Review

@ Therapeutic Advances in Infectious Disease

A current appraisal of evidence for the
approach to sepsis and septic shock

Jack Varon and Rebecca M. Baron

Abstract: Sepsis is a life-threatening syndrome of a dysregulated host response to infection.
Despite advances in diagnosis and treatment, sepsis remains a significant cause of morbidity
and mortality. Many aspects of the diagnosis and clinical management of sepsis require
further study and remain controversial. This review aims to summarize relevant literature and
controversies regarding the evaluation and management of sepsis and septic shock.
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Introduction

Sepsis is a life-threatening syndrome of a dysregu-
lated host response to infection.! Despite advances
in diagnosis and treatment, sepsis remains a sig-
nificant cause of morbidity and mortality. Many
aspects of the diagnosis and clinical management
of sepsis require further study and remain contro-
versial. This review aims to summarize relevant
literature and controversies regarding the overall
evaluation and management of sepsis and septic
shock.

Evolving definitions

Although sepsis has been the focus of clinical and
biologic inquiry for many decades, attempts to
develop a clear and consistent definition of the
syndrome have proven challenging and remains a
subject that is under ongoing review and evalua-
tion.? Sepsis was defined in a 1991 consensus
statement as the systemic inflammatory response
syndrome (SIRS) in reaction to infection (Table
1). Sepsis complicated by organ dysfunction was
defined as severe sepsis, and septic shock was
defined as hypotension due to sepsis despite ade-
quate fluid resuscitation (Table 2).3 The goals of
these definitions were to facilitate identification of
patients with sepsis early in their course, and to
create guidelines for recruitment of patients into
clinical trials with more uniform clinical criteria.
This 1991 definition was reviewed in 2001, in a

subsequent consensus statement.* While the
authors acknowledged limitations in using SIRS
as a definition of sepsis, particularly the lack of
clinical specificity, they nevertheless agreed that
SIRS was a useful clinical concept, and no major
changes were made to the definitions established
in 1991. Efforts were made to conceptualize ways
to include biologic markers into the sepsis criteria
(e.g. levels of circulating pro-inflammatory
cytokines),? although to date there has not been
agreement as to how to do this.

Subsequent studies raised further questions
regarding the utility of SIRS as a useful screening
tool for sepsis. Churpek and colleagues published
a retrospective review of 269,951 ward patients,
and found that 47% met two of four SIRS criteria
at some point during their admission, suggesting
that SIRS might be an overly sensitive screening
tool.> Conversely, a retrospective analysis of
109,663 patients in Australia and New Zealand
with infection and organ failure found that 87.9%
had SIRS-positive sepsis, while the remainder
had SIRS-negative sepsis, with similar outcomes
to the SIRS-positive sepsis group.® Thus, use of
two or more SIRS criteria to define sepsis in this
cohort missed approximately 12% of patients
with infections accompanied by substantial organ
failure and mortality. The authors of this study
also found mortality increased linearly with each
additional category of SIRS criteria met (up to a
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Table 1. Systemic inflammatory response syndrome (SIRS) criteria. In Sepsis-1 and Sepsis-2, sepsis was
defined as the presence at least two of the above criteria due to infection. As of Sepsis-3, SIRS criteria are no

longer used in the definition of sepsis.

SIRS criteria
Temperature > 38°C or <36°C
Heart Rate >90 beats per min
Tachypnea

White blood cell count

Respiratory rate >20 breaths per min or a PaCO, of <32mmHg

>12,000/pL3 or <4,000/wL3, or >10% immature (band) forms

Table 2. Changes in definitions of sepsis and sepsis related syndromes after Sepsis-3 consensus statement.

Era Syndrome

Definition

Prior to Sepsis-3 Sepsis
Severe Sepsis

Septic shock

SIRS in response to infection
SIRS in response to infection, with organ dysfunction

Hypotension due to sepsis (defined by SIRS criteria) despite fluid

resuscitation

After Sepsis-3 Sepsis

Severe Sepsis

Septic shock

SOFA increase =2 in response to infection
Eliminated in Sepsis-3

Sepsis (as defined by SOFA], with hypotension not responsive to

fluid resuscitation, and a lactate level =2 mmol/L

SIRS, Systemic inflammatory response syndrome. SOFA, Sequential organ failure assessment.

total of four), and that there was no threshold
effect at two SIRS criteria. Some clinical trials
have sought to improve the specificity of the SIRS
criteria for identifying infection. For example, a
trial of rosuvastatin for acute respiratory distress
syndrome (ARDS) in patients with sepsis
excluded patients who did not have fever, hypo-
thermia, leukocytosis, leukopenia, or more than
10% band forms as part of their SIRS criteria.”
However, no data exist to support these revised
criteria for broader use.

