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Abstract

The definition of sepsis continues to be as dynamic as the management strategies used to treat this. Sepsis-3 has
replaced the earlier systemic inflammatory response syndrome (SIRS)-based diagnoses with the rapid Se-
quential Organ Failure Assessment (SOFA) score assisting in predicting overall prognosis with regards to
mortality. Surgeons have an important role in ensuring adequate source control while recognizing the threat of
carbapenem-resistance in gram-negative organisms. Rapid diagnostic tests are being used increasingly for the
early identification of multi-drug–resistant organisms (MDROs), with a key emphasis on the multidisciplinary
alert of results. Novel, higher generation antibiotic agents have been developed for resistance in ESKCAPE
(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudo-
monas aeruginosa, and Enterobacter species) organisms while surgeons have an important role in the pre-
vention of spread. The Study to Optimize Peritoneal Infection Therapy (STOP-IT) trial has challenged the
previous paradigm of length of antibiotic treatment whereas biomarkers such as procalcitonin are playing a
prominent role in individualizing therapy. Several novel therapies for refractory septic shock, while still
investigational, are gaining prominence rapidly (such as vitamin C) whereas others await further clinical trials.
Management strategies presented as care bundles continue to be updated by the Surviving Sepsis Campaign, yet
still remain controversial in its global adoption. We have broadened our temporal and epidemiologic per-
spective of sepsis by understanding it both as an acute, time-sensitive, life-threatening illness to a chronic
condition that increases the risk of mortality up to five years post-discharge. Artificial intelligence, machine
learning, and bedside scoring systems can assist the clinician in predicting post-operative sepsis. The public
health role of the surgeon is key. This includes collaboration and multi-disciplinary antibiotic stewardship at a
hospital level. It also requires controlling pharmaceutical sales and the unregulated dispensing of antibiotic
agents globally through policy initiatives to control emerging resistance through prevention.
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Sepsis has been recognized increasingly as a poten-
tially life-threatening condition that merits the same re-

spect as acute myocardial infarctions, acute ischemic strokes,
or other such time-sensitive pathologies recognized in the
emergency department, hospital ward, or critical care unit.
There have been multiple updates in the management of
sepsis since the first definition of sepsis was published in
1992. Some have persisted in its strength of evidence,
whereas others have been disproven or even demonstrated

harm. Drotrecogin alfa (activated) is an example of one such
intervention that was adopted broadly through society
guidelines worldwide, sponsored by industry [1], yet found to
cause increased harm to patients, prompting voluntary re-
moval from the market in 2011 [2]. Conversely, the ongoing
strength of evidence for the early administration of antibi-
otic agents remains solid [3]. Areas of controversy remain,
however, with the duration of antibiotic therapy with large,
randomized control trials demonstrating the non-inferiority
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of a shorter course compared to our historic longer courses
[4]. Other interventions have had varying evidence in support
of or against steroids, type of fluids used for resuscitation, or
clear end points or goals of resuscitation. As new interven-
tions for sepsis continue to emerge, these have been orga-
nized into sepsis care bundles by society guidelines to assist
the clinician in the rational application of such therapies.
External validity in real-world application of evidence-based
bundles is low with a wide variation in practice patterns of
sepsis management remaining a challenge worldwide [5].

This is important globally because of emerging multi-
drug–resistant organisms (MDROs), the use and abuse of an-
tibiotic agents, and challenges in achieving adequate source
control. Antibiotic stewardship in hospitals remains a public
health challenge on a grand scale that can only be approached
in a multidisciplinary, collaborative fashion. The importance
of organizing a rapid diagnostic strategy and institutional
approach to antimicrobial stewardship is a key local com-
ponent to controlling the spread of MDROs. Surgeons have a
key role both in extirpative sepsis management as well as
intensivists through our early recognition in vulnerable or
critically ill patients. Our role as policy leaders also includes
examining the evidence-based literature to support modern
approaches to institutional pathways for sepsis detection,
treatment and controlling the spread of future infections.

The purpose of this review is to discuss the modern ad-
vances and controversies regarding the diagnosis and treat-
ment of sepsis, as well as discuss the upcoming challenges
and remaining research priorities for future advancement in
the science of sepsis. We aim to emphasize the important role
that surgeons encompass in the treatment of patients with
severe surgical infections.

