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Sepsis is a life-threatening condition caused by infection and represents a substantial global health burden. Recent
epidemiological studies showed that sepsis mortality rates have decreased, but that the incidence has continued to
increase. Although a mortality benefit from early-goal directed therapy (EGDT) in patients with severe sepsis or septic
shock was reported in 2001, three subsequent multicenter randomized studies showed no benefits of EGDT versus usual
care. Nonetheless, the early administration of antibiotics and intravenous fluids is considered crucial for the treatment of
sepsis. In 2016, new sepsis definitions (Sepsis-3) were issued, in which organ failure was emphasized and use of the terms
“systemic inflammatory response syndrome” and “severe sepsis” was discouraged. However, early detection of sepsis
with timely, appropriate interventions increases the likelihood of survival for patients with sepsis. Also, performance
improvement programs have been associated with a significant increase in compliance with the sepsis bundles and
a reduction in mortality. To improve sepsis management and reduce its burden, in 2017, the World Health Assembly
and World Health Organization adopted a resolution that urged governments and healthcare workers to implement
appropriate measures to address sepsis. Sepsis should be considered a medical emergency, and increasing the level of

awareness of sepsis is essential.
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Introduction

Sepsis is a major cause of death from infection and repre-
sents a substantial healthcare burden, accounting for 6.2% of
total hospital costs in the United States 2011". The estimated
annual incidence of sepsis in the United States was 751,000
cases (3 cases/1,000 population) and the estimated number

Address for correspondence: Sunghoon Park, M.D., Ph.D.

Division of Pulmonary, Allergy and Critical Care Medicine, Hallym
University Sacred Heart Hospital, 22 Gwanpyeong-ro 170beon-gil,
Dongan-gu, Anyang 14068, Korea

Phone: 82-31-380-3715, Fax: 82-31-380-3973

E-mail: f2000tj@naver.com

Received: Apr. 29,2018

Revised: Jun. 29,2018

Accepted: Jul. 20, 2018

Published online: Sep. 28, 2018

©ltis identical to the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0/).

L))

Check for
updates

Copyright © 2019
The Korean Academy of Tuberculosis and Respiratory Diseases.

of deaths was 215,000°. Recent large-scale epidemiological
studies showed that the mortality rate of sepsis has decreased
but its incidence continues to increase™. However, the true
incidence of sepsis is likely to be underestimated.

On May 2017, the World Health Assembly (WHA) and
World Health Organization (WHO) made sepsis a global
health priority and adopted a resolution that urged the 194
United Nations Member States to improve the prevention, di-
agnosis, and management of sepsis’. Accordingly, to improve
patient outcomes, strategies that incorporate early recogni-
tion and timely management of sepsis in hospitals are being
implemented””.

In 2001, Rivers et al.’ reported the groundbreaking study
on early-goal directed therapy (EGDT). However, three sub-
sequent multicenter randomized controlled trials (RCTs) did
not show that EGDT reduced the sepsis mortality rate com-
pared to usual care'”". Recently, new sepsis definitions were
issued by the Society of Critical Care Medicine (SCCM) and
the European Society of Intensive Care Medicine (ESICM)
for screening and early identification. However, their benefits
have yet to be validated by prospective studies""*"", and ex-
perts continue to place emphasis on the early administration
of antibiotics and fluids for the initial resuscitation of patients
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with sepsis.

Definitions and Early Identification of
Sepsis

1. Change in sepsis definitions

The definition of sepsis has changed several times since
1992""°. The SCCM and ESICM revised the definition of sep-
sis and septic shock in 2016. The new definitions (Sepsis-3)
focused on a dysregulated host response to infection and or-
gan dysfunction. Sepsis is defined as infected patients with an
increase of >2 Sequential Organ Failure Score (SOFA) points'”.
Septic shock is defined as refractory hypotension requiring
vasopressors with concurrent hyperlactemia (>2 mmol/L)
despite adequate fluid resuscitation (Figure 1). Severe sepsis
was excluded from the guidelines, and quick SOFA (qSOFA),
instead of the systemic inflammatory response syndrome
(SIRS), was adopted for screening purposes (Figure 2).

