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Abstract

voting from all committee members.

The Japanese Clinical Practice Guidelines for Management of Sepsis and Septic Shock 2020 (J-SSCG 2020), a
Japanese-specific set of clinical practice guidelines for sepsis and septic shock created as revised from J-SSCG 2016
jointly by the Japanese Society of Intensive Care Medicine and the Japanese Association for Acute Medicine, was
first released in September 2020 and published in February 2021. An English-language version of these guidelines
was created based on the contents of the original Japanese-language version. The purpose of this guideline is to
assist medical staff in making appropriate decisions to improve the prognosis of patients undergoing treatment for
sepsis and septic shock. We aimed to provide high-quality guidelines that are easy to use and understand for
specialists, general clinicians, and multidisciplinary medical professionals. J-SSCG 2016 took up new subjects that
were not present in SSCG 2016 (e.g., ICU-acquired weakness [ICU-AW], post-intensive care syndrome [PICS], and
body temperature management). The J-SSCG 2020 covered a total of 22 areas with four additional new areas
(patient- and family-centered care, sepsis treatment system, neuro-intensive treatment, and stress ulcers). A total of
118 important clinical issues (clinical questions, CQs) were extracted regardless of the presence or absence of
evidence. These CQs also include those that have been given particular focus within Japan. This is a large-scale
guideline covering multiple fields; thus, in addition to the 25 committee members, we had the participation and
support of a total of 226 members who are professionals (physicians, nurses, physiotherapists, clinical engineers,
and pharmacists) and medical workers with a history of sepsis or critical illness. The GRADE method was adopted
for making recommendations, and the modified Delphi method was used to determine recommendations by

As a result, 79 GRADE-based recommendations, 5 Good Practice Statements (GPS), 18 expert consensuses, 27
answers to background questions (BQs), and summaries of definitions and diagnosis of sepsis were created as
responses to 118 CQs. We also incorporated visual information for each CQ according to the time course of
treatment, and we will also distribute this as an app. The J-SSCG 2020 is expected to be widely used as a useful
bedside guideline in the field of sepsis treatment both in Japan and overseas involving multiple disciplines.

Keywords: Evidence-based medicine, GRADE, Guidelines, Sepsis, Septic shock, Systematic review

Introduction

Approximately 50 million people worldwide die from
sepsis each year. Sepsis is a serious illness that affects all
age groups, and the social significance of the creation of
a high-quality guideline with the objective of providing
medical support for this illness is high. The Surviving
Sepsis Campaign Guideline (SSCG) [1, 2] has been re-
vised as an international sepsis clinical practice guideline
every 4 years since 2004. In 2012, the Japanese version

of the Surviving Sepsis Campaign Guideline (J-SSCG),
which considered the actual circumstances of Japanese
clinical settings, was first published by the Japanese Soci-
ety of Intensive Care Medicine (JSICM) [3, 4]. At the
time of the 2016 revision (J-SSCG 2016), JSICM and the
Japanese Association for Acute Medicine (JAAM)
worked together to create a high-quality guideline that is
easy to understand even for general clinicians, aiming
for widespread dissemination. J-SSCG 2016 actively took
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up new domains not covered in SSCG 2016, such as im-
aging diagnosis, body temperature regulation, ICU-
acquired weakness (ICU-AW), and post-intensive care
syndrome (PICS), providing medical guidelines.

In this current revision (J-SSCG 2020), the two soci-
eties have once again cooperated with one another with
the aim of providing support not only to specialists and
general clinicians but also multidisciplinary medical pro-
fessionals to make appropriate decisions to improve the
prognosis of patients with sepsis. In addition to the 26
committee members and directors in charge selected
from both societies, we received the participation and
support of a total of 226 individuals, comprising 85
working group members that included multiple profes-
sions (nine nurses, four physiotherapists, two clinical en-
gineers, and two pharmacists) and those with a history
of sepsis or critical illness (two, one of which was a
nurse) and 115 systematic review members. The partici-
pation of multiple professions and experienced patients
as working group members in particular expanded the
perspective of our work and enabled a more flexible
evaluation, which was a great step forward from the J-
SSCG 2016. Furthermore, systematic reviews were con-
ducted by the working group members and systematic
review members, and there was a certain degree of inde-
pendence from the committee members who formulated
the recommendations.

Four new topics were incorporated in the J-SSCG 2020
in addition to the domains in the previously mentioned J-
SSCG 2016: neuro-intensive care, patient- and family-
centered care, sepsis treatment system, and stress ulcers.
The J-SSCG 2020 also included a section on children after
considering the fact that there are few pediatric intensive
care units in Japan, and the situation is such that medical
professionals who primarily treat adult sepsis patients
must treat pediatric sepsis patients. With these additions,
this guideline comprised a total of 22 topics and 118 CQs.
The GRADE system was incorporated to prepare the rec-
ommendations, and the modified Delphi method was used
to decide recommendations by voting from all committee
members. Responses to the CQs were as follows: 79
GRADE-based recommendations, 5 Good Practice State-
ments (GPS), 18 expert consensuses, 27 answers to back-
ground questions (BQs), and definition and diagnosis of
sepsis. We will also incorporate visual information for
each CQ according to time axes such as medical care flow
charts as a new attempt. Each CQ will be clinically posi-
tioned, and we will also distribute this as an app.

The J-SSCG 2020 original Japanese version was first
released in the official society websites of the JSICM and
JAAM in September 2020, followed by the publication in
their official journals the Journal of JSICM [2021; Vol-
ume 28 (Supplement)] https://doi.org/10.3918/jsicm.
27S0001 and Journal of Japanese Association for Acute
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Medicine [2021; Volume 32, S1] https://doi.org/10.1002/
jja2.50024 in February 2021. It was then translated into
English and released on the societies’ websites in April,
in advance of the simultaneous publication in their
English-language official journals Journal of Intensive
Care and Acute Medicine and Surgery.

Overview and basic principles of these guidelines
Name

The English name of this guideline is the Japanese Clin-
ical Practice Guidelines for Management of Sepsis and
Septic Shock 2020, and the abbreviation used was J-
SSCG 2020 in consideration of the comparison made
with the international version (SSCQ).

Overall objective of this guideline

The objective of this guideline is to provide support for
medical professionals to make appropriate decisions in
order to improve the prognosis of patients in the clinical
treatment of sepsis and septic shock.

Target patient populations

This guideline targets patients with or who are suspected
of sepsis or septic shock, ranging from children to
adults. This includes patients who receive diagnoses and
treatment not only in the intensive care unit but also in
the general ward and emergency outpatient departments.
However, sepsis patients require advanced systemic
management, so we emphasize that it is desirable for
those with or who are strongly suspected of sepsis to be
promptly transferred to intensive care units as circum-
stances allow and undergo management there.

Target users (users of this guideline)

All medical professionals such as specialists, general cli-
nicians, nurses, pharmacists, physiotherapists, clinical
engineers, and registered dietitians who are engaged in
or involved in sepsis treatment.

Participation of representatives of associated expert
groups and support for guideline creation experts
In addition to the 26 committee members and directors
in charge selected from the Japanese Society of Intensive
Care Medicine and the Japanese Association for Acute
Medicine, the J-SSCG 2020 received the participation
and support of a total of 226 individuals, comprising 85
working group members that included multiple profes-
sionals (nine nurses, four physiotherapists, two clinical
engineers, and two pharmacists) and those who had an
experience of sepsis or critical illness (two; one of which
was a nurse) and 115 systematic review members.

As guideline creation experts, these individuals
reviewed and confirmed the work process at each stage
of the guideline creation process under the guidance of
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the EBM Medical Information Department of the Japan
Council for Quality Health Care and in accordance with
the principles of the GRADE system. Specialists from
the EBM Medical Information Department participated
in committee meetings and responded to questions from
the guideline creation managers in order to directly
solve problems.

Methods to reflect the values of the target populations
(e.g., patients, general public)

Two medical professionals and researchers who had sep-
sis were added as committee members or working group
members in order to reflect the values and hopes of pa-
tients and patient families. This point was considered
useful in reflecting values and hopes from the position
of patients and families after understanding the com-
plexity, severity, and pathology of sepsis, which requires
wide-ranging and advanced medical knowledge.

Peer review and public comments

Transparency during the creation of the J-SSCG 2020
was considered to be crucial. Official mailing lists (ML)
were created for discussions among members of each
team. Core members joined the MLs established by each
team as read-only members. Through these measures,
we aimed to increase the transparency of team discus-
sions, and by implementing the appropriate interven-
tions, we were able to coordinate the directions taken by
each team and achieve consistency throughout the entir-
ety of the guidelines. Mutual peer review was conducted
for various work processes by external team members
across the region. Work products from each group were
repeatedly edited and revised, and each revised draft was
discussed by the Guideline Creation Committee.

The initial draft of the CQs received public comments
over the Internet. Answer for each CQ also had public
comments. Public commenters were requested to dis-
close any conflicts of interest.

Disclosure of conflicts of interest (COls) and members’
roles

Financial and academic COIs as well as the role(s) of
each committee member are disclosed in the Additional
file 1 (https://www.jsicm.org/pdf/guidelineEN/
Additionalfilel.pdf). Financial COIs were disclosed in ac-
cordance with the standards used by the Japanese Asso-
ciation of Medical Sciences from 2017 through 2019.

Funding

These guidelines were prepared with financial support
from the Japan Society of Intensive Care Medicine and
the Japanese Association for Acute Medicine. No mem-
ber of the Guideline Creation Committee received any
form of financial compensation during the preparation
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of these guidelines. The views and interests of these so-
cieties were not reflected in the preparation of the guide-
lines’ recommendations.

Guideline dissemination strategy

The Japanese version of these guidelines is open access.
To promote ease of use, the digest version of the guide-
lines booklet is available. In addition, the app version of
the guideline is available for use to support the clinical
setting. We will strive to make these guidelines available
at various academic meetings and seminars and also
monitor activities related to sepsis practice as well as the
spread of these guidelines throughout the target medical
community.

Planned revisions

These guidelines are scheduled to undergo revision every
4 years. The next revision will occur in 2024. Should im-
portant new information warranting revision be obtained
beforehand, partial revision will be considered.

Methods used for creating this guideline

The J-SSCG 2020 was created through the three follow-
ing processes: 1) planning a clinical question (CQ); 2)
searching, collecting, and integrating evidence through a
systematic review and evaluating its certainty; and 3) for-
mulating a recommendation. Relevant information for a
recommendation based on GRADE and expert consen-
sus were available at https://www.jsicm.org/pdf/J-SSCG2
020_supplementary_appendix01.pdf.

Planning a CQ

Clinical practice guidelines should cover the basic know-
ledge of clinical practice and contribute to the construc-
tion of a standard clinical practice system. For this
reason, important CQs were extracted from each do-
main regardless of presence or absence of evidences, and
important CQs taken up in previous guidelines were
adopted in this guideline. Based on the rules of planning
a CQ, committee members and working group members
collaborated to create a draft CQ in their area of respon-
sibility, an opinion extracted from mutual peer review by
committee members was reflected, and a CQ list was
created by the Guideline Creation Committee. Public
comments were solicited online for these CQs. The CQs
were then revised using these public comments received,
and a total of 118 CQs were ultimately decided by the
committee.

CQ classifications

CQs include background questions (BQs) and fore-
ground questions. BQs indicate CQs that inquire about
what is well known as general knowledge, such as dis-
eases, diagnoses, and treatment. Meanwhile, foreground
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CQ classifications

Background questions (BQ)

Foreground questions (FQ)

Recommendation classifications
for FQs

Good practice statement (GPS)

GRADE-based recommendation
(GRADE)

Expert consensus-based recommenda-
tion (UNGRADE)

CQs which inquire about what is general knowledge, such as diseases, diagnoses, and treatment
Standard knowledge is presented.

Systematic review is not needed.

No recommendations are given.

CQs which inquire about information specialized to various situations in clinical settings. For example,
whether a particular treatment is effective for a patient with a specific illness. This can influence decisions in
clinical settings.

Treatment options are presented.
Systematic review is required for FQs other than GPS.

Recommendations on treatment selection are given.

Recommendations on topics that are so common that they cannot become a research theme and of which
all medical personnel should be made aware

Recommendations presented in accordance with the principles of the GRADE system. A systematic review is
conducted, four factors (certainty of evidence, balance of benefits and harms, values and preferences, costs
and resource utilization) based on the obtained evidence are taken into consideration, and
recommendations are made in consultation with the committee.

Consensus made by experts for CQs for which a systematic review was conducted but had no target
articles. Three factors (balance of expected benefits and harms, values and preferences, costs and resource

utilization) are taken into consideration and recommendations are made in consultation with the

committee.

questions are CQs that inquire about information spe-
cialized to various situations in clinical settings and can
influence decision-making in clinical practice (Table 1).

Formulating answers to BQs

BQs aim to present information that summarizes general
knowledge such as illnesses, diagnoses, and treatment.
Each area group prepared draft recommendations for
the CQs, which were amended and revised repeatedly
until the approval rate in the committee exceeded 95%
for consensus.

Formulating answers to foreground questions
Foreground questions include (1) GPS, which are CQs
that are extremely common and of which all medical
personnel should be aware, and (2) CQs that are subject
to systematic review and for which recommendations
are formulated. The latter CQ was given a recommenda-
tion based on GRADE or on expert consensus depend-
ing on whether target articles were present or absent,
respectively.

Formulating GPS

GPS was displayed for CQs, which handled themes that
were extremely common and for which randomized con-
trolled trials were theoretically impossible. These were
amended and revised repeatedly until the approval rate
in the committee exceeded 95% for consensus.

Searching, collecting, and integrating evidence through
systematic review

A comprehensive literature review was conducted for
each CQ in the foreground questions except for GPS,
from which randomized controlled trials (RCTs) were
extracted. As a general rule, the methodology was based
on the Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE).

Step 1: Literature review

Literature reviews were conducted using the search
engines of CENTRAL, PubMed, and Ichushi-Web.

The search equations were created by two or more in-
dependent reviewers using Medical Subject Headings
(MeSH) terms and free search terms. Searches on
PubMed used the sensitive-maximizing version of search
strategies created by Cochrane as a general ruler for re-
search design filters that specified RCTs. The publication
date of the subject articles was not restricted. The lan-
guages of the manuscript were limited to Japanese and
English. After confirming that the key RCTs specified in
advance were included, the literature review equations
underwent a final decision, and the literature review date
and number of articles found in each search engine were
recorded.

Step 2: Primary screening
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All the titles and abstracts specified in Step 1 were
downloaded. The automatic duplicate deletion function
of the literature management software EndNote (Clari-
vate Analytics, USA) or Mendeley (Mendeley Ltd., UK)
were used to remove duplicates, with duplicate articles
further deleted manually. Article screening was con-
ducted online using Rayyan (https://rayyan.qcri.org/
welcome). Two independent reviewers reviewed the ti-
tles and abstracts of the literature and excluded research
methods and PICO criteria, which were clearly not
within the target. If there was any possibility that it was
a target article, it was not excluded.

Step 3: Secondary screening

The full text of the remaining articles from Step 2
were ordered, and two reviewers selected articles whose
research design and PICO criteria conformed to the CQ,
and they confirmed them as target articles. Articles for
which the opinions of the two reviewers did not match
were sent to a third reviewer and discussed among the
three reviewers. Articles excluded at this stage were pro-
vided a reason for exclusion. The process from literature
review to target article selection is summarized in the
PRISMA flow diagram.

Step 4: Evaluation of the certainty of evidence for CQs
where evidence existed

Risk evaluations were conducted for the certainty of
evidence (A-D) of the CQ undergoing systematic review
for which each group was responsible. The definitions
for the certainty of evidence as set by the GRADE sys-
tem adopted in this guideline are as follows.

Definition of the certainty of evidence

High: Highly confident in the estimated value of effects
Medium: Moderate confidence in the estimated value
of effects

Low: Limited confidence in the estimated value of effects
Very low: Almost no confidence in the estimated value
of effects

Step 5: Data extraction, bias risk evaluation

Data extraction was performed by two independent re-
viewers, and a standardized data extraction form was
used. In cases where insufficient information was re-
corded in the reference, this was stated as such, and the
authors were not contacted.

Step 6: Meta-analysis and evaluation of the certainty of
evidence
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Qualitative and quantitative evaluations of the refer-
ences to be adopted were performed. The qualitative
evaluations used RevMan 5 whenever possible to con-
duct meta-analyses. This was summarized so that each
area group could create evaluations of the certainty of
evidence.

Handling of CQs with network meta-analysis

Indirect and network estimate values were calculated
using a frequency-based analysis method for CQs with
network meta-analyses (Confidence in Network Meta-
Analysis [CINeMA] from R package netmeta used). The
surface under the cumulative ranking curve (SUCRA)
was used for rankings (calculated as Stata mvmeta com-
mand). The quality of evidence was evaluated based on
the GRADE working group methods (ref). Network
meta-analyses were conducted on CQ9-2 and CQ9-6 of
this guideline.

Handling of CQs with qualitative research as evidence
The GRADE-Confidence in the Evidence from Reviews
of Qualitative research (CERQual) approach was adopted
as an evidence extraction method for CQs, where quali-
tative research was thought to be an appropriate re-
search method. This was used in CQ20-3, “Should
physical binding (restraints) be avoid during intensive
care?”, in this guideline.

Formulation of proposed recommendations
The committee members and working group collabo-
rated to create an evidence to decision (EtD) table in ad-
vance of deciding the recommendations. They then
considered four factors (certainty of evidence, balance of
effects, values, and cost/resource utilization) and formu-
lated recommendations in consultation with the com-
mittee. The strengths of the recommendations shown in
the GRADE system are classified as recommended, sug-
gested, not suggested, and not recommended.
=Description methods for the strength of
recommendations=
Strength of recommendation “1”: recommended.
Strength of recommendation “2”: suggested.
Committee members and the working group collabo-
rated to create an EtD table for foreground question type
CQs, for which insufficient evidence was obtained
through comprehensive literature reviews conforming to
the PICO criteria and formed an expert consensus based
on this EtD. Recommendations in this EtD took into
consideration the expert-proposed factors of the balance
between the desired and undesired effects of each inter-
vention, values, and costs/resource utilization, conducted
in consultation with the committee. Recommendations
with these expert consensuses were “suggestions”, and
“(expert consensus: insufficient evidence)” was added at
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the end of the text so that this could be distinguished
from the above-mentioned recommendations based on
GRADE.

Consensus building in CQs in accordance with GRADE and
CQs showing expert consensus

The modified Delphi method was used for consensus
building among committee members.

Step 1: Voting

Each committee member anonymously voted online in
an independent manner using a point system ranging
from 1 to 9 (1: disagree, 9: agree). The median, interper-
centile range (IPR), interpercentile range adjusted for
symmetry (IPRAS), and disagreement index (DI) of the
obtained scores were calculated.

Step 2: Panel meeting

Panel meetings were conducted based on the aggre-
gated results as shown below to reach a consensus.

1. When median < 7.5 and DI >0.2

Discussions were held within the committee, after
which amendments were made to the EtD and recom-
mended text, and a second vote was held.

2. When median >7.5 or DI <0.2

A When a serious opinion was present during
voting for a comment or recommendation
presented by committee member
Discussions were held within the committee,
and a consensus was reached. CQs for which a
consensus was not reached within the
committee resulted in amendments to the EtD
and recommended text, after which a second
vote was held.

B When no serious opinions were present during
voting for a comment or recommendation
presented by a committee member.

The voting results were confirmed among the commit-
tee members, and a consensus was reached.

Quick reference list of CQ&As

CQ1: Definition and diagnosis of sepsis

CQ1-1: Definition of sepsis

Summary: According to the Third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-
3), sepsis is defined as “life-threatening organ dysfunc-
tion caused by a dysregulated host response to
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infection.” Septic shock is defined as a subset of sepsis in
which the underlying circulatory and cellular/metabolic
abnormalities profoundly increase the risk of mortality.

CQ1-2: Diagnosis of sepsis and septic shock

Summary: A diagnosis of sepsis is confirmed when
the Sequential Organ Failure Assessment (SOFA) score
of 2 points or more acutely increase in the presence of a
clear infection or suspected infection. Patients with sep-
tic shock can be identified with a clinical construct of
sepsis with persisting hypotension requiring vasopressors
to maintain mBP > 65 mmHg and having a serum lactate
level >2 mmol/L (18 mg/dL) despite adequate volume
resuscitation. In out-of-hospital, emergency department,
or general hospital ward settings, adult patients with sus-
pected infection can be rapidly identified as more likely
to have poor outcomes typical of sepsis if they have at
least two of the following clinical criteria that together
constitute the quick SOFA (qSOFA) score: a respiratory
rate of 22 breaths/min or higher, altered consciousness,
and a systolic blood pressure of <100 mmHg. The
qSOFA criteria can be used to prompt clinicians to fur-
ther investigate organ dysfunction, initiate or escalate
therapy as appropriate, and to consider referral for crit-
ical care. Ultimately, an acutely increased SOFA score of
2 or more points confirms the diagnosis of sepsis. Daily
routine screening for sepsis is recommended to support
the early diagnosis and treatment of sepsis.

CQ2: Diagnosis of infection

CQ2-1: When should a blood culture be taken?

Answer: Take two or more sets before administering
the antibacterial drug (Good Practice Statement).

CQ2-2: When should culture specimens other than
blood be collected?

Answer: Each cultured specimen other than blood
should be collected as needed prior to the administra-
tion of antibacterial drugs (Good Practice Statement).

CQ2-3: Is Gram staining useful in the selection of
antimicrobial agents before obtaining culture results?

Answer: We suggest referencing Gram staining find-
ings of the culture specimen when selecting an antibac-
terial drug to use for empirical treatment (expert
consensus: insufficient evidence).

CQ2-4-1: What are the positions of C-reactive pro-
tein (CRP), procalcitonin (PCT), presepsin (P-SEP),
and interleukin 6 (IL-6) as biomarker tests for sepsis
diagnosis in general ward and emergency rooms (ER)?

Answer: Sensitivity and specificity in biomarker tests
when sepsis was suspected in general ward and ER visits
were as follows: CRP, 59, 79%; PCT, 74, 81%; P-SEP, 75,
74%; IL-6, 78, 78%. As such, sepsis diagnosis with bio-
markers alone is generally thought to be difficult, and its
use should be seen as supplemental to any observations
of general conditions (Provision of information for back-
ground question).
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CQ2-4-2: What are the positions of C-reactive pro-
tein (CRP), procalcitonin (PCT), presepsin (P-SEP),
and interleukin-6 (IL-6) as biomarker tests for sepsis
diagnosis in the intensive care unit?

Amnswer: Sensitivity and specificity in biomarker tests
when sepsis was suspected in the intensive care unit
were as follows: CRP, 74, 70%; P-SEP, 82, 73%; IL-6, 72,
76%. As such, sepsis diagnosis with biomarkers alone is
generally thought to be difficult, and its use should be
supplemental to any observations of general conditions
(Provision of information for background question).

CQ3: Source control

CQ3-1: Should imaging tests be conducted in pa-
tients suspected of sepsis in order to search for the
source of infection?

Amnswer: Imaging tests should be conducted when the
source of infection is unclear in order to search for the
source of infection (Good Practice Statement).

CQ3-2: Should whole-body contrast-enhanced CT
tests be conducted at an early stage for sepsis pa-
tients with unknown source of infection?

Answer: We suggest conducting whole-body contrast-
enhanced CT tests as soon as possible for sepsis patients
with unknown source of infection (expert consensus: in-
sufficient evidence).

CQ3-3: Should the source of infection be controlled
by surgery/invasive drainage in patients with sepsis
due to intraperitoneal infection?

Answer: We suggest controlling the source of infection
as soon as possible with surgery/invasive drainage (in-
cluding abscess drainage, biliary tract/gallbladder drain-
age) for patients with sepsis due to intraperitoneal
infection (expert consensus: insufficient evidence).

CQ3-4-1: Should the source of infection be con-
trolled with invasive interventional therapy during
the early period of infectious pancreatic necrosis?

Answer: We suggest against controlling the source of
infection with invasive interventional therapy during the
early period of infectious pancreatic necrosis (GRADE
2C: certainty of evidence = “low”).

CQ3-4-2: Should the source of infection be con-
trolled with low-invasive interventional therapy for
infectious pancreatic necrosis?

Answer: We recommend controlling the source of in-
fection with less invasive interventional therapy for pa-
tients with sepsis caused by infectious pancreatic necrosis
(GRADE 2B: certainty of evidence = “moderate”).

CQ3-5: Should the source of infection be controlled
with invasive drainage for patients with sepsis due to
acute pyelonephritis caused by ureteral obstruction?

Answer: We suggest controlling the source of infec-
tion as soon as possible with transurethral ureteral
stent implantation or percutaneous nephrostomy in
patients with sepsis due to acute pyelonephritis
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caused by ureteral obstruction (expert consensus: in-
sufficient evidence).

CQ3-6: Should source control be achieved by
means of surgical debridement for sepsis patients
due to necrotic soft tissue infection?

Answer: We suggest controlling the source of infection
as soon as possible by means of surgical debridement for
sepsis patients due to necrotic soft tissue infection (ex-
pert consensus: insufficient evidence).

CQ3-7: Should the source of infection be controlled
with catheter removal in patients with sepsis where
catheter-related bloodstream infections are suspected?

Answer: We suggest controlling the source of infection
as soon as possible with catheter removal in patients with
sepsis where catheter-related bloodstream infections are
suspected (expert consensus: insufficient evidence).

CQ3-8: Should the source of infection be controlled
through invasive drainage in patients with sepsis due
to empyema?

Answer: We suggest controlling the source of infection
as soon as possible with percutaneous thoracic drainage
or surgical intervention in patients with sepsis due to
empyema (expert consensus: insufficient evidence).

CQ4: Antimicrobial therapy

CQ4-1: How should empirical antimicrobial ther-
apy be selected?

Answer: Antimicrobials can be selected by estimating
the causative microorganism based on suspected infec-
tious foci, patient background, epidemiology and rapid
microbial diagnostic tests, and by considering the tissue
penetration properties of drugs and the probabilities of
resistant bacteria (see Table 2 for reference). (Provision
of information for background question).

CQ4-2: Under what circumstances should carba-
penems be used in empirical antimicrobial therapy?