Sepsis Definitions

The term sepsis originates from an ancient Greek word
sepsis, which means the ‘‘decay of organic matter,’’ and was
first known to be used in an Egyptian papyrus circa 1600 b.c.
[6]. The modern definition of sepsis was created in 1991 by a
consensus conference of the American College of Chest
Physicians (ACCP) and the Society of Critical Care Medicine
(SCCM), so that clinicians could apply a standard framework
with precise diagnostic guidelines to follow epidemiologic
trends and determine efficacy of treatments for sepsis [7,8].
The conference defined a new term, the systemic inflamma-
tory response syndrome (SIRS), based on a clinical constel-
lation of abnormal temperature, heart rate, respiratory rate,
and white blood cell count. Sepsis was defined as the pres-
ence of SIRS with an infection present. Severe sepsis was
defined as sepsis with organ dysfunction, and septic shock
was sepsis-induced hypotension despite adequate resuscita-
tion. These definitions were updated in 2003 (Sepsis-2) but
the definition remained largely unchanged [9].

In 2016, a task force was convened between the SCCM
and the European Society of Intensive Care Medicine
(ESICM) to revise the definitions of sepsis [10,11]. For the
first time in more than 20 years, the definitions of sepsis
changed considerably [12]. The panel was concerned that the
prior definition lacked specificity to truly predict mortality
and performed not only a review of existing literature but also
cohort studies using registries from the Surviving Sepsis
Campaign and electronic health records to identify models of

sepsis that provided improved prediction of sepsis-associated
mortality. These definitions are known as Sepsis-3.

Sepsis-3 redefined sepsis as ‘‘life-threatening organ dys-
function caused by a dysregulated host response to infec-
tion.’’ Septic shock was defined as ‘‘a subset of sepsis in
which underlying circulatory, cellular, and metabolic ab-
normalities are associated with a greater risk of mortality than
sepsis alone.’’ Septic shock requires the clinical criteria of
sepsis plus the need for vasopressor therapy to maintain mean
arterial pressure above 65 mm Hg, and a lactate >2 mmol/L
despite adequate fluid resuscitation. Systemic inflammatory
response syndrome was removed from the definition because
of high rates of false-positives and poor discrimination
ability [11]. The terms SIRS and severe sepsis were dropped.
By Sepsis-3, sepsis became a more severe disease with higher
mortality than previously defined; studies comparing Sepsis-
3 definitions have confirmed that the reclassification of
patients is associated with higher mortality than the prior
definition [13–15].

For the diagnosis of sepsis, the Sequential Organ Failure
Assessment (SOFA) score could be used, but this is not used
routinely at the bedside. To aid clinicians, the Sepsis-3 au-
thors created a new score, the quick Sequential Organ Failure
Assessment (qSOFA) score. Their goal was to create a bed-
side diagnostic score with reasonable predictive validity for
sepsis-related in-hospital mortality and prolonged intensive
care unit (ICU) stay. To create this score, the authors utilized
a population of critically ill patients with known or suspected
infection. The outcome of interest utilized in their scoring
model was increased risk of death or a prolonged ICU stay.
The qSOFA score is based on three criteria: altered mental
status, fast respiratory rate, and low blood pressure (area
under the receiver operating characteristic curve [AUROC]
0.81, confidence interval [CI] 0.80–0.82) [16]. This tool is
best used as a prognostic tool for mortality in patients with
sepsis, not as a diagnostic tool to rule out the presence of
sepsis (Table 1).

As a result of these changes, the new Sepsis-3 definitions
[17] have been the source of thoughtful debate and contro-
versy, especially regarding the importance of early identi-
fication and diagnosis of infection. As described above,
because the qSOFA was not designed to identify infection
early, one valid argument against these criteria theorizes that
application of these new criteria may lead to a failure to
recognize the signs of potentially lethal infection until the
outcomes are poor. In addition, these new criteria were de-
rived from patients with suspected infection, so there is no
consideration as to how to exclude patients with inflamma-
tory states that are the result of non-infectious causes. Since
the new definitions, several studies have been performed
questioning the usefulness of qSOFA as a screening tool for
the early diagnosis of sepsis. These studies suggest that SIRS
has a higher sensitivity, whereas qSOFA has a higher spec-
ificity for poor outcomes. It may make sense to continue to
apply SIRS criteria in the earliest stages of infection, al-
though there continues to be no consensus on this important
question.

