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Rules of anti-infection therapy for sepsis and septic shock
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Abstract \
Objective: Sepsis is a deadly infection that causes injury to tissues and organs. Infection and anti-infective treatment are the eternal
themes of sepsis. The successful control of infection is a key factor of resuscitation for sepsis and septic shock. This review examines
evidence for the treatment of sepsis. This evidence is combined with clinical experiments to reveal the rules and a standard flowchart
of anti-infection therapy for sepsis.

Data Sources: We retrieved information from the PubMed database up to October 2018 using various search terms and their
combinations, including sepsis, septic shock, infection, antibiotics, and anti-infection.

Study Selection: We included data from peer-reviewed journals printed in English on the relationships between infections and
antibiotics.

Results: By combining the literature review and clinical experience, we propose a 6Rs rule for sepsis and septic shock management:
right patients, right time, right target, right antibiotics, right dose, and right source control. This rule encompasses rational decisions
regarding the timing of treatment, the identification of the correct pathogen, the selection of appropriate antibiotics, the formulation
of a scientifically based antibiotic dosage regimen, and the adequate control of infectious foci.

Conclusions: This review highlights how to recognize and treat sepsis and septic shock and provides rules and a standard flowchart
for anti-infection therapy for sepsis and septic shock for use in the clinical setting.
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Introduction during the 70th World Health Assembly in May 2017

. Fi 1 and 2].
Since the “Barcelona Declaration” was released by the [Figures 1 and 2]

European Society of Intensive Care Medicine (ESICM), the
Society of Critical Care Medicine (SCCM), and the
International Sepsis Forum (ISF) in 2002, the attempt to
subdue sepsis has become one of the most important
missions in critical care medicine worldwide. Some
progress has been made in the past decade. The Surviving
Sepsis Campaign (SSC) guidelines for sepsis management
were published in 2004 and updated in 2008, 2012, and
2016."""* The recently released 2018 online updates to the
SSC guidelines first proposed the detailed procedure of 1 h
bundles of resuscitation for septic shock. These guidelines ] ) ) ) ) )
have had a profound impact on the clinical practice of ICU  Right patients: rapid screening and early diagnosis
doctors worldwide and over time have greatly improved
the diagnosis and treatment of sepsis and septic shock.”!
However, the morbidity of sepsis continues to increase
rapidly, and mortality has remained high (over 18%) in
recent years.!®'%! The World Health Organization (WHO)
has ranked conquering sepsis a top priority and urged
global governments to invest greater efforts in this area

Access this article online Correspondence to: Dr. Yun Long, Department of Critical Care Medicine, Peking

Union Medical College Hospital, Peking Union Medical College and Chinese Academy
Quick Response Code: Website: of Medical Sciences, Beijing 100730, China
wWww.cmj.org E-Mail: ly_icu@aliyun.com

The successful control of infection is a key factor of
resuscitation for sepsis and septic shock. Based on years of
clinical experience, we propose a 6Rs rule for sepsis and
septic shock management: right patients, right time, right
target, right antibiotics, right dose, and right source
control. This 6Rs rule encompasses 6 core principles of
anti-infection therapy for sepsis and septic shock and aims
to promote the standardization of infection management
for sepsis and septic shock.

Right patients means patients with sepsis or septic shock.
Diagnosing sepsis can be difficult because its signs and
symptoms can be caused by other disorders. However,
early diagnosis provides the only opportunity for early
treatment. Early, a%gressive treatment increases the chance
of surviving sepsis./'!!!
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Figure 1: Screening and diagnostic procedures for sepsis and septic shock.

Since the clinical manifestations of infection are not specific,
the clinical diagnosis of infection is not easy. For patients
with suspected infections, efforts should be made to
distinguish them from other non-infectious disease patients.
Signs and symptoms vary according to the site and severity
of infection. Diagnosis requires a composite of information,
including history, physical examination, radiographic
findings, and laboratory data. Detailed and accurate
medical history, combined with some rapld laboratory
methods, for example, biomarkers,'**?*! gene sequencing,
rapid microscopy, and radiologic findings, may help
establish the diagnosis of infection as early as possible. It
must be emphasized that both medical history and
examination are essential for the establishment of an
infection diagnosis.