The Sepsis-3 definitions were based on a large database and
were the first to be tested in derivation and validation datasets.
However, the definitions were not endorsed by some orga-
nizations and there are several issues associated with them”.
First, lactate was not retained in the sepsis definition. Hence,
by the Sepsis-3 definitions, patients with an increased lactate
level but no hypotension (or compensated septic shock) can
be missed. In other words, we may miss patients in the early
phase of sepsis. The prevalence of this phenotype (i.e., normo-
tensive patients with hyperlactemia) was 26% in a previous
multicenter trial"". In the Sepsis-3 datasets, the prevalence of
normotensive hyperlactemia (>4 mmol/L) was 9.9% but their
mortality rate was not low (29.9%). Therefore, the validity of

A patient with suspicious infection

the Sepsis-3 definitions is suspect. Second, using the Sepsis-3
definitions, two components (the need for vasopressors and
hyperlactemia) are needed concurrently to diagnose septic
shock. That is, the lactate level is not a component of the
definitions until the patient becomes hypotensive. Also, an
infected patient with hypotension might not be considered
to be in septic shock unless the lactate level was known. This
implies that the utility of the Sepsis-3 definitions is limited in
low-resource settings, where lactate levels are not frequently
available. Therefore, further prospective studies are needed to
demonstrate the validity of the Sepsis-3 definitions. Until then,
it seems acceptable to use the pre-existing sepsis definitions.

2. Sepsis screening

Sepsis screening is reportedly associated with a decreased

mortality rate'*"”. The surviving sepsis campaign (SSC) guide-
Traditional definition Sepsis-3 definition
. Suspicious/known Suspicious/known
Sepsis infection+=2 SIRS infection+increase of

>2 SOFA

Severe sepsis

Sepsis+organ failure

Not a category

Septic shock

Sepsis
+refractory hypotension
after adequate fluid
or need of vasopressors

Sepsis+vasopressors
and lactate
>2 mmol/L

Figure 2. Comparison of traditional and revised (Sepsis-3) defini-
tions for sepsis. SIRS: systemic inflammatory response syndrome;
SOFA: Sequential Organ Failure Assessment.
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Figure 1. Definitions for SIRS and qSOFA.
SIRS: systemic inflammatory response
syndrome; qSOFA: Sequential Organ
Failure Assessment; WBC: white blood
cell.
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lines of 2016, as well as those of 2012, emphasize routine
screening of potentially infected patients who are likely to be
septic to improve the early identification and treatment of
sepsis. They recommend that hospitals should have a perfor-
mance improvement program that involves early recognition
and management of sepsis’.

The SIRS criteria have, since 1992, been used to screen and
identify sepsis patients™. To diagnose sepsis, at least two of the
four SIRS criteria must be met. However, because SIRS can be
triggered by a variety of infectious and noninfectious causes, it
is insufficiently sensitive, and certainly not specific for sepsis.
Hence, some patients who satisfy the SIRS criteria may not
have sepsis, and vice versa®. In this context, the Sepsis-3 Task
Force discarded the concept of SIRS and introduced, instead,
qSOFA for sepsis screening'’. The qSOFA is a simplified ver-
sion of the SOFA score that comprises only three variables,
and patients with a qSOFA score of >2 should be considered
for the possibility of sepsis (Figure 2). The qSOFA is a readily
available bedside tool without laboratory tests, and has better
performance in non-intensive care unit (ICU) than ICU set-
tings (area under the curve value, 0.81 vs. 0.66)". The Sepsis-3
Task Force recommended that it be used to identify infected
patients outside the ICU who are likely to be septic. However,
a recent prospective study showed that a SOFA score of >2
has high specificity (96.1% vs. 61.0% for SIRS >2) for organ dys-
functions but its poor sensitivity (29.7% vs. 72.1% for SIRS >2)
may limit its use as a bedside tool”. The authors insisted that
the SIRS criteria can be still useful.