To further complicate matters, the Centers for Medicare
and Medicaid Services (CMS) has an alternate definition for
sepsis and septic shock that continues to use the prior defi-
nitions, plus the use of specific end-organ dysfunction criteria
and lactate criteria [18]. Whereas the cost and reimbursement
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implications of these discrepancies are outside of the scope of
this review, the use of multiple definitions of sepsis will likely
have far-reaching clinical, research, administrative, and
economic impact.

Source Control, Antibiotic Choice, MDROs

It is important for the acute care surgeon to consider the
rapid emergence of MDROs, source control, and applying the
principles of both under a framework of public health pre-
vention. Often surgeons are faced with a variety of clinical
scenarios involving vulnerable patient populations: the el-
derly patient with diverticulitis with dislodged percutaneous
abdominal drains to the intubated patient with flank necro-
tizing soft tissue infection from a missed perforated retro-
cecal appendix. Often, we are called upon to administer the
appropriate antibiotic agents, achieve adequate source con-
trol, and do both in a timely fashion for improved clinical
outcomes. Multi-drug–resistant organism infections are
concerning because these occur in the weakest hosts with the
most virulent bacteria, increasing mortality. Therapy may be
delayed or inadequate, spread may be rapid, and there are
limited antibiotic options. The challenge in initiating the
appropriate antibiotic regimen is that many of our patients

present with risk factors for MDROs and our usual empiric
antibiotic coverage is suboptimal against these organisms.
Additionally, there may be challenges in achieving ade-
quate source control, leading to delays in therapy that have
consequences for patient outcomes. Antibiotics and source
control are both important and complementary therapeutic
modalities for the acute care surgeon, whose decisions must
follow antibiotic stewardship principles to limit the spread
of MDROs.

In February 2017, the World Health Organization released
a priority pathogen list, calling for urgent development of
new antimicrobials for these [19]. The focus was on gram-
negative bacteria with carbapenem resistance. Resistance can
be acquired, typically through horizontal transfer of plas-
mids, leading to MDROs, but can be intrinsic or adaptive
as well [20]. Whereas multi-drug resistance is defined as
non-susceptibility to one agent in three or more antimicro-
bial categories, extensive and pan-drug resistance is also an
emerging problem [21].

Clinical breakpoints are important to understand, as the
minimum inhibitory concentration (MIC) of a drug needed
for activity against a bacterium may depend on the tissue
targeted/route of drug administration, mechanism of bacterial
resistance, and if specific drug combinations will be used

Table 1. Revised Definitions of Sepsis

1992 Consensus Statement [7] Sepsis-3 [11]

SIRS Four Criteria of SIRS Eliminated
Temperature >38�C or <36�C
Heart rate >90 beats per minute
Respiratory rate >20 breaths per minute
or PaCO2 < 32 mm Hg
White blood cell count >12,000/cu mm,
<4,000/cu mm or 10% bands

Sepsis Systemic response to infection, manifested
by two or more SIRS criteria

Life-threatening organ dysfunction caused by a
dysregulated host response to infection. Organ
dysfunction defined as an increase in 2 points or
more in the SOFA score, which includes respi-
ration, coagulation, liver function, hypotension,
altered mental status, and kidney dysfunction.

ICU patients with increased risk of mortality or
prolonged ICU stay can be identified with a
qSOFA score >2:
Altered mental status; Glasgow Coma Scale <15
Respiratory rate >22 breaths per minute
Systolic blood pressure <100 mm Hg

Severe sepsis Sepsis associated with organ dysfunction,
hypoperfusion, or hypotension. Hypoperfusion
and perfusion abnormalities may include, but
are not limited to lactic acidosis, oliguria, or an
acute alteration in mental status

Eliminated

Septic shock Sepsis-induced hypotension despite adequate
fluid resuscitation, along with the presence of
perfusion abnormalities that may include, but
are not limited to, lactic acidosis, oliguria, or
an acute alteration in mental status. Patients
who are receiving inotropic or vasopressor
agents may not be hypotensive at the time that
perfusion abnormalities are measured

Subset of sepsis in which underlying circulatory
and cellular/metabolic abnormalities are pro-
found enough to substantially increase mortality.