Answer: Carbapenems can be included in the empirical
antimicrobial regimen when the use of carbapenem is
considered to be particularly effective; ESBL-producing
Enterobacteriaceae or Pseudomonas aeruginosa or Acine-
tobacter species with limited susceptibility for carbapen-
ems (Provision of information for background question).

CQ4-3: Under what circumstances should empir-
ical antimicrobial therapy be selected for MRSA and
non-bacterial pathogens (e.g., Candida, Viruses, Le-
gionella, Rickettsia, or Clostridioides difficile)?

Answer: Each microorganism can be covered by em-
pirical antimicrobial regimen if highly suspected by
suspected infectious foci, patient background and culture
results (Provision of information for background
question).

CQ4-4: Should empirical antimicrobial therapy be
suspended if culture results were negative?

Answer: We suggest stopping any empiric antimicro-
bials where sepsis is excluded by negative culture results
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Table 2 Empiric therapeutic agents for each infectious disease
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Source of Patient background / Expected causative bacteria Drug examples Remarks
infection pathology (see note k) for
VCM dose)
Pneumonia® Community-  Other than Pneumococcus, Haemophilus influenzae, CTRX 2 g, every See CQ4-3 for Legionella risk.
acquired the reasons Klebsiella spp., Mycoplasma pneumoniae, 24h [5]
listed below  Legionella pneumophila +AZM 500 mg,
every 24 h [5]
After Above + Staphylococcus aureus (including CTRX 2 g, every See CQ4-3 for MRSA risk.
influenza, community-acquired MRSA) 24h[5,6]
necrotizing +VCM [5, 6], K
pneumonia

Healthcare-associated/ Streptococcus pneumoniae, E. coli, "CFPM 2 g, every Option of community-acquired pneumonia is ap-

ventilator-related Pseudomonas aeruginosa, Staphylococcus 8h, plicable at an early stage or when there is no risk of
aureus or resistant bacteria. See CQ4-3 for MRSA risk.
TAZ/PIPC 45 g,
every 8 h"
+VCM [51¢

Decreased cell-mediated im-
munity + no prevention of 240-320 mg, every
Pneumocystis jirovecii + bilat- 8h
eral shadows or
pentamidine 4
mg/kg, every 24 h
(5]

CTRX 1-2 g, every
24h [5]

ST trimethoprim ST: trimethoprim 15 mg/kg/day = Japanese ST
mixture (1 tablet or 1g of trimethoprim is 80 mg)

3-4 tablets or 3-4 g, every 8 h.

Pneumocystis jirovecii

Urinary tract E. coli See CQ4-2 for ESBL-producing bacteria risk.

Community-acquired (low
infection®

risk of ESBL-producing
bacteria)

Community-acquired (high
risk of ESBL-producing
bacteria)

CMZ 1-2g, every
8h [7,8] or
TAZ/PIPC 4.5 g,
every 8h [9] or
MEPM 1 g, every
8h [5]

"TAZ/PIPC 45 g,
every 8h

or MEPM 1 g,
every 8h"
£VCM [51¢

SBT/ABPC 3 g,

Healthcare-associated E. coli, Klebsiella spp., Enterobacter spp.,

Pseudomonas aeruginosa, Enterococcus spp.

VCM is added when Gram staining shows
Streptococcus-like Gram-positive cocci.

Biliary tract /  Community-acquired (low E. coli, anaerobic bacteria such as Bacteroides See CQ4-2 for ESBL-producing bacteria risk. Check

intra- risk of ESBL-producing spp. every 6 h [10] or antibiogram of facility / region to see if SBT / ABPC
abdominal bacteria) "CTRX 2 g, every can be selected.
infection 24h+MNZ 500

mg, every 8h" [10]

Community-acquired (high CMZ 1-2 g, every

risk of ESBL-producing 8h [10] or
bacteria) TAZ/PIPC 45 g,
every 8h
Healthcare-associated E. coli, anaerobic bacteria such as Bacteroides ~ "TAZ/PIPC 4.5 g, See CQ4-3 for Candida risk.
spp., Enterobacter spp., Pseudomonas every 8h
aeruginosa, Enterococcus spp. = Candida spp.  or (CFPM 2g,

every 8 h+MNZ
500 mg, every 8 h)
or MEPM 1 g,
every 8h" [5, 10]
+MCFG 100 mg,
every 24 h [5]

Necrotic soft Monomicrobial infection B-hemolytic Streptococci, Clostridium spp., "CTRX 2 g, every See CQ4-3 for MRSA risk.

tissue suspected (Gram-positive rarely Staphylococcus aureus (including 24h or CLDM is intended for suppressing toxin production
infection® cocci or Gram-positive rods)  community-acquired MRSA) SBT/ABPC 3 g, in toxic shock syndrome.

every 6 h”

+VCM [51f

+CLDM 600 mg,
every 8 h [5]

TAZ/PIPC 45,
every 8 h [5]

Polymicrobial infection
suspected (diabetic,

Staphylococcus aureus, E. coli, anerobic
bacteria

Fournier's gangrene) +VCM [5],k
Exposure to seawater / Aeromonas spp., Vibrio vulnificus CTRX 2 g, every
freshwater 24 h

+MINO 100 mg,

every 12 h [5]
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Source of Patient background / Expected causative bacteria Drug examples Remarks
infection pathology (see note k) for
VCM dose)
Vertebral Community-acquired MSSA, Streptococcus spp., rarely Streptococcus  CEZ 2.g, every 8h  See CQ4-3 for MRSA risk.

osteomyelitis
(spondylitis)®

Endocarditis’

Mycotic
aneurysm?

Catheter-
related
bloodstream
infections”

Meningitis'

Unknown or
systemic
source’

Healthcare-associated

Native valve: without MRSA
risk

Native-valve: with MRSA risk

Prosthetic valve or
pacemaker

Community-acquired/native
arteries

Prosthetic vascular graft
infections

Intravascular catheter

Community-acquired (in a
patient younger than 50
years)

Community-acquired
(patient older than 50 years,
cell-mediated
immunodeficiency)

Post-neurosurgery or shunt-
related meningitis

Community-acquired (not
any of the items listed
below)

Healthcare-associated (not
any of the items listed
below)

Toxic shock syndrome

pneumoniae, Gram-negative bacilli

Staphylococcus aureus, Gram-negative bacillus

MSSA, Streptococcus spp., Enterococcus spp.

Above+MRSA

Above+Staphylococcus epidermidis, Gram-
negative bacilli

Staphylococcus aureus, Salmonella spp., Gram-
negative bacilli

Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonas aeruginosa

Staphylococcus epidermidis, Staphylococcus
aureus (including MRSA), E. coli, Pseudomonas
aeruginosa, £Candida

Streptococcus pneumoniae, Neisseria
meningitidis

Streptococcus pneumoniae, Neisseria
meningitidis, Listeria monocytogenes

MRSA, Pseudomonas aeruginosa

Streptococcus pneumoniae, Neisseria
meningitidis,3-hemolytic streptococcus, E. coli

Pseudomonas aeruginosa, MRSA

Staphylococcus aureus, B-hemolytic strepto-
coccus, Clostridium spp.

[5] or
CTRX 2 g, every
24h [5]

CFPM 2 g, every
12h
VM [51¢

SBT/ABPC 3 g,
every 6 h [5]

or

"CTRX 2 g, every
24h

+ABPC 2 g, every
4h"[511]

CTRX 2 g, every
24h
HVCM [5, 111%

“CTRX 2 g, every
24hor

CFPM 2 g, every
12h"

HVCM [5, 1)

"CFPM 2 g, every
12hor
TAZ/PIPC 45 q,
every 8 h"
+VCMF

"CFPM 1 g, every
8hor

TAZ/PIPC 45 g,
every 8 h or
MEPM 1 g, every
8h"

VM

VMK

+CFPM 2 g, every
8-12h

+MCFG 100 mg,
every 24 h [5]

CTRX 2 g, every
12h
+VCM [5, 121 %

ABPC 2 g, every 4
h

+CTRX 2 g, every
12h

HVCM [5,12] %

"CAZ or CFPM or
MEPM

(29, every 8h)"
+VCM [5,12], ¢

CTRX 2 g, every
24h [5]

"CFPM 2 g, every
8hor

TAZ/PIPC 45 g,
every 8 h or
MEPM 2 g, every
8h"

VM

"CTRX 2 g, every
24 h or SBT/ABPC
39, every 6h"
+CLDM 600 mg,
every 8h

+VCM*

Select “CTRX+ABPC" when there is a high possibility

of enterococcus.

Select CTRX 2 g every 12 h if there is an intracranial

disseminated lesion.

Select CTRX 2 g every 12 h if there is an intracranial

disseminated lesion. See CQ4-3 for MRSA risk.

See CQ4-3 for MRSA risk.

See CQ4-3 for Candida risk

See section on meningitis if there is a possibility of

meningitis

See CQ4-3 for MRSA risk
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Table 2 Empiric therapeutic agents for each infectious disease (Continued)

Source of Patient background / Expected causative bacteria Drug examples Remarks
infection pathology (see note k) for
VCM dose)
Rickettsia endemic areas Japanese spotted fever, scrub typhus MINO 100 mg,

Febrile neutropenia Pseudomonas aeruginosa, MRSA

After splenectomy

Shock +rash
pneumococcus), Rickettsia spp.

Pneumococcus, Neisseria meningitidiis,
Haemophilus influenzae, Capnocytophaga spp.

Purpura fulminans (meningococcus,

every 12h [13]

CFPM 2 g, every
12h
+VCM [51f

See CQ4-2 for anti-Pseudomonal drugs

When there is no
possibility of
meningitis:

CTRX 2 g, every
24h [5]

CTRX 2 g, every See section on endocarditis if there is a possibility
12h of endocarditis

+VCM [5]

+MINO 100 mg,

every 12h [13, 14]

See section on meningitis if there is a possibility of
meningitis

[Precautions] This table is a list of infectious diseases related to sepsis based on guidelines for various infectious diseases and those published by the Japanese
Association for Infectious Diseases and the Japanese Society of Chemotherapy, with the following information added. Typical options are shown to make the

table practical for use

Given their very nature, empiric therapeutic agents are difficult to present as the only absolute option, and they are often presented in various guidelines as
evidence and expert opinion suggestions. However, this also depends on the age and region of the antibiograms produced, and the types of antimicrobial agents
available at each facility. This table can be used as a reference for experts in the septic/antimicrobial stewardship teams of each facility when developing

antimicrobial guidelines for each facility

Abbreviations: ABPC ampicillin, AZM azithromycin, CAZ ceftazidime, CFPM cefepime, CLDM clindamycin, CMZ cefmetazole, CTRX ceftriaxone, GM gentamycin, MCFG
micafungin, MEPM meropenem, MINO minocycline, MNZ metronidazole, SBT/ABPC sulbactam/ampicillin, ST sulfamethoxazole/trimethoprim, TAZ/PIPC tazobactam/
piperacillin, VCM vancomycin (abbreviations of antimicrobial agents are based on JAID/JSC infectious disease treatment guidelines)

@Pneumonia: Staphylococcus aureus (including MRSA) can be a causative bacterium in addition to the usual causes of community-acquired pneumonia following
influenza virus infection or necrotizing pneumonia; thus, a separate section has been created

PUrinary tract infection: Presented based on reports of epidemiology and treatment of ESBL-producing bacteria in Japan

“Biliary tract/intra-abdominal infection: Presented based on reports of epidemiology and treatment of ESBL-producing bacteria in Japan

¥Necrotic soft tissue infection: Three types are presented as options when the causative bacteria can be estimated from the patient background (exposure history,
underlying disease) and clinical course (rapid inspection results of the test incision sample are also taken into consideration)

Vertebral osteomyelitis (spondylitis): Refraining from empiric therapeutic drugs is recommended for hemodynamically and neurologically stable spondylitis;
however, empiric treatment is indicated when complications of sepsis are present [15]. The regimen of empiric treatment is not established, but options were

selected based on the JAID/JSC infectious disease treatment guidelines [5]

fEndocarditis: Concomitant use of GM in native valve endocarditis was previously recommended for Staphylococcus aureus [5], but this is no longer
recommended in recent years [16]. A combination regimen of CTRX and ABPC was indicated in place of GM for enterococci. In addition, a regimen without the
concomitant use of GM was shown as an empiric treatment [16]. There was also no description in the JAID/JSC infectious disease treatment guideline in cases of
endocarditis with a high rate of intracranial dissemination; however, this table presents this considering cerebrospinal fluid penetration. We presented an option
for endocarditis of the prosthetic valve that does not include GM as an empiric treatment when the causative organism is uncertain, considering the

nephrotoxicity of GM

9Mycotic aneurysm: There is no description in the JAID/JSC infectious disease treatment guidelines and no established recommendation exists [5, 17], but this was

presented as an option

T‘Catheter»related bloodstream infections: options were presented based on the JAID/JSC infectious disease treatment guidelines [5]
'Meningitis: options were presented based on the JAID/JSC infectious disease treatment guidelines [5, 12]
JUnknown or systemic sources: There is no description in the JAID/JSC infectious disease treatment guidelines, but the source of infection is occasionally unknown

in sepsis, so options for each possible pathology were presented

¥ Please refer to the description of the TDM guideline 2016 (initial loading dose: 25-30 mg/kg intravenous injection, subsequent maintenance doses (normal renal

function):15-20 mg/kg intravenous injection, every 12 h) for the VCM dose [18]

and after careful consideration of clinical progress (ex-
pert consensus: insufficient evidence).

CQ4-5: Under what circumstances should an infec-
tious disease specialist or antimicrobial stewardship
team be consulted?

Answer: An infectious disease specialist and/or anti-
microbial stewardship team can be consulted when 1) the
cause of sepsis is unknown, 2) involvement of extensively
drug-resistant bacteria is suspected, 3) emerging, re-
emerging, or imported infectious diseases are suspected, or
4) in cases of Staphylococcus aureus bacteremia or candi-
demia (Provision of information for background question).

CQ4-6: Should empirical antibacterial drugs for
sepsis begin within 1 h upon identification of sepsis?

Answer: We suggest that antibacterial drugs be adminis-
tered as soon as possible upon identification of sepsis or
septic shock, but we suggest against using the target time of
less than 1 h (GRADE 2C: certainty of evidence = “low”).

CQ4-7: Should continuous or extended infusion of
B-lactam antibiotics be used for sepsis?

Answer: We suggest using continuous or extended in-
fusion of B-lactam antimicrobials (GRADE 2B: certainty
of evidence = “moderate”).

CQ4-8: Should de-escalation antimicrobial therapy
be used for sepsis?

Answer: We suggest applying de-escalation antimicro-
bial therapy for sepsis (GRADE 2D, certainty of evi-
dence = “very low”).
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Table 3 Thresholds and limits of dynamic indicators
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Method Threshold Main limits

PPV (pulse pressure 12% Difficult to use in the following cases: patients with spontaneous breathing, patients with arrhythmia, patients
variation) with low tidal ventilation, and patients with low lung compliance

SWV (stroke volume

variation)

IVC diameter fluctuations  12%

SVC diameter fluctuations 12-40%

Difficult to use in the following cases: patients with spontaneous breathing, patients with arrhythmia, and
patients with low lung compliance

Requires transesophageal echocardiography. Difficult to use in the following cases: patients with

spontaneous breathing, patients with low tidal ventilation, and patients with low lung compliance

PLR (passive leg raising)  10%

Cardiac output is to be directly measured

Difficult to use in the following cases: patients with lower limb defects, pregnant women, patients receiving
vasoactive drugs, and patients with increased intra-abdominal pressure

EEO (end-expiratory 5%
occlusion test)

Low-dose fluid challenge 6-10%

(100 mL)

Fluid challenge (500 mL)  15% Risk of fluid overload if repeated.

Difficult to use in the following cases:
non-intubated patients and patients who cannot hold their breath for more than 15s

Cardiac output needs to be measured directly and accurately

Cardiac output needs to be measured directly

CQ4-9: Should procalcitonin be used as an indica-
tor for stopping antimicrobial therapy for sepsis?

Answer: We suggest using procalcitonin as an indica-
tor for stopping antimicrobial therapy for sepsis
(GRADE 2B, certainty of evidence = “moderate”).

CQ4-10: Should relatively short-term (i.e. within 7
days) antimicrobial therapy be applied for sepsis?

Answer: We suggest applying relatively short-term (i.e.
within 7 days) antimicrobial therapy for sepsis (GRADE
2D: certainty of evidence = “very low”).

CQ4-11: What should be used as a reference for
adjusting the dose for renal-excretion antimicrobial
drugs?

Amnswer: Changes in bodily fluid volume and the pres-
ence of renal replacement therapy and other extracor-
poreal circulation therapies in addition to renal function
test values (e.g., serum Cr level, eGFR level) measured at
multiple time points are informative (Provision of infor-
mation for background question).

CQ5: Intravenous immunoglobulin therapy

CQ5-1: Should intravenous immunoglobulin (IVIG)
be administered to adult patients with sepsis?

Answer: We suggest against administering IVIG to pa-
tients with sepsis (GRADE 2B: certainty of evidence =
“moderate”).

CQ5-2-1: Should IVIG be administered to patients
with streptococcal toxic shock syndrome (STSS)?

Answer: We suggest administering IVIG to patients with
STSS (GRADE 2D: certainty of evidence = “very low”).

CQ5-2-2: Should IVIG be administered to patients
with staphylococcal toxic shock syndrome (staphylo-
coccal TSS)?

Answer: We suggest against administering IVG to pa-
tients with staphylococcal TSS (expert consensus: insuf-
ficient evidence).

CQ6: Initial resuscitation/inotropes

CQ6-1: Should echocardiography be conducted in
patients with sepsis?

Answer: We suggest, following initial fluid resuscita-
tion, conducting cardiac function and hemodynamics as-
sessments with echocardiography in patients with sepsis/
septic shock (GRADE 2D: certainty of evidence = “very
low”).

CQ6-2: Is EGDT recommended for initial resuscita-
tion in patients with sepsis?

Answer: We suggest against conducting EGDT as ini-
tial resuscitation in patients with sepsis/septic shock
(GRADE 2C: certainty of evidence = “low”).

CQ6-3: Should vasopressors be used simultaneously
or in the early stage (within 3 h) of initial fluid resus-
citation in adult patients with sepsis?

Answer: We suggest administering vasopressors simul-
taneously or in the early stages (within 3h) of initial
fluid resuscitation in patients with sepsis/septic shock
who have difficult maintaining hemodynamics (GRADE
2C: certainty of evidence = “low”).

CQ6-4: Should lactate levels be used as an indicator
for initial resuscitation in adult patients with sepsis?

Answer: We suggest using lactate levels as an indicator
of tissue hypoperfusion during initial resuscitation in pa-
tients with sepsis/septic shock (GRADE 2C: certainty of
evidence = “low”).

CQ6-5: What is the initial fluid infusion rate and
volume in adult patients with sepsis?

Answer: There is an opinion that the initial fluid re-
suscitation in patients with reduced intravascular volume
due to sepsis should be administered over 30 mL/kg of
crystalloid solution within 3 h, aiming to optimize the
circulating blood volume. It is important during initial
fluid resuscitation to carefully observe vital signs and to
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avoid excessive fluid loads by using lactate clearance and
echocardiography while conducting tissue oxygen me-
tabolism and hemodynamics assessments (Provision of
information for background question).

CQ6-6: How should fluid responsiveness be
assessed in adult patients with sepsis?

Amnswer: Fluid responsiveness is significant increase in
stroke volume (SV) after fluid infusion, and multiple pa-
rameters, including static and dynamic parameters,
should be used to predict fluid responsiveness. Static pa-
rameters, including central venous pressure (CVP) and
pulmonary capillary wedge pressure (PCWP), are mea-
sured at a point. Dynamic parameters include changes in
cardiac output by passive leg raising (PLR) and fluid chal-
lenge, pulse pressure variation (PPV) and stroke volume
variation (SVV) during mechanical ventilation (Provision
of information for background question).

CQ6-7: Should albumin solution be used for initial
resuscitation in adult patients with sepsis?

Answer: We suggest against administering albumin so-
lution as a standard treatment at the beginning of initial
fluid resuscitation in patients with sepsis (GRADE 2C:
certainty of evidence = “low”). Albumin solution can be
used in patients with sepsis when patients do not re-
spond to standard treatment and require substantial
amounts of crystalloids (expert consensus: insufficient
evidence).

CQ6-8: Should artificial colloids be used for initial
resuscitation in adult patients with sepsis?

Answer: We suggest against administering artificial
colloids in patients with sepsis/septic shock (GRADE
2D: certainty of evidence = “very low”).

CQ6-9-1: Should noradrenaline, dopamine, or
phenylephrine be used as a first-line vasopressor in
adult patients with sepsis? noradrenaline vs. dopamine

Answer: Between noradrenaline and dopamine, we
suggest administering noradrenaline as a first-line vaso-
pressor in adult patients with sepsis (GRADE 2D: cer-
tainty of evidence = “very low”).

CQ6-9-2: Should noradrenaline, dopamine, or phenyl-
ephrine be used as a first-line vasopressor in adult pa-
tients with sepsis? noradrenaline vs. phenylephrine

Answer: Between noradrenaline and phenylephrine,
we suggest administering noradrenaline as a first-line
vasopressor in adult patients with sepsis (GRADE 2D:
certainty of evidence = “very low”).

CQ6-10-1: Should adrenaline be used as a second-
line vasopressor in adult patients with sepsis?

Answer: We suggest against using adrenaline as a
second-line vasopressor in patients with sepsis/septic
shock (GRADE 2D: certainty of evidence = “very low”).

CQ6-10-2: Should vasopressin be used as a second-
line vasopressor in adult patients with sepsis?
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Answer: We suggest using vasopressin as a second-
line vasopressor in patients with sepsis/septic shock
(GRADE 2D: certainty of evidence = “very low”).

CQ6-11: Should inotropes be used in adult patients
with sepsis accompanied by cardiogenic shock?

Answer: We suggest administering inotropes (adren-
aline, dobutamine) in adult patients with septic shock
accompanied by cardiac dysfunction (expert consensus:
insufficient evidence).

CQ6-12: Should B-blockers be used in adult pa-
tients with sepsis?

Answer: We suggest administering short-acting B1-
adrenoceptor antagonists in patients with sepsis/septic
shock while being monitored with the objectives of
managing tachycardia which cannot be controlled
with standard therapy like initial fluid resuscitation
(GRADE 2D: certainty of evidence = “very low”). Ad-
ministering short-acting pl-adrenoceptor antagonists
can induce hemodynamic fluctuations, so they should
be administered under the supervision of a physician
with expertise in cardiovascular management in the
intensive care unit (expert consensus: insufficient
evidence).

CQ6-13: What are the indications of assisted circu-
lation in adult patients with septic shock?

Answer: There is insufficient evidence for the effects
of assisted circulation such as veno-arterial extracorpor-
eal membrane oxygenation (V-A ECMO) and intra-
aortic balloon pump (IABP) for cardiac dysfunction in
septic shock, and its applications are still under investi-
gation (Provision of information for background
question).

CQ7: Corticosteroid therapy

CQ7-1: Should low-dose corticosteroids (hydrocor-
tisone) be administered to adult patients with septic
shock who do not respond to initial fluid resuscita-
tion and vasopressors?

Answer: We suggest administering low-dose cortico-
steroids (hydrocortisone) to adult patients with septic
shock who do not respond to initial fluid resuscitation
and vasopressors for the purpose of withdrawing from
shock (GRADE 2D: certainty of evidence = “very low”).

CQ7-2: Should hydrocortisone and fludrocortisone
be administered to patients with septic shock who do
not respond to initial fluid resuscitation and
vasopressors?

Answer: We suggest concomitant administration of
hydrocortisone and fludrocortisone to adult patients
with septic shock who do not respond to initial fluid re-
suscitation and vasopressors (GRADE 2C: certainty of
evidence = “low”).

CQ7-3: Should corticosteroids (hydrocortisone) be
administered to patients with sepsis without shock?
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Answer: We suggest against administering hydrocorti-
sone to patients with sepsis without shock (GRADE 2D:
certainty of evidence = “very low”).

CQ8: Blood transfusion therapy

CQ8-1: How should blood transfusion be con-
ducted during the initial resuscitation of septic
shock?

Answer: We suggest starting blood transfusion at a
hemoglobin level of less than 7 g/dL during initial resus-
citation for patients with septic shock (GRADE 2C: cer-
tainty of evidence = “low”).

CQ8-2: How should blood transfusion be con-
ducted during hemodynamically stable sepsis?

Answer: We suggest starting blood transfusion at a
hemoglobin level of less than 7 g/dL in patients with
hemodynamically stable sepsis (expert consensus: insuf-
ficient evidence).

CQ8-3: How should fresh frozen plasma be admin-
istered in patients with sepsis?

Answer: We suggest administering fresh frozen
plasma in patients with sepsis when hemorrhaging
tendencies are observed. If surgical/invasive interven-
tions are required, we suggest administering when
PT/APTT is extended (PT is over INR 2.0 or activity
level of less than 30%; APTT is over two times the
upper limit of standards at each medical institution
or activity level less than 25%) or when fibrinogen
levels are less than 150 mg/dL (expert consensus: in-
sufficient evidence).

CQ8-4: How should platelet transfusion be con-
ducted for patients with sepsis?

Answer: We suggest conducting platelet transfusion in
patients with sepsis and platelet counts of less than 10,
000/uL, or less than 50,000/puL when accompanied by
hemorrhaging symptoms (expert consensus: insufficient
evidence). We suggest conducting platelet transfusion so
as to maintain a platelet count of over 50,000/pL when
active hemorrhaging is observed or when surgical/inva-
sive procedures are needed (expert consensus: insuffi-
cient evidence).

CQ9: Respiratory management

CQ9-1: What is the SpO, range for respiratory
management in adult patients with sepsis?

Answer: We suggest against setting a high target SpO,
(98-100%) during respiratory management in adult pa-
tients with sepsis (GRADE 2B: certainty of evidence =
“moderate”).

Remarks: This does not apply in cases where there is
the possibility of a disruption in the oxygen supply/de-
mand balance due to severe anemia or increased metab-
olism due to infection in cases where hemodynamics are
unstable.

