
practice guidelines and patient care and outcomes.
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