Criteria:
Sustained systolic blood pressure <90 mm Hg
requiring vasopressors to maintain mean arterial
pressure >65 mm Hg, and
Lactate >2 mmol/L, despite adequate volume
resuscitation

SIRS = systemic inflammatory response syndrome; PaCO2= partial pressure of carbon dioxide ; SOFA = Sequential [Sepsis-related] Organ
Failure Assessment; qSOFA = Quick Sequential Organ Failure Assessment; ICU = intensive care unit;
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synergistically. The MIC breakpoints may also vary globally
because these are determined somewhat arbitrarily by dif-
ferent global bodies such as European Committee for Anti-
microbial Susceptibility Testing (EUCAST), Clinical &
Laboratory Standards Institute (CLSI), or the U.S. Food and
Drug Administration [22]. Priorities rest on identifying pa-
tients who are at risk of MDROs when they present to
the acute care surgeon with a complicated intra-abdominal
infection (cIAI). Risk factors include hospital-acquired
cIAI, such as anastomotic leaks, antimicrobial therapy in the
previous seven days, leukocytosis or leukopenia, severe
cardiovascular disease, and inadequate source control [23]. If
an MDRO is suspected, standard empiric therapy, based on
one’s hospital’s antibiogram, may be inadequate. Detection
of MDROs can be facilitated with rapid identification meth-
ods (RIMs), molecular-based techniques to identify concer-
ning organisms such as methicillin-resistant Staphylococcus
areus (MRSA), vancomycin-resistant enterococcus (VRE),
or carbapenem-resistant Enterobacteriaceae (CREs) as early
as two hours after a specimen is collected, allowing the cli-
nician to escalate or de-escalate as needed. A key component
to RIMs is that the results must be communicated immedi-
ately to the clinician by the laboratory [24].

The classic ESKCAPE (Enterococcus faecium, Staphylo-
coccus aureus, Klebsiella pneumoniae, Acinetobacter bau-
mannii, Pseudomonas aeruginosa, and Enterobacter species)
organisms are the common, nosocomial gram-positive and
gram-negative MDROs that include Acinetobacter bau-
mannii and Pseudomonas aeruginosa, both resistant to car-
bapenems. Increasing concerns of Clostridium difficile
resistance have broadened the acronym [25]. There is also
growing resistance of VRE to linezolid, with several new
promising glycopeptides. A novel fifth-generation cephalo-
sporin ceftaroline has excellent activity against MRSA [26].
For the CREs in cIAI, ceftazidime-avibactam as mono-
therapy is inadequate [27,28] but may be used in combination
with metronidazole for anaerobic coverage in cIAI and
is active against extended-spectrum beta-lactamase (ESBL)
gram-negatives. Similarly, ceftolazone-tazobactam is another
newer beta-lactam–beta lactamase inhibitor combination
(BLI), which again requires additional anaerobic cover-
age for cIAI [29]. This drug is first-line therapy for MDR
Pseudomonas aeruginosa. Carbapenem-BLI combinations
(meropenem-vaborbactam) are also available for MDRO in-
fections [30]. Eravacycline is a new tetracycline of the
fluorocycline subgroup that is active against a wide spectrum
of gram-positive and gram-negative pathogens (MRSA, VRE,
and Enterobacteriaceae with ESBLs), although it does not
have activity against Pseudomonas aeruginosa. As always,
acute care surgeons have a responsibility to be leaders in
local antibiotic stewardship programs that limit the over-
use of antibiotic agents and mandate handwashing for
all. Multidisciplinary communication, involving infectious
diseases and pharmacy, is a key component of patient care.

It is incumbent on the acute care surgeon to consider the
risk factors for MDROs for newly presenting patients, es-
pecially those with hospital-acquired infections. After start-
ing appropriate empiric antibiotic agents based on risk factors
and your hospital’s antibiogram, consider rapid molecular
testing to rule MDROs in or out expeditiously. Always re-
member to consider an underlying focus of pus, necrotic
tissue, or combination thereof anywhere in the body that

needs source control. Procalcitonin can be used as a marker
of resolution of sepsis to judge the adequacy of drainage,
debridement or need for re-laparotomy [31,32]. Surgeons
together with their infectious disease colleagues have a key
role in limiting the spread of MDROs in their institutions,
with preventive measures being essential.