CQ9-2: Should non-invasive ventilation (NIV) or
nasal high-flow therapy (NHFT) be conducted for
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early respiratory failure in adult patients with
sepsis?

Answer: We suggest conducting non-invasive venti-
lation (NIV) or nasal high-flow therapy (NHFT) for
early respiratory failure in adult patients with sepsis
(GRADE 2A: certainty of evidence = “high”).

CQ9-3: Should protective ventilation strategies be
implemented for ventilation management in adult
patients with sepsis?

Answer: We suggest implementing protective ventila-
tion strategies for ventilation management in adult pa-
tients with sepsis (GRADE 2B: certainty of evidence =
“moderate”).

CQ9-4: Should high PEEP settings be utilized for
ventilation management in adult patients with
sepsis?

Answer: We suggest against utilizing high PEEP set-
tings (PEEP over 12 cm H,O) for the initial stage of ven-
tilation management in adult patients with sepsis
(GRADE 2B: certainty of evidence = “very low”).

CQ9-5: Should spontaneous breathing trials (SBT)
be conducted prior to extubation in adult patients
with sepsis placed under ventilation management?

Answer: We suggest utilizing weaning protocols from
ventilators, including spontaneous breathing trials
(SBTs) prior to extubation in adult patients with sepsis
placed under ventilation management (GRADE 2D: cer-
tainty of evidence = “very low”).

CQ9-6: Should preventative non-invasive ventila-
tion (NIV) or nasal high-flow therapy (NHFT) be con-
ducted after extubation for adult patients with sepsis
placed under ventilation management?

Answer: We suggest conducting preventative non-
invasive ventilation (NIV) or nasal high-flow therapy
(NHEFT) over standard oxygen therapy following extubation
for adult patients with sepsis placed under ventilation man-
agement (GRADE 2B: certainty of evidence = “moderate”).

CQ10: Management of pain, agitation, and delirium

CQ10-1: Should management based on analgesia-
first sedation protocol be used for adult patients with
sepsis on mechanical ventilation?

Answer: We suggest using management based on
analgesia-first sedation protocol in adult patients with
sepsis on mechanical ventilation (GRADE 2C: certainty
of evidence = “low”).

CQ10-2: Should propofol or dexmedetomidine be
prioritized over benzodiazepines as sedatives for
adult patients with sepsis on mechanical ventilation?

Answer: We suggest using propofol or dexmedetomi-
dine over benzodiazepines as sedatives for patients with
sepsis on mechanical ventilation (GRADE 2D: certainty
of evidence = “very low”).

CQ10-3: Should light sedation through the inter-
ruption of sedatives once a day or sedative
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adjustments based on protocol be used for adult pa-
tients with sepsis on mechanical ventilation?

Answer: We suggest using light sedation through the
interruption of sedatives once a day or sedative adjust-
ments based on protocol for patients with sepsis on
mechanical ventilation (GRADE 2C: certainty of evi-
dence = “low”).

CQ10-4: Should drug therapy be used to prevent
delirium in adult patients with sepsis?

Answer: We suggest administering dexmedetomidine
for delirium prevention in adult patients with sepsis
(GRADE 2C: certainty of evidence = “low”). We suggest
against the administration of haloperidol (GRADE 2B:
certainty of evidence = “moderate”). We suggest against
the administration of atypical antipsychotics (GRADE
2C: certainty of evidence = “low”). We suggest against
the administration of statins (GRADE 2D: certainty of
evidence = “very low”).

Remarks: We recommend against the routine ad-
ministration of dexmedetomidine to patients who do
not require sedation. Furthermore, dexmedetomidine
administration can cause hemodynamic fluctuations,
so this should ideally be administered under the
supervision of a physician who is experienced with
systematic management in an intensive care unit (ex-
pert consensus).

CQ10-5: Should drug therapy be used to treat delir-
ium in adult patients with sepsis?

Answer: We suggest against administering dexmedeto-
midine for delirium treatment in adult patients with sep-
sis (GRADE 2D: certainty of evidence = “very low”). We
suggest against administering haloperidol (GRADE 2C:
certainty of evidence = “low”). We suggest against ad-
ministering atypical antipsychotics (GRADE 2B: cer-
tainty of evidence = “moderate”).

Remarks: The use of dexmedetomidine, haloperidol, or
atypical antipsychotics should not be prevented when the pa-
tient’s life or body is at risk due to hyperactive delirium.

CQ10-6: Should non-drug therapy be used to pre-
vent delirium in adult patients with sepsis?

Answer: We suggest using non-drug therapy to pre-
vent delirium in adult patients with sepsis (GRADE 2C:
certainty of evidence = “low”).

CQ11: Acute kidney injury/blood purification

CQ11-1: Should furosemide be used to prevent or
treat septic AKI?

Answer: We suggest against using furosemide for pre-
venting or treating septic AKI (GRADE 2C, certainty of
evidence = “low”).

CQ11-2: Should atrial natriuretic peptide (ANP) be
used to prevent or treat septic AKI?

Answer: We suggest against using ANP for preventing
or treating septic AKI (GRADE 2D, certainty of evi-
dence = “very low”).
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CQ11-3: Should dopamine be used to prevent or
treat septic AKI?

Answer: We suggest against using dopamine for pre-
venting or treating septic AKI (GRADE 2C, certainty of
evidence = “low”).

CQ11-4: Should continuous renal replacement
therapy (RRT) rather than intermittent RRT be used
for the management of septic AKI?

Amnswer: Either continuous or intermittent RRT can be
selected for septic AKI (GRADE 2C, certainty of evi-
dence = “low”). Continuous RRT should be used for
hemodynamically unstable patients (Good Practice
Statement).

CQ11-5-1: Should RRT be initiated early for septic
AKI (Stage 2 vs. Stage 3 or absolute indications)?

Answer: We make no recommendation on whether
RRT should be initiated early at Stage 2 for patients with
septic AKIL.

CQ11-5-2: Should RRT be initiated early for septic
AKI (Stage 3 vs. absolute indications)?

Answer: We suggest against initiating RRT at Stage 3
for patients with septic AKI rather than absolute indica-
tion (GRADE 2D, certainty of evidence = “very low”).

CQ11-6: Should a large RRT dose be delivered for
septic AKI?

Answer: We suggest against increasing a RRT dose be-
yond the standard dose for patients with septic AKI
(GRADE 2C, certainty of evidence = “low”).

CQ11-7: Should PMX-DHP be used for patients
with septic shock?

Answer: We suggest against using PMX-DHP for pa-
tients with septic shock (GRADE 2B, certainty of evi-
dence = “moderate”).

CQI12: Nutrition support therapy

CQ12-1: Should either enteral nutrition or paren-
teral nutrition be given for nutrition administration
in septic patients?

Answer: We suggest enteral nutrition be administered
for septic patients. (GRADE 2D: certainty of evidence =
“very low”).

CQ12-2: Should hemodynamically unstable septic
shock patients receive enteral nutrition?

Answer: We suggest against administering enteral nu-
trition in hemodynamically unstable septic shock pa-
tients (GRADE 2D: certainty of evidence = “very low”).

CQ12-3: When should enteral nutrition be initiated
in septic patients?

Answer: We suggest initiating enteral nutrition at an
early period of acute phase (within 24—48 h following the
start of treatment to critical illness) for septic patients
(GRADE 2D: the certainty of evidence = “very low”).

CQ12-4: Should the septic patients receive enteral
nutrition less than their energy expenditure in the
acute phase?
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Answer: We suggest the septic patients receive enteral
nutrition less than their energy expenditure in the acute
phase. (GRADE 2B: certainty of evidence = “moderate”).

CQ12-5: Should parenteral nutrition be combined
with enteral nutrition in septic patients?

Answer: We suggest supplemental parenteral nutrition
be combined in septic patients receiving insufficient
amount of enteral nutrition (GRADE 2D: certainty of
evidence = “very low”).

CQ12-6: What is the optimal protein dose in the
acute phase for septic patients?

Answer: We suggest providing less than 1 g/kg/day of
protein (peptides, amino acids) to septic patients in the acute
phase (GRADE 2D: certainty of evidence = “very low”).

CQ12-7-1: Should vitamin C be actively provided
to septic patients in the acute phase?

Answer: We suggest providing vitamin C to septic pa-
tients (GRADE 2D: certainty of evidence = “very low”).

CQ12-7-2: Should vitamin D be actively provided
to septic patients in the acute phase?

Answer: We suggest against providing vitamin D in septic
patients (GRADE 2D: certainty of evidence = “very low”).

CQ12-8: What are the methods for determining en-
teral nutrition initiation and monitoring intolerance
in septic patients?

Amnswer: Findings such as bowel sounds, which indi-
cate contractility of the gastrointestinal tract, at the start
of enteral nutrition should not be required. Meanwhile,
various findings show intolerance following the initiation
of enteral nutrition, including the lack of intestinal
sounds, abnormal intestinal sounds, vomiting, intestinal
dilation, diarrhea, gastrointestinal bleeding, and exces-
sive gastric residue. Excessive gastric residue suggests in-
tolerance, but the gastric residue volume criteria for
determining the presence of intolerance are unknown
(Provision of information for background question).

CQ12-9: What nutrition support therapy should be
provided to septic patients after the acute phase?

Amnswer: Provision of energy that meets the goals
(around 25-30 kcal/kg/day, including protein) is thought
to be needed when the patients overcome the clinical con-
ditions of acute phase, or where about 1 week has passed
following the onset of critical illness. Some experts are of
the opinion that protein dose of over 1 g/kg/day is ideal in
this phase. However, there are other expert opinions that
the energy dose should be increased at an earlier phase for
patients with malnutrition prior to exacerbation of the dis-
ease (Provision of information for background question).

CQ13: Blood glucose management

CQ13-1: Should blood glucose be measured using a
glucometer with capillary blood in septic patients?

Answer: We suggest against the use of a glucometer
with capillary blood in patients with sepsis (GRADE 2A:
certainty of evidence = “high”).
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CQ13-2: What is the optimal blood glucose target
level in septic patients?

Answer: We suggest an optimal target blood glucose
range of 144-180 mg/dL in septic patients (GRADE 2D:
certainty of evidence = “very low”).

CQ14: Body temperature control

CQ14-1: Should antipyretic therapy be applied to
sepsis patients presenting with fever?

Answer: We suggest against conducting antipyretic
therapy to sepsis patients presenting with fever (GRADE
2A: certainty of evidence = “high”).

CQ14-2: Should rewarming therapy be applied to
hypothermic sepsis patients?

Answer: We suggest attempting to correct the body
temperature of hypothermic (core body temperature <
35°C) sepsis patients while considering hemodynamic
stabilization when hemodynamic disorders and coagula-
tion abnormalities related to hypothermia are observed
(expert consensus: insufficient evidence).

CQ15: Diagnosis and treatment of disseminated intra-
vascular coagulation in patients with sepsis

CQ15-1: What is the diagnosis method for septic
disseminated intravascular coagulation (DIC)?

Answer: There are multiple diagnostic criteria for
conducting DIC diagnosis. The acute DIC diagnostic cri-
teria are widely used in Japan, while the ISTH overt-DIC
is used as the international standard. It is difficult to de-
termine the superiority between diagnostic criteria, and
these should be wused according to the purpose
(Provision of information for background question).

CQ15-2: What are differential diseases for patients
where septic DIC is suspected?

Answer: Thrombotic thrombocytopenic purpura
(TTP), hemolytic uremic syndrome (HUS) and heparin-
induced thrombocytopenia (HIT) are common DIC-like
pathological conditions. These types of diseases require
managements that are different from that of DIC
(Provision of information for background question).

CQ15-3: Should antithrombin replacement therapy
be administered in sepsis-associated DIC?

Answer: We suggest antithrombin replacement ther-
apy for patients with sepsis-associated DIC (GRADE 2C,
certainty of evidence = “low”).

CQ15-4: Should heparin or heparin analogs be ad-
ministered in sepsis-associated DIC?

Answer: We suggest against administering heparin or
heparin analogs as a standard treatment for patients with
sepsis-associated DIC (GRADE 2D, certainty of evi-
dence = “very low”).

CQ15-5: Should recombinant thrombomodulin be
administered to patients with sepsis-associated DIC?

Answer: We suggest administering recombinant
thrombomodulin for patients with sepsis-associated DIC
(GRADE 2C, certainty of evidence = “low”).
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CQ15-6: Should protease inhibitors be adminis-
tered to patients with sepsis-associated DIC?

Answer: We suggest against administering protease in-
hibitors as standard treatment for patients with sepsis-
associated DIC (GRADE 2D, certainty of evidence =
“very low”).

CQ16: Venous thromboembolism countermeasures

CQ16-1: Should mechanical prophylaxis (elastic
stockings, intermittent pneumatic compression) be
used to prevent deep vein thrombosis during sepsis?

Answer: We suggest using mechanical prophylaxis
(elastic stockings, intermittent pneumatic compression)
to prevent deep vein thrombosis in patients with sepsis
(expert consensus: insufficient evidence).

CQ16-2: Should anticoagulation therapy (unfractio-
nated heparin, low-molecular-weight heparin, war-
farin, NOAC/DOAC) be conducted to prevent deep
vein thrombosis during sepsis?

Answer: We suggest conducting anticoagulation ther-
apy to prevent deep vein thrombosis in patients with
sepsis (expert consensus: insufficient evidence).

CQ16-3: For how long should VTE prophylaxis be
conducted in patients with sepsis?

Answer: We suggest conducting venous thrombo-
embolism (VTE) prophylaxis in patients with sepsis until
they are able to walk or discharged from the hospital
(expert consensus: insufficient evidence).

CQ17: ICU-acquired weakness and early rehabilitation

CQ17-1: Should early rehabilitation be imple-
mented to prevent PICS?

Answer: We suggest conducting early rehabilitation to
prevent PICS in patients with sepsis (GRADE 2D, cer-
tainty of evidence = “very low”).

CQ17-2: Should passive joint exercise therapy be
conducted to prevent ICU-AW in patients with
sepsis?

Answer: We suggest conducting passive mobilization
as standard treatment for patients with sepsis (GRADE
2D: certainty of evidence = “very low”).

CQ17-3: Should neuromuscular electrical stimula-
tion be used to prevent ICU-AW?

Answer: We suggest against using neuromuscular
electrical stimulation as a standard treatment to prevent
ICU-AW in patients with sepsis (GRADE 2D: certainty
of evidence = “very low”).

CQ18: Pediatric considerations

CQ18-1: Should the initial resuscitation algorithm
be used for pediatric sepsis?

Answer: We suggest using the initial resuscitation al-
gorithm for pediatric sepsis (GRADE 2D: certainty of
evidence = “very low”).

CQ18-2: How should empirical antibacterial drugs
be selected for pediatric sepsis where the source of
infection is difficult to estimate?
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Answer: Antibacterial drugs which cover the possible
microorganisms should be selected with consideration of
the site of occurrence (e.g., community, hospital, inten-
sive care unit) and patient background (e.g., immune sta-
tus, treatment history) (see Table 3 for reference)
(Provision of information for background question).

CQ18-3: Under what scenarios should anti-herpetic
agents be included in empirical treatment for
pediatric sepsis?

Answer: There are cases where a central nervous sys-
tem infection is suspected or a bacterial source of infec-
tion cannot be specified in neonates, because the
prevalence of the herpes simplex virus is higher and they
can easily become severe once infected (Provision of in-
formation for background question).

CQ18-4: What is the optimal blood pressure for
hemodynamic management in pediatric sepsis?

Answer: Suitable values for the optimal blood pressure
are unknown, and this should be set with consideration
to age and organ perfusion. The median value for the
mean blood pressure “55 + age x 1.5 mmHg” and the
5th percentile value “40 + age x 1.5 mmHg” in healthy
children are used as a reference (Provision of informa-
tion for background question).

CQ18-5: What is the method for assessing fluid re-
sponsiveness during the management of pediatric
sepsis?

Answer: Assessments for fluid responsiveness include
clinical findings (changes in pulse rate, blood pressure,
temperature difference between peripheral and central
skins, strength of pulsation, and capillary refill time
(CRT)) and test values (e.g., lactate clearance, echocardi-
ography findings) (Provision of information for back-
ground question).

CQ18-6: What is the initial fluid infusion rate and
volume for pediatric sepsis?

Answer: In children with sepsis not complicated by
heart failure, there is a method for repeating a bolus ad-
ministration 10-20 mL/kg at a time while assessing re-
sponse to an initial fluid resuscitation. Meanwhile, the
occurrence of clinical findings which suggest fluid over-
load or a blunted fluid response should serve as a refer-
ence for suspending fluid resuscitation. There is no
high-quality evidence regarding the upper limits of fluid
infusion rate or volume (Provision of information for
background question).

CQ18-7: Should dopamine be used as a first-line
vasoactive agent in children with septic shock?

Answer: We suggest against using dopamine ad a first-
line vasoactive agent in children with septic shock, and
instead suggest selecting either adrenaline or noradren-
aline according to hemodynamics (for adrenaline -
GRADE 2D: certainty of evidence = “very low”; for nor-
adrenaline - expert consensus: insufficient evidence).
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CQ18-8: Should vasopressin be used as a vasoactive
agent in children with septic shock?

Answer: We suggest against using vasopressin as a
vasoactive agent in children with septic shock (GRADE
2D: certainty of evidence = “very low”).

CQ18-9: Should corticosteroids be administered to
children with septic shock when they do not respond
to initial fluid resuscitation and inotropic agents?

Answer: We suggest against the routine administration
of corticosteroids in children with septic shock when
they do not respond to initial fluid resuscitation and ino-
tropic agents (GRADE 2D: certainty of evidence = “very
low”).

CQ18-10: When should blood infusions be started
in hemodynamically stable children with sepsis?

Answer: We suggest starting blood transfusions with a
hemoglobin level of 7.0 g/dL as a threshold for critical,
hemodynamically stable children with sepsis (GRADE
2C: certainty of evidence = “low”).

CQ18-11: Should blood purification therapy (in-
cluding plasma exchange) be used to treat children
with sepsis without acute kidney injury?

Answer: We suggest against using blood purification
therapy to treat children with sepsis without acute kidney
injury (GRADE 2D: certainty of evidence = “very low”).

CQ18-12: Should intravenous immunoglobulin
(IVIG) therapy be administered in children with
sepsis?

Answer: We suggest against administering IVIG for
children with sepsis (expert consensus: insufficient
evidence).

CQ18-13: Should blood glucose level be controlled
tightly in children with sepsis?

Answer: We suggest against controlling blood glucose
level tightly in children with sepsis (GRADE 2C: cer-
tainty of evidence = “low”).

CQ19: Neuro intensive care

CQ19-1: What are the differential diseases and its
testing methods in sepsis patients where brain dam-
age is suspected due to symptoms such as distur-
bances in consciousness, convulsions, and paralysis?

Amnswer: Intracranial lesions (e.g., stroke) and potential
causes (e.g., metabolic disorders) are first differentiated
with the assumption that there may be compound causes
for brain damage. Tests include neuroimaging, continuous
electroencephalography (EEG) monitoring, biochemical
tests, confirmation of the causative agent, and cerebro-
spinal fluid examination if necessary. Neuroimaging are
performed urgently if focal neurologic signs were observed
(Provision of information for background question).

CQ20: Patient- and Family-Centered Care

CQ20-1: What are methods for providing informa-
tion regarding PICS and PICS-F to patients and their
families?

Page 18 of 144

Answer: Providing accurate yet continuous informa-
tion regarding PICS and PICS-F to patients and their
families is thought to be important. There are in-
creasing tendencies among medical staff working with
the patient to provide handouts at the time of ICU
admission/discharge and providing appropriate infor-
mation. There are initiatives which continuously pro-
vide information, such as rounds after discharge from
the ICU and the establishment of follow-up outpa-
tients (Provision of information for background
question).

CQ20-2: Should ICU diaries be kept by patients
with sepsis or those undergoing intensive care?

Answer: We suggest keeping an ICU diary for adult
patients with sepsis or those undergoing intensive care
(GRADE 2D: certainty of evidence = “very low”).

CQ20-3: Should physical restraints be avoided dur-
ing intensive care?

Answer: We suggest avoiding physical restraints dur-
ing intensive care for adult patients with sepsis or those
undergoing intensive care (GRADE 2C: certainty of evi-
dence = “low”).

CQ20-4-1: Should ventilation support be provided
for sleep care?

Answer: We suggest adding ventilation support as part
of sleep care for adult patients with sepsis or those
undergoing intensive care (GRADE 2D: certainty of evi-
dence = “very low”).

CQ20-4-2: Should non-pharmacological sleep man-
agement (earplugs, eye-masks, music therapy) be
used for sleep care?

Answer: We suggest non-pharmacological sleep manage-
ment for adult patients with sepsis or those undergoing in-
tensive care (GRADE 2D: certainty of evidence = “very low”).

CQ20-5: Should family visiting restrictions be re-
laxed for the ICU?

Answer: We suggest relaxing family visiting restrictions
for adult patients with sepsis or those undergoing intensive
care (GRADE 2D: certainty of evidence = “very low”).

CQ20-6: What are methods for supporting
decision-making which respects the value systems
and ways of thinking in the patient?

Answer: There are methods which support decision
making which respects the value systems and ways of
thinking of the patient through repeated multi-
disciplinary conferences including patients and their
families. Methods which carefully identify surrogate
intention-estimating individuals (e.g., families) who esti-
mate the intentions of the patient themselves have been
proposed when the intentions of the patient are unclear.
It is important to respect the intentions of the patients
as well as to provide medically accurate information to
patients and their families (Provision of information for
background question).
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CQ21: Sepsis Treatment System

CQ21-1: What methods are there for detecting sep-
sis at an early stage in the general ward and ER?

Amnswer: Screening tools such as qSOFA and the early
warning score are available as methods which can detect
sepsis at an early stage in general wards and in the ER
(Provision of information for background question).

CQ21-2: What is the role of a rapid response sys-
tem (RRS) which acts against changes in the condi-
tion of patients in the general ward where sepsis is
suspected?

Amnswer: The rapid response system (RRS) is a system
which detects and responds to changes in the condition
of patients in the hospital, and there is an opinion where
its introduction is expected to improve prognosis of pa-
tients even for sepsis (Provision of information for back-
ground question).

CQ21-3: Where should sepsis which does not re-
spond to initial fluid resuscitation be managed?

Answer: Sepsis which does not respond to initial fluid
resuscitation should be managed in a facility where in-
tensive care can be conducted (Good Practice
Statement).

CQ21-4: What quality indicators are there for ini-
tial treatment of sepsis?

Amnswer: Quality indicators for initial treatment of sep-
sis include implementation rates for each indicator, such
as blood culture collection, lactate level measurement,
early administration of antimicrobial drug, initial fluid
resuscitation, and repeated intravascular volume/cardiac
function assessment (Provision of information for back-
ground question).

CQ21-5: What kinds of activities raise awareness
for sepsis?

Answer: There have been events like “World Sepsis
Day” for the general public and seminars for healthcare
professionals held, taking the lead by the Global Sepsis
Alliance and World Health Organization (WHO)
(Provision of information for background question).

CQ22: Stress Ulcer Prophylaxis

CQ22-1: Should antiulcer drugs be administered to
septic patients to prevent gastrointestinal bleeding?

Answer: We suggest administering antiulcer drugs to
septic patients to prevent gastrointestinal bleeding
(GRADE 2B: certainty of evidence = “moderate”).

CQ22-2: How should the suspension of antiulcer
drugs be determined for septic patients?

Amnswer: The specific decision criteria for suspending
antiulcer drugs are unclear. Clinical decision criteria in-
clude when bleeding risk factors have decreased, side ef-
fects such as pancytopenia or liver dysfunction have
occurred, and when sufficient enteral nutrition was able
to be administered (Provision of information for back-
ground question).
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CQ1: Definition and diagnosis of sepsis

CQ1-1: Definition of sepsis

Summary: According to the Third International Con-
sensus Definitions for Sepsis and Septic Shock (Sepsis-
3), sepsis is defined as “life-threatening organ dysfunc-
tion caused by a dysregulated host response to infec-
tion.” Septic shock is defined as a subset of sepsis in
which the underlying circulatory and cellular/metabolic
abnormalities profoundly increase the risk of mortality.

Commentary: Sepsis is defined according to Sepsis-
3 [19] in the J-SSCG 2020, similar to the J-SSCG-
2016 [3, 4].

In 1992, the definition of sepsis (Sepsis-1) with the
concept of systemic inflammatory response syndrome
(SIRS) [20] was provided by the American College of
Chest Physicians/Society of Critical Care Medicine Con-
sensus Conference. The SIRS criteria is widely accepted
worldwide, including Japan. According to Sepsis-1, sep-
sis is defined as SIRS due to infection. However, the
Sepsis-1 definition had a low ability to predict the pro-
gression of organ damage and low diagnostic specificity
for prognosis. Thus, the Sepsis-3 [19] definition adopted
in the J-SSCG 2020 guideline focuses on the progression
of organ injury in infectious diseases.

In the J-SSCG 2020, sepsis is defined as a condition in
which organ dysfunction newly develops after infection.
Septic shock is defined as a condition in which sepsis is
accompanied by cardiovascular dysfunction, cellular
damage, and severe metabolic abnormality. The defin-
ition focuses on organ dysfunction associated with infec-
tion and assesses the progression of organ dysfunction
in infectious diseases that do not meet the criteria for
SIRS [20].

CQ1-2: Diagnosis of sepsis and septic shock

Summary: A diagnosis of sepsis is confirmed when
the Sequential Organ Failure Assessment (SOFA)
score of 2 points or more acutely increase in the
presence of a clear infection or suspected infection.
Patients with septic shock can be identified with a
clinical construct of sepsis with persisting hypotension
requiring vasopressors to maintain mBP > 65 mmHg
and having a serum lactate level >2 mmol/L (18 mg/
dL) despite adequate volume resuscitation. In out-of-
hospital, emergency department, or general hospital
ward settings, adult patients with suspected infection
can be rapidly identified as more likely to have poor
outcomes typical of sepsis if they have at least two of
the following clinical criteria that together constitute
the quick SOFA (qSOFA) score: a respiratory rate of
22 breaths/min or higher, altered consciousness, and
a systolic blood pressure of <100 mmHg. The qSOFA
criteria can be used to prompt clinicians to further
investigate organ dysfunction, initiate or escalate ther-
apy as appropriate, and to consider referral for critical
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care. Ultimately, an acutely increased SOFA score of
2 or more points confirms the diagnosis of sepsis.
Daily routine screening for sepsis is recommended to
support the early diagnosis and treatment of sepsis.