The ESICM and the SCCM revised the definition of sepsis
and proposed new definitions for sepsis and septic shock
(Sepsis-3) in 2016. Sepsis-3 defines sepsis as a “life-
threatening organ dysfunction caused by a dysregulated
host response to infection.” Septic shock refers to a subset
of sepsis with severe circulatory, cellular, and metabolic
abnormalities that substantially increase mortality.!'"!
Sepsis-3 clearly defines the correlation between infection
and the dysregulated host response and increases the focus
on the organ dysfunction caused by this dysregulation.
However, there is no gold standard test for diagnosing
sepsis. Instead diagnosis depends on a constellation of
clinical signs and symptoms in a patient with suspected
infection. The Sequential Organ Failure Assessment
(SOFA) score!? was used to describe the severity of
organ dysfunction in Sepsis-3. The score requires several
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laboratory wvariables, including PaO,, platelet count,
creatinine level, and bilirubin, for full computation.

Patients with a suspected infection who are likely to have a
prolonged ICU stay or to die in the hospital can be
promptly 1dent1ﬁed at bedside with the quick SOFA
(qQSOFA)?% (ie, altered mental status, systolic blood
pressure <100 mm Hg, or respiratory rate >22/min).
The qSOFA score is less robust than a SOFA score of 2 or
greater, but it does not require laboratory tests and can be
assessed quickly and repeatedly.*°

We recommend that hospitals and hospital systems have
a performance improvement program for sepsis, includ-
ing sepsis screening for acutely ill, high-risk patients.
Sepsis screening should include early identification of
infections and new organ failure. Sepsis screening has
been assoc1ated with decreased mortality in several
studies.!!

Right time: antibiotic therapy, time is life

Right time means the appropriate time to start antibiotic
therapy. Early manifestations of sepsis, including shock,
the rapid progression of multiple organ failure, and
extremely unstable vital signs, will generally draw the
attention of medical staff, who often regard shock
resuscitation and life support as a life-saving priority.
Antibiotic administration, however, is easily ignored.
Studies have shown that each 1-h delay in the initiation
of effective antibiotic therapy is associated with a
significant increase in mortality.!11+1%:20:27-30]
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Figure 2: The standard flowchart of the new 6Rs rule for anti-infection therapy for sepsis and septic shock. Right patients is the first to be considered. It is necessary to find evidence of the
pathogen and conduct appropriate anti-infective treatment in a short period of time. Adequate drainage of infected foci is a key factor. If an infection cannot be clearly identified or drainage
cannot be performed effectively, the flowchart principles should be reconsidered to achieve infection treatment and control.

However, controversy has arisen regarding the prompt
application of antibiotic therapy. The Infectious Diseases
Society of America (IDSA) disagreed with the anti-
infection strategies recommended in the 2016 SSC guide-
lines and published a position statement explaining their
opposition in the journal of Clinical Infectious Diseases in
November 2017.5" This statement triggered heated
debates in the fields of critical care medicine and infectious
disease medicine.

In fact, the IDSA position pursued the accurate diagnosis of
affected individuals while ignoring the large population
suffering from sepsis who await prompt treatment.
Delayed diagnosis and treatment substantially increase
the mortality of patients with sepsis. Unfortunately, the
diagnosis of infection is far beyond easy. Additionally,
research has shown that even if infection is confirmed, the
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pathogenic microorganism results are not positive in all
patients.3%33

Of course, a timely diagnosis of infection does not
necessarily contradict the accuracy of the diagnosis. To
some extent, it is reasonable for the IDSA to expect a more
accurate diagnosis of infection. When both the timeliness
of anti-infection therapy in patients with sepsis and the
goal of an accurate infection diagnosis must be considered,
it will inevitably promote the development of new
techniques for the rapid clinical diagnosis of infection.