Clinical evidence indicates that patients with acute deterio-
ration or sepsis manifest clinical signs or symptoms several
hours before the condition worsens. Early warning scores,
such as the Modified Early Warning Score (MEWS), Early
Warning Scoring System (EWSS), or National Early Warning
Score (NEWS), were developed to screen patients at high risk
of deterioration™*’. Although strong evidence based on robust
data is lacking, these scores showed a trend toward improved
outcomes and, when coupled with an outreach service (i.e.,
rapid response teams or medical emergency teams), it facili-
tates timely initiation of the optimal treatments upon recogni-
tion of septic patients™. Although respiratory or cardiac prob-
lems were the most common trigger for activations of such
outreach teams®™*, one study showed that sepsis as a cause of
activations accounted for 19.9%, and EGDT was undertaken
in 22.7%. Interestingly, Churpek et al.”’ compared several
early warning scores, including gSOFA, among patients out-
side the ICU. qSOFA had a higher specificity and lower sensi-
tivity than SIRS, MEWS, and NEWS for predicting in-hospital
death or ICU transfer. The SIRS criteria (>2) were more rapid
than qSOFA for identifying patients. Therefore, use of QSOFA
may be premature, and the SIRS criteria are a sensitive and
useful bedside tool for sepsis screening outside the ICU.

Early Treatments and Optimal
Resuscitation

The EGDT was designed for the early detection of sepsis
and timely optimization of hemodynamic parameters by
continuous monitoring of central venous oxygen saturation
(ScvO,, >70%), central venous pressure (8-12 mm Hg), mean
arterial pressure (MAP, >65 mm Hg), and urine output (>0.5
mL/kg/h)*. This protocolized treatment, when administered
to patients with severe sepsis or septic shock before admis-
sion to the ICU, reduced the incidence of multi-organ dysfunc-
tion and significantly decreased the in-hospital mortality rate
compared with standard care’.

However, three international multicenter trials (Proto-
colized Care for Early Septic Shock [ProCESS]", Australasian
Resuscitation in Sepsis Evaluation [ARISE]"", and Protocolized
Management in Sepsis [ProMISe]”) did not show any signifi-
cant survival benefit compared to usual care (Table 1). Also,
in a meta-analysis of individual participants in the three RCTs,
the EGDT did not result in better outcomes than usual care
but was associated with increased hospitalization costs®".
Therefore, the EGDT concept was weakened in the 2016
guidelines®. However, initial fluid resuscitation with crystal-
loids is still being emphasized, and patients in the usual care
groups received a considerable volume of fluids in these three
RCTs (Table 1). Application of balanced crystalloids signifi-
cantly decreased the rates of all-cause mortality, persistent
renal insufficiency, and new dialysis treatments, compared to
saline™. However, the 2016 guidelines emphasize, instead, the
re-evaluation of volume status and tissue perfusion after the
initial fluid resuscitation. This is because the persistence of a
positive daily fluid balance over time was strongly associated
with a higher mortality rate in patients with sepsis™. In this
regard, the guidelines have recommended either repeated
assessments of vital signs, cardiopulmonary status, capillary
refill time, pulse, and skin findings, or measurement of the two
of followings: CVP, Scv0,, bedside cardiovascular ultrasound,
and dynamic assessment of fluid responsiveness with passive
leg raise or fluid challenge.

A population-based study in the United States reported that
early central vein catheterization was associated with a lower
in-hospital mortality rate*'. However, the three RCTs of EGDT
highlighted that there was no benefit of invasive hemody-
namic monitoring involving CVP and ScvO, if initial fluids and
adequate antibiotics were administered to septic patients in a
timely manner. Accordingly, the 2016 SSC guidelines do not
contain pre-specified treatment CVP and ScvO, targets. CVP
does not reflect intravascular volume status precisely and is
not predictive of the fluid response™™. Instead, repeated mea-
surements of lactate (i.e., lactate clearance) enables evaluation
of the responsiveness to initial resuscitation”’, and echocar-
diography is a noninvasive method of assessing the volume
status in patients on mechanical ventilator support™.

Tuberc Respir Dis 2019;82:6-14 www.e-trd.org
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Delayed administration of empirical antibiotics after sepsis
identification increases the in-hospital mortality rate””. Liu et
al.” recently reported that a 1-hour delay in antibiotic initia-
tion was associated with an increased odds of in-hospital
mortality among patients who received antibiotics within 6
hours. Therefore, the SSC guidelines recommend the intra-
venous administration of empiric antibiotics after obtaining
blood culture results within 1 hour. Treatment with one or two
broad-spectrum antibiotics and early de-escalation after clini-
cal improvement or pathogen non-detection are recommended”.