Commentary: In the Japanese clinical practice guide-
lines for the J-SSCG 2020, the severity of sepsis is classi-
fied into two categories: sepsis and septic shock
according to the Sepsis-3 definition [19]. The diagnosis
and treatment of sepsis involves the progression of organ
dysfunction in cases of suspected infection. The diagno-
sis of sepsis is based on agreement with various guide-
lines, such as the Sepsis-3 definition [19], the J-SSCG
2016 [3, 4], and the SSCG2016 [1, 2]. The qSOFA tool is
advantageous as it enables the early evaluation of sepsis.
The SOFA score [21] is used for the final diagnosis of
sepsis, similar to the J-SSCG 2016 [3, 4]. On the other
hand, the low sensitivity of the gSOFA tool for the diag-
nosis of sepsis and mortality outcome, and evaluation of
its utility as an early alert system for sepsis are issues to
be resolved in the future [22, 23]. Updates of the SOFA
score remain an important issue considering current
practices in the treatment of sepsis [24, 25].

CQ2: Diagnosis of infection

Introduction

It is important to diagnose the cause of infection in the
treatment of sepsis/septic shock. Identifying pathogenic
microorganisms by collecting samples is of utmost import-
ance when diagnosing infections, and this also leads to ap-
propriate treatment. The source of infection should be
narrowed down as soon as possible using information from
the medical history, physical examination findings, the re-
sults of imaging tests, etc., and culture samples should be
collected appropriately along with blood cultures from the
estimated infection site. Blood culture is the most import-
ant test among cultures. Many reports have described the
importance of blood culture, which has a high clinical sig-
nificance in identifying pathogenic microorganisms that
cause bacteremia, regardless of the presence of good evi-
dence. However, the method and timing of blood sample
collection are not yet well known; thus, we decided to
cover this topic in the present guideline (3, 4].

The positivity rate of blood culture tests among pa-
tients with septic shock is reported to be 69%. However,
there are limits to blood cultures since the positivity rate
did not increase despite performing blood culture tests
for fever. There is no evidence that an improved progno-
sis resulted from collecting samples from sites where the
possible source of infection could not be ruled out on
the basis of clinical images prior to the initiation of anti-
bacterial drugs; however, this is recommended by expert
consensus in many guidelines. Describing various culture
tests other than blood culture was extremely important
in the present guideline as well.

Page 20 of 144

Antibacterial drugs are selected without waiting for
blood culture results in clinical practice; however, the
practice of referring to Gram stain findings when selecting
antibacterial drugs is widespread, and is valid to some ex-
tent from the perspective of pathophysiology [3, 4]. De-
scribing the benefit of Gram staining was extremely
important in the present guideline as well.

Furthermore, it is important to confirm the effective-
ness of these biomarkers for the diagnosis of infection.
Four biomarkers (C-reactive protein, procalcitonin, pre-
sepsin, and interleukin 6) are currently used to assist in
the diagnosis of sepsis. The evaluation of non-severely ill
patients, such as emergency outpatients and those in
general wards, differs from that of severely ill patients,
such as those admitted to the ICU. Thus, these have
been discussed separately. Clinical flow of these CQs is
shown in Fig. 1.

CQ2-1: When should a blood culture be taken?

Answer: Take two or more sets before administering
the antibacterial drug (Good Practice Statement).

Rationale

Bacteremia is generally caused by infections such as
endocarditis, central venous catheter infection, pneumo-
nia, abscesses, osteomyelitis, intraperitoneal infection,
and urinary tract infections, resulting in a high mortality
rate [26]. Various rapid diagnostic methods have been
developed [27]; however, at present, blood cultures are
the standard test method in the diagnosis of bacteremia.
There is no high-quality evidence regarding the timing
of blood culture collection, and we have not made a
clear recommendation in this CQ.

It has been recommended that sepsis should be sus-
pected in the presence of symptoms indicative of
bacteremia (e.g., fever, shivering, hypotension, and
tachypnea), hypothermia with an unknown cause,
hypotension, altered state of consciousness, increased/
decreased white blood cell count, and metabolic acidosis,
as well as respiratory failure, acute kidney injury (AKI),
and acute liver dysfunction in immunodeficient patients.
In these cases, it is recommended that two or more sets
of blood cultures be collected as rapidly as possible
when the patient has a temperature greater than 38.5°C
or is shivering [28]. However, some reports have indi-
cated that blood cultures do not need to be obtained ex-
clusively for the reasons of fever or an increased white
blood cell count, which indicate a low possibility of sep-
sis [29].

As a general rule, it is important to collect sets be-
fore administering antibacterial drugs, while keeping
in mind not to delay the initiation of antibacterial
drug treatment. This is because the sensitivity of de-
tection often decreases after drug administration, and
the bacteria may not be detected [30]. During anti-
bacterial therapy, samples should be collected near
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Fig. 1 CQ2: Diagnosis of infection (clinical flow)

the trough of the antibacterial drug concentration, or
in other words, immediately before the administration
of the next round of antibacterial drugs. Furthermore,
samples should be collected again when the patient
responds poorly to treatment, and the anti-bacterial
drug is changed.

With regard to the amount of sample to collect, it is
known that larger collection volumes increase the likeli-
hood of bacterial identification [31]. However, increasing
the collection volume can increase the risk of iatrogenic
anemia; thus, it is generally recommended that a collec-
tion volume of 20-30 mL be used per set. In Japan, the
commonly used blood culture bottle often has a capacity
of 10 mL, so 20 mL is typical for a single set. Cheruvanky
et al. reported that from a clinical economy perspective,
20 mL was better than 30 mL [32].

Reports regarding the number of sets to collect in-
dicated that just one set was characterized by negative
results due to a lower sensitivity and an inability to
exclude contamination, indicating that two sets (three
if possible) were ideal [31, 33]. In reality, it has been
said that the blood culture positivity rate is only 5-
13%, and that 20-56% of samples are contaminated
[34]. A report has indicated that increasing the num-
ber of sets would increase the sensitivity (approxi-
mately 80, 89, and 98% for one, two, and three sets,
respectively) [30]. No increases in sensitivity was seen
when four or more sets were collected, and this
should be avoided, as it increases the burden on the
patient.

Appropriate skin disinfection and the collection of mul-
tiple sets are necessary to reduce the likelihood of contam-
ination. It is unclear which among 1% chlorhexidine
gluconate, povidone iodine, and 70% alcohol is the opti-
mal antiseptic suitable for skin disinfection; however, there
is no doubt regarding the importance of using these
agents to ensure an accurate aseptic procedure [35].

CQ2-2: When should culture specimens other than
blood be collected?

Answer: Each cultured specimen other than blood
should be collected as needed prior to the administra-
tion of antibacterial drugs (Good Practice Statement).

Rationale

Blood cultures are a standard diagnostic tool for diag-
nosing bloodstream infections and bacteremia. Patients
with septic shock have been reported to have a blood
culture positivity rate of 69%; however, there are limits
to blood cultures since the presence of a fever alone
does not result in a high positivity rate even with blood
culture tests [29]. Identifying infected organs and causa-
tive microorganisms is extremely difficult, particularly in
cases of sepsis caused by urinary tract infections, pneu-
monia, and meningitis. Despite showing no evidence of
improved prognosis, many guidelines recommend that
specimens be collected from areas where the source of
infection cannot be ruled out based on clinical findings
prior to the administration of anti-bacterial drugs as
much as possible [36-38].

The diagnosis and treatment of pneumonia can vary
depending on the underlying pathology, although
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diagnoses via sputum culture can be useful. However, as
sputum samples have an increased risk of contamination
in evaluating the upper respiratory tract, care should be
taken in interpreting its test results when they are incon-
sistent with those of pleural effusion and blood culture.
Critically ill patients who have undergone tracheal intub-
ation for mechanical ventilation should have their endo-
tracheal sputum collected and quantitatively cultured; if
the bacterial count is found to be over 10 [4] CFU/mL
(sputum prior to antibacterial drug administration, sen-
sitivity of 90%, specificity of 77%), then a high possibility
of infection with causative bacteria is suspected [39].
Furthermore, a report on the diagnosis of ventilator-
associated pneumonia indicated that the probability of
non-isolation of causative bacteria was 94% when bac-
teria were not isolated from endotracheal sputum [40].
Furthermore, searching for microorganisms in broncho-
alveolar lavage fluid is also important for deciding the
treatment policy for acute respiratory distress syndrome
(ARDS) with pneumonia as either a cause or complica-
tion, and this is effective for excluding pneumocystis
pneumonia or pulmonary mycosis when the immune
system of the patient is weakened [41].

Most urinary tract infections are of the ascending type,
caused by indigenous bacteria in the colon, and a urine
culture test should be performed prior to administering
antibacterial drugs in order to isolate the causative bac-
teria and investigate drug sensitivity. Antibacterial drugs
should be administered in recurrent or refractory dis-
eases, and urine culture tests should be performed be-
tween drug withdrawals lasting 2—-3 days [37, 42].

No RCTs have confirmed the efficacy of blood/cere-
brospinal fluid cultures for the diagnosis of bacterial
meningitis. However, it is ideal to collect cerebro-
spinal fluid in all patients with suspected meningitis
due to the presence of headaches and altered con-
sciousness so long as cerebral hernias are not sus-
pected based on cranial computed tomography (CT)
scans or clinical findings, and lumbar punctures are
not contraindicated [38]. However, antibacterial drug
administration should be prioritized in cases where
cerebrospinal fluid collection takes time. The cerebro-
spinal fluid culture positivity rate is 70-80% without
treatment and less than 50% following antimicrobial
therapy [43]. Regarding the cerebrospinal fluid posi-
tivity rate for bacterial meningitis, an increased collec-
tion volume and centrifugation speed (1500-2500xg,
15 min) increases the detection rate [44].

CQ2-3: Is Gram staining useful in the selection of
antimicrobial agents before obtaining culture results?

Answer: We suggest referencing Gram staining find-
ings of the culture specimen when selecting an antibac-
terial drug to use for empirical treatment (expert
consensus: insufficient evidence).
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Rationale

The desired effect of Gram staining may be helpful in
selecting antibacterial drugs for use in empiric therapy. The
2019 Infectious Diseases Society of America (IDSA) guide-
lines for community-acquired pneumonia [45] stated that
pre-treatment sputum Gram staining and culture should be
performed. This should be done when there is severe pneu-
monia, empiric therapy was commenced for methicillin-
resistant Staphylococcus aureus or Pseudomonas aeruginosa,
or when oral antibacterial drugs were administered during
hospitalization or within 90 days.

The 2015 Japanese Association for Infectious Dis-
ease/Japanese Society of Chemotherapy infection treat-
ment guideline [37] for urinary tract infections and
male genital infections have shown that urinary Gram
staining was deemed useful in estimating the causative
organism in cases of catheter-related urinary tract in-
fections. The selection of antibacterial drugs based on
Gram stain findings leads to suitable empiric therapy
and often leads to definitive therapy. Furthermore,
Gram staining has been reported to evaluate bacterial
meningitis in that the results can be obtained in a sim-
ple and prompt manner, with a sensitivity of 50-90%,
specificity of 60—90%, and minimum detection sensitiv-
ity of 105 cfu/mL [12].

Selecting antibacterial drugs based only on the results
of this test alone has an inherent risk of selecting in-
appropriate narrow-range antimicrobial drugs regardless
of the severity of the patient’s condition. Sensitivity and
specificity are also influenced by the tester, and there is
a risk of selecting inappropriate antibacterial drugs. The
balance between benefits and harms are thought to vary
according to the patient’s condition. Gram staining can
be performed in a simple yet prompt manner and is also
inexpensive; thus, it is thought that the benefits of per-
forming it while understanding its utility and limits out-
weigh its harms.

Meanwhile, its undesirable effects are as follows.
Selecting the antibacterial drug based solely on these test
results has the risk of selecting inappropriate narrow-
range antimicrobial drugs regardless of the severity of
the patient’s condition. Sensitivity and specificity are also
influenced by the tester, and there is a risk of selecting
inappropriate antibacterial drugs (there is the possibility
of the tester using inappropriate testing methods, or the
possibility of arriving at false positive/false negative re-
sults due to insufficient testing experience). The 2019
IDSA guidelines for community-acquired pneumonia
[45] also recommended against Gram staining for spu-
tum obtained after treatment due to the fact that the
bacterial strain results could change due to the adminis-
tration of antibacterial drugs.

Based on the above, it is thought that the balance be-
tween benefits and harms vary according to the patient’s
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condition. However, Gram staining can be performed in
a simple and prompt manner and is also inexpensive;
thus, it is thought that the benefits of performing Gram
staining while understanding its utility and limits out-
weigh its harms.

CQ2-4-1: What are the positions of C-reactive pro-
tein (CRP), procalcitonin (PCT), presepsin (P-SEP),
and interleukin 6 (IL-6) as biomarker tests for sepsis
diagnosis in general ward and emergency rooms
(ER)?

Amnswer: Sensitivity and specificity in biomarker tests
when sepsis was suspected in general ward and ER visits
were as follows: CRP, 59, 79%; PCT, 74, 81%; P-SEP, 75,
74%; 1L-6, 78, 78%. As such, sepsis diagnosis with bio-
markers alone is generally thought to be difficult, and its
use should be seen as supplemental to any observations
of general conditions (Provision of information for back-
ground question).

Rationale

How CQ2-4-1 and CQ2-4-2 became BQs

CQ2-4-1 and CQ2-4-2 were initially grade-based
CQs, as follows: “Which among C-reactive protein
(CRP), procalcitonin (PCT), presepsin (P-SEP), and
interleukin 6 (IL-6) should be used as a biomarker for
infectious disease diagnosis?” However, the target infec-
tious diseases varied extremely; thus, in light of the char-
acteristics of this guideline, we focused on sepsis, which
is a critical condition that negatively affects general
physiological conditions. A comprehensive literature
search was conducted as part of a systematic review,
with a focus on the diagnostic accuracy of dividing the
extracted articles into “general ward or emergency
rooms (ERs)” (CQ2-4-1) or “ICUs” (CQ2-4-2). A total
of 11 articles were included in the category “general
ward or ER”, and the number of papers assessed via a
meta-analysis on each biomarker were as follows: CRP,
eight articles [46-53]; PCT, 11 articles [1-4, 19-25]; P-
SEP, four articles [51, 52, 54, 55]; IL-6, four articles [46,
48, 49, 56]. Furthermore, a total of nine articles were in-
cluded in the category “ICUs”, and the number of papers
assessed via a meta-analysis on each biomarker were as
follows: CRP, seven articles [57-63]; PCT, nine articles
[57-65]; P-SEP, four articles [57, 61, 62, 64]; and IL-6,
six articles [58-61, 63, 65].

An evidence profile and EtD were summarized based
on these results, and the following responses were pre-
sented: “The diagnostic accuracies of PCT, P-SEP, and
IL-6 are thought to be relatively high; however, we do
not recommend the use of each biomarker, including
CRP, in the diagnosis of sepsis, because this antagonizes
the balance of effects against important outcomes
among patients and their families” for “general wards
and ER” (CQ2-4-1), and “We suggest that the levels of
CRP, PCT, and P-SEP be measured as biomarkers for
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the diagnosis of sepsis in the ICU. We do not recom-
mend the measurement of IL-6 levels” for “ICUs”
(CQ2-4-2). A committee vote was then held.

The results of two rounds of voting did not yield any
consensus for either CQ, and for CQ2-4-1, committee
members indicated that “the role of biomarkers alone is
ultimately supplemental for the diagnosis of sepsis but
not infectious diseases”, and “this may be interpreted as
indicating that the levels of CRP, PCT, and P-SEP, which
have until now been widely measured on a regular basis,
are no longer necessary, with a concern that biomarker
measurements may no longer be conducted”. Further-
more, for CQ2-4-2, there were opinions that “suggesting
the usefulness of CRP at the same level as PCT and P-
SEP, and suggesting against only IL-6, were inappropri-
ate”. The results of repeated discussions within the com-
mittee ultimately resulted in CQ2-4-1 and CQ2-4-2
being handled as BQs.

Explanation: The following explanation was provided
using the EP (Tables 4, 5, 6 and 7) created as a result of
systematic review and the grade recommendation
process.

The results of the systematic review for this CQ in
terms of the respective sensitivities and specificities of
biomarker tests when sepsis was suspected in the general
ward or ER were as follows: CRP, 59, 79%; PCT, 74,
81%; P-SEP, 75, 74%; and IL-6, 78, 78%. In actual clinical
settings, there are facilities that can only measure CRP
levels as well as other facilities that can measure multiple
biomarkers. For these reasons, it is worth noting that
CRP has an inferior sensitivity to those of PCT, P-SEP,
and IL-6 when used as a supplement for the suspicion of
sepsis among patients. Based on the above results of sys-
tematic review, in facilities in which the levels of the bio-
markers PCT, P-SEP, and IL-6 can be measured in
addition to CRP, they can be used as a reference to aid
the suspicion of sepsis. In these ways, these biomarkers
have the potential to bring about significant results in
some patients; however, care must be taken as the inter-
pretation of these measurements differ under various
conditions depending on patients’ conditions, time of
blood sample collection, and location. For these reasons,
we decided to specifically display the sensitivities and
specificities obtained in the meta-analysis and to leave
this to the discretion of the readers in their various re-
spective circumstances.

CQ2-4-2: What are the positions of C-reactive pro-
tein (CRP), procalcitonin (PCT), presepsin (P-SEP),
and interleukin-6 (IL-6) as biomarker tests for sepsis
diagnosis in the intensive care unit?

Answer: Sensitivity and specificity in biomarker tests
when sepsis was suspected in the ICU were as follows:
CRP, 74, 70%; P-SEP, 82, 73%; IL-6, 72, 76%. As such,
sepsis diagnosis with biomarkers alone is generally
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Table 4 Evidence profile (CRP in general wards or the ER)
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Sensitivity 0.59 (95%Cl: 0.47 t0 0.71)
Prevalences 10% 40% 80%
Specificity 0.79 (95%Cl: 0.66 to 0.87)
No. of Factors that may decrease certainty of evidence Effect per 1,000 patients tested
studies q Test accuracy
Outcome Study design : Pre-test Pre-test Pre-test
(no_. of RISAk of Indirectness Inconsistency Imprecision cherA probability probability probability CoE
patients) bias considerations 10% 40% 80%
True positives 8 Cross-sectional | Serious | Not serious ' Serious ° Serious © None 59 (47to71) 236 (188 to 472 (376 to @©OOO
(patients with studies | (cohort-type 284) 568) Very low
sepsis) 1862 accuracy
patients | study)
False negatives 41(29to53) 164 (116 to 328 (232 to
(patients 212) 424)
incorrectly
classified as not
having sepsis)
True negatives 8 Cross-sectional | Serious | Not serious | Serious ° Not serious ' None 711 (594 to 474 (396 to 158 (132 to @HOO
(patients who studies | (cohort-type 783) 522) 174) Low

did not have 1862 accuracy
sepsis) patients | study)

False positives
(patients
incorrectly
classified as
having sepsis)

189 (117 to 126 (78 to 42(26to68)
306) 204)

@ Observational studies only, and the biases of 8 studies were high against markers (indices)

P Q level, p-value < 0.05: heterogeneity present 95%Cl overlap: insufficient /2 > 90

€ Wide confidence interval and large number of false negatives, particularly when the prevalence was high

thought to be difficult, and its use should be supplemen-
tal to any observations of general conditions (Provision
of information for background question).

Rationale

The background and recommendation making process
was described in the rationale for CQ2—4-1. The following
rationale was created in reference to the evidence profile

Table 5 Evidence profile (PCT in general wards or the ER)

(Tables 8,9, 10 and 11) created as a result of an systematic
review and the grade recommendation process.

The results of the systematic review for this CQ
showed that the respective sensitivities and specificities
of the biomarker tests when sepsis was suspected in the
ICU were as follows: CRP, 71, 61%; PCT, 74, 70%; P-
SEP, 82, 73%; and IL-6, 72, 76%. Based on these results,

Sensitivity 0.74 (95%Cl: 0.62 to 0.83)
Prevalences 10% @ 40% 80%

Specificity 0.81 (95%Cl: 0.73 to 0.88)

NIToe Factors that may reduce the quality of evidence (QoE) Effect per 1,000 patients

Outcom f Research Test accuracy
uteome . di design Risk of Indirectness Inconsistency Inaccurac Rublication Rrion Rliop Rliop CoE

studies bias Y Y bias probability 10% probability 40% probability 80%
True positives | 11 Cross-sectional | Serious® | Not serious | Serious” Not Strong 74 (62 to 83) 296 (248 to 592 (496 to @®OOO
(patients with studies  (cohort-type serious suggestions 332) 664) Very low
sepsis) 3164 accuracy study) of

patients publication
False negatives bias ¢ 26 (17 to 38) 104 (68 to 152) 208 (136 to
(patients 304)
erroneously
diagnosed as
not having
sepsis)
True negatives 11 Cross-sectional | Serious® | Not serious | Serious Not Strong 729 (657 to 486 (438 to 162 (146 to  ©OOO
(patients who studies  (cohort-type serious suggestions | 792) 528) 176) Very low
did not have 3164 accuracy study) of
sepsis) patients publication

bias ©

False positives 171 (108 to 114 (72to162) 38 (24 to54)
(patients 243)

erroneously
diagnosed with
sepsis)

“Observational studies only, and the biases of 11 studies were high against markers (indices)

PQ level, p-value < 0.05: heterogeneity present 95%Cl overlap: insufficient /> > 75

“Asymmetric with Deeks’ funnel plot asymmetry test (p =0.01)
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Table 6 Evidence profile (P-SEP in general wards or the ER)
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Sensitivity 0.75 (95%Cl: 0.69 to 0.80)
Prevalences 10% @ 40% @ 80%
Specificity 0.74 (95%Cl: 0.62 to 0.84)
Factors that may reduce the quality of evidence (QoE) Effect per 1,000 patients
Number Test
Outcome of Research design q - Prior Prior Prior accuracy
studies Rl;';:f Indirectness Inconsistency Inaccuracy Publlc:;astlon probability probability probability CoE
10% 40% 80%

True positives 4 studies | Cross-sectional | Serious® | Not serious | Serious” Not None 75(69t080) 300 (276 to 600 (552 to @®DOO
(patients with 1574 (cohort-type serious 320) 640) Low
sepsis) patients  accuracy study)
False negatives 25(20to 31) 100 (80 to 200 (160 to
(patients 124) 248)
erroneously
diagnosed as not
having sepsis)
True negatives 4 studies | Cross-sectional  Serious® | Not serious | Serious” Not None 666 (558 to 444 (372 to 148 (124 to ®©®OO
(patients who did 1574 (cohort-type serious 756) 504) 168) Low
not have sepsis)  patients  accuracy study)
False positives 234 (144 to 156 (96 to 52(32to76)
(patients 342) 228)

erroneously
diagnosed with
sepsis)

@ Observational studies only, and the biases of 11 studies were high against markers (indices)

® Q level, high %, p-value < 0.05: heterogeneity present

it cannot be determined whether the sensitivities and
specificities were sufficiently high or low.

The biomarker tests suggested significant results for
the diagnosis of sepsis in individual articles assessed
in the systematic review [57-65]. Meanwhile, care
must be taken because the results of biomarker tests
can change or can be influenced by the bacterial
type or location of the infection depending on vari-
ous factors such as patient status or time of blood
sample collection. For these reasons, we have specif-
ically displayed the sensitivities and specificities ob-
tained in the meta-analyses and have left this to the

Table 7 Evidence profile (IL-6 in general wards or the ER)

discretion of the individual readers in their respect-
ive circumstances.

CQ3: Source control

Introduction

The importance of initiating treatment for sepsis at
an early stage is widely accepted. Among early treat-
ment modalities, controlling the source of infection is
one that exhibits its effectiveness by cutting off and
“controlling” the “infection source” that is at the root
of sepsis, and forms the basis of initial treatment.
Diagnostic imaging is essential to promptly control

Sensitivity 0.78 (95%Cl: 0.62 to 0.88)
Prevalences 10% @ 40% @ 80%
Specificity 0.78 (95%Cl: 0.70 to 0.85)
Factors that may reduce the quality of evidence (QoE) Effect per 1,000 patients
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Outcome of < N P Prior Prior Prior accuracy
studies design Rlbsil;;)f Indirectness Inconsistency Inaccuracy Pubtl)licaastlon probability probability probability CoE
10% 40% 80%
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patients | accuracy study)
False negatives 22(12t038) 88(48to152) 176 (96 to
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diagnosed as not
having sepsis)
True negatives 4 studies ' Cross-sectional | Serious® | Notserious | Notserious  Not None 702 (630 to 468 (420 to 156 (140 to @ODO
(patients who did not 563 (cohort-type serious 765) 510) 170) Medium
have sepsis) patients | accuracy study)
False positives 198 (135 to 132 (90 to 44 (30to60)
(patients erroneously 270) 180)

diagnosed with
sepsis)

@ Observational studies only, and the biases of 4 studies were high against markers (indices)
b Q level, p-value < 0.05: heterogeneity present 95%Cl overlap: insufficient: /* = 91
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Table 8 Evidence profile (CRP in the ICU)
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(patients who  studies | nal 711) 474) Very low
did not have 758 (cohort-type
sepsis) patients = accuracy

study)

False positives 351 (189 to 234 (126 to 78 (42 to 122)
(patients 549) 366)
incorrectly
classified as

having sepsis)

@ Observational studies only, and the biases of 7 studies were high against markers (indices)

b Q level, p-value < 0.05: heterogeneity present 95%Cl overlap: Insufficient /% > 85

€ Wide confidence interval and large number of false negatives, particularly when the prevalence was high

9 Wide confidence interval, and a large number of false positives

the source of infection. Therefore, two CQs on diag-
nostic imaging were first incorporated, after which
seven CQs on controlling the source of infection were
incorporated.