Sepsis-3, published in 2016, was the first major
consensus revision in the definition of sepsis in
25years, and aimed to address perceived short-
comings of the prior definitions, including the
higher sensitivity but lower specificity of SIRS
observed in some studies, and the redundancy of
severe sepsis, which was eliminated from the defi-
nition (Table 2).! Sepsis was defined broadly as
life-threatening organ dysfunction caused by a

dysregulated host response to infection. Organ
dysfunction was assessed using the sequential
organ failure assessment (SOFA) score, which
assigns 0—4 points across six organ systems based
on the severity of dysfunction.® Sepsis-3 defined
sepsis as an increase of at least 2points in the
SOFA score from baseline. The SOFA score was
felt to have better predictive validity than SIRS for
mortality, and its predictive validity was not sig-
nificantly different than the more complex scoring
logistic organ dysfunction scoring system (LODS),
thus lending support for its use as a component of
the definition of sepsis.® Septic shock was defined
as sepsis, plus hypotension not responsive to fluid
resuscitation and a lactate level =2 mmol/L, pre-
dicting a mortality of at least 40% (Table 2).!

Diagnosis, screening, and severity of sepsis
Prior to release of the Sepsis-3 definition, SIRS
was used both as a screening tool as well as part of
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the criteria for diagnosis of sepsis. With elimina-
tion of SIRS from the Sepsis-3 consensus defini-
tion, there remains persistent discussion over how
best to screen for sepsis. Due to its complexity,
the SOFA was not intended, or easily used, for
sepsis screening, as it relies on data that is not
always available at the bedside. The quick SOFA
(gSOFA) was developed as a tool to gauge sever-
ity of sepsis as part of the Sepsis-3 consensus, and
aimed to identify patients, primarily outside the
ICU, with suspected infection who are likely to
develop complications of sepsis.! The gSOFA has
also been proposed by some as a means of screen-
ing for sepsis, though there is not uniform agree-
ment on this subject.10-12 A positive gSOFA score
is comprised of two of the following three risk fac-
tors: respiratory rate greater than 22 breaths per
min, systolic blood pressure of less than
100mmHg, and altered mental status (as meas-
ured by a Glasgow Coma Scale <15). Subsequent
data regarding the utility of the gSOFA score in
predicting mortality have been mixed. Raith and
colleagues investigated the predictive validity of
SOFA wversus qSOFA versus SIRS for in-hospital
mortality in a large retrospective cohort of ICU
patients in Australia and New Zealand, and found
the SOFA score to be superior to both gSOFA
and SIRS for predicting in-hospital mortality,
though, notably, the qSOFA was not initially
developed for use in the ICU.12 One study set in
30 participating emergency departments across
four countries in Europe showed superior perfor-
mance of gSSOFA when compared with SIRS or
severe sepsis in predicting in-hospital mortality.!!

Validation studies are ongoing in an effort to
determine the utility of gSSOFA and other sepsis
diagnosis, screening, and prediction tools. The
qSOFA has also been examined in more resource
limited settings. In a retrospective secondary
analysis of nine prior studies, including diverse
cohorts of hospitalized patients in low- and mid-
dle-income countries, a high gSOFA score (=2)
was associated with an increased risk of death
overall [19% for a high gSOFA score versus 6%
for a low (0) or moderate (1) gSOFA score].!3
More recently, Rhee and colleagues have pub-
lished an analysis evaluating the performance of a
new electronic SOFA (eSOFA) score against the
SOFA score.* The eSOFA score is a simplified
organ score optimized for electronic medical
record use, and was created by the United States
Centers for Disease Control and Prevention to

facilitate retrospective surveillance of sepsis
events. The authors analyzed 942,360 patients
from 111 US hospitals retrospectively, and found
that the eSOFA score identified a smaller, but
sicker, group of patients when compared with the
SOFA score. Furthermore, the eSOFA had the
advantage of being easier to calculate, and might
be feasible for more widespread electronic health
sepsis surveillance.