Duration of Antibiotic Agents and Biomarkers

A randomized controlled trial known as the Study to
Optimize Peritoneal Infection Therapy (STOP-IT) compared
antibiotic duration of four days to a longer course with ces-
sation two days after the resolution of clinical symptoms, for
a maximum of 10 days. Antimicrobial duration was measured
from the patient’s index source-control procedure, which
could include surgery or drainage. The authors found that
there was no difference in outcomes, especially mortality,
when using the short course [1]. On subgroup analysis, a four-
day course of antibiotic agents was also safe with certain risk
factors (such as diabetes or obesity) [33], regardless of source
control method [34] and even in severe illness (sepsis, high
APACHE II) [35]. Caveats to these findings include the
need for source control, regardless of method used, and that
these results cannot be applied to immunocompromised pa-
tients, who remain understudied. Prior to the publication of
STOP-IT, the Surviving Sepsis Campaign (SSC) guidelines
recommended seven to 10 days of antibiotic coverage as a
starting point based on limited data of low quality.

The recommendations stipulate that this can be shortened
when dealing with genitourinary infections or cIAI with
adequate source control. Longer courses are recommended
when there is inadequate source control, the presence of some
MDROs, Staphylococcus aureus bacteremia, an immuno-
suppressed host, and with some fungal or viral infections.
Precisely what shorter or longer implies remains unclear. The
SSC guidelines regarding cIAI need to be updated in light
of the STOP-IT trial.

Procalcitonin is demonstrating promise in individualizing
antibiotic use. Evidence shows that this proinflammatory
biomarker safely shortens antibiotic duration in critically ill
patients in the ICU [36,37], and has been demonstrated to
reduce mortality [38] in these and other patients. In a recent
Cochrane Review, the use of procalcitonin to guide initiation
and duration of antibiotic treatment resulted in lower risks of
mortality, lower antibiotic consumption, and lower risk for
antibiotic-related side effects [39]. Further studies are needed
to determine if procalcitonin can safely guide clinicians to
utilize ultra-short courses of antibiotic agents. Other bio-
markers are currently under investigation. For example, re-
duced monocyte human leukocyte antigen-DR (HLA-DR)
expression as measured by flow cytometry is a novel bio-
marker in sepsis and provides valuable information in terms of
predicting mortality and risk of secondary infections [40].
Circulating DNA (cell-free DNA) is released from a number
of cells, including neutrophils, eosinophils, and macrophages,
as a result of either apoptosis or other forms of cellular
damage and can serve as an early biomarker in sepsis [41].
A new metagenomics-based test that detects microbial DNA
in human blood can identify a diverse array of pathogens
from any source in the body and be used similar to bio-
markers for the early identification of sepsis-inducing patho-
gens [42].
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Other Novel Therapies in Refractory Septic Shock:
Vitamin C, Thiamine, Angiotensin II, and Methylene Blue

The following treatments for septic shock may be useful
in refractory or vasoplegic septic shock. However, all ther-
apies discussed in this section are investigational with limited
evidence. Careful appraisal of the literature and its applica-
tion to their patient should be undertaken by clinicians.

Vitamin C is known for its antioxidant and anti-
inflammatory [43] properties in the human body, character-
istics that make this a favorable adjunct to use in sepsis.
Vitamin C is also required to produce catecholamines [44]
and is synergistic with thiamine and glucocorticoids [45],
both helpful in sepsis. Interestingly, 100% of patients with
sepsis have low vitamin C levels [46] possibly because of
intrinsic depletion of endogenous levels during the septic
state. Limited clinical data of 146 patients from three studies,
including two randomized controlled trials, [47–49] demon-
strated a large mortality effect (odds ratio [OR] 0.17 [0.07–
0.40], p < 0.001) [50] with the administration of high doses
of vitamin C during refractory septic shock. There were
also nearly no adverse effects with vitamin C in these criti-
cally ill patients [45]. One recently published protocol used
intravenous vitamin C 1.5 g every six hours for four days
coupled with intravenous thiamine 200 mg every 12 hours for
four days [49]. A tapered, seven-day course of intravenous
hydrocortisone 50 mg every six hours has also been included
in these studies, and may be an important confounder [51].
Currently, there are 13 trials ongoing investigating the ben-
eficial properties of high-dose vitamin C in refractory septic
shock. Angiotensin II has also been advocated by some, as
limited clinical data (n = 344) have demonstrated an im-
proved mean arterial pressure (MAP) in refractory shock and
improved cardiovascular SOFA scores at 48 hours when
administered at 20 ng/kg/min (maximum, 200) to MAP goal
[52]. Clinicians need to exercise caution in patients with
cardiac issues given its potential for vasoconstriction.