One key factor in determining the success of anti-infection
therapy for sepsis is how early we can identify the infection
and initiate effective antibiotic therapy within the “golden
time.”*!! This time is precious for saving critically ill
patients and is a key reflection of treatment quality. The
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2018 SSC guideline update defined “time of presentation”

“the time of triage in the emergency department or, if
referred from another care location, from the earliest chart
annotation consistent with all elements of sepsis (formerly
severe sepsis) or septic shock, ascertained through chart
review.”

The development and clinical application of more rapid
blood tests based on electronic vital sign and organ
function warnings and rapid screening methods, including
procalcitonin detection, (1,4)-beta-pD-glucan (G) or gal-
actomannan (GM) tests and polymerase chain reaction
techniques, not only enable the early diagnosis of patients
with sepsrs[34 381 but significantly improve the ability to
confirm the 1nfect10us agent and select appropriate
antibiotics.*”*! With developments and improvements
in technology, genomics and genetic testing have greatly
enhanced the speed and sensitivity of pathogen screen-
ing.1*"** Now, pathogen gene sequencing technology can
be applied in the clinic to aid the clinician in identifying
bacterial infections or complex bacterial infections.

Right target: identifying the correct infection source and
pathogenic microorganism is the key to successful therapy

Right target means the correct judgment of the infection
source and pathogenic microorganism. Source control has
a higher priority than antibiotic administration in
controlling infection in sepsis and septic shock patients.
Pathogenic microorganisms differ greatly depending on
the infection source. Additionally, different antibodies are
distributed differently among different tissues. Similarly,
the techniques used to control or drain the infection sites
vary tremendously according to the source. As a result, it is
extremely difficult to prescribe antibiotics or formulate a
treatment plan for infection control or drainage without
identifying the infection source.

The search for underlying pathogenic microorganisms is
among the top priorities in anti-infection therapy for
sepsis. All of the SSC guidelines, including the 2018
update, emphasize that blood cultures should be collected
before antibiotic treatment is initiated.'***”! In addition to
collecting blood cultures, it is equally important to obtain
microbiologic specimens from suspected sites of infection,
which are determined by the symptoms, physical signs,
pathogenesis, and laboratory tests of affected patients
during clinical source identification.

It is important to acquire microbial specimens from
different sites using site-specific procedures, which are keys
to reducing contamination and identifying the actual
pathogens. For example, pus and abscess wall tissue
specimens obtained through centesis under sterile con-
ditions or aseptic surgical exploration are the most reliable
methods for assessing abscesses within the body. On the
contrary, in sites such as the lungs, which are naturally
nonsterile, the positive pathogen detection rate improves
substantially when medical imaging, bronchoscopy exam-
ination, and protective brush sampling or bronchoalveolar
lavage of the affected lobe are combined. Antibiotic
therapy is not required for all bacteria cultured from
patient specimens; therefore, correctly distinguishing
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between colonization and infection is extremely important
when planning a rational anti-infection regimen.

Pathogens colonization is the migration of various patho-
gens from different environments to a certain area of the
human body, where they continue to grow and reproduce.
Clinically, colonization and infection are often difficult to
distinguish. The distinction between colonization and
infection should be combined with the location of patho-
genic microorganisms, the patient’s condition and the
characteristics of pathogenic microorganisms. Sometimes it
even takes a long follow-up to distinguish between them. A
quantitative culture technique is also of great significance for
distinguishing pathogens colonization from an infection.

Right antibiotics: rational selection of antibiotics

Right antibiotics means that the antibiotics can accurately
combat the pathogenic microorganism. The SSC guidelines
recommend the administration of broad-spectrum anti-
brotrcs that cover all potential pathogenic microorgan-
isms.?!! Antibiotic therapy should be initiated promptly for
patients with sepsis; however, the prognosis W111 Jimprove
only if the right antibiotics are administered.!'®-20-#8-511
Unfortunately, it is almost impossible to conﬁrm the
etiology of sepsis within 1 h of its occurrence. The selection
of antibiotics during this period must be empirical.