Of note, it has been reported that the gSOFA per-
forms worse than several other scoring systems
such as Modified Early Warning Score, and the
National Early Warning Score when predicting
death and ICU transfer; both these scoring sys-
tems are simple enough to be calculated at the
bedside.!® Other scoring systems are more com-
plex. The Acute Physiology and Chronic Health
Evaluation (APACHE) IV score is based on mul-
tivariate logistic regression, and builds upon prior
APACHE scoring symptoms.!> While APACHE
IV scores are typically too complex to be calcu-
lated at the bedside, they have utility in assessing
illness severity in a research setting. The SOFA
score performs only slightly worse than APACHE
for predicting ICU mortality, while having the
advantage of requiring less data collection.!¢

Thus, in aggregate, there remains ongoing discus-
sion and investigation regarding optimal defini-
tions, screening, and predictors of outcomes in
sepsis. Some early critiques of the Sepsis-3 con-
sensus statement include the limited applicability
of the definitions in resource poor settings that do
not have access to the rapid laboratory testing
required for early calculation of a SOFA score
(although, as above, more work is ongoing in this
area assessing the applicability of the qSOFA
score to these settings), as well as the lack of inte-
gration of biomarkers in sepsis to help define
prognosis or outcomes for subgroups of patients.!?
The most recent Surviving Sepsis Campaign
guidelines suggest that SIRS as a sensitive screen-
ing tool for sepsis may still be justified, so as not
to miss cases of possible sepsis. Diagnosis of sep-
sis with the SOFA score to evaluate organ dys-
function in the setting of infection and use of
qSOFA to predict severity and outcome of sepsis
as recommended by the Sepsis-3 consensus docu-
ment has been recommended. As with prior rec-
ommendations, refractory hypotension and an
elevated lactate in the setting of sepsis should
point towards septic shock.!8
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Antibiotics and source control

Timely administration of antibiotics is an impor-
tant determinant of survival in sepsis and septic
shock. Antibiotic selection should be based on the
host and suspected site of infection, though suffi-
ciently broad in terms of coverage, as inappropri-
ate antibiotic selection has been associated with
increased mortality.!8 Delays of greater than 1h
between initial triage for sepsis and administra-
tion of antibiotics have been associated with
increased mortality.!® New York State began
requiring hospitals to follow protocolized identifi-
cation and treatment of sepsis in 2013.20 The
bundled treatment involved collection of blood
cultures, administration of antibiotics, intrave-
nous fluid administration, and lactate measure-
ments within 3h of triage. Review of outcomes
for sepsis and septic shock in New York State fol-
lowing the implementation of these guidelines
showed that each additional hour in delay of com-
pletion of the bundle was associated with a linear
increase in mortality.2! The source of infection is
important in the treatment of sepsis. Timely
source control, when necessary to eliminate a
source of infection, is critical. For example, in
patients with abdominal sepsis from gastrointesti-
nal perforation, delay in surgical source control
was associated with increased 60-day mortality.22
The Surviving Sepsis Campaign guidelines rec-
ommend source control as soon as is feasible.!8

Novel antimicrobial strategies

While it is acknowledged that early effective anti-
microbial therapy is a keystone to the manage-
ment of sepsis, the rising prevalence of multidrug
resistant organisms (MDRO) makes the selection
of appropriate antibiotics for sepsis increasingly
challenging. Despite this trend, only limited num-
bers of novel antimicrobials have been licensed
since 2012.23 Thus, the development and under-
standing of novel antimicrobial approaches is
critical to improving outcomes in sepsis. While a
detailed review is beyond the scope of this paper,
we will highlight a few recent strategies to identify
novel antimicrobials.

One recent strategy targets resistance mecha-
nisms, thus extending the spectrum of currently
used antibiotics. For example, methicillin-resist-
ant Staphylococcus aureus (MRSA) uses Ser/Thr
protein kinase (STK1) for cell wall biosynthesis.
While not necessary for survival, STK1 deficient

strains become susceptible to ceftriaxone and cefo-
taxime. Recently, Kant and colleagues described a
novel small molecule, Inh2-B1, which binds STK1
and reduces MRSA resistance to cephalosporins.2+
The combination of a third-generation cephalo-
sporin and Inh2-B1 allows mice to survive other-
wise lethal MRSA challenge. Two antimicrobial
therapies recently approved by the United States
Food and Drug Administration have extended the
spectrum of previously approved antibiotics by
pairing them with a novel beta-lactamase or car-
bapenemase. Ceftazidime-avibactam was shown in
a randomized phaselIll, pathogen-directed, open-
label trial (n=333 patients) to be as effective as
best available therapy for complicated urinary tract
or intraabdominal infections with ceftazidime-
resistant Enterobacteriaceae or Pseudomonas aeurg-
nosa.?> Meropenem-Vaborbactam was shown to
be more likely to achieve a clinical cure in carbap-
enem-resistant Enterobacteriaceae infections,
with less mortality and nephrotoxicity when com-
pared with best available therapy in a phaselll
randomized, controlled, open-label trial (n=77
patients).26

Another recent strategy combined improved
understanding of mechanisms of virulence with
high throughput screening for compounds that
interfere with these mechanisms. Neisseria menin-
gitidis, depends on interactions between its type IV
pilus and human endothelial cells to cause dis-
ease. Aubey and colleagues used a high through-
put screen to identify compounds with low
toxicity that inhibited this virulence factor, and
identified three compounds of interest.2” Notably,
these compounds were not bactericidal; however,
they prevented adhesion to cultured human
endothelial cells, and caused bacteria cultured in
the presence of human endothelial cells to become
detached from these cells.