Methylene blue is known for its inhibition of the produc-
tion of nitric oxide (NO) [53], which is increased in septic
shock [54]. Excessive NO leads to persistent vasodilation
[55] and thus is another driver of refractory septic shock.
Again, there exist only limited clinical data (n = 114, 11
studies, two randomized controlled trials) [56] that have
demonstrated that methylene blue can improve MAP for two
to three hours using a dose of 1–2 mg/kg for 10–15 minutes. It
currently remains unknown if bolus or infusion of methy-
lene blue is more favorable for MAP response and overall
outcomes. Methylene blue will render pulse oximetry data
unreliable and is contraindicated in patients with glucose-6-
phosphate-dehydrogrenase deficiency. Given the propensity
for pulmonary vasoconstriction, extreme caution must be
exercised in patients with pneumonia, pulmonary hyperten-
sion, or acute respiratory distress syndrome (ARDS) as a
cause or result of sepsis.

Other novel therapies include polyclonal or monoclonal
antibodies for sepsis, with polyclonal intravenous immuno-
globulin (IVIG) demonstrating a mortality reduction, but only
in clinical trials at risk of bias, in an updated Cochrane Review
[57]. Beta-blockade, in particular with esmolol, has demon-
strated promise in several randomized controlled trials, in-
cluding demonstrating a reduction in morality from sepsis
[58]. Extracorporeal blood purification strategies are currently

under investigation, as are industry-sponsored adsorptive
membranes, as adjuvant therapy for sepsis [59]. Similarly,
therapeutic plasma exchange has been investigated for similar
reasons with some promising data [60]. Additional clinical
studies are needed to clarify which novel therapies will be
beneficial for the treatment of sepsis and septic shock.

Surviving Sepsis Campaign

Guidelines for the management of severe sepsis and septic
shock by the SSC initially were published in 2004 and were
followed by updates in 2008 and 2012 [61,62]. The SSC,
initiated in 2002, was designed to reduce mortality and has
provided key guidance to the medical community for these
endeavors. The SSC guidelines provide evidence-based
guidance for treatment based on all major physiologic cate-
gories affected by sepsis, including initial resuscitation,
screening and performance improvement, diagnosis, use of
antimicrobials, fluids, and vasopressors, and source control.
In 2014, a 7.5-year longitudinal study showed that compli-
ance with bundles based on the guidelines from 2004 showed
a 25% risk reduction in mortality rate; each 10% increase in
compliance and additional quarter of participation with the
guidelines was associated with a decrease in odds ratio for
hospital mortality [64]. Despite overall low compliance in an
international study, the International Multicentre Prevalence
Study on Sepsis (IMPreSS) study [51], also showed that
higher levels of compliance reduced mortality from sepsis.

One new recommendation from the SSC guidelines from
2016 deserves particular mention for the modern care of
the septic patient. The 2016 SSC guidelines suggest the use
of ‘‘dynamic resuscitation markers’’ to determine fluid re-
sponsiveness, whereas recommendations from 2012 sug-
gested use of central venous oxygen saturation to guide goal-
directed therapy. Once initial resuscitation of 30 mL/kg is
complete, fluid administration should be judiciously ad-
ministered only for patients who remain fluid responsive. In
2016, a review of the literature concluded that the use of CVP
alone can no longer be justified because of poor identification
of fluid responsiveness [65]. Multiple trials showed no ben-
efit to early goal-directed therapy for sepsis [66–68]. In
place of CVP and central venous oxygen saturation (ScVO2)
measurement, dynamic assessment with use of the passive
leg raise or bedside ultrasound may provide a more accurate
determination of fluid responsiveness. In other words, before
administering large fluid volumes, a patient should demon-
strate an increased stroke volume with an increase in pre-
load, to ensure that the patient continues to be on the
ascending limb of the Frank-Starling curve and prevent iat-
rogenic fluid overload. Whereas the optimal method to mea-
sure fluid responsiveness remains unknown [70–72], current
European guidelines recommend the early and repeat use of
echocardiography in shock to guide fluid responsiveness.
Transpulmonary thermodilution is also useful as an individ-
ualized approach to the complex critical care patient in shock,
in particular with concomitant ARDS, with pulmonary artery
catheters not recommended for routine use [73].