Therefore, it is crucial to determine the potential pathogenic
microorganisms to ensure that the empirical selection of
antibiotics is neither unnecessarﬂ;r strong nor based on
entirely groundless decision.!***%>?] The empirical selection
of antibiotics should be completely based on a scientific
analysis and the comprehensive judgment of clinical
evidence, including age, the anatomic site of infection,
symptoms, vital signs, the presence of specific immune
defects, the history of antibiotic exposure, microorganism
data, and local microorganism epidemiological data, as well
as the patient’s severity and organ function. For example, in
critically ill patients with a hospital-acquired infection, it is
not unusual to find extensive drug-resistant or pandrug-
resistant bacterial, fungal, or opportunistic infections.
Under these circumstances, the strongest antibiotics, such
as carbapenems, often turn out to be the least effective.
Therefore, recommendations regarding the use of the
strongest broad-spectrum antibiotics have so far been
nonexistent. The aforementioned clinical data should be
taken into account during the prescription of antibiotics.
Antibiotics that cover all potential pathogens should be
prescribed instead of the stereotypical combination of
carbapenems and vancomycin.

It should be emphasized that although empirical antibiotic
therapy should be initiated within 1 h of sepsis identifica-
tion, it should not be continued indefinitely. It should be
the goal of every critical care physician to switch from
empirical antibiotic therapy to targeted antibiotic therapy
when treating patients with sepsis. [54-57) Therefore, it is
critical to collect pathogenic microorganism specimens and
infection-associated biomarker data prior to initiating
antibiotics use and during follow-up treatment. In the
meantime, antibiotic thera?y should be stopped promptly
if infection is excluded.?®
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Right dose: optimized application of pharmacokinetics/
pharmacodynamics in anti-infection therapy

Right dose means that the dosage of antibiotics is
optimized according to the specific antibiotic pharmaco-
kinetic (PK)/pharmacodynamic (PD) changes in sepsis and
septic shock patients. In addition to the administration of
broad-spectrum antibiotics that cover all likely pathogens,
a sufficient amount of antibiotics should be present at the
anatomical sites of infection to achieve effective therapy.
Under the circumstances of severe infection and septic
shock, the concentration of antibiotics is largely influenced
by the following aspects: (1) Tissue hypoperfusion:
Adequate tissue hypoperfusion is necessary to ensure an
adequate therapeutic concentration of antibiotics at the
target site. (2) Third-spacing phenomenon: In sepsis and
septic shock patients, exotoxins can lead to endothelial
damage and thus increased capillary permeability. Capil-
lary leak results in the shifting of fluid from the
intravascular space into the interstitial space in a
phenomenon described as third spacing. This process
increases the volume of distribution of hydrophilic
antimicrobials, resulting in lower plasma and tissue
antimicrobial concentrations. (3) Hypoproteinemia:
Hypoproteinemia is frequently associated with sepsis
and septic shock; it leads to the increased plasma level
of free antibiotics, which increases the secretion and release
of antibiotics. > (4) Organ dysfunction: Antibiotic
metabolism is altered as a result of organ d?fsfunction,
especially dysfunction of the liver and kidney."¢%!

Additionally, antibiotic metabolism is substantially altered
as a result of treatment: (1) The restoration of body fluid
leads to an increased volume of distribution and reduced
plasma concentration of antibiotics. (2) Improved tissue
perfusion leads to enhanced drug metabolism and
excretion. (3) Augmented renal clearance is condition
associated with severe sepsis and septic shock that is caused
by a hypermetabolic condition along with fluid restoration
and the application of vasoactive drugs. These conditions
increase the glomerular filtration rate and renal creatinine
clearance, which eventually increases the clearance of
renally eliminated antibiotics. Sepsis and septic shock
patients thus possess a higher renal clearance capabilit
than that suggested by renal creatinine levels.®3¢°!
Additionally, the restoration of liver function substantially
increases the clearance rate of antibiotics through the liver,
leading to reduced tissue and plasma concentrations and a
shortened half-life of antibiotics.

Different antibiotics also possess different PK and PD
characteristics. In terms of PK, there are water-soluble and
lipid-soluble antibiotics, and different antibiotics have
different protein binding rates, different metabolic models
and pathways, different tissue distributions, and different
half-lives. In terms of PD, different antibiotics have different
pathogen minimum inhibitory concentrations (MICs), and
some are time dependent, while others are dose dependent.