Targeted antibodies may also be a viable therapeu-
tic strategy, especially for organisms like
Acinetobacter baumannii that have high levels of
antibiotic-resistance. Nielsen and colleagues devel-
oped a monoclonal antibody against extremely
drug resistant (XDR) A. baumannii that had a syn-
ergistic bactericidal effect with Colistin, improved
macrophage uptake of the pathogen, and rescued
mice from lethal infection with this organism.28

Yet another strategy involves the modification
of naturally occurring antimicrobial peptides
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(AMPs) to enhance activity. Chen and colleagues
identified three endogenous AMPs to which the
addition of a C-terminal cysteine significantly
enhanced activity against gram-negative bacte-
ria.2? These compounds were efficacious with no
observed toxicity in mouse models of gram-
negative sepsis. In separate work, Kim and
colleagues modified the AMP papiliocin to
increase its interaction with bacterial cell
membranes, and were able to significantly improve
survival of gram-negative sepsis in mice.3°

Early goal-directed therapy

In 2001, Rivers and colleagues published a study
of early goal-directed therapy (EGDT) for the
treatment of sepsis.3! A bundle of interventions,
including placement of a central venous catheter,
intravenous fluids to achieve a central venous
pressure (CVP) of 8-12mmHg, mean arterial
pressure greater than or equal to 65mmHg
achieved with vasopressors if necessary, and cen-
tral venous oxygen saturations of greater than or
equal to 70% achieved with red cell transfusions
and dobutamine, was shown to decrease in-
hospital mortality from 46.5% in the control arm
to 30.5% in the intervention arm.

Subsequent studies of protocolized care for sepsis
have aimed to identify the aspects of the bundle in
the Rivers trial that were most associated with
survival benefit, with the widespread belief that
earlier administration of antibiotics and fluid
resuscitation in the EGDT group may have
played a role in the benefit observed for the inter-
vention group in that study. The protocolized
care for early septic shock (ProCESS) trial, pub-
lished in 2014 compared three arms; (1) the bun-
dle of care described in the original Rivers trial,
(2) a similar arm without the use of inotropes or
blood transfusions, and (3) usual care.32 ProCESS
found no difference in mortality in any arm. The
Australasian resuscitation in sepsis evaluation
(ARISE) study, published in 2014, compared
EGDT to usual care, and found no mortality
benefit.33 The protocolized management in sepsis
(ProMIse) trial, published in 2015, similarly
compared EGDT to usual care and found no
mortality difference.3* ProCESS, ARISE, and
ProMlIse all found lower mortality from septic
shock when compared with the control arms in
the original EGDT study. One potential explana-
tion for the lack of benefit shown in subsequent

studies of EGDT is that usual care for sepsis has
changed since the publication of the Rivers study.
Indeed, a retrospective analysis showed that,
between 2003 and 2013, patients received
increasingly early aggressive fluid resuscitation.3>

Subsequent trials have individually investigated
other aspects of EGDT. The transfusion require-
ments in septic shock (TRISS) trial randomized
patients to a target hemoglobin to transfusion for
hemoglobin less than 7g per deciliter versus 9g
per deciliter and found no significant difference in
mortality.3® A single center trial has also exam-
ined the necessity of central venous catheters,
even in patients requiring vasopressors; this study
demonstrated that vasoactive medications could
be administered peripherally with relatively low
risk of extravasation or morbidity.37

Fluid strategy

While the value of early administration of intrave-
nous fluids in sepsis and septic shock is uncontro-
versial, the amount of fluid administered and
when and when to initiate vasoactive agents
remain areas of active investigation. It is likely that
neither under-resuscitation, nor excess fluid
administration, is beneficial in sepsis. The current
clinical guidelines suggest using a targeted fluid
resuscitation strategy, but do not provide direc-
tion as to how this should be done specifically, and
there are no current studies that provide guidance
in this area.!838 Possible suggested targets for fluid
resuscitation include: monitoring a blood pres-
sure/heart rate response, monitoring urine output,
monitoring CVP and central venous oxygen satu-
ration, pulse pressure variation, lactate clearance,
and dynamic responses such as to fluid boluses
or passive leg raising.!8:38 The Crystalloid liberal
or vasopressors early resuscitation in sepsis
(CLOVERSY) trial is an ongoing multicenter trial
comparing a restrictive fluid strategy with prefer-
ential early use of vasopressors to treat hypoten-
sion in sepsis versus a liberal fluid strategy with
early intravenous fluid boluses for patients upon
presentation with sepsis-induced hypotension.3?