The first CQ on diagnostic imaging that was incorpo-
rated was “CQ3-1: Should imaging tests be performed in
patients with suspected sepsis to identify the source of

Table 9 Evidence profile (PCT in the ICU)

infection?” Diagnostic imaging modalities for identifying
the source of infection include simple radiography, ultra-
sonography, CT scans, and magnetic resonance imaging
(MRI) scans, and highly useful test methods vary by site.
The explanations in this CQ include a table on diagnostic
imaging methods thought to be specific for each organ/ill-
ness in order to be of use in actual clinical practice.

Sensitivity 0.74 (95%Cl: 0.64 to 0.83)
Prevalences 10% = 40% 80%
Specificity 0.70 (95%Cl: 0.60 to 0.78)
Nl Factors that may reduce the quality of evidence (QoE) Effect per 1,000 patients
out £ R b el Test accuracy
utcome c;_ esearch design  pick of  Indirectn VNS S | — Publication Prior Prior Prior CoE
studies bias ess Y Y bias probability 10% probability 40% probability 80%
True positives 9 Cross-sectional | Serious® | Not Serious ° Not None 74 (64 to 83) 296 (256 to 592 (512 to OO
(patients with studies | (cohort-type serious serious 332) 664) Low
sepsis) 1142 accuracy study)
patients
False negatives 26 (17 to 36) 104 (68 to 144) 208 (136 to
(patients 288)
erroneously
diagnosed as
not having
sepsis)
True negatives 9 Cross-sectional | Serious® | Not Serious © Not None 630 (540 to 420 (360 to 140 (120 to @HOO
(patients who studies | (cohort-type serious serious 702) 468) 156) Low
did not have 1142 accuracy study)
sepsis) patients
False positives 270 (198 to 180 (132 to 60 (44 to 80)
(patients 360) 240)

erroneously
diagnosed with
sepsis)

@ Observational studies only, and the biases of 9 studies were high against markers (indices)

P Q level, p-value < 0.05: heterogeneity present 95%Cl overlap: insufficient 2 = 86
€ Q level, p-value < 0.05: heterogeneity present 95%Cl overlap: insufficient /> = 76
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Table 10 Evidence profile (P-SEP in the ICU)

Page 27 of 144

Sensitivity 0.82 (95%Cl: 0.71 to 0.89)
Prevalences 10% @ 40% @ 80%
Specificity 0.73 (95%Cl: 0.56 to 0.85)
Factors which may reduce the quality of evidence (QoE) Effect per 1,000 people
Number Test
Outcome of Research design q - Prior Prior Prior accuracy
studies Rlb‘?;:f Indirectness Inconsistency Inaccuracy PUbll;ic;t'on probability probability probability CoE
10% 40% 80%

True positives 4 studies | Cross-sectional  Serious® | Not serious  Serious ” Not None 82(71t089) 328 (284 to 656 (568 to @®DOO
(patients with 386 (cohort-type serious 356) 712) Low
sepsis) patients | accuracy study)
False negatives 18(11to29) 72(44to116) 144 (88 to
(patients 232)
erroneously
diagnosed as not
having sepsis)
True negatives 4studies | Cross-sectional  Serious® | Not serious | Serious ® Not None 657 (504 to 438 (336 to 146 (112 to @®DOO
(patients who did 386 (cohort-type serious 765) 510) 170) Low
not have sepsis) patients | accuracy study)
False positives 243 (135 to 162 (90 to 54 (30to 88)
(patients 396) 264)

erroneously
diagnosed with
sepsis)

@ Observational studies only, and the biases of 4 studies were high against markers (indices)

P Q level, p-value < 0.05: heterogeneity present 95%Cl overlap: sufficient

The second CQ on diagnostic imaging is that regard-
ing full-body contrast CT scans: “CQ3-2: Should full-
body contrast-enhanced CT tests be performed at an
early stage in patients with sepsis and an unknown
source of infection?” Identifying the source of infection
early when the source is unknown is essential for formu-
lating a treatment policy. Performing CT scans, which
are diagnostic imaging modalities that have seen wide-
spread use in Japan, are important for local diagnosis as

Table 11 Evidence profile (IL-6 in the ICU)

well as for determining the severity of the source of in-
fection. Thus, this was taken up as a CQ.

Subsequent discussions on the selection of CQs re-
garding the control of the source of infection resulted
in the following six sources of infection that were
thought to be of particular importance and set as
CQs: 1) intraperitoneal infection, 2) infectious pancre-
atic necrosis, 3) acute pyelonephritis secondary to ur-
eteral obstruction, 4) necrotic soft tissue infection, 5)

Sensitivity 0.72 (95%Cl: 0.49 to 0.88)
Prevalences 10% 40% @ 80%
Specificity 0.76 (95%Cl: 0.62 to 0.86)
Factors that may reduce the quality of evidence (QoE) Effect per 1,000 patients
o Rnbel o Pri Pri Pri Test accuracy
WiEEie of Reseaicices Rl Risk of . 5 Publication rior rior, rior, CoE
studies " ndirectness Inconsistency Inaccuracy A probability ~ probability  probability
d bias Indirect I t | bias babilit babilit babilit
10% 40% 80%

True positives 6 studies | Cross-sectional Serious® | Not serious  Serious® Serious©  None 72 (49 to 288 (196 to 576 (392 to OO
(patients with 855 (cohort-type 88) 352) 704) Very low
sepsis) patients  accuracy study)
False negatives 28 (12 to|112 (48 to 224 (96 to
(patients 51) 204) 408)
erroneously
diagnosed as not
having sepsis)
True negatives 6 studies = Cross-sectional Serious® | Not serious  Serious” Not None 684 (558 to 456 (372 to 152 (124 to = ®@BOO
(patients who did 855 (cohort-type serious 774) 516) 172) Low
not have sepsis) patients  accuracy study)
False positives 216 (126 to | 144 (84 to 48 (28 to
patients
(pati 342) 228) 76)

erroneously
diagnosed with
sepsis)

@ Observational studies only, and the biases of 6 studies were high against markers (indices)
P Q level, p-value < 0.05: heterogeneity present, 95%Cl overlap: insufficient * > 90
€ Wide confidence interval and large number of false negatives, particularly when the prevalence was high
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catheter-related bloodstream infections, and 6)
empyema.

It is universal knowledge that the basic concept under-
lying the control of the source of infection is to do so
“promptly” and “appropriately.” The best methods are
those that are minimally invasive, have a low incidence
of complications, and have sufficient expected effects.
Furthermore, the source of infection should generally be
controlled promptly; however, we also suggest that elect-
ive interventions may be considered for patients with in-
fectious pancreatic necrosis. Clinical flow of these CQs
is shown in Fig. 2.

CQ3-1: Should imaging tests be conducted in pa-
tients suspected of sepsis in order to search for the
source of infection?

Amnswer: Imaging tests should be conducted when the
source of infection is unclear in order to search for the
source of infection (Good Practice Statement).

Rationale

Controlling the source of infection at an early stage is
an important treatment strategy that is linked to an im-
proved outcome among patients with sepsis. For this
reason, it is important to assess early whether there is a
source of infection that needs to be controlled among
patients with suspected sepsis, and imaging tests need to
be considered for this procedure. Imaging tests useful
for identifying the source of infection include plain radi-
ography, ultrasonography, CT scans, and MRI scans.
The most effective testing modality varies with the site
of suspected infection. Diagnostic imaging modalities
considered characteristic of each organ/disease are
shown in Table 12.
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(1) Head and neck

Cerebral abscess: CT scans are easier to conduct in an
emergency relative to MRI scans; thus, the former is
often prioritized in its implementation. Contrast-
enhanced MRI scans are the most recommended im-
aging modality because of their ability to detect the
spread of inflammation to the capsule or tissue sur-
rounding the abscess [66].

Cervical abscess (descending mediastinitis): Cervical
abscesses near the surface of the body can be detected
via ultrasonography; however, there are limits to the de-
tection of deep cervical abscesses, and CT scans are con-
sidered effective. Contrast-enhanced CT scans are
recommended because they can clearly differentiate be-
tween fluid retention due to infection and structures
such as blood vessels [67].

(2) Chest

Empyema: Plain X-ray imaging and ultrasonography
are first-line evaluation modalities. Contrast-enhanced
CT scans are effective for controlling the source of infec-
tion or as an indicator for assessing the course of treat-
ment when an empyema is suspected.

Infectious endocarditis: One of the two major categor-
ies in the diagnostic criteria for infectious endocarditis
(the Duke diagnostic criteria) [68] is based on the find-
ings of echocardiography, and transthoracic echocardi-
ography should be implemented as a first-line evaluation
modality for all patients when infectious endocarditis is
suspected. =~ The  accuracy of  transesophageal

Patients proven or suspected sepsis ]

v

CQ3-1 Should imaging tests be conducted in patients suspected of sepsis in
order to search for the source of infection?

!

CQ3-2 Should whole-body contrast-enhanced CT tests be conducted at an
early stage for sepsis patients with unknown source of infection?

Is there any source of infection ?

|

intraperitoneal infection?

Proceed with treatment other than
controlling the source of infection.

pancreatic necrosis?

tissue infection?

empyema?

CQ3-3 Should the source of infection be controlled by surgery / invasive drainage in patients with sepsis due to

CQ3-4-1 Should the source of infection be controlled with invasive interventional therapy during the early period of
infectious pancreatic necrosis?
CQ3-4-2 Should the source of infection be controlled with low—invasive interventional therapy for infectious

CQ3-5 Should the source of infection be controlled with invasive drainage for patients with sepsis due to acute
pyelonephritis caused by ureteral obstruction?
CQ3-6 Should source control be achieved by means of surgical debridement for sepsis patients due to necrotic soft

CQ3-7 Should the source of infection be controlled with catheter removal in patients with sepsis where catheter—
related bloodstream infections are suspected?
CQ3-8 Should the source of infection be controlled through invasive drainage in patients with sepsis due to

Fig. 2 CQ3: Source control (clinical flow)
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Table 12 Diseases that require control of the source of infection and imaging tests

Main tests expected

Region Simple Ultrasonography CT scan MRI scan
X-ray
Head and Brain abscess / o(contrast- o(contrast-enhanced imaging), contrast enhanced fluid-
neck meningoencephalitis enhanced attenuated inversion recovery (FLAIR) (for encephalitis)
imaging)
Chest Cervical abscess o o(contrast-
(descending enhanced
mediastinitis) imaging)
Empyema o o o(contrast-
enhanced
imaging)
Infective endocarditis o? o(contrast-
enhanced
imaging)
Abdomen Intestinal perforation / o o o(contrast-
peritonitis enhanced
imaging)
Cholecystitis / o o(contrast- o(MRI/MRCP)
cholangitis enhanced
imaging)
Obstructive urinary tract o o o
infection
Other Necrotic soft tissue o(contrast-
infections enhanced
imaging)

*Transesophageal echocardiography other than the transthoracic wall variant is more accurate in diagnosing infective endocarditis

echocardiography for the diagnosis of infectious endo-
carditis is superior relative to the transthoracic variation;
therefore, we recommend that additional transesopha-
geal echocardiography should be performed when neces-
sary [69].

(3) Abdomen

Intestinal perforation/peritonitis: Plain X-ray imaging
and ultrasonography should be performed first. CT
scans should be subsequently performed when further
assessments are needed. We recommend that contrast-
enhanced CT scans be performed when detailed assess-
ments of phenomena such as the presence of ischemia
in organs or the intestinal tract needs to be determined
[70].

Cholecystitis/cholangitis:  Ultrasonography and CT
scans are the most recommended evaluation modalities.
Contrast-enhanced CT scans can be used to identify im-
portant findings. We also recommend MRI/magnetic
resonance cholangiopancreatography as alternative im-
aging modalities [71].

Obstructive urinary tract infection: Ultrasonography
should be performed as a first-line assessment modality.
We recommend that CT scans should be performed to
carefully evaluate the causes of obstruction if the clinical

findings are suggestive of obstructive urinary tract infec-
tion [72].

(4) Others

Necrotizing soft tissue infection: A contrast-enhanced
CT scan should be performed because of its ability to
detect the swelling and fluid retention in soft tissue.
However, a definitive diagnosis of necrotizing fasciitis
cannot be made with a contrast-enhanced CT scan
alone; such a diagnosis requires surgical examination of
the subcutaneous tissue/fascia and direct observation of
the fascia/muscle [73].

Imaging modalities are beneficial for the selection of the
optimal treatment method. Meanwhile, the risk of expos-
ure to X-rays or utilization of contrast agents, particularly
the risk of sudden changes while transferring critically ill
patients to the examination room, must be recognized.

CQ3-2: Should whole-body contrast-enhanced CT
tests be conducted at an early stage for sepsis pa-
tients with unknown source of infection?

Answer: We suggest conducting whole-body contrast-
enhanced CT tests as soon as possible for sepsis patients
with unknown source of infection (expert consensus: in-
sufficient evidence).

Rationale
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Appropriate therapeutic interventions at an early stage
against the source of infection are recommended for
sepsis [74]. Searching for the source of infection at an
early stage when it is unknown is also essential to for-
mulating a treatment plan. The use of CT scans, which
are widespread diagnostic imaging modalities in Japan, is
essential for local diagnosis and determining the severity
of the source of infection.

The results of a systematic review showed that there
were no RCTs conforming to the PICO criteria that were
conducted on patients who satisfied the sepsis diagnostic
criteria or who were undergoing intensive care.

It is possible that improvements in general conditions
are not achieved even with standard therapy in cases of
sepsis in which the sources of infection are unclear.
Therefore, efforts must be made to perform whole-body
contrast-enhanced CT scans at an early stage and clarify
the source of infection to improve vital prognosis, and it
is thought that a desirable therapeutic intervention for
the patient could be possible. It is feared that patients
with complications of shock will have experience
destabilization of hemodynamics accompanied by mov-
ing them. Furthermore, it is feared that the use of con-
trast agents will result in the onset of allergies to iodine
or contrast agent-induced nephropathy.

At the very least, it is possible that the source of infection
could be clarified by performing whole-body contrast-
enhanced CT scans. It is thought that the benefits outweigh
the harms, such as destabilized hemodynamics accompan-
ied by moving, contrast agent-induced nephropathy, and
allergies to iodine.

Japan has the highest number of CT scanning devices
per capita worldwide, and there are many facilities in
which sepsis can be treated and this is thought to be
possible.

Contrast-enhanced CT scans are not necessarily
useful for all organs when searching for the source of
infection. In some cases, specific inspection methods
should be prioritized for each organ, and further in-
vestigations are necessary on the usefulness of
contrast-enhanced CT scans according to organs in-
volved in sepsis with an unknown source of
infection.

CQ3-3: Should the source of infection be controlled
by surgery/invasive drainage in patients with sepsis
due to intraperitoneal infection?

Answer: We suggest controlling the source of infection
as soon as possible with surgery/invasive drainage (in-
cluding abscess drainage, biliary tract/gallbladder drain-
age) for patients with sepsis due to intraperitoneal
infection (expert consensus: insufficient evidence).

Rationale

The potential benefits of rapidly controlling the source
of infection among patients is considered large in cases
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of sepsis due to intraperitoneal infection such as general-
ized peritonitis due to the perforation of the lower
gastrointestinal tract, where the possibility of improve-
ments with only typical antibacterial drug treatment
without controlling the source of infection is extremely
low. Possible harms that can occur in actual clinical
practice include bleeding, organ damage, deteriorating
general conditions due to biological invasion, and infec-
tion. There were no RCTs conforming to the PICO cri-
teria, and the balance of effects is unclear. It is thought
that the benefits outweigh the harms, even when com-
paring the advantages obtained via surgical intervention
by way of drainage (including abscess and biliary drain-
age) for sepsis due to intraperitoneal infection, and the
harms of bleeding, organ damage, deteriorating general
conditions due to biological invasion, and infection due
to surgery or drainage.

CQ3-4-1: Should the source of infection be con-
trolled with invasive interventional therapy during
the early period of infectious pancreatic necrosis?

Answer: We suggest against controlling the source of
infection with invasive interventional therapy during the
early period of infectious pancreatic necrosis (GRADE
2C: certainty of evidence = “low”).

Answer: We suggest against controlling the source of
infection with invasive interventional therapy during the
early period of infectious pancreatic necrosis (GRADE
2C: certainty of evidence = “low”).

Rationale

Necrotic tissue is a cause of infection, and early inter-
vention is a general principle underlying treatment.
However, pancreatic necrosis does not fall under this
general principle of early intervention. Furthermore,
RCTs that incorporated minimally invasive and effective
methods to control the sources of infection have been
conducted; thus, the timing of intervention for this dis-
ease is an important CQ.

The results of a systematic review confirmed a sin-
gle RCT conforming to the PICO criteria with a small
sample size (early intervention, 25 patients; late inter-
vention, 11 patients). The mortality rates were 56 and
27% for the early and late intervention groups, re-
spectively. The estimated value of effects yielded a
risk difference (RD) of 286 more per 1000 (95% confi-
dence interval [CI]: 71 fewer to 1000 more), and no
desired effects related to vital outcomes were ob-
served in the early intervention group compared to
the late intervention group [75]. No investigations
have been conducted on adverse effects or medical
costs, and the desired effects in the early intervention
group are unknown. The mortality rate of the late
intervention group was lower than that of the early
intervention group; thus, it is likely that the benefits
of late intervention outweigh its harms.
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CQ3-4-2: Should the source of infection be con-
trolled with low-invasive interventional therapy for
infectious pancreatic necrosis?

Amnswer: We recommend controlling the source of in-
fection with less invasive interventional therapy for pa-
tients with sepsis caused by infectious pancreatic
necrosis (GRADE 2B: certainty of evidence =
“moderate”).

Rationale

Infectious pancreatic necrosis is a condition that re-
quires the removal of the source of infection with
some types of interventional treatment. A number of
treatment strategies have been reported in recent
years, such as (1) surgical drainage, (2) endoscopic
drainage, (3) percutaneous drainage (mainly via the
retroperitoneal route), and (4) the step-up approach,
which becomes incrementally more invasive according
to the treatment effect. The relationship between
treatment invasiveness and treatment effect is there-
fore an important CQ.

The results of systematic reviews confirmed the exist-
ence of two RCTs (less invasive methods, 94 patients; in-
vasive methods, 92 patients) [76, 77]. The data used in
these two RCTs showed that the onset of complications
when the source of infection was controlled with less in-
vasive methods (drainage methods) was lower than that
when invasive methods were used RD of 187 fewer per
1000 (95%CI: 305 fewer to 55 more). Based on the above
results, the desired effects of less invasive interventional
treatment are considered moderate.

In terms of mortality outcomes, researchers investi-
gated the three timings of short-term (6 months),
medium-term (3 years), and long-term (10 years) out-
comes. It was possible to pool data from the 2 RCTs
(less invasive methods, 94 patients; invasive methods,
92 patients) using only mortality within six months
and the number of effects of mortality outcomes
yielded a RD of 40 more per 1000 (95%CI: 48 fewer
to 211 more). Furthermore, the number of effects for
the length of stay in the ICU and in-hospital stay
each yielded a mean difference (MD) of 19.74 days
longer (95%CI: 20.84 shorter to 60.31 longer) and
7.76 days shorter (95%CI: 27.86 shorter to 12.34 lon-
ger), respectively. The number of effects varied widely
and the undesired effects of controlling the source of
infection with less invasive interventional methods
when compared to invasive interventional methods
were unclear.

The invasiveness of procedures for controlling the
source of infection, their timing, the range over which
debridement is to be performed, and the necessity of
repeated debridement needs to be investigated along-
side the general conditions of patients, and this is not
recommended for standard treatment among all cases.

Page 31 of 144

CQ3-5: Should the source of infection be controlled
with invasive drainage for patients with sepsis due to
acute pyelonephritis caused by ureteral obstruction?

Answer: We suggest controlling the source of infection
as soon as possible with transurethral ureteral stent im-
plantation or percutaneous nephrostomy in patients with
sepsis due to acute pyelonephritis caused by ureteral ob-
struction (expert consensus: insufficient evidence).

Rationale

The results of a systematic review showed that there
were no RCTs that conformed to the PICO criteria. Pa-
tients with acute pyelonephritis secondary to ureteral
obstruction are unlikely to recover from sepsis unless
transurethral stenting or percutaneous nephrostomy is
performed to eliminate the cause. Therefore, it is
thought that the potential benefits of rapidly controlling
the source of infection are high among these patients.
There was no significant difference between patients
who underwent percutaneous renal fistula construction
and transurethral ureteral stenting, which are methods
of providing emergency relief for ureteral obstruction.
Complications associated with invasive procedures in-
clude bleeding, organ damage, and the spread of infec-
tion to the retroperitoneal space (cavity). However, it is
thought that the benefits outweigh the harms, even
when considering complications or the burden of trans-
ferring a patient to a facility in which rapid specialized
treatment modalities (transurethral ureteral stenting or
percutaneous renal fistula) can be performed when such
treatments cannot be offered.

CQ3-6: Should source control be achieved by
means of surgical debridement for sepsis patients
due to necrotic soft tissue infection?

Answer: We suggest controlling the source of infection
as soon as possible by means of surgical debridement for
sepsis patients due to necrotic soft tissue infection (ex-
pert consensus: insufficient evidence).

Rationale

Necrotic soft tissue infection is a condition that re-
quires early surgical control of the source of infection,
and the need for debridement is difficult to determine
with imaging tests. Performing surgical debridement
of the necrotic tissue (soft tissue) that causes sepsis
can reliably control the source of infection, and desir-
able effects such as an increased survival rate and a
shortened therapeutic duration can be obtained.
Meanwhile, most patients require surgery under gen-
eral anesthesia, and there is concern about further
anesthesia-induced destabilization due to unstable
hemodynamics, as well as effects on hemodynamics
due to hemorrhaging, and in some patients, multiple
sessions of surgical debridement are necessary. There
were no RCTs that conformed to the PICO criteria,
and the balance of effects was unclear. The benefits
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of surgically removing the source of infection are
thought to outweigh the harms, even when the harm
caused by surgical treatment is compared.

CQ3-7: Should the source of infection be controlled
with catheter removal in patients with sepsis where
catheter-related bloodstream infections are suspected?

Answer: We suggest controlling the source of infection
as soon as possible with catheter removal in patients
with sepsis where catheter-related bloodstream infec-
tions are suspected (expert consensus: insufficient
evidence).

Rationale

Vascular catheter infections may not be improved with
normal antibacterial drug treatment alone without con-
trolling the source of infection. There have been cases in
which the prognosis or mortality rate worsened if the
cause was not resolved; therefore, it is thought that
promptly controlling the source of infection has a high
potential of yielding benefits among patients. This desir-
able effect is influenced by the accuracy of diagnosis of
catheter infections. Patients who require vascular cathe-
ters do not only require the removal of the vascular
catheter but also its re-insertion when controlling the
source of infection. This may yield complications associ-
ated with vascular catheter insertion and affect the risks
associated with re-insertion. Furthermore, frequent route
exchanges increase costs and work burden. There are no
RCTs that conform to the PICO criteria, and the balance
of effects is unknown. It is thought in the case of vascu-
lar catheter infection that the benefits obtained by con-
trolling the source of infection (catheter removal)
outweigh the harms of complications relating to vascular
catheter removal.

CQ3-8: Should the source of infection be controlled
through invasive drainage in patients with sepsis due
to empyema?

Answer: We suggest controlling the source of infection
as soon as possible with percutaneous thoracic drainage
or surgical intervention in patients with sepsis due to
empyema (expert consensus: insufficient evidence).

Rationale

The results of a systematic review showed that there
were no RCT's that conform to the PICO criteria. Encap-
sulated empyema cannot be improved with conventional
antibacterial drug treatment; thus, the possibility of re-
covery from sepsis is low without resolving the source.
Therefore, the potential benefits of promptly controlling
the source of infection are thought to be high for pa-
tients. It is thought that patients could be rapidly trans-
ferred to facilities capable of performing open chest
drainage when parenchymal organs are present in the
drainage route due to tissue adhesion and when percu-
taneous drainage is difficult. Possible harms associated
with invasive damage include bleeding, lung injury, and
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pain in the wound or around the drain. Open chest drain-
age is highly invasive compared to percutaneous drainage
and likely has a greater degree of undesired effects. How-
ever, the benefits of open chest and subcutaneous drain-
age are thought to outweigh its harms in cases of sepsis
due to empyema, even when considering complications
such as hemorrhage and lung injury or the rapid transfer
to a facility capable of performing drainage procedures.

CQ4: Antimicrobial therapy

Introduction

Antimicrobial therapy for underlying infectious dis-
eases is an essential aspect of sepsis treatment. The im-
portance of antimicrobial therapy is that not only it is
directly associated with an outcome, but it is also related
to the global concern regarding antimicrobial resistance
and the associated risk of reducing effective therapeutic
options in the future. The judicious use of antimicrobial
agents that fully incorporates the concepts of antimicro-
bial stewardship [78] is required.

This guideline targets the treatment of sepsis and will
not delve into the details of drug selection. The basic prin-
ciples underlying drug selection for patients with sepsis
are the same as those for general infection treatment. In
other words, antimicrobial agents to be administered are
selected by assuming specific microorganisms and drug
resistance as much as possible based on patients’ back-
grounds, suspected infectious foci, epidemiological infor-
mation on the region or facility, and recent antimicrobial
use. However, it is important to promptly administer ef-
fective antimicrobials against causative pathogens in septic
patients compared to non-critically ill patients.

With regard to antimicrobial therapy for patients with
sepsis, empiric antimicrobials should initially be selected
after assuming the underlying microorganism, which
should then be optimized to targeted antimicrobial
agent(s) after the causative pathogens and their suscepti-
bility patterns have been determined.

The appropriateness of empiric antimicrobials is associ-
ated with mortality outcomes [79]. The underlying micro-
organism should be determined for each suspected source
of infection based on patients’ background, epidemiology,
and rapid diagnostic tests, and the drug should be selected
in consideration of the properties of drug distribution/tis-
sue penetration and antimicrobial resistance. Indications
for carbapenems and pathogens that require antimicrobial
drugs other than p-lactams have been described. The tim-
ing of initiation of empiric antimicrobial drug administra-
tion has also been described.