Early administration of vasopressors is associated with an
increased survival rate in patients with septic shock™ and
is a component of the 6-hour sepsis bundle. Thus, norepi-
nephrine, as the first choice, should be administered early
to maintain a MAP >65 mm Hg, when hypotension does not
respond to initial fluid resuscitation. In an open-label RCT, tar-
geting a MAP of 80-85 mm Hg rather than 65-70 mm Hg did
not increase the survival rate of patients with septic shock'.
Thus, the target MAP should be determined according to the
patients’ condition; a higher target may be needed for patients
with chronic hypertension and a lower target for those with
uncontrolled bleeding with trauma™.

The SSC guidelines do not include a target heart rate for pa-
tients with septic shock™. However, due to the many adverse
effects of tachycardia, such as diastolic dysfunction and myo-
cardial ischemia, the heart rate should be maintained within
the normal range in patients with septic shock". Recently, Mo-
relli et al.**® demonstrated that esmolol can be safely used to
reduce the heart rate (target rate, 80-94 beats/min), without
increased adverse effects, and was associated with a reduced
dose of norephinephrine and a lower mortality rate in patients
with septic shock compared to the the controls. These results
should be verified by further large-scale studies.

Further Efforts to Decrease the Sepsis-
Related Mortality Mate

1. Increasing sepsis awareness

Although sepsis dates back to at least the time of Hip-
pocrates, the term “sepsis” is not well known". This has led
to avoidable mortality and morbidity worldwide. On May 24,
2017, Sir Liam Donaldson, the WHO envoy for patient safety,
reported that awareness of sepsis by the public and politicians
must be increased during a WHA Side Event on sepsis™’. He
said further that sepsis is an important issue that has been ad-
dressed effectively by clinicians and scientists, but is invisible
to the public, political leaders, and leaders of healthcare systems.

Increased awareness, which leads to early presentation to
hospital, can decrease the sepsis mortality rate by enabling
timely and appropriate treatment. Experts recommend that
the term “sepsis” be used frequently by healthcare profession-

10

als and patients to increase the level of awareness of the gen-
eral public”. However, despite the significant impact, public
awareness is currently very low; a survey in 2009 reported that
88% of respondents had never heard the term “sepsis™. Since
2012, the Global Sepsis Alliance (GSA) has organized the an-
nual World Sepsis Day, and many organizations or countries
are undertaking sepsis awareness campaigns’'. In healthcare
facilities, continuous training and education are also needed
to increase the level of awareness of sepsis on the part of
healthcare providers, who must understand that the condition
is areal medical emergency.

Most estimates of sepsis are based on studies in high-
income countries, and data on low- and middle-income (or
resource-limited) countries are scarce. So, increasing the
awareness of sepsis is essential for controlling the sepsis bur-
den in those countries™”. In South Korea, on “World Sepsis
Day’, annual symposia and field events have taken place since
2012”'. However, further promotional or educational activities
for the public, as well as support from the political leadership,
are required to improve the situation.

2. Building a sepsis registry

Sepsis is frequently handled like a “garbage code” in the
Global Burden of Disease Statistics. Most deaths due to sepsis
are classified as their underlying infections, rather than sepsis
itself. Therefore, the burden of sepsis is likely to be underes-
timated. Hence, improving the coding process for sepsis may
facilitate estimation of the true burden.

Nationwide (or statewide) registry data collected prospec-
tively can facilitate accurate estimation of the incidence of sep-
sis, which can be used to improve performance and formulate
future policies. A good example is the New York State sepsis
registry. Beginning in 2014, all hospitals in New York State
adopted sepsis protocols based on Rory’s regulations for the
early diagnosis and treatment of sepsis™*’. They are required
to report their performance (compliance), as well as clinical
information, to the New York State Department of Health®".
Surprisingly, after the onset of the initiative, the average rate of
protocol compliance has increased progressively from 73.7%
in the second quarter of 2014 to 84.7% of adult sepsis patients
in the third quarter of 2016°. This compliance is in contrast
to Asian countries; a large multinational study of Asian ICUs
reported rates of compliance with the resuscitation and man-
agement bundles of 7.6% and 3.5%, respectively™.