Fluid selection can have an impact on mortality.
Hydroxyethyl starch, a colloid solution previously
used for resuscitation, was associated with
increased mortality when compared with normal
saline.4® The use of hydroxyethyl starch is thus
contraindicated in septic shock. The albumin
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Italian outcome sepsis (ALBIOS) study compared
resuscitation with 20% albumin and crystalloid
solution to crystalloid alone and found no signifi-
cant mortality benefit.#! Nevertheless, the
Surviving Sepsis Campaign guidelines support the
use of albumin late in resuscitative efforts to limit
the development of volume overload.!® A compari-
son of normal saline to balanced crystalloid (either
lactated Ringer’s solution or Plasma-Lyte A) for
resuscitation in critically ill patients in a single-
center study found a small but significant benefit
to balanced crystalloid in the development of a
composite endpoint of death, persistent renal dys-
function, or new renal replacement therapy.*? This
study is in keeping with concern from some inves-
tigators regarding potential harmful renal effects of
the chloride load from normal saline resuscitation.
While additional studies to confirm this finding
will be necessary, many practitioners have begun
to favor use of balanced crystalloids over normal
saline for fluid resuscitation in sepsis.

Choice of vasoactive agent

Several vasoactive agents can be used to support
perfusion in septic shock, including catechola-
mines and vasopressin.*3> These agents function
by stimulation of cardiac contractility and/or
peripheral vasoconstriction, depending upon
individual agents’ mechanism of action. The
Surviving Sepsis Campaign suggests norepineph-
rine, a potent agonist of both alpha and beta
receptors, as the initial vasopressor of choice in
septic shock.1® Norepinephrine is an endogenous
catecholamine that stimulates alpha and beta
receptors, and dopamine is an endogenous cat-
echolamine that stimulates dopamine, alpha, and
beta receptors. Norepinephrine has been com-
pared with dopamine in a randomized controlled
trial for patients with undifferentiated shock.*
There was no difference in mortality at 28 days;
however, more arrhythmias were observed in
those patients receiving dopamine. Dopamine
can have different physiologic effects based on the
dose, with lower doses of dopamine having been
shown to cause splanchnic vasodilation in healthy
volunteers. However, when studied in patients
with critical illness and shock at risk of renal
injury, the use of low dose dopamine did not
prevent renal injury.%

Vasopressin is an endogenous, centrally released
hormone with vasoactive properties that may be

depleted in patients with shock. Two large trials
have investigated the use of vasopressin in addi-
tion to catecholamines. The first trial compared
low dose vasopressin (0.01-0.03 units (U)/min)
as an initial vasopressor added to low-dose nor-
epinephrine wversus norepinephrine alone at
higher doses in 778 patients, and found no dif-
ference in mortality at 28 days.4% A post hoc anal-
ysis of patients with less severe septic shock
found that the use of vasopressin was associated
with significantly reduced mortality, from 35.7%
to 26.5% in this group, supporting the notion of
vasopressin as an add-on ‘rescue’ vasopressor to
norepinephrine. Another trial examined poten-
tial renal benefits of early vasopressin in patients
with septic shock. This 2 X 2 randomized clini-
cal trial assigned 409 patients to high dose vaso-
pressin  (0.06 U/min) with or  without
corticosteroids, or norepinephrine with or with-
out corticosteroids. There was no difference in
kidney-failure-free days between groups, though
there was reduced use of renal replacement ther-
apy in the vasopressin group, suggesting future
trials will be important for further assessment.4?
Neither study found harm associated with
administration of vasopressin. The Surviving
Sepsis Campaign guidelines advocate for vaso-
pressin to be used as the second vasopressor fol-
lowing administration of norepinephrine if a
MAP target is not achieved, and many clinicians
use vasopressin as a ‘rescue’ vasopressor once
norepinephrine requirements increase.!®