The most recent SSC guidelines were succeeded by pub-
lication of a one-hour bundle, published in 2018, that rec-
ommends the following bundle of care: (1) measure lactate
level; remeasure if initial lactate is >2 mmol/L; (2) obtain
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blood cultures prior to administration of antibiotic agents; (3)
administer broad-spectrum antibiotic agents; (4) begin rapid
administration of 30 mL/kg crystalloid for hypotension or
lactate ‡4 mmol/L; (5) apply vasopressors if patient is hy-
potensive during or after fluid resuscitation to maintain MAP
‡65 mm Hg [74]. This is a change from the prior bundles
published by the SSC, which were based on administration of
treatment within three or six hours, to encourage clinicians to
diagnose sepsis quickly and begin treatment immediately.

This SSC one-hour bundle has generated controversy,
debate [75], and criticism because of a lack of clear evidence,
the potential for indiscriminate antibiotic agent use, and the
presumptiveness of the SSC to dictate healthcare policy and
the behavior of thousands of physicians without adequate
basis to do so. This prompted a joint statement by the SCCM
and the American College of Emergency Physicians (ACEP)
that recommends against the one-hour bundle [76]. An on-
line, international petition has collected more than 6,000
signatures calling for the retirement of these updated SSC
guidelines due, in part, to the global monopoly they hold as
well as industry influence [1,77]. However, leaders in the
field are instead recommending the generation of multiple
sepsis guidelines from various countries as ‘‘competing
sepsis guidelines could promote a diversity of opinions, re-
gional adaptation, and flexible thinking about different
approaches to sepsis’’ [78].

Sepsis Outcomes and Predicting Sepsis

In-hospital mortality

The mortality of sepsis is reported to range between ap-
proximately 10% and 52% [6]. In a study by Martin et al. [79]
that included more than 10 million patients between 1979 and
2000, the in-hospital mortality of patients with sepsis was
shown to have been decreasing from a high of more than 30%
in the early 1980s to an average of 17.9% in the last six years.
Similarly, Dombrovskiy et al. [80] showed that the number of
hospitalizations and total mortality from sepsis in the United
States have increased between 1993 and 2003, but the case
fatality rate has decreased. The mortality of sepsis increases
as its severity increases. Rangel-Frausto et al. [81] elegantly
demonstrated that the mortality rate of patients increased
incrementally from 16% to 20% and 46% as they moved from
sepsis to severe sepsis and then septic shock.

Long-term mortality

Several studies have attempted to examine the long-term
post-discharge survival of sepsis patients. Nesseler et al. [82]
suggested that the six-month mortality rate of patients with
sepsis is as high as 45%. Other studies suggested that these
patients, even when they survive, continue to have subse-
quent serious infections and increased healthcare utilization
more than a year later [83,84]. In a nationwide population-
based study, Ou et al. [85] suggested that sepsis survivors are
at increased risk for major cardiovascular events and all-
cause mortality at one-year post-discharge, and that that risk
remains elevated up to five years later.

Predicting the outcome of sepsis

The results of studies examining the ability of qSOFA and
SOFA scores in predicting outcome of patients with sepsis

have been conflicting. Although qSOFA has been suggested
to be superior in predicting mortality compared with SIRS,
sepsis, and severe sepsis criteria [86], its ability to predict
mortality remains questionable [87,88]. A recent study by
Raith et al. [89] showed the significant superiority of SOFA
to qSOFA in predicting the outcome of septic patients.