The best anti-infection outcome can only be achieved when
antibiotics use is optimized based on the distinct patho-
physiologic alterations of patients with sepsis and the
specific PK/PD characteristics of the antibiotic.[®®! For
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example, the anti-infection effect of concentration-depen-
dent antibiotics depends on the peak concentration,®””"!
while for time-dependent antibiotics, antimicrobial activity
relies on the duration of drug exposure as long as the
concentration is maintained above the MIC."%7° When the
blood concentration is more than 4 to 5 times the MIC, the
antibiotic’s anti-infection effect reaches a plateau, and
further increasing the plasma concentration no longer
improves the anti-infection effect. Clinical efficacy can be
improved by ensuring that T>MIC for these types of
antibiotics.

Effective plasma and tissue concentrations of antibiotics
are critical for clinical infection control. However, it is
important to avoid drug-induced adverse effects under
conditions of organ dysfunction. Therefore, it is necessary
to quantitatively monitor therapeutic efficacy and drug
toxicity. Through such quantitative monitoring and
feedback, we may be able to sustain a continuous and
dynamic process of targeted antibiotic therapy similar to
hemodynamic therapy. Thus, therapeutic drug monitoring
(TDM) for antibiotic treatment may be a solution that both
assures antibiotic efficacy and avoids drug-related adverse
side effects.[®*7¢78] TDM-guided antibiotic therap}l will
become a trend for critically ill Agatients in the future,””! as
noted in the SSC guidelines.!

Right source control: controlling the source of infection is
vital to anti-infection therapy for sepsis

Right source control means draina%e of infected foci by
surgery, puncture or other means.***!! Source control is
critical for managing infection and shock resuscitation.!®*
881 For many infectious foci that require drainage, many
physicians believe that surgery should only be performed
when patients are relatively stable to avoid risks and damage
resulting from surgery. These physicians believe that surgery
may accelerate patient death and that patients may even die
during surgery if the general situation is not corrected. This
concern may sound reasonable at first. However, it is
important to distinguish between selective surgery and
emergency surgery. Studies have shown that as soon as the
infectious foci that cause sepsis and require surgery are
confirmed, as in cases of intra-abdominal abscess, gastroin-
testinal perforation, acute suppurative cholangitis, acute
pyelonephritis associated with abscess, intestinal ischemia,
empyema or septic arthritis, the immediate control of
infectious foci is more important than antibiotic adminis-
tration for managing infection.[8%848%-94 1 fact, failure to
control infectious foci will irreversibly aggravate septic
shock.”>l" Therefore, source control is fundamental to
successful shock resuscitation and is considered emergency
surgery for these patients..”®*”) In the meantime, rigorous
resuscitation prior to and during surgery is important for
ensuring that surgery is successful. As a result, the SSC
guidelines recommend the drainage of infectious foci within
12 h after diagnosis.®! Similar to the fact that the earlier
resuscitation begins, the more likely it will be successful, it is
better to initiate surgical source control as soon as possible.
In contrast, if surgery is delayed, the risks of surgery greatly
increase as a result of the aggravation of septic shock, and in
some cases, surgery becomes impossible, leading to the
patient death.
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Even for some infectious foci that cannot be eradicated,
such as the most common lung infections, adequate sputum
drainage is far more important than antibiotics for the
control of pneumonia. Inadequate sputum drainage often
leads to prolonged pneumonia, which further leads to a
double or even triple secondary infection, the prevalence of
drug-resistant bacteria and persistent disease. Therefore,
insufficient drainage of infectious foci is one of the most
important causes of prolonged antibiotic administration
and the formation of drug-resistant bacteria.

Summary

Anti-infection therapy is critical to the successful treatment
of sepsis. This article proposed a 6Rs rule for anti-infection
therapy for sepsis, with the aim of establishing a rigorous
and scientifically based clinical therapeutic procedure that
encompasses rational decisions regarding the timing of
treatment, the identification of the correct pathogen, the
selection of appropriate antibiotics, the formulation of a
scientifically based antibiotic dosage regimen and the
adequate control of infectious foci. This rule will have a
positive impact on improving infection control in patients
with sepsis.
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