A second noncatecholamine agent, angioten-
sinIl, has been studied in a limited capacity in
vasodilatory shock.48 AngiotensinII is an endog-
enous hormone that is a part of the renin-angio-
tensin-aldosterone system. A total of 344 patients
with vasodilatory shock requiring vasopressors
were randomized to angiotensinII or placebo as
an add-on vasopressor. Those patients receiving
angiotensin were more likely to reach prespeci-
fied MAP goals (increase in 10 mmHg or at least
75 mmHg) than those receiving placebo (69.9%
versus 23.4%). There were no statistically signifi-
cant differences in 28-day mortality, though the
study was not powered to detect differences in
mortality. Further study is needed to determine
the role of angiotensinIl in the management of
patients with septic shock, though this study
raises hope that angiotensin II might represent a
novel class of vasopressor agents for refractory
shock.
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Steroids in sepsis

While corticosteroids have immunosuppressive
effects that may be harmful in sepsis, these effects
may be outweighed by beneficial anti-inflamma-
tory and vasoactive effects, for some patients.
High doses of steroids have been shown to be
harmful in sepsis*®; however the role of ‘stress
dose’ (i.e. low-dose hydrocortisone, 200-300 mg/
day for 5-7days) hydrocortisone in sepsis and
septic shock is less clear. Several large, rand-
omized trials have been done to determine the
optimal use of low-dose corticosteroids in patients
with sepsis and septic shock. Unfortunately, the
findings of these trials have often been conflict-
ing.5° Some authors have postulated that patients
with sepsis develop an acquired corticosteroid
insufficiency.>! Unfortunately, efforts to define or
create diagnostic criteria for critical illness-related
corticosteroid insufficiency have not been fruit-
ful.52 We will briefly review some of the key stud-
ies of corticosteroids in septic shock.

In 2002, Annane and colleagues randomized 300
patients in France with septic shock to either pla-
cebo or low-dose hydrocortisone and fludrocorti-
sone.33 The study also administered a corticotropin
challenge to all enrolled patients to identify ‘rela-
tive’ adrenal insufficiency, that is, those patients
who were not absolutely adrenally insufficient,
but without a substantial response to corticotro-
pin challenge, and were therefore postulated to
lack adrenal ‘reserve’ in the setting of physiologic
stress from septic shock. A total of 73% of patients
were found to be nonresponders to corticotropin
challenge. The entire cohort had very high overall
mortality (58%), and, notably, the beneficial
effects of steroids were greater in those patients
who did not respond to corticotropin challenge
(i.e. those with relative adrenal insufficiency),
with a significant difference in mortality (63%
versus 53% favoring the steroid arm). Patients
who did respond to corticotropin challenge had
no statistically significant difference in 28-day
mortality with low-dose steroids (53% versus 61%
favoring placebo).

Unfortunately, follow-up trials have not shown
consistent results. CORTICUS, published in
2008, randomized 499 patients with septic shock
to low-dose hydrocortisone versus placebo.>* This
study also assessed for relative adrenal insuffi-
ciency using a corticotropin challenge, and found
that 46.7% were nonresponders. There was no

improvement in 28-day survival with corticoster-
oids. Even when including only those patients
who did not respond to corticotropin challenge,
there was no survival benefit observed. While
there was faster resolution of shock in the corti-
costeroid arm, there was also a nonstatistically
significant trend towards increased infections in
the corticosteroid group.

HYPRESS, published in 2016, randomized 353
patients with severe sepsis (without shock) to low-
dose hydrocortisone wversus placebo and found no
reduction in the risk of developing septic shock
(primary outcome), or mortality (secondary out-
come) with corticosteroids.>® In 2018, two large
trials were published investigating the role of ster-
oids in sepsis. ADRENAL included 3800 patients
with septic shock and mechanical ventilation ran-
domized to hydrocortisone or placebo, and found
no significant difference in 90-day mortality (pri-
mary outcome, 27.9% mortality in the hydrocorti-
sone group, versus 28.8% mortality in the placebo
group).’® APPROCCHESS, also published in
2018, was initially conceived of as a 2 X 2 trial ran-
domizing patients with vasopressor-dependent
shock to either corticosteroids (with fludrocorti-
sone) or no corticosteroids and activated protein C
or no activated protein C.57 Activated protein C
was withdrawn from the market during the recruit-
ment period, and thus the study was converted to
low dose corticosteroids wersus placebo in septic
shock; 1241 patients were recruited. There was a
statistically significant 6% reduction in mortality
at 90days (primary outcome, 43% hydrocorti-
sone/fludrocortisone versus 49.1% placebo). The
substantially higher rate of death overall in the
APPROCCHESS trial suggests a sicker patient
population was enrolled than in the ADRENAL
trial. Of note, both studies demonstrated improve-
ment in secondary outcomes of resolution of
shock and earlier liberation from mechanical
ventilation.