With regard to interventions after culture results are
obtained, 1) the possibility of termination when culture
results are negative, 2) the significance of de-escalation
to target antimicrobial agents with narrower spectrum,
3) procalcitonin guidance as a reference for the
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discontinuation of antimicrobial drugs, and 4) the possi-
bility of setting up a relatively short duration (within 7
days) of antimicrobial therapy are provided. These re-
flect fundamental concepts of antimicrobial stewardship.

For the selection and administration of drugs, 1) when
to consult the antimicrobial stewardship team, 2) con-
tinuous or prolonged infusion of B-lactams based on the
pharmacokinetic-pharmacodynamic theory, and 3) dose
adjustment of renally excreted antimicrobials are
discussed.

Clinical flow of these CQs is shown in Fig. 3.

CQ4-1: How should empirical antimicrobial ther-
apy be selected?

Amnswer: Antimicrobials can be selected by estimating
the causative microorganism based on suspected infec-
tious foci, patient background, epidemiology and rapid
microbial diagnostic tests, and by considering the tissue
penetration properties of drugs and the probabilities of
resistant bacteria (see Table 2 for reference). (Provision
of information for background question).

Rationale

The selection of empiric antimicrobial therapy should
include the determination of the causative microorgan-
isms for each suspected source of infection based on the
patient’s background and the epidemiology of the dis-
ease. This should be done according to the tissue pene-
tration properties of drugs, antibacterial spectrum
(including the possibility of resistant bacteria), clinical
evidence, and the results of rapid diagnostic testing if
available.

Table 2 (Empiric therapeutic agents for each infectious
disease) shows a list of empiric antimicrobial therapy se-
lections for each combination of common sources of in-
fection and patient background based on expert
opinions. It is assumed that this table will serve as a ref-
erence for decision-making by adding information such
as an individual patient’s circumstances and the local/re-
gional epidemiological factors and using them alongside
antimicrobial therapy guidelines in each region or med-
ical facility. Furthermore, antimicrobial therapy guide-
lines for each region or facility can be created using this
table as a foundation if such guidelines do not exist.

The causative microorganisms can be determined
based on the epidemiology of each source of infection.
As such, the identification of the source of infection is
important not only for surgical drainage, but also for
specimen collection to select appropriate antimicrobial
therapy. Two epidemiological studies conducted in
Japan (2010-2011: 15 facilities; 2016-2017: 59 facilities)
indicated that common sources of sepsis were respira-
tory infections, intra-abdominal infections, urinary tract
infections, and soft tissue infections, all of which
accounted for approximately 90% of cases [80, 81]
Similar trends were observed in multiple international
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studies [82—86]. Meanwhile, reports have also indicated
that a source of infection was not identified in approxi-
mately 1/6th of patients with sepsis [82—86]. Infectious
diseases that should be considered when a specific
source of infection could not be identified included dis-
eases in which specific findings are difficult to deter-
mine (e.g., infectious endocarditis, catheter-related
bloodstream infections) and systemic infections in
which a source of infection did not form or was unclear
(e.g., fulminant infection following splenectomy, pur-
pura fulminans, rickettsial infection, febrile neutropenia
with unknown source, etc.). Caution should be taken in
evaluating implantable device-related infections (e.g.,
catheter-related bloodstream infections, prosthetic
valve endocarditis, cerebrospinal fluid shunt-related
meningitis/ventriculitis, and prosthetic joint infection)
since specific findings are difficult to determine [87—
90].

The causative microorganisms can also be determined
based on patient background. There are two factors: 1)
external factors such as history of exposure (including
healthcare exposure or travel history), and 2) internal
factors — the patient’s own conditions (including age,
sex, and underlying diseases). The classification of pa-
tient background factors for selecting antimicrobial ther-
apy varies depending on the source of infection.
Community-acquired infections generally have causative
microorganisms that differ from those of healthcare-
associated infections, and Pseudomonas aeruginosa does
not need to be routinely covered as a community-
acquired pathogen. Exposures, which serve as risk fac-
tors for healthcare-associated infections, include invasive
procedures or devices (surgery, transplantation, intravas-
cular catheters, urinary catheters, endotracheal tubes,
enteral feeding tubes, etc.) and antimicrobial therapy his-
tory. For patients with sepsis with a travel history, there
is a need to consider systemic infections such as malaria,
meningococcal infections, viral hemorrhagic fever, rick-
ettsial diseases, and infections due to drug-resistant bac-
teria [91, 92]. Sepsis due to rickettsial infection (Japanese
spotted fever and scrub typhus) or severe fever with
thrombocytopenia syndrome (SFTS) should be included
in the differential diagnosis if the patient has a history of
travel to endemic areas of tick-borne infectious diseases
in Japan [93]. Furthermore, age is an important patient
factor because the causative bacteria in meningitis differ
depending on whether the patient is older than 50 years
[94]; more than 90% of cases of Legionnaires’ disease
leading to pneumonia occur in patients older than 50
years [95]. Urinary tract infections and soft tissue infec-
tions are common among diabetic patients [96].
Pseudomonas aeruginosa and/or methicillin-resistant
Staphylococcus aureus (MRSA) should be considered
in neutropenic sepsis [97]. Pneumocystis pneumonia
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p
Patients proven or suspected sepsis]———'
A\

CQ4-5 Under what circumstances should
an infectious disease specialist or
antimicrobial stewardship team be
consulted?

of sepsis?

CQ4-6 Should empirical antibacterial drugs for sepsis begin within 1 hour upon identification

.

CQ4-1

therapy?

Clostridioides difficile)?

How should empirical antimicrobial therapy be selected?
CQ4-2 Under what circumstances should carbapenems be used in empirical antimicrobial

CQ4-3 Under what circumstances should empirical antimicrobial therapy be selected for
MRSA and non-bacterial pathogens (e.g., Candida, Viruses, Legionella, Rickettsia, or

.

CQ4-7 Should continuous or extended infusion of B —lactam antibiotics be used for sepsis?

antimicrobial drugs?

CQ4-11 What should be used as a reference for adjusting the dose for renal-excretion

Identification of

causative microorganism and
its antibiotic susceptibility

No

CQ4-8 Should de—escalation antimicrobial
therapy be used for sepsis?

CQ4-1
therapy be selected?

How should empirical antimicrobial

CQ4-5 Under what circumstances should an
infectious disease specialist or antimicrobial
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I
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!
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CQ4-4 Should empirical antimicrobial
therapy be suspended if culture results
were negative?
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CQ4-9 Should procalcitonin be used as an indicator for stopping antimicrobial therapy for

CQ4-10 Should relatively short—term (i.e. within seven days) antimicrobial therapy be applied

Fig. 3 CQ4: Antimicrobial therapy (clinical flow)

should be included in the differential diagnosis of
pneumonia in patients with cellular immunodefi-
ciency, such as human immunodeficiency virus infec-
tion [98].

Rapid diagnostic testing should be implemented if
possible after the causative microorganisms have been
determined from epidemiological information relating
to the source of infection and the patient’s

background. Gram staining can aid in the identifica-
tion of significant microorganisms by determining
whether local inflammation is present through the
presence of leukocytes in the collected specimen. It is
important to examine whether the coverage of em-
piric antimicrobial therapy is sufficient while consid-
ering the quality of the specimen when performing
Gram staining [73].
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Antimicrobial therapy covering inferred or con-
firmed microorganisms should be selected with due
consideration to tissue penetration properties of
drugs, antimicrobial resistance, and clinical evidence.
Caution with regard to the tissue penetration and in
situ activity of the antimicrobial therapy are shown
as follows: ceftriaxone, cefepime, and meropenem
can be used as P-lactams in the treatment of menin-
gitis; however, cefazolin should be avoided due to in-
appropriate cerebrospinal fluid penetration.
Daptomycin should be avoided in the treatment of
pneumonia because it is deactivated by alveolar sur-
factants [99].

Drug resistance is an increasingly widespread problem
globally and constitutes a threat to the treatment of sep-
sis [100-104]. The susceptibility rates of antimicrobial
therapy vary according to time and place (country, re-
gion, facility, and hospital ward), and it is important to
determine the local data by region or facility via methods
such as antibiograms [105]. As antibiograms are the col-
lected data of specimens that were submitted for various
objectives, caution should be taken in their usage as re-
ported resistance rates may be higher than the actual
rates of limited specimens prior to antimicrobial therapy
[106]. The previous culture testing results of an individ-
ual patient are also important. Previously colonizing or
infecting bacteria do not always become the causative
microorganisms of sepsis; however, the detection of re-
sistant bacteria is a risk factor, and their coverage should
be considered.

Empiric antimicrobial therapy should be selected to
minimize the lapse in coverage of the inferred causative
microorganisms and to anticipate a later transition to
targeted or definitive antimicrobial agents. Changes in
drug therapy need to be implemented rapidly if coverage
is deemed insufficient. Targeted antimicrobial therapy
should be selected to maximize the treatment effect and
minimize adverse effects and collateral damage (i.e.,
negative influences on indigenous microbiota) [107]. It is
beneficial to consider the targeted antimicrobial agents
that can be used later when selecting empiric antimicro-
bial agents. For example, in Japan, cefazolin is the first-
line treatment for methicillin-sensitive Staphylococcus
aureus (MSSA) bacteremia with no intracranial dissem-
ination, and its treatment performance against MSSA
bacteremia was superior to that of vancomycin, which is
frequently used when the presence of methicillin resist-
ance is not known [108, 109]. With this in mind, the con-
comitant use of cefazolin should be considered when using
vancomycin as an empiric antimicrobial agent with the ob-
jective of covering MRSA if the possibility of MSSA is
deemed high. In this way, Table 13 (Target therapeutic
agents by causative microorganism) shows a list of targeted
antimicrobial therapies likely to be encountered in the
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treatment of sepsis by susceptibility result patterns. When
focusing on spectrums in shifting from empirical to tar-
geted antimicrobial therapy, changing from wide-spectrum
to narrow-spectrum antimicrobial therapy is referred to as
de-escalation, while the opposite is referred to as escalation
[1, 3, 110] Refer to CQ4-8 for information on whether de-
escalation is an effective strategy against sepsis.

Various investigations have been conducted to im-
prove prognosis by optimizing the selection of anti-
microbial therapy in sepsis. The J-SSCG 2016
recommended against routine empiric combination ther-
apy due to the lack of evidence of improved prognosis
and treatment harm, including renal injury(1B) [3]. Car-
bapenem is often selected for the treatment of sepsis;
however, some initiatives have strategically implemented
carbapenem-sparing regimens that avoid excessive car-
bapenem use as the threat of drug resistance has become
a global issue. The use of appropriate antimicrobial ther-
apy in supporting additional payments were established
in 2018 in Japan, and the establishment of consultation
systems of infectious disease specialists and support sys-
tems for proper antimicrobial therapy (i.e., antimicrobial
stewardship teams) has been promoted. Refer to CQ4-2
(Under what circumstances should carbapenems be used
in empiric antimicrobial therapy?), CQ4—3 (Under what
circumstances should empiric antimicrobial therapy be
selected for MRSA and non-bacterial pathogens (e.g.,
Candida, viruses, Legionella, Rickettsia, and Clostri-
dioides difficile)), and CQ4-5 (Under what circum-
stances should an infectious disease specialist or
antimicrobial stewardship team be consulted?).

Finally, the complexity of the body of specialized
knowledge of infectious diseases continues to grow, in-
cluding the diversification of the causes of sepsis, the
global threat of antimicrobial resistance, the decline in
antimicrobial agent development, the constraints of drug
supply, and multiple revisions to the criteria of suscepti-
bility tests. There are also problems in clinical practice
that hinder the optimization of antimicrobial therapy,
such as “culture-negative sepsis” (CQ4—4) which refers
to the fact that even if the proper test is performed in
cases of sepsis, 30—50% of culture tests yield negative re-
sults. It is important to faithfully practice the basic prin-
ciples underlying infectious disease management
—“estimating the causative microorganisms based on the
source of infection, patient background, epidemiology,
and rapid diagnostic testing results, as well as consider-
ing the tissue penetration properties of drugs, antimicro-
bial resistance, and clinical evidence”, in order to
effectively use limited antimicrobial therapy resources.

CQ4-2: Under what circumstances should carba-
penems be used in empirical antimicrobial therapy?

Answer: Carbapenems can be included in the empir-
ical antimicrobial regimen when the use of carbapenem
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Causative
microorganism

Source of
infection

Susceptibility result

Options Alternatives

Remarks

Gram-positive cocci in clusters [GPC in clusters]

Staphylococcus
aureus
Staphylococcus
aureus(continued)

Catheter-related
bloodstream
infections, vertebral
osteomyelitis /
septic arthritis /
iliopsoas abscess,
native valve
endocarditis
(without
intracranial
dissemination),
pneumonia

Native valve
endocarditis(with
intracranial
dissemination),
post-operative
meningitis
(including
cerebrospinal fluid
shunt infection)

Prosthetic valve
endocarditis

Toxic shock
syndrome

MSSA(PCG: S & CEZ: S) * When
determining “PCG: S, non-
producer of penicillinase must be
confirmed.

MSSA(PCG: R & CEZ: S)

MRSA(CEZ: R & VCM: S)

MSSA(PCG: S & CEZ: S) *When
determining “PCG: ", non-
producer of penicillinase must be
confirmed.

MSSA(CEZ: 9)

MRSA(CEZ: R & VCM: 5)

GM: S & RFP: S

GM: R, AMK or LVFX: S

CLDM: S

CLDM: R & LZD: S

PCG 4,000,000 units, CEZ
every 4-6 h [111-

113] or ABPC 2 g,

every 4-6 h [5]
(endocarditis: every

4 h; other: every 4-

6 h)
CEZ 2 g, every 8 h
[5, 11, 114]

VCM initial dose DAP

25-30 mg/kg, (excluding
subsequent doses  pneumonia)
15-20 mg/kg, every or TEIC or
12h[5 11,1887,  LZD[5, 11,
114, 115] 18, 115]

PCG 4,000,000 units, Avoid CEZ
every 4-6 h [111-

113] or ABPC 2 g,

every 4-6 h [5]

(endocarditis: every

4 h; other: every 4-

6 h)

CTRX 2 g, every 12
h or CFPM 2 g,
every 8 h or MEPM
2g,every8h (11,
89]

VCM initial dose
25-30 mg/kg,
subsequent doses
15-20 mg/kg, every
12h[5 11,18, 87,
114, 115]

Avoid CEZ

DAP or TEIC
or LZD [11,
18, 115]

Each regimen of
native valve
endocarditis
(mentioned above)
+ GM 2-3 mg/kg,
every 24 h + oral
RFP 600 mg once a
day (combination of
three drugs) [11, 87,
114, 115]

Substitute for GM in
previous section:
AMK or LVFX

Each above-
mentioned
regimen+CLDM 600
mg, every 8 h [117]

Each above-
mentioned
regimen+CLDM 600
mg, every 8 h or
each above-
mentioned

Concomitant GM is
not recommended
[11].

VCM target trough
value 15-20 pg/mL
[11,18, 115].

CTX was listed in
ESC 2015 [114].

VCM target trough
levels: 15-20 pg/mL
[11,18, 115]. VCM +
RFP, etc. for BSAC
2012 [116]

Concomitant use of
GM for 2 weeks.
Target GM levels: 3—
5 pg/mL at peak,
less than 1 pg/mL
at trough [11, 18].
See section on
“Coagulase
Negative
Staphylococcus
(CNS)" (next section)
for RFP addition

CLDM is for toxin
production
suppression
purposes
(suppression can
also be done even
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Causative
microorganism

Source of
infection

Susceptibility result

Options

Alternatives Remarks

Coagulase-

negativeStaphylococcus(CNS)

Catheter-related
bloodstream
infections,
prosthetic valve
endocarditis,
prosthetic joint
infection

Gram-positive cocci in chains <GPC in chains>

Streptococcus

pneumoniae*Note that PCG
susceptibility criteria differ
for meningitis and non-

meningitis

Group A, B,C, F, G

Streptococcus B-hemolytic

cocci in chains

Viridans Streptococcus,S.

gallolytics (S. bovis)

Other than
meningitis (e.g.,
pneumonia)

Meningitis

Bacteremia, soft
tissue infection

Toxic shock
syndrome

Endocarditis

regimen+LZD 600
mg, every 12 h
[117]

when R) [118]

Susceptibility-based selection is similar with that for Staphylococcus aureus. — see section on

“Staphylococcus aureus” (@bove).

RFP addition can be considered when conducting hardware

retention strategy for prosthetic valve endocarditis or prosthetic joint infection. — Never use
RFP alone due to rapid development of resistance. There is expert opinion on avoiding its use
when there is a large quantity of bacteria. Susceptibility test results serve as a reference [5, 11,

87, 114].

PCG: S(MIC <2 pg/mL)

PCG: I or RIMIC 24 ug/mL)

PCG: SIMIC <0.06 pg/mL)

PCG: RIMIC 20.12 pg/mL)& CTRX:

S(MIC 0.5 pg/mL)

PCG: RIMIC 20.12 pg/mL)& CTRX: |

or RIMIC 21.0 ug/mL)

PCG: S

PCG: S

PCG MIC =0.12 pg/mL

PCG 2,000,000 units,
every 4 h or ABPC 2
g, every 6-8 h [5]
(PCG 4,000,000
units, every 4 h or
ABPC 2 g, every 4 h
for endocarditis/
invasive infection)

CTRX 2 g, every 24
h [5]

PCG 4,000,000 units,
every 4 h [5,12] or

ABPC 2 g, every 4 h
[5,119]

CTRX 2 g, every 12
h i[5 12]

VCM initial dose
25-30 mg/kg,
subsequent doses
15-20 mg/kg, every
12h+CIRX 2 g,
every 12 h [5, 12,
18] (considering
CTRX MIC>2 g/
mL& RFP: S, and
RFP addition) [5,
119]

PCG 2-4,000,000
units, every 4 h [5]
or ABPC 2 g, every
4-6 h

Each above-
mentioned
regimen+CLDM 600
mg, every 8 h [5,
73]

PCG 4,000,000 units,
every 4 h [5] or
ABPC 2 g, every 4-6
h[11]

CTRX

VCM or LVFX

(if S)
CTRX

CFPM [89]

CEZ or CTRX

CTRX [5]

VCM target trough
levels: 15-20 pg/mL
[12,18]

CLDM is for toxin
production
suppression
purposes
(suppression can
also be done even
when R)

PCG can be
continuously
infused for 24 h [5],
or divided between
6-h intervals [87,
114]. PCG 2-3,000,
000 units, every 4 h
is also an option
(native valve [87,
114], prosthetic
valve [114])
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Causative Source of Susceptibility result Options Alternatives Remarks
microorganism infection
PCG MIC =0.25 pg/mL "PCG 4,000,000 CTRX (if MIC  PCG can be
units, every 4 hor ~ <0.5 pg/mL)  continuously
ABPC 2 g, every 4 +GM infused for 24 h [5].
h" +GM 3 mg/kg, Target GM levels: 3—
every 24 h (or 1 5 pg/mL at peak,
mg/kg, 2-3 times less than 1 pg/mL
per day) [5, 11, 18, at trough [11, 18].
87, 114] Concomitant GM
for 2 weeks in case
native valve, 6
weeks in case of
prosthetic valve
PCG MIC 20.5 Consult an
infectious disease
specialist [11, 87,
114]
Other than PCG: S PCG 2-3,000,000 CTRX For PCG, there is
endocarditis (e.g., units, every 4-6 h also a method of
pneumonia, or ABPC 2 g, every continuous infusion
bacteremia, febrile 6-8 h [5, 120] for 24 h [5]
neutropenia) PCG: /R & CTRX: S CTRX 2 g, every 24
h [120]
PCG: I/R & CTRX: R & VCM: S VCM initial dose
25-30 mg/kg,
subsequent doses
15-20 mg/kg, every
12 h [120]
Enterococcussp. Endocarditis PCG: S (1) When MIC<500 Implement high-
pg/mL in high-level level resistance test
GM resistance tests: of GM for
“PCG 4,000,000 endocarditis. Target
units, every 4 h or GM levels: 3-5 pg/
ABPC 2 g, every 4 mL at peak, less
h" + GM 3 mg/kg, than 1 pg/mL at
every 24 h (or 1 trough [11, 18]
mg/kg, 2-3 times
per day) [5, 11, 87,
114] (2) GM MIC >
500 pg/mL, or
when there is no
combined use of
GM: ABPC 2 g,
every 4 h + CTRX 2
g, every 12 h [5 11,
87, 114]
PCG: R (MIC 216 pg/mL& VCM: S When MICS500 pg/  SBT/ABPC: if  Target GM levels: 3—
mL in high-level GM S, SBT/ 5 pg/mL at peak,
resistance tests: ABPC+ GM  less than 1 pg/mL
VCM initial dose [87,114] at trough [11, 18]

Other than
endocarditis

VCM: R(VRE)

PCG: S

25-30 mg/kg,
subsequent doses
15-20 mg/kg, every
12h 18] + GM 3
mg/kg, every 24 h
(or 1 mg/kg, 2-3
times per day) [5,
1]

DAP+ABPC(Curr
Infect Dis Rep 16:
431,2014) [87, 114]

PCG 3,000,000 units,
every 4 h or ABPC 2

Target VCM trough
levels: 15-20 pg/mL
[11,18]

Consultation with
infectious disease
specialist also
necessary
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Causative
microorganism

Source of
infection

Susceptibility result

Options

Alternatives Remarks

Gram-positive rods [GPR]

Bacillussp. (other than

Bacillus anthracis)

Corynebacteriumsp.

Listeria monocytogenes

Nocardiasp.

Gram-negative cocci [GNC]

Neisseria meningitidis

Gram-negative rods (Enterobacteriaceae) [GNR (1)]

Escherichia coli,Proteus
mirabilisNote:See section
onEnterobacterforProteus
vulgaris Enterobacter

Catheter-related
bloodstream
infections, etc.

Catheter-related
bloodstream
infections,
prosthetic
infections, etc.

Meningitis

Severe pneumonia
/ brain abscess /
disseminated
infection

Meningitis,
bacteremia

Urinary tract
infection,
bacteremia, etc.
(excluding
meningitis)

PCG:R & VCM: S

VCM: S

VCM: S

ABPC: S

(Routine susceptibility tests are
difficult to implement, so
antibacterial drug options are
shown for severe cases with

suspected Nocardia)

PCG: S (MIC < 0.1 mg/mL)

PCG: R

ABPC: S

ABPC: R & CEZ: S

ABPC: R & CEZ: R & CTRX(CTX): S

ESBL-producing bacteria
"CTRX(CTX): R or CAZ: R"& "MEPM:S
& TAZ/PIPC: S & CMZ: S"

g, every 4-6 h [5]

VCM initial dose
25-30 mg/kg,
subsequent doses
15-20 mg/kg, every
12 h [18]

VCM initial dose
25-30 mg/kg,
subsequent doses
15-20 mg/kg, every
12 h[5 18]

VCM initial dose
25-30 mg/kg,
subsequent doses
15-20 mg/kg, every
12h 1[5 18]

ABPC 2 g, every 4 h
[5] £ GM 1.7 mg/kg,
every 8 h

“ST trimethoprim

240-320 mg, every
8h+IPM/CSO5 g,
every 6 h" or “IPM/
CS 05 g, every 6 h
+ AMK 15 mg/kg,

every 24 h" [5, 121]

PCG 4,000,000 units,
every 4 h or ABPC 2
g, every 4 h [5 119]

CTRX 2 g, every 12
h (5 119]

ABPC 1-2 g, every 6
h [122]

CEZ 2 g,every 8h
[5, 123, 124]

CTRX 1-2 g, every
24 h [5,123,125]

CMZ 1-2 g, every 8
h 7,8, 126] TAZ/
PIPC 4.5 g, every 6—
8h[9 127] MEPM 1
g, every 8 h [5,123,
125]

CLDM [5]

PCG (if S) or
TEIC or LZD
(if S) [5]

ST or Consultation with

"ABPC+ST" infectious disease
specialist also
necessary for
concomitant use

LZD, MEPM,
CTRX, MINO

Consultation with
infectious disease
specialist also
necessary. LZD is
usually S. ST is rarely
R, but room for
debate regarding
correlation between
susceptibility tests
and clinical effects.
ST: trimethoprim 15
mg/kg/day

= Japanese ST
mixture (1 tablet or
1 g of trimethoprim
is 80 mg) 3-4
tablets or 3-4 g,
every 8 h

CTRX

CPEX (if S) or
ST (if S)

Reports indicating
that CMZ and TAZ/
PIPC were clinically
stable and can be
an option for
pyelonephritis



Egi et al. Journal of Intensive Care

(2021) 9:53

Table 13 Target therapeutic agents by causative microorganism (Continued)

Page 40 of 144

Causative Source of Susceptibility result Options Alternatives Remarks
microorganism infection
Either MEPM or IPM/CS are not S Consult an
infectious disease
specialist
Meningitis CTRX: S CTRX 2 g, every 12 Avoid CEZ for

Klebsiellasp.

Enterobactersp.,
Citrobactersp.,Serratia
marcescens,Proteus vulgaris,
Morganellasp.

Salmonellasp. (other than
abdominal typhus)

CTRX: R & MEPM: S

Either MEPM or IPM/CS are not S

Urinary tract
infection,
pneumonia, liver
abscess, etc.

Bacteremia, [ CTRX(CTX): S & CAZ: S| & CFPM:
pneumonia, etc. S
(excluding
meningitis)
[CTRX(CTX):  CFPM: S & MEPM: S
R or CAZ:R]
CFPM: R & MEPM: S
Either MEPM or IPM/CS are not S
Meningitis CFPM: S
MEPM: S

Either MEPM or IPM/CS are not S

Bacteremia, extra- ABPC: S
intestinal infections
(e.g., mycotic : .
aneurysms) ABPC: R & CTRX: S

ABPC: R & CTRX: R & MEPM: S

Gram-negative rods (non-glucose fermenting bacteria) [GNR (2)]

Pseudomonas aeruginosa

Pneumonia, urinary CAZ: S
tract infection,
bacteremia, febrile
neutropenia, etc.
(excluding
meningitis)

CFPM: S

PIPC: S

All of the above and R & MEPM: S

h [5, 89]

MEPM 2 g, every 8
h [89]

Consult an
infectious disease
specialist

ABPC: even S is naturally resistant, so ABPC is not selected.
cases other than ABPC, so see section on “Escherichia coli, Proteus” mentioned above.
Observational studies showing that CTRX has better performance than CEZ even with CEZS for
invasive liver abscess syndrome [128].