Predicting sepsis

Whereas qSOFA could be useful to prognosticate patients
with sepsis and predict their risk of mortality, it is not re-
commended as a sepsis screening tool. Haydar et al. [90]
warned that qSOFA alone more than doubles the time to
identify sepsis in the emergency room compared with SIRS
screening criteria and may even delay the initiation of therapy
for sepsis, thus worsening outcomes. In the emergency sur-
gery patient, the Emergency Surgery Score (ESS) calculated
pre-operatively has been shown to predict post-operative
outcome accurately including post-operative sepsis (Table 2)
[91–93]. In the last few years, the use of artificial intelligence
has been promising. For example, POTTER interactive and
user-friendly calculator, available for download on smart-
phones, used machine learning techniques to train complex
algorithms to predict outcome in the high-risk emergency
surgery patient. Specifically, because of the non-linear nature
of its algorithm, its accuracy in predicting postoperative

Table 2. The Emergency Surgery Score

Variable Points

Demographics
Age >60 y 2
White 1
Transfer from outside emergency department 1
Transfer from an acute care hospital

inpatient facility
1

Comorbidities
Ascites 1
BMI <20 kg/m2 1
Disseminated cancer 3
Dyspnea 1
Functional dependence 1
History of COPD 1
Hypertension 1
Steroid use 1
Ventilator requirement within 48 h preoperatively 3
Weight loss >10% in the preceding 6 mo 1

Laboratory values
Albumin <3.0 U/L 1
Alkaline phosphatase >125 U/L 1
Blood urea nitrogen >40 mg/dL 1
Creatinine >1.2 mg/dL 2
International normalized ratio >1.5 1
Platelets <150 · 103 uL 1
SGOT >40 U/L 1
Sodium >145 mg/dL 1
WBC · 103 uL

<4.5 1
>15 and £25 1
>25 2

Maximum score 29

BMI = bone mineral density; COPD = chronic obstructive pulmo-
nary disease; SGOT = serum glutamic oxaloacetic transaminase;
WBC = white blood cell count.
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sepsis has been shown to be several folds superior in this
patient population [95].

In addition to POTTER, machine learning techniques have
been used to analyze vital signs and heart rate variability in
real time to predict patients in early sepsis [96–101]. For
example, the machine learning algorithm Insight was derived
from six vital signs and outperformed existing scoring sys-
tems for sepsis and septic shock [99]. Such algorithms
promise, once integrated into electronic health records, to
trigger rescue alerts identifying the clinically deteriorating
patient with sepsis who has not yet shown overt signs of
sepsis. Such triggers may help mitigate the organ system
deleterious effects of the delayed recognition of sepsis.

Future Areas for Research/Conclusion

In summary, the definitions, diagnosis, and management of
sepsis continue to evolve. Although imperfect, Sepsis-3 and
evaluation by qSOFA are the new lingua franca if surgeons,
intensivists, infectious disease physicians, and other medical
specialists are to make coordinated progress in the field.
Source control remains the primary and critical responsibility
of surgeons. However, the inability to obtain definitive source
control remains a real problem in many clinical scenarios and
commonly leads to protracted courses of antibiotics. Anti-
biotic stewardship is complicated when source control cannot
be obtained, and there is a paucity of data regarding duration
of antibiotics in these situations. More research is needed to
determine antibiotic choice and duration if source control is

unattainable. The complexity of the mechanisms of resis-
tance and the speed at which resistance is emerging require
that surgeons cooperate with infectious disease and pharmacy
specialists. The mass of information on new antibiotics and
diagnostic methods demands multi-disciplinary cooperation.
When prevention fails and we must treat sepsis, novel and
inexpensive therapies, such as vitamin C, thiamine, hydro-
cortisone, methylene blue, and similar non-commercial ther-
apies should be used to the extent the literature supports
them. Further research is needed but is unlikely to be done if
not publicly funded. Last, we must look beyond our patients
and consider a broader approach to sepsis and antimicrobial
resistance. It will be imperative to employ a global public
health approach, as the wide availability of over-the-counter
antibiotic agents in much of the world exacerbates resistance
patterns. We must also look outside our own sphere of in-
fluence. The use of antibiotic agents and antifungals in animal
agriculture and farming dwarfs the use of these agents in
human disease, producing new mechanisms of resistance and
this has to be addressed at a level higher than our medical
professional societies. Epidemiologic research in the out-
comes of sepsis, after hospitalization ends, casts a light on the
gravity of the problem of sepsis and the need for ongoing
basic and clinical research in the years to come.
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