Differences in the trials might explain the lack of
uniformity in results, including differences in ill-
ness severity, timing of initiation of steroid ther-
apy with respect to onset of sepsis or septic shock,
dosing of the steroids with or without fludrocorti-
sone, and the proportion of relative corticosteroid
deficiency patients present in each cohort.
Currently, the Surviving Sepsis Campaign guide-
lines recommend the use of adjunctive glucocor-
ticoids in patients with septic shock refractory to
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fluid resuscitation,!® and the more recent studies
support the notion that the potential benefits of
low-dose hydrocortisone might outweigh the risks
especially in a sicker patient population.>©

Procalcitonin

Procalcitonin is a precursor of calcitonin that is
undetectable in healthy states but is upregulated
by the cytokines that are secreted in bacterial
infections.>® In patients with suspected sepsis or
septic shock, it is not advised to use procalcitonin
to guide decision-making regarding initiation of
antibiotics, but, in some circumstances, procalci-
tonin might be helpful in guiding de-escalation of
antibiotic use. Several trials have investigated the
use of procalcitonin to guide duration of antimi-
crobial therapy in sepsis. PRORATA randomized
621 patients with suspected bacterial infection to
standard of care versus early de-escalation of anti-
biotic therapy based on procalcitonin levels. In
the intervention arm, antibiotics could be discon-
tinued when procalcitonin dropped below 0.5 pg/
ml or had been reduced from 80% of the peak
serum value. There was less antibiotic use in the
intervention arm, as well as a trend towards
increased mortality in the intervention arm,
though this did not reach the level of signifi-
cance.?® ProGUARD randomized 400 patients to
either standard of care or a more conservative
cut-off for de-escalation of antibiotics; in this trial
antibiotics could be discontinued if procalcitonin
fell below 0.1 ug/ml or a 90% reduction from peak
serum value.% This trial found a nonsignificant
reduction in antibiotics in the intervention arm
and no differences in mortality. Finally, SAPS
randomized 1575 patients to the cut-offs used in
PRORATA wversus standard of care; this study
found a significant reduction in days on antibiot-
ics in the procalcitonin arm, as well as a 5%
reduction in mortality in the procalcitonin arm.5!

Thus, there is a range of opinion regarding the
appropriate use of procalcitonin in critical illness.
As severely immunocompromised patients have
not been adequately studied in these trials, it has
not been advised to guide therapy using procalci-
tonin in this group of patients. Additionally, cer-
tain other patients might require long-term
antibiotics, such as those with Staphylococcus
aureus bacteremia, endocarditis, osteomyelitis,
joint  infections, mediastinitis, liver/brain
abscesses, chronic pancreatitis, etc.; and these

patients should not have antibiotic decisions
guided by procalcitonin levels. Of note, false posi-
tive procalcitonin levels can occur (e.g. from non-
infectious inflammatory conditions such as
trauma, pancreatitis, burns, etc.), and false nega-
tive procalcitonin levels can occur (e.g. early in
the course of illness or in the setting of walled off
infectious such as abscesses). In general, in situa-
tions where one might consider de-escalating
antibiotics guided by procalcitonin levels, the
patients should be clinically improving, and an
alternate diagnosis should be more apparent. It is
important to note that if procalcitonin levels are
used as a clinical decision aid, they should never
override clinical judgement.52

VitaminC

There are reasons for interest in vitamin C as a
therapy in sepsis, as patients with sepsis may be
deficient in vitamin C.%3 A randomized controlled
trial in critically ill surgical ICU patients showed
a decrease in multi-organ failure in patients
treated with vitamin C and vitamin E.®* A phasel
study of vitaminC in sepsis found a favorable
safety profile and improvement in SOFA scores
with escalating doses of vitamin C in a cohort of
24 patients.®> A 2017 retrospective study by
Marik and colleagues compared patients treated
with vitaminC, hydrocortisone, and thiamine
with historical controls, and found significantly
decreased mortality in the intervention arm.%®
However, the Marik study has significant limita-
tions, including the single center studied, the
nonrandomized intervention, and the use of a
historical control. Two prospective trials are
currently underway that may shed more light on
the efficacy of vitaminC as a treatment for
sepsis.67:68