CFPM (1 g, every 8
hor2g,every 8-12
h) [5, 123,125, 129]
TAZ/PIPC 45 g,
every 6-8 h [125] or
CTRX 1-2 g, every
24 h [5,123,125]

CFPM (1 g, every 8
hor 2 g, every 8-12
h) [5, 123, 125]

MEPM 1 g, every 8
h [5, 123, 125]

Consult an
infectious disease
specialist

CFPM 2 g, every 8 h
[89]

MEPM 2 g, every 8
h [89, 131]

Consult an
infectious disease
specialist.

ABPC 2 g, every 6 h
[131]

CTRX 2 g, every 24
h [131]

MEPM 1 g, every 8
h [131]

CAZ 2 g, every 8
h(or 1 g, every 6 h)
[5, 123]

CFPM 2 g, every 8-
12 h(or 1 g, every 8
h) [67, 122]

PIPC 4 g, every 6 h
[5]

MEPM 1 g, every 8

meningitis

Similar with Escherichia coli in

MEPM or ABPC is naturally
CPFX (if S) or resistant. CTRX, CAZ,
ST(if S) and TAZ/PIPC have

the potential to
become resistant
during treatment
due to AmpC
cephalosporinase
production during
treatment. Caution
is required with
cholangitis
associated with
biliary tract
malignancies [130]

CPEX (if S) or
ST(f S)

Serratia is naturally
resistant to colistin

Also consult an
infectious disease
specialist. CTRX is
also an option for C.
koseri.

Serratia is naturally
resistant to colistin.

CPEX (if )

2 g, every 12 h for
meningitis

2 g, every 8 h for
meningitis

MEPM (if S)
or CPFX (if S)

PIPC susceptibility
criteria set when at
least 3 g is used
every 6 h [123]

CPEX (if S)
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Causative Source of Susceptibility result Options Alternatives Remarks
microorganism infection
h 5, 123]
Either MEPM or IPM/CS are not S Consult an
infectious disease
specialist
Meningitis CAZ: S or CFPM: S CAZ 2 g, every 8 h

Acinetobacter baumannii
pneumonia /
ventilator-
associated

pneumonia, wound

infection

Bacteremia,
pneumonia

Stenotrophomonas
maltophilia

Gram-negative rods (others) [GNR (3)]

Haemophilus influenzae Meningitis
Pneumonia,
epiglottitis

Pasteurella multocida, Animal bite

Capnocytophaga canimorsus

Aeromonassp. Soft tissue
infection,
bacteremia

Vibrio vulnificus Soft tissue
infection,
bacteremia

Hospital-acquired

MEPM: S

CFPM: S

SBT/ABPC: S

MEPM: S

Either MEPM or IPM/CS are not S

ST:S

ABPC: S

ABPC: R & CTRX(CTX): S

ABPC: S

ABPC: R & SBT/ABPC: S

ABPC: R & CTRX(CTX): S

PCG: S

PCG: R & SBT/ABPC: S

CTRX: S or MINO: S

CTRX: S & MINO: S

or CFPM 2 g, every
8 h [89]

MEPM 2 g, every 8
h [89]

CFPM 2 g, every 8 h  CPFX (if S) or

[5]

At least SBT/ABPC 3
g, every 6 h (consult
an infectious
disease specialist for
severe cases) [5,
132]

MEPM 1 g, every 8
h [123]

Consult an
infectious disease
specialist

240-320 mg, every
8 has ST
trimethoprim [5]

ABPC 2 g, every 4 h
[12,119]

CTRX 2 g, every 12
h[5 119]

ABPC 2 g, every 6 h
[5]

SBT/ABPC 3 g, every
6 h [5]

CTRX 1-2 g, every
24 h [5]

SBT/ABPC 3 g, every
6 h [73]

SBT/ABPC 3 g, every
6 h[73]

CTRX 2 g, every 24
h + MINO 100 mg,
every 12 h [73]

CTRX 2 g, every 24
h + MINO 100 mg,
every 12 h [73]

MINO (if S)

MINO [5]or
CPEX(if S)

CTRX [89]

CFPM [89]

CTRX

CTRX

CPFX+MINO,
LVEX

CTX + CPFX,
LVEX

SBT part exerts
antibacterial effect

Naturally resistant
to carbapenem. ST:
trimethoprim 15
mag/kg/day

= Japanese ST
mixture (1 tablet or
1 g of trimethoprim
is 80 mg) 3-4
tablets or 3-4 g,
every 8 h

PCG 4,000,000 units
every 4 h for
infections due to
single bacteria

Observational
studies have
indicated that single
B-lactams had a
higher mortality
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Causative Source of Susceptibility result Options Alternatives Remarks
microorganism infection
rate than
combination
therapy [133]
Obligate anaerobic bacteria
Obligate anaerobic bacteria Polymicrobial The extent to which undetected obligate anaerobic bacteria that should be covered
(other thanC. difficile) infections depends on whether drainage was sufficient.  Antibacterial drug selections for polymicrobial

Peptostreptococcussp.,
Prevotellasp. (obligate
anerobic bacteria above the
diaphragm)

Bacteroidessp. (obligate
anerobic bacteria below the
diaphragm)

Clostridiumsp. (e.g.,C.
perfringens)

Lung abscess, deep
cervical infection,
etc.

Brain abscess

Polymicrobial intra-
abdominal
infection
(secondary
peritonitis,
intraperitoneal
abscess,
cholangitis)

Gas gangrene

infections caused by obligate anaerobic bacteria not only are determined by the susceptibility
results of detected anaerobic bacteria but also involves the estimation of mixed infection by
multiple anaerobic and aerobic bacteria.  Obligate anaerobic bacteria have the three
following characteristics depending on the susceptibility rate. (1) Most obligate anaerobic
bacteria above the diaphragm (e.g., Peptostreptococcus sp., Prevotella sp.) are susceptibile to 3-
lactams represented by PCG and CLDM. However, some include (-lactamase-producing
bacteria and CLDM-resistant bacteria (e.g., some Prevotella). (2) Obligate anaerobic bacteria
below the diaphragm (e.g., Bacteroides sp.) include 3-lactamase-producing bacteria. The
resistance rates of non-fragilis Bacteroides(other than B. fragilis) in particular against CLDM and
CMZ have been increasing. (3) Most obligate anaerobic bacteria which include (1) and (2) are
susceptibile to SBT/ABPC, TAZ/PIPC, MEPM, and MNZ.  Therefore, the two following points
should be considered when selecting a target therapeutic drug for polymicrobial infections
where obligate anaerobic bacteria contribute: (1) To what extent obligate anaerobic bacteria
are covered based on information about whether it is above or below diaphragm or drainage

is sufficient, and (2) Causative bacteria other than obligate anaerobic bacteria are covered.

The right shows typical options.
Susceptibility results of detected
bacteria other than obligate
anaerobic bacteria can also serve
as a reference for selection.

Insufficient The right shows

drainage typical options.
Susceptibility
results of detected
bacteria other than
obligate anaerobic
bacteria can also
serve as a reference
for selection.

Sufficient

drainage

PCG: S

SBT/ABPC 3 g, every TAZ/PIPC
6 h or CLDM 600

mg, every 8 h or

“MNZ 500 mg,

every 8 h + (PCG 2-

3,000,000 units,

every 4 h or CTRX 2

g, every 24 h" [134]

“(PCG 4,000,000
units, every 4 h or
CTRX 2 g, every 12
h or CFPM 2 g,
every 8 h) + MNZ
500 mg, every 8 h"
[66]

SBT/ABPC 3 g, every MEPM
8 h or TAZ/PIPC 45
g, every 8 h or
“MNZ 500 mg,
every 8 h + (CEZ 2
g, every 8 h or
CTRX 2 g, every 24
h or CFPM 2 g,
every 12 h or CPFX
400 mg, every 12
h)" [5]

CMZ 1 g, every 8 h
or [CLDM 600 mg,
every 8 h + (CEZ 2
g, every 8 h or
CTRX 2 g, every 24
hor CFPM 2 g,
every 12 h or CPFX
400 mg, every 12
h)" or “insufficient
drainage” option in
previous section [5]

PCG 4,000,000 units,

CMZ: R and CLDM:
R are increasing [5]

CLDM is for toxin

every 4 h +CLDM production
600 mg, every 8 h suppression
[5, 73] purposes

(suppression can
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Causative
microorganism

Source of
infection

Susceptibility result

Options

Alternatives Remarks

also be done even
when R) [5]

Clostridioides (Clostridium) difficile

Clostridioides (Clostridium) Clostridioides difficile Initial onset VCM 125 mg, four ~ Non-severe:  Intravenous VCM is
difficile infection (CDI) times a day (orally ~ MNZ orally ineffective
or through
nasogastric tube) [5,
135]
Initial onset VCM tapering When initial

regimen (starting at  treatment is
125 mg, four times  MNZ: VCM
a day) or FDX 200

mg, two times a

day [135]

"VCM 500 mg, every
6 h (orally or
through nasogastric
tube) 500 mg /
saline 100 mL as
stationary enema
through anus for
ileus” +MNZ 500
mg, intravenously
every 8 h [135]

Shock, hypotension, megacolon,
ileus, VCM 125 mg regimen is
ineffective

Other bacteria

Legionellasp. Pneumonia LVFX 500-750 mg,
every 24 h [5] or
AZM 500 mg, every

24 h [5]

MINO 100 mg,
every 12 h [5]

Japanese spotted MINO 100 mg, CPFX
fever every 12 h [13]

MINO 100 mg, AZM
every 12 h [13]

PCG 1500,000 units, CTRX or

MINO [20]

Mycoplasma pneumoniae Pneumonia AZM or LVFX

Rickettsia japonica
CPFX is ineffective

Orientia tsutsugamushi Scrub typhus

Leptospira interrogans Leptospirosis

every 6 h [136] MINO
Fungi
Candida Candidemia, Empirical treatment (normally MCFG) should be stepped down to oral FLCZ or VRCZ
disseminated mentioned below if blood culture negativity and clinical stability are confirmed.
candidiasis Complications of endophthalmitis should involve switching to FLCZ or VRCS since MCFG has

(includes febrile
neutropenia)

poor intraocular penetration (L-AMB + 5-FC if there is resistance to FLCZ and VRCZ).  Most of
C. albicans, parapsilosis, and tropicalis are susceptible to FLCZ, C. glabrata is either susceptible
or resistant, and C. krusei is naturally resistant. The difficult-to-identify C. auris (can be FLCZ
resistant or multi-drug resistant) has been recently reported.  Most cases of candiduria are
not treated; however, candidemia and disseminated candidiasis can be diagnosed as a result
of candiduria. An infectious disease specialist should also be consulted when candiduria
requires treatment (MCFG and L-AMB have poor urinary tract penetration).

Candida albicans, C. After stabilization FLCZ: S FLCZ initial dose
parapsilosis, C. tropicalis of candidemia 800 mg(subsequent
doses 400 mg),
every 24 h [137]
C. glabrata FLCZ: S FLCZ initial dose Completing

800 mg(subsequent
doses 400 mg),

treatment as only
MCFG is also an

FLCZ: R & VRCZ: S

every 24 h [137]

VRCZ initial dose 6
mg/kg, every 12 h
(subsequent doses

option. Consult an
infectious disease
specialist
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Causative
microorganism

Source of
infection

Susceptibility result

Options

Alternatives Remarks

C. krusei FLCZ: R & VRCZ: S

Aspergillussp. Invasive pulmonary

aspergillosis

Pneumocystis jirovecii Pneumocystis

Cryptococcussp. Meningitis (non-

HIV)

Mucorsp., etc. Mucormycosis

Virus

Influenza Pneumonia, etc.

SFTS Severe fever with
thrombocytopenia
syndrome

cmv Pneumonia, etc.

HSV Pneumonia, etc.

4 mg/kg, every 12
h) [137]

VRCZ initial dose 6
mg/kg, every 12 h
(subsequent doses
4 mg/kg, every 12
h) [137]

VRCZ initial dose 6 L-AMB [20]

mg/kg, every 12 h

(subsequent doses

4 mg/kg, every 12

h) [5, 137]

240-320 mg as ST Intravenous  ST: trimethoprim 15

trimethoprim, every  infusion of mg/kg/day

8 h [5], pentamidine = Japanese ST

[5] mixture (1 tablet or

1 g of trimethoprim
is 80 mg) 3-4
tablets or 3-4 g,
every 8 h

L-AMB 3-4 mg/kg,  FLCZ (high

every 24 h + 5-FC dose)

25 mg/kg orally,

every 6 h [137]

L-AMB 5-10 mg/kg,

every 24 h [137]

Oseltamivir 75 mg  Peramivir

orally, twice a day

[138]

Undergoing

research [139]

Ganciclovir 5 mg/ Foscarnet

kg, every 12 h [5]

Acyclovir 10 mg/kg,
every 8 h [140]

[Precautions] This table refers to guidelines relating to each infectious disease and the JAID/JSC infectious disease treatment guidelines and adds susceptibility
test criteria [123] and information regarding proper use of antimicrobial agents [141] to provide an overview of items relating to sepsis. Representative options

were displayed for practical use

Experts in the septic/antimicrobial appropriate use support stewardship teams of each facility can use this table as a reference when promoting de-escalation by

adding the local information of each facility (e.g., available antimicrobial agents)

Abbreviations: PCG penicillin G, ABPC ampicillin, AMK amikacin, AZM azithromycin, CAZ ceftazidime, CEZ cefazolin, CFPM cefepime, CLDM clindamycin, CMZ
cefmetazole, CPFX ciprofloxacin, CTRX ceftriaxone, CTX cefotaxime, DAP daptomycin, 5-FC flucytosine, FDX fidaxomicin, FLCZ fluconazole, GM gentamycin, IPM/CS
imipenem/cilastatin, L-AMB liposomal amphotericin B, LVFX levofloxacin, LZD linezolid, MCFG micafungin, MEPM meropenem, MINO minocycline, MNZ
metronidazole, PIPC piperacillin, RFP rifampicin, SBT/ABPC sulbactam/ampicillin, ST sulfamethoxazole, TAZ/PIPC tazobactam/piperacillin, TEIC teicoplanin, VCM
vancomycin, VRCZ voriconazole. (Abbreviations of antimicrobials are based on JAID/JSC infectious disease treatment guidelines)

is considered to be particularly effective; ESBL-
producing Enterobacteriaceae or Pseudomonas aerugi-
nosa or Acinetobacter species with limited susceptibility
for carbapenems (Provision of information for back-
ground question).

Rationale

Carbapenems that are currently available in Japan for
intravenous injection include meropenem, doripenem,
imipenem/cilastatin, panipenem/betamipron, and biape-
nem. The antibacterial spectrum of all of these drugs is

virtually the same and wide-ranging, from Gram-positive
to Gram-negative bacteria. However, methicillin-
resistant Staphylococcus and Enterococcus species, Ste-
notrophomonas maltophilia, and fungi are not sensitive
to these agents.

Several RCTs have compared the effects of carbapen-
ems and other wide-spectrum [-lactams, but were not
designed to distinguish between empiric and target ther-
apy for sepsis. The treatment effects of carbapenems
were identical to those of p-lactams alone or
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concomitant use of P-lactams, aminoglycosides, or
metronidazole [142]. RCTs of patients with severe infec-
tions showed that carbapenems had an efficacy compar-
able to that of tazobactam/piperacillin in the treatment
of pneumonia [143-145]. Carbapenems also had an effi-
cacy comparable to that of tazobactam/piperacillin [146]
or quinolones [147] for intraperitoneal infection, and to
third-generation cephalosporins [148, 149] for meningi-
tis. Taken together, the routine use of carbapenems in
patients with sepsis has not yet been determined to be
superior.

There is an opinion that carbapenems should only be
used selectively if a specific microorganism is suspected
as a causative pathogen. Currently, the increase in the
number of strains that produce extended-spectrum [-
lactamase (ESBL) among the Enterobacteriaceae is a
concern [150]. Apart from carbapenems, other treatment
options for ESBL-producing strains include broad-
spectrum penicillin with B-lactamase inhibitors combi-
nations, cephamycin, and aminoglycosides. Observa-
tional studies have shown that these agents are not
inferior to carbapenems [151], while some RCTs have
shown that carbapenems are superior [152, 153]. As em-
piric therapy, carbapenems are likely the first-line treat-
ment option, particularly in critically ill patients, such as
those with sepsis/septic shock. Furthermore, the number
of resistant Pseudomonas aeruginosa and Acinetobacter
species with sensitivity only to carbapenems has been in-
creasing. It is logical to select carbapenems when these
microorganisms are suspected. However, these types of
resistant strains are rarely encountered in Japanese clin-
ical settings.

Meanwhile, the issue of carbapenem-resistant Gram-
negative bacilli is becoming a global problem. The
resistance rate of Pseudomonas aeruginosa due to anti-
microbial exposure is the highest, particularly to carba-
penems [154, 155]. The use of carbapenems has been
found to be the commonest risk factor for multidrug-
resistant Pseudomonas aeruginosa or Acinetobacter spe-
cies [156]. A meta-analysis showed that the odds ratio
(OR) of the occurrence of carbapenem-resistant Pseudo-
monas aeruginosa due to the use of carbapenems was 7.09
(95%CI 543 to 9.25) [157]. The proportions of
carbapenem-resistant Pseudomonas aeruginosa detected
in the Japanese Nosocomial Infection Surveillance (JANIS)
study were high, at 11 and 17% for meropenem and imi-
penem, respectively [158]. Furthermore, carbapenem use
is a risk factor for the identification of carbapenem-
resistant Enterobacteriaceae, including carbapenemase-
producing strains [159]. The increase in the number of re-
sistant bacteria worldwide, particularly in developing
countries, has become a concern. The proportion of
Gram-negative bacilli in the group of carbapenem-
resistant Enterobacteriaceae is still low (at less than 0.5%
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according to the JANIS data) [158]; however, this is ex-
pected to increase in the future with globalization. The
presence of resistant bacteria increase the inappropriate-
ness of empiric antimicrobial therapy and are associated
with poor outcomes [160—162]. Taken together, carbapen-
ems should be used when appropriate, being aware of the
risk of development of drug-resistant strains.

The emphasis on the appropriate use of carbapenem
leads to the use of carbapenem in limited cases in which
the causative bacteria are one of the aforementioned mi-
croorganisms with carbapenem-limited sensitivity. This
is the most conservative option when using carbapen-
ems. This guideline supports this conservative option
from the viewpoint of prioritizing antimicrobial steward-
ship and the current situation of frequent use of carba-
penems in Japan. Specifically, carbapenems can be
selected when ESBL-producing Gram-negative bacilli,
multidrug-resistant Pseudomonas aeruginosa, or Acine-
tobacter species with limited sensitivity to carbapenem
are suspected.

Multiple studies including systematic reviews have
reported on the risk factors for infections caused by
ESBL-producing strains [150, 163, 164], third-generation
cephalosporin-resistant Enterobacteriaceae [165], and
multidrug-resistant Pseudomonas aeruginosa [159]. Al-
though there are differences according to the micro-
organism, the primary risk factors shared by many
studies were a history of administration of antimicrobial
agents and colonization by any resistant pathogen.

Rottier et al. [165] assessed the risk factors for infection
due to the third-generation cephalosporin-resistant En-
terobacteriaceae among Gram-negative bacilli bacteremia.
The authors showed that using carbapenems selectively in
cases of colonization with multidrug-resistant bacteria
could avoid the excessive use of carbapenems or amino-
glycosides without reducing their appropriateness.

Lambregts et al. [166] extracted the risk factors for the
presence of second-generation cephalosporins and
aminoglycoside-resistant bacteria as colonization and
history of using those antimicrobials in Enterobacteria-
ceae bacteremia. The authors showed that carbapenem
use could be decreased and the appropriateness of em-
piric therapy increased when carbapenem was adminis-
tered selectively for cases with risk factors.

Based on these results, (i) colonization or a history of
infection with a resistant pathogen, or (ii) a history of
administration of antimicrobial agents can be listed as
risk factors for infections with ESBL-producing bacteria,
multidrug-resistant Pseudomonas aeruginosa or Acineto-
bacter species that have sensitivity only to carbapenems,
against which carbapenems can be considered as empiric
therapy.

However, antimicrobial agents that can be used as al-
ternatives to carbapenems and their resistance patterns
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can vary according to the country, region, facility, and
department. Thus, consideration should be given to each
clinical setting.

CQ4-3: Under what circumstances should empir-
ical antimicrobial therapy be selected for MRSA and
non-bacterial pathogens (e.g., Candida, Viruses, Le-
gionella, Rickettsia, or Clostridioides difficile)?

Amnswer: Each microorganism can be covered by em-
pirical antimicrobial regimen if highly suspected by sus-
pected infectious foci, patient background and culture
results (Provision of information for background
question).

Rationale

The onset of infectious diseases and the risks of ex-
acerbation should be considered when selecting empiric
antimicrobials for the treatment of infection with MRSA
and other specific bacteria, as described here.

e MRSA

Reports have indicated that 30 and 50% of adults
are temporary or permanent carriers, respectively, of
Staphylococcus aureus [167, 168]. Bacterial loads in
permanent carriers and the risk of S. aureus-based in-
fection were particularly high [169]. The risks of car-
riage among patients with diabetes, hemodialysis,
peritoneal dialysis, atopic dermatitis, medical expos-
ure, recurrent S. awureus skin infections, human im-
munodeficiency virus (HIV) infection, and drug
addiction were found to be high [170]. Medical expo-
sures, such as diabetes, chronic obstructive pulmonary
disease, and heart failure, are also risk factors for car-
riage of MRSA, which is a multiple drug-resistant
bacterium [171].

Staphylococcus aureus-based infectious diseases are
of a wide range, and include skin/soft tissue infec-
tions, osteomyelitis, arthritis, surgical site infections,
community-acquired pneumonia following influenza
virus infection, nosocomial pneumonia/ventilator-asso-
ciated pneumonia, bacteremia, catheter-related blood-
stream infections, infectious endocarditis, and toxic
shock syndrome [172]. Known risk factors caused by
S.  aureus-based  infectious  diseases  include
hemodialysis (risk ratio [RR] 257-291), peritoneal dia-
lysis (RR 150 to 204), diabetes (RR 7), heart disease
(RR 20.6), stroke (RR 6.4), cancer (RR 7.1 to 12.9),
systemic lupus erythematosus (RR 2.4), rheumatoid
arthritis (RR 2.2), HIV infection (RR 23.7), solid organ
transplantation (RR 20.7), and alcohol addiction (RR,
8.2) [172]. S. aureus should be considered a possible
causative bacterium in skin and soft tissue infections
in which clustered Gram-positive cocci are observed
in Gram’s staining from specimen via puncture of
subcutaneal or lymph node abscesses [73].
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o Legionella pneumophila

It is clinically difficult to distinguish between Legion-
naires’ disease and bacterial pneumonia [173]. L. pneu-
mophila is a Gram-negative bacilli that lives in aquatic
environments and grows well in warm water with tem-
peratures ranging between 25°C and 40°C. The most
important source of Legionnaires’ disease is aerosolized
contaminated water [174, 175]. High risk factors for on-
set include male sex, smoking, chronic heart disease,
lung disease, diabetes, end-stage renal disease, solid
organ transplantation, immunodeficiency, cancer pres-
ence, and an age greater than 50 years [175].

Infection with L. pneumophila should be considered
when the above-mentioned risk factors are present in
patients with pneumonia and aquatic exposure.

o Rickettsia spp.

Cases of rickettsia reported in Japan include Tsutsuga-
mushi disease due to Orientia tsutsugamushi and Japa-
nese spotted fever due to Rickettsia japonica. Both are
tick-borne diseases, with infection in the former caused
by the bite of Tsutsugamushi larvae and the latter by
hard ticks (part of the Haemaphysalis and Ixodes
genera).

The three main characteristics of Tsutsugamushi dis-
ease are fever (95%), rashes (86%), and black scabs/es-
chars (85%) [176]. Eschars more often form on the trunk
rather than on the limbs, and are difficult to find when
not suspected. Delayed treatment can result in signs
such as elevated levels of hepatic enzymes and a de-
creased platelet count, with a mortality rate of 0.5%.

Japanese spotted fever presents with a higher rate of
fever (99%) and rashes (94%); however, eschars are rela-
tively less common compared to that of Tsutsugamushi
disease (at 66%). Elevated levels of hepatic enzymes
(73%), headaches (31%), and disseminated intravascular
coagulation (DIC) (20%) are commonly observed, with a
mortality rate of 0.9% [176].

Outdoor activities in tick habitats, a history of tick bites,
and eschars are important findings; however, these are not
always present, and organ failure can be fatal in cases in
which treatment is delayed. Specimens should be collected
in consultation with a public health center when sus-
pected to be the cause of sepsis, and there are opinions
that empiric treatment should be initiated without waiting
for test results. Furthermore, consideration should be
given to rickettsial diseases such as Q fever, anaplasmosis,
ehrlichiosis, Rocky Mountain spotted fever, and typhus
fever following overseas travel. Empiric treatment should
be initiated without waiting for laboratory results follow-
ing specimen collection in consultation with a public
health center if suspected to be a cause of sepsis.
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e Clostridiodes difficile

Clostridiodes difficile is a microorganism that is ubi-
quitous in the environment, including soil, water, and
food. C. difficile infection (CDI), caused by a toxin-
producing type, has been reported to range from mild
cases that presents only with self-limiting diarrhea to se-
vere cases. Severe cases that affect vital prognosis are
characterized by high fever, abdominal pain, hyperleuko-
cytosis (leukocyte count >25,000/uL), hypoalbuminemia,
renal failure, shock, and toxic megacolon [177].

Exposure to antibacterial drugs is the most important
risk factor for the onset of CDI, and the risk of onset is
highest during and 1 month after antimicrobial therapy.
The risks vary according to the type of antibacterial drug
(see Table 2 for reference) [178], with the use of proton
pump inhibitors and antacids such as histamine 2 recep-
tor blockers known to be a risk factor for CDI [179].
Other risk factors for CDI include old age, a history of
hospitalization, severe underlying disease, following ab-
dominal surgery, nasal catheter placement, and long-
term hospitalization [180].