The Core Outcome and Resource Evaluation (CORE) com-
mittee is a component of the Australia and New Zealand Inten-
sive Care Society (ANZICS)™. All ICUs in Australia and New
Zealand were invited to contribute to the ANZICS CORE regis-
tries in 1992. These registries have four registry domains: adult
patients, pediatric patients, critical care resources, and central
line-associated bloodstream infections. The CORE committee
collects comprehensive data on various aspects of ICUs and

Tuberc Respir Dis 2019;82:6-14 www.e-trd.org
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Table 2. Hour-1 surviving sepsis campaign bundle of care

The five key elements of hour-1 bundle

1. Measure lactate level. Remeasure if initial lactate is >2 mmol/L.
2. Obtain blood cultures prior to administration of antibiotics.
3. Administer broad-spectrum antibiotics.

4. Begin rapid administration of 30 mL/kg crystalloid for hypoten-
sion or lactate >4 mmol/L.

5. Apply vasopressors if patient is hypotensive during or after fluid
resuscitation to maintain MAP >65 mm Hg.

“Time zero” or “time of presentation” is defined as the time of tri-
age in the Emergency Department, or if presenting from another
care venue, from the earliest chart annotation consistent with all
elements of sepsis (formerly severe sepsis) or septic shock ascer-
tained through chart review.

Adapted from Levy et al. Crit Care Med. 2018;46:997-1000, with

permission of Society of Critical Care Medicine"'.

MAP: mean arterial pressure.

reports back to the contributing ICUs. They also audit and ana-
lyze the performance of ICUs for quality assurance purposes.
Therefore, Asian countries, including South Korea, need to
benchmark the successful stories of Western countries. This
would eventually lead to the performance improvement of
healthcare workers and the reduction of sepsis mortality.

3. Implementation of performance improvement
programs and sepsis care bundles

When several individual effective treatments are applied
concurrently, we anticipate better outcomes than any of the
individual treatments alone; e.g., the ventilator-associated
pneumonia or central-line infection prevention bundles™.
In 2004, the SSC group, in partnership with the Institute for
Healthcare Improvement, developed the SSC bundle with the
goal of reducing the mortality rate by 25%. In 2012 and 2016,
the 3-hour and 6-hour SSC bundles were introduced but,
due to the negative results of three RCTs on EGDT, invasive
monitoring, such as CVP and ScvO,, was excluded from the
6-hour bundle in 2016"*. More recently, based on the 2016
SSC guidelines, a revised hour-1 bundle (2018 bundle) with
five key elements was developed (Table 2)".

The implementation of sepsis bundles is a cornerstone of
sepsis performance improvement programs, which are as-
sociated with a significant increase in compliance with the
sepsis bundles and a reduction in the mortality rate. Levy et
al.” reported low mortality rates in high-compliance hospi-
tals during a 7.5-year observation. Analysis of the New York
State registry also demonstrated that the compliance rate of
the 3-hour sepsis bundle was associated with a lower risk-
adjusted in-hospital mortality rate’. Among various factors,
high-income countries, surgical ICUs, long duration of imple-

www.e-trd.org https://doi.org/10.4046/trd.2018.0041

mentation, and presentation to an Emergency Department
were associated with a high rate of compliance™*, and lactate
seemed frequently a non-compliant variable®*. However,
the rate of compliance should continue to increase during the
first 2 years of implementation®, and the mortality rate may
decrease even if bundle completion is delayed in sepsis pa-
tients”"*.

A large Asian study reported a low rate of compliance with
SSC bundles. In South Korea, lack of critical care personnel
was significantly associated with low compliance rates (e.g,,
total compliance of 5.6%)*. Thus, sufficient critical care per-
sonnel (e.g, intensivists and nurses) is an important factor for
improving performance. Further studies should seek to iden-
tify methods of improving bundle compliance, as well as ways
to overcome other barriers.

Conclusion

Prevention and early recognition of sepsis are of paramount
importance until novel emerging drugs (or interventions) are
demonstrated to be effective. Early application of the optimal
treatments and improved compliance with sepsis bundles are
pre-requisites for improving patients’ outcomes. The validity
of the Sepsis-3 definitions and that of gSOFA need to be dem-
onstrated in large-scale prospective trials.
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