Modulating the immune system

For decades, it has been thought that dampening
the robust pro-inflammatory cascade generated
early in sepsis might represent an optimal thera-
peutic strategy. However, attempts to dampen
inflammation have failed to improve sepsis out-
comes, including inhibiting innate immunity by
antagonizing toll-like receptors,®® or directly
reducing the activity of pro-inflammatory
cytokines by binding tumor necrosis factor,’0-72
or interleukin 1.73 It has further been appreciated
that an early pro-inflammatory response might be
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followed by a later immune suppressive phase,
including the concept of T-cell ‘exhaustion’ as
indicated by up-regulation of Programmed Death
Ligand-1 (PD-L1).7* Immune checkpoint inhibi-
tors are being considered for their potential to
augment the host response in sepsis to reverse
T-cell exhaustion by inhibiting PD-L1, though
no trial in human subjects has yet been pub-
lished.” A theoretical risk of such an approach is
that pneumonitis has been well-described as a
potential complication of checkpoint blockade in
cancer treatment.’® Along these lines, it has been
recently observed that alveolar macrophages iso-
lated from ARDS patients that have higher PD-L1
expression correlate with improved ARDS out-
comes,”” supporting the notion that decreasing
PD-L1 expression in sepsis would need to be
carefully considered. Other proposed immu-
nomodulatory strategies include GM-CSF,78
interferon gamma,’”® and mesenchymal stem
cells,80 though there are not yet definitive data in
humans for these approaches.

More recently there has been consideration that it
might be necessary to ‘titrate’ the inflammatory
response optimally for a given patient at a given
time during sepsis. One such approach might
include measuring levels of various cytokines with
the goal of modulating expression in a targeted
manner based upon a septic individual’s profile at
any point in time8!; however, the turnaround time
for these types of assays in the setting of rapidly
changing inflammatory states and clinical condi-
tions would prove difficult. As an example of an
attempt to consider bedside immunophenotyp-
ing, electrical cell profiling has been tested in pre-
clinical sepsis models in real-time to rapidly
measure immune cell activation with small blood
volumes, and might be one of a number of
approaches stratify patients with sepsis into vari-
ous immunophenotypic groups that might permit
targeted therapy.8?2 However, more understand-
ing of which pathways to target, how best to tar-
get them, and at which time points of sepsis are
ongoing areas of investigation.

Sepsis specific education and resources

Education regarding the signs, symptoms, and
optimal treatment of sepsis can reduce mortal-
ity. Educational initiatives should extend beyond
physicians, as allied health professionals are
often the first providers who might identify

patients with sepsis early in their course.83 Pocket
cards reviewing sepsis guidelines that can be car-
ried easily have been shown to improve knowl-
edge of sepsis diagnosis and management among
physicians.8% A retrospective analysis of out-
comes after a sepsis simulation program at a sin-
gle Korean center showed improved compliance
with sepsis bundles and a decrease in mortality.8>
Sepsis response teams, composed of specially
trained nurses, physicians, respiratory therapists,
and pharmacists, have been shown to improve
compliance with guidelines and reduce sepsis
mortality.86

Adjunctive therapies

Other therapeutic/management strategies that
have been shown to improve outcomes in sepsis
and septic shock are reviewed in detail elsewhere.
It is likely that comprehensive multidisciplinary
management in important for optimal ICU out-
comes for patients with sepsis and/or septic shock.
For example: patients randomized to a liberal glu-
cose goal of <180mg/dL had lower mortality in a
randomized trial compared with those rand-
omized to intensive control with a goal of 81—
108;87 management of coincident ARDS with low
tidal volumes reduces mortality;®® conservative
fluid management in patients with ARDS was
shown to reduce the duration of mechanical ven-
tilation;8° and protocolized central venous cathe-
ter insertion and care have been shown to reduce
catheter associated blood stream infections.%%-%!

Conclusion

The cornerstones of management of sepsis remain
early diagnosis, early administration of appro-
priate antibiotics, support of perfusion with tar-
geted fluid resuscitation and vasopressors, and
adequate source control (summarized in Figure
1). Low-dose hydrocortisone might be benefi-
cial especially in sicker sepsis patients with
refractory shock. Despite decades of research,
there still exist no targeted biologics for diagno-
sis, monitoring, or treatment of septic patients.
Future research should aim to further under-
stand the biological basis of sepsis and septic
shock so that targeted therapies might be devel-
oped, and to further and more finely phenotype
patients with sepsis such that groups of patients
that might benefit from a particular therapy
might be more readily identified.
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Timeline of critical management aspects of sepsis and septic shock, from time of presentation

6-24 Hours

Continually assess
hemodynamic response to
fluids and vasopressors.
Consider low-dose
corticosteroid
supplementation in high
risk patients with
refractory hypotension.
Achieve source control if
not already done.

Used evidence based
adjunctive care.

24 -48 Hours

 If persistent shock, assess
for additional sources of
infection, consider low
dose corticosteroid
supplementation if not
already done.

« If shock resolving, consider
narrowing antibiotics using
culture data, and perhaps
procalcitonin.

¢ Continue evidence based
adjunctive care until

resolution of illness.

Figure 1. A schematic highlighting critical aspects of management of sepsis and septic shock.
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