CDI should be considered when there is a history of
exposure to antibacterial drugs and when the above-
mentioned risk factors are present in patients with ab-
dominal symptoms or shock.

e Candida spp.

Candida is a yeast-like fungus that is ubiquitous in the
human body. It normally does not induce infectious dis-
eases; however, it can cause superficial infections such as
thrush or esophageal candida in immunosuppressed pa-
tients, as well as invasive infections such as bacteremia,
catheter-related bloodstream infections, infective endo-
carditis, solid organ abscesses, meningitis, and endoph-
thalmitis [181]. The risk factors of invasive Candida
infection include the use of broad-spectrum antibacterial
drugs, intravascular catheter placement, artificial device
placement, parenteral nutrition via high-calorie infusion,
the use of cytotoxic anticancer agents, following solid
organ transplantation, and Candida colonization. Re-
ports have indicated that appropriate antifungal drug ad-
ministration in the early stage can reduce the mortality
rate by up to 50%, and there is the opinion that the con-
comitant use of antifungal drugs should be assessed
when treating sepsis in patients with these risk factors
[182]. However, there is also the opinion that adminis-
tering antifungal drugs to persons with only Candida
colonization is inappropriate, and it is thought that fur-
ther investigation combined with other clinical informa-
tion is needed [183].

e Viral infections
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Influenza virus

Seasonal influenza can cause symptoms such as a sud-
den onset of high fever, chills, muscle pain, and nausea,
and may naturally improve without complications. How-
ever, some patients may experience severe disease with
complications such as pneumonia, myocarditis, and en-
cephalitis/encephalopathy [184]. As an imported infec-
tion, avian influenza (such as H7N9) can cause acute
respiratory distress syndrome (ARDS), which has an ex-
tremely high mortality rate of approximately 30% [185].
The risk factors for exacerbation of influenza infection
include an age greater than 65 years; pregnancy during
an epidemic; chronic respiratory diseases including
asthma; heart, kidney, liver, and blood disorders; diabetes;
immunodeficiency; decreased respiratory function; pa-
tients at a high risk of aspiration or professionals who
handle respiratory secretions; obesity with a body mass
index greater than 40 kg/m? long-term care on a hospital
ward; and a history of travel to areas with avian influenza
or novel influenza spread [186]. The sensitivity of rapid in-
fluenza antigen diagnostic testing is still low (62%) [187];
therefore, there are opinions that anti-influenza drugs
should be administered to patients with a history of travel
to areas with seasonal influenza or avian influenza epi-
demics among whom respiratory failure/myocarditis or
encephalitis/encephalopathy is suspected [186].

Herpes simplex virus

The herpes simplex virus (HSV) is a DNA virus, and
reports have indicated that more than 90% of adults
have already been infected with HSV I [188]. The virus
typically causes recurrent cold sores; however, fatal in-
fections such as encephalitis and disseminated infections
can occur among immunocompromised patients.

Encephalitis has a bimodal age distribution among per-
sons younger than 30years and older than 50 years, and
reports have indicated its onset even in immunocompe-
tent persons [189]. It characteristically presents with tem-
poral lobe neuropathy compared to other types of viral
encephalitis; however, its differentiation is difficult [190].

Reactivation in immunosuppressed conditions such
as post-solid organ transplantation, bone marrow
transplantation, or during HIV infection can cause se-
vere HSV infection, which can result in fatal dissemi-
nated infections such as widespread mucosal rashes
and internal organ disorders such as liver failure. The
risk of severe HSV infection in organ transplant pa-
tients is highest within 30days of transplantation,
when the risk of T-cell immunosuppression is the
highest [191], and when an HSVI1-positive recipient
receives a bone marrow transplant from an HSV1-
negative donor [192]. Furthermore, initial HSV2 infec-
tion in pregnant women increases the risk of a
disseminated infection [188].
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Regarding the diagnosis, serum antibody titer tests
take time, and the interpretation of results in immuno-
compromised patients is difficult. Thus, polymerase
chain reaction (PCR) assay tests are performed using
samples such as serum, cerebrospinal fluid, and blister-
ing fluid. However, as it is difficult to obtain the results
of these tests, there is an opinion that treatment should
be started when HSV infection is suspected in patients
at a high risk of severe HSV infection.

Cytomegalovirus

The cytomegalovirus (CMV) is a DNA virus, and reports
have indicated that more than 50% of adults in developing
countries have been previously infected with this virus [193].
Typically, the virus does not cause fatal infections, but cyto-
megalovirus diseases such as encephalitis, retinochoroiditis,
enteritis, and pneumonia can be fatal in immunosuppressed
patients following solid organ transplantation, bone marrow
transplantation, or during HIV infection. For this reason, the
cytomegalovirus load in immunosuppressed patients should
be periodically monitored using rapid virus identification
(shell vial method), CMV antigenemia test (CMV antigene-
mia method), and quantitative PCR methods, and there is
the opinion that treatment should be initiated promptly
when symptoms appear [194].

Severe fever with thrombocytopenia syndrome virus

The severe fever with thrombocytopenia syndrome
(SFTS) virus was discovered in China in 2010, and there
have been reports of infection in China, Japan, and South
Korea [195]. It is a tick-borne disease, and infection occurs
through the bite of the intermediate host, the Asian long-
horned tick (Haemaphysalis longicornis). Its symptoms are
nonspecific and include fever, digestive symptoms, head-
ache, and muscle aches; however, SFTS can also induce
central nervous system signs such as altered conscious-
ness, hemorrhage, and elevated hepatic enzyme levels. The
infection resolves naturally after approximately 1-2 weeks,
although 27% of patients die, and reports have indicated
that many cases of mortality have malignant tumors [196].
Furthermore, half of those infected were engaged in agri-
cultural work, and reports indicated that they engaged in
outdoor activities prior to disease onset [196]. Effective
drugs for the treatment of SFTS are still in development.

CQ4-4: Should empirical antimicrobial therapy be
suspended if culture results were negative?

Answer: We suggest stopping any empiric antimicro-
bials where sepsis is excluded by negative culture results
and after careful consideration of clinical progress (ex-
pert consensus: insufficient evidence).

Rationale

The results of a systematic review conducted to evaluate
whether antimicrobial administration could be concluded
after empiric antimicrobial treatment was started based
on the diagnosis of sepsis in the face of a negative culture
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result yielded one RCT [197]. The subjects of this open-
label, single-center, small-scale (1 =46) pilot study were
patients whose source of infection was unclear, but among
whom it was determined that antimicrobial agents should
be used, and were divided into an intervention group in
which antimicrobial therapy was completed after 48 h and
a control group in which drugs were administered for 7
days [197]. This study suggested that short-term adminis-
tration for fewer than 48 h could contribute to a decreased
administration of broad-spectrum antimicrobial agents
without worsening vital prognosis. However, this study
did not necessarily determine whether antimicrobial treat-
ment should be suspended based on the result of culture,
did not accurately conform to the PICO criteria, and was
not an RCT that could directly answer this CQ. Therefore,
this was not considered a study that was relevant to the
systematic review of this CQ.

The sepsis diagnostic criteria (Sepsis-1 and - 2), which
incorporated the systemic inflammatory syndrome prior
to Sepsis-3, often included cases in whom the final diag-
nosis was not even sepsis or even an infectious disease
when antimicrobial agents were started after an initial
diagnosis of sepsis [198]. Meanwhile, observational stud-
ies that compared culture-negative sepsis and culture-
positive sepsis reported that there was either no differ-
ence in vital prognosis between the two groups, or a
slight worsening in the latter group [30, 199]. The re-
sults of culture cannot be predicted at the initial stage
when sepsis is diagnosed clinically; thus, the practice of
antimicrobial agent administration after obtaining vari-
ous cultures such as those of the blood is widespread. It
is thought that concluding antimicrobial agent adminis-
tration as rapidly as possible when culture results are
confirmed to be negative and it could be comprehen-
sively clinically determined that the illness is not sepsis
is an important measure against antimicrobial resistance.

CQ4-5: Under what circumstances should an infec-
tious disease specialist or antimicrobial stewardship
team be consulted?

Answer: An infectious disease specialist and/or anti-
microbial stewardship team can be consulted when 1)
the cause of sepsis is unknown, 2) involvement of exten-
sively drug-resistant bacteria is suspected, 3) emerging,
re-emerging, or imported infectious diseases are sus-
pected, or 4) in cases of Staphylococcus aureus
bacteremia or candidemia (Provision of information for
background question).

Rationale

Several studies have reported an association between ap-
propriate antimicrobial agent selection and reduced pa-
tient mortality [79]; therefore, the selection of initial
antimicrobial agents which target the assumed causative
microorganism is important. However, there is no consen-
sus on which initial antimicrobial agents should be
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selected for the treatment of sepsis. Antimicrobial agents
need to be selected according to the individual patient,
which imposes a large burden on the treating physician.
Raineri et al. compared infection treatment among ICU
patients before and after initiating consultations regarding
antimicrobial agent selection with infectious disease spe-
cialists and showed that both the selection rate of appro-
priate antimicrobial agents and the guideline compliance
rate increased through consultations, and the mortality
rate decreased [200]. Antimicrobial agent selection be-
comes more difficult when a particular cause of sepsis
cannot be specified, when advanced drug-resistant bac-
teria are thought to be the culprits, and when emerging/
re-emerging or imported infections with few opportunities
for treatment are suspected. Therefore, consultations with
infectious disease specialists or antimicrobial stewardship
teams (ASTs) are expected to decrease the burden on the
physician and increase the frequency of selection of appro-
priate antimicrobial agents.

Patients with sepsis often have bacteremia; however,
some cases of bacteremia require careful examination of
the source based on the bacterial species. Staphylococcus
aureus bacteremia requires assessment with echocardi-
ography tests for the complications of infectious endo-
carditis [88], whereas candidemia requires assessment
for the complications of endophthalmitis [182]. Further-
more, the duration of antimicrobial administration needs
to be set up according to the results of blood culture
tests or the presence of the previously mentioned
sources. However, not all clinical departments that
treat patients with sepsis have sufficient knowledge or
experience in this area. Numerous observational stud-
ies that investigated Staphylococcus aureus bacteremia
reported that consulting with infectious disease spe-
cialists or ASTs improved the rate of compliance with
guideline-based  treatment (blood culture re-
examination and echocardiography tests) and patient
prognosis [201, 202]. Furthermore, observational stud-
ies on candidemia reported similar improvements in
the rate of compliance with guidelines and patient
prognosis [203-205]. These study results show that
consulting with infectious disease specialists or ASTs,
performing appropriate source assessment, and anti-
microbial administration duration are valid for sepsis
patients  diagnosed  with  Staphylococcus  aureus
bacteremia or candidemia.

CQ4-6: Should empirical antibacterial drugs for
sepsis begin within 1 h upon identification of sepsis?

Answer: We suggest that antibacterial drugs be admin-
istered as soon as possible upon identification of sepsis
or septic shock, but we suggest against using the target
time of less than 1 h (GRADE 2C: certainty of evidence =
“low”).

Rationale
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The SSCG 2016 and the J-SSCG 2016 have both recom-
mended that antimicrobial agents should be administered
to patients with sepsis within 1h based on the results of
multiple observational studies, and this target is globally
accepted. Large-scale cohort studies conducted at the state
level in the United States after the 2016 guidelines was is-
sued reported that the risk of death increased linearly
according to the time from onset to the initiation of em-
piric antimicrobial therapy. It is necessary to evaluate
whether the time frame of 1h of sepsis recognition is
worth recommending.

The results of a systematic review showed that there
were no RCTs that conformed to the PICO criteria. A
meta-analysis was conducted using seven observational
studies [206—212]. The estimated value of effects relating
to all-cause mortality obtained from the seven observa-
tional studies yielded a RD of 10 fewer per 1000 (95%CI:
23 fewer to 7 more), indicating that desired effects were
limited. Undesired effects due to the early administration
of antibacterial drugs did not occur within the evaluable
range. Early administration of antibacterial drugs has the
inherent risk of being administered to patients who
really do not need them without sufficient evaluation,
while the undesired effects due to this cannot be evalu-
ated. It was determined that neither intervention nor the
comparisons were predominant since the estimated
value of effects of the RD relating to mortality rate is
quite small and severe or serious harms due to interven-
tion or the expected undesired effects could not be
evaluated.

It should be noted that this recommendation does not
imply the denial of the direction of administering appropri-
ate antibacterial therapy that covers the expected target
microorganism as soon as possible.

CQ4-7: Should continuous or extended infusion of
B-lactam antibiotics be used for sepsis?

Answer: We suggest using continuous or extended in-
fusion of B-lactam antimicrobials (GRADE 2B: certainty
of evidence = “moderate”).

Rationale

Antimicrobial agents are often administered intermit-
tently to date; however, the continuous administration of
time-dependent B-lactams or the extension of its admin-
istration times may be effective in terms of pharmaco-
kinetics/pharmacodynamics.

The results of a systematic review showed that there
were 13 RCTs which compared intermittent administra-
tion of B-lactams to either its continuous administration
or the extension of its administration times among pa-
tients with sepsis or septic shock, and a meta-analysis of
these RCTs was performed [213-225]. The estimated
value of the effects on mortality (10 RCTs, n=_844)
yielded a RD of 69 fewer per 1000 (95%CI: 135 fewer to
32 more), and the estimated value of the effects on
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clinical cures (9 RCTs, n=2886) yielded an RD of 113
more per 1000 (95%CIL: 9 more to 241 more). The esti-
mated value of the effects on the incidence of adverse ef-
fects (3 RCTs, n=691) yielded an RD of 0 per 1000
(95%CI: 41 fewer to 59 more), and no increases in the
incidence of adverse effects were found. The estimated
value of the effects on the detection of drug-resistant
bacteria (1 RCT, n =198) yielded an RD of 18 fewer per
1000 (35 fewer to 72 more).

No special procedure is required for the continuous ad-
ministration of antimicrobial agents or the extension of
their time of administration. Although a syringe pump is
required, this can be relatively easily performed at the ICU
and will be well tolerated by healthcare professionals. In-
terventions are thought to be possible in many medical fa-
cilities. Few facilities perform continuous administration
of antimicrobial agents or extend their times of adminis-
tration, and there may be a need to educate nurses, obtain
the cooperation and monitoring of pharmacy depart-
ments, and in-hospital consensus prior to implementation.
Furthermore, the time of usage of medical resources
needed for continuous administration (e.g., infusion
pumps and syringe pumps) will also likely increase.

CQ4-8: Should de-escalation antimicrobial therapy
be used for sepsis?

Answer: We suggest applying de-escalation antimicro-
bial therapy for sepsis (GRADE 2D, certainty of evi-
dence = “very low”).

Rationale

The desired effects of de-escalation strategy, such as
the decreased use of broad-spectrum antimicrobial
agents, decreased antimicrobial resistance or cost reduc-
tion, are unclear. With regard to the undesired effects of
de-escalation interventions, one RCT (n=116) [110]
showed that the 90-day mortality rate was 78 more per
1000 (95%CI: 64 fewer to 335 more). On the other hand,
the mortality rate due to long-term follow-ups in 13 ob-
servational studies (1 =3635) [226-238] was 80 fewer
per 1000 (95%CI: 114 fewer to 40 fewer). The quality of
the evidence for all of these was “very low.” The inci-
dence of superinfections was 166 more per 1000 (95%CI:
8 more to 539 more) in the RCTs; however, no observa-
tional studies have evaluated these outcomes. Taken to-
gether, these results suggest that the undesired effects
were trivial.

Based on the above, the desired effects of de-escalation
strategy have not been evaluated, the mortality rate of
the desired effects is difficult to evaluate, and there is a
possibility of increased superinfections. Therefore, we
considered that there is a slight undesired tendency in
terms of the balance of effects. The certainty of the evi-
dence across all outcomes is “very low.”

One small-scale RCT that evaluated the superinfection
rate [110] showed that the incidence of superinfection
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was 16/59 (27%) in the intervention group and 6/57
(11%) in the control group; however, this was likely due
to the extended total duration of antimicrobial adminis-
tration in the intervention group. In other words, it has
not been accurately evaluated whether increases in
superinfection rates were due to de-escalation or an ex-
tended duration of antimicrobial administration. It was
also reported that superinfections did not affect signifi-
cant outcomes such as death. Extending the duration of
antimicrobial administration due to antimicrobial de-
escalation was dissociated from standard clinical prac-
tice. Furthermore, de-escalation is recommended in
terms of antimicrobial stewardship and is a widely used
practice. Therefore, we concluded that it is difficult to
recommend against de-escalation based on the afore-
mentioned evidence.

De-escalation strategy is a widely accepted and ratio-
nalized treatment modality, and the only intervention is
changing the antimicrobial agents, which can be per-
formed without problems in many medical facilities.
However, care must be taken not to extend the total
duration of antimicrobial administration when de-
escalation is performed.

CQ4-9: Should procalcitonin be used as an indica-
tor for stopping antimicrobial therapy for sepsis?

Answer: We suggest using procalcitonin as an indica-
tor for stopping antimicrobial therapy for sepsis
(GRADE 2B, certainty of evidence = “moderate”).

Rationale

A systematic review of studies which compared
procalcitonin-guided termination of antimicrobial drugs
(intervention group) to termination based on the physi-
cian’s decision or protocols which did not include pro-
calcitonin (control group) among patients with sepsis or
septic shock was performed. A meta-analysis of the ex-
tracted RCT's [239-250] showed that the estimated value
of effects for 28-day mortality outcomes during interven-
tion (5 RCTs, n=2867) was 42 fewer per 1000 (95%CI:
69 fewer to 11 fewer), and that of in-hospital mortality
outcomes (9 RCTs, n=2422) was 50 fewer per 1000
(95%CI: 79 fewer to 18 fewer). Outcomes for the number
of days of antimicrobial drug administration (3 RCTs:
n =231) yielded a MD of 1.16 days shorter (95%CI: 2.33
shorter to 0) compared to the intervention group. Mean-
while, the estimated value of effects for sepsis recurrence
as an outcome (4 RCTs: n=261) yielded a MD of 8
more per 1000 (95%CI: 27 fewer to 113 more). The un-
desired effects were trivial since the confidence interval
was close to the threshold for clinical decisions. There-
fore, desired effects were present in 28-day mortality rate
and in-hospital mortality rate, whereas undesired effects
were unclear, and the certainty of the evidence was
“moderate”. However, there is insufficient research based
on which to make a decision on the recurrence of sepsis,
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detection of drug-resistant bacteria, and the number of
days of antimicrobial drug administration, as well as the
limited number of facilities from which one can
promptly obtain procalcitonin measurement results.

CQ4-10: Should relatively short-term (i.e. within 7
days) antimicrobial therapy be applied for sepsis?

Answer: We suggest applying relatively short-term (i.e.
within 7 days) antimicrobial therapy for sepsis (GRADE
2D: certainty of evidence = “very low”).

Rationale

We performed a systematic review of RCTs which com-
pared antimicrobial agents administered within 7 to 8 days
and more than 7 to 8 days on sepsis or infections requiring
intensive treatment (excluding those requiring long-term
treatment of more than four weeks such as endocarditis
and purulent osteomyelitis). There were three studies on
ventilator-associated pneumonia and one study on intra-
abdominal infection among studies on sepsis or infections
requiring critical care; however, there was no research in-
volving multiple infections simultaneously [251-254].
Meta-analyses of these four studies showed that the RD of
28-day mortality (3 RCTs, n = 804) was 12 more per 1000
(95%CI: 34 fewer to 78 more); that of mortality during
maximum follow-up (4 RCTs, n=1029) was 11 more per
1000 (95%CI: 27 fewer to 62 more). The RD of clinical
cures (2 RCTs, n=392) was 50 fewer per 1000 (95%CI:
202 fewer to 144 more); that of new events (recurrence
and reinfection) (3 RCTs, n = 862) was 77 more per 1000
(95%CI: 0 to 185 more). Detection of drug-resistant or-
ganisms was evaluated in two RCTs, with an RD of 132
fewer per 1000 (95%CI: 292 fewer to 166 more). Both the
benefits and harms were low, and the certainty of the
overall evidence was “very low”. There were limited evi-
dence available on sepsis or infections requiring intensive
treatment.

CQ4-11: What should be used as a reference for
adjusting the dose for renal-excretion antimicrobial
drugs?

Amnswer: Changes in bodily fluid volume and the pres-
ence of renal replacement therapy and other extracor-
poreal circulation therapies in addition to renal function
test values (e.g., serum Cr level, eGFR level) measured at
multiple time points are informative (Provision of infor-
mation for background question).

Rationale

Since the decrease in clearance of renally excreted
antimicrobial agents induces an increase in blood con-
centrations in case of renal injury, it is necessary to ad-
just the dose of antimicrobials among patients with renal
injury with sepsis [255-258]. Care must be taken in
these cases as the antimicrobial drug concentration, par-
ticularly in the initial stage of sepsis, may be insufficient
considering the recommended doses for each renal func-
tion set for general renal injury [259, 260].
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Creatinine (Cr) levels calculated based on age and sex
are generally used as indicators of renal function as well
as the estimated glomerular filtration rate (eGFR).
Meanwhile, Cr levels are known to change with a delay
of 24-48h following sudden fluctuations in GFR and
have a high possibility of not accurately reflecting the
true renal function in acute disease states. Therefore, the
GEFR should be predicted using multiple measurements
of Cr levels as references. In other words, the true GFR
should be assumed to be smaller than the eGFR if Cr
levels have a tendency to increase, and larger than the
eGEFR if Cr levels have a tendency to decrease [261].

Furthermore, the dose of antimicrobial agents based
on renal function assessments using Cr and eGFR may
be insufficient due to changes as shown in items (1) and
(2) below among patients with sepsis. Therefore, it is im-
portant to obtain variations in body fluid volume,
particularly in the administration of water-soluble anti-
microbial agents (B-lactams, aminoglycosides, glycopep-
tides, linezolid, colistin, triazoles, echinocandins, and
polyene macrolides) [262-272].

(1) Capillary leakage and edema, fluid therapy, pleural
and ascitic fluid, drainage of fluid,
hypoalbuminemia, increases in distribution volume
associated with decreased protein binding rate, and
dilution of antimicrobial agents in plasma and
extracellular fluid

(2) Increased cardiac output, increased renal blood
flow, augmented renal clearance due to
vasodilation, capillary leakage, and
hypoalbuminemia

Antimicrobial drug concentrations are also influenced by
extracorporeal circulation [270]. In extracorporeal mem-
brane oxygenation (ECMO), the changes in distribution
volume and antimicrobial drug clearance caused by the
capture of antimicrobial agents in the circuit, and ECMO
induced inflammation have been indicated [273-275].

Furthermore, antimicrobial drug concentrations also
change when renal replacement therapy is initiated
[276—282]. The changes vary with the setting of renal re-
placement therapy [283-286]; however, it has been
pointed out that the doses recommended for renal re-
placement therapy may be insufficient [284, 287-293].

CQ5: Intravenous immunoglobulin therapy

Introduction

Polyclonal immunoglobulin possesses various biological
characteristics, including neutralization of pathogenic mi-
croorganisms and their toxins, promotion of phagocyte/
bacteriolysis via complement activation, opsonization,
antibody-dependent cellular cytotoxicity, non-specific
anti-inflammatory actions, and inhibition of inflammatory
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cytokine production [294]. Intravenous immunoglobulin
(IVIG) use has been recommended for several immuno-
logical diseases, including idiopathic thrombocytopenic
purpura, myasthenia gravis, chronic inflammatory demye-
linating polyneuritis, Guillain-Barré syndrome, and Kawa-
saki disease, in several guidelines. For infectious diseases,
in addition to the above-mentioned biological activities,
since hypogammaglobulinemia was frequently observed in
sepsis [295], IVIG has been administered to patients with
severe conditions.

In Japan, IVIG for severe infectious diseases is covered
by national insurance based on the positive results of a
clinical trial by Masaoka et al. [296] A prospective obser-
vational study conducted by the JAAM from 2010 to
2011 showed that IVIG was administered to 34.6% of pa-
tients with severe sepsis and 44.0% of patients with sep-
tic shock [297]. Among sepsis guidelines, the SSCG 2016
[1, 2] recommended against IVIG use, and the J-SSCG
2016 [3, 4] could not present a recommendation, since
the agreement rate of the committee for the “weak rec-
ommendation” proposed by the managing group was
low. Meanwhile, some medical treatises recommend
IVIG for specific infectious diseases in which bacterial
toxins contribute to their pathophysiology, such as
streptococcal toxic shock syndrome (STSS), Staphylo-
coccal toxic shock syndrome (TSS), and necrotizing soft
tissue infection [298, 299] and IVIG use for them needs
to be considered.

In the current guidelines, systematic reviews on all ex-
tracted RCTs and RCTs with a low risk of bias (RoB) were
performed for CQ5-1, and the latter was adopted based
on pre-determined settings. As a result, the above-
mentioned RCT conducted by Masaoka et al. was not in-
cluded in the latter systematic review. Further, we added
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CQs for IVIG administration against specific pathogens
such as STSS (CQ5-2-1) and TSS (CQ5-2-2).

Clinical flow of these CQs is shown in Fig. 4.

CQ5-1: Should intravenous immunoglobulin (IVIG)
be administered to adult patients with sepsis?

Answer: We suggest against administering IVIG to pa-
tients with sepsis (GRADE 2B: certainty of evidence =
“moderate”).

Rationale

The outcomes of this CQ were all-cause mortality,
length of ICU stay, and all serious adverse effects. Two
systematic reviews were performed on all extracted
RCTs and RCTs with low RoB for all-cause mortality,
and the latter was adopted based on predetermined set-
tings. The results of an systematic review yielded 9 RCT's
that conformed to the PICO criteria [296, 300—-307], and
a meta-analysis was performed using these trials.

The estimate of effect for all-cause mortality obtained
from the 3 RCTs with a low RoB yielded a RD of 7 more
per 1000 (95%CI: 58 fewer to 83 more), and that for
length of ICU stay yielded a MD of 1.1days shorter
(95%CI: 5.44 shorter to 3.25 longer). Based on these re-
sults, the desirable effects were judged as trivial. The es-
timate of effect for all serious adverse effects yielded an
RD of 1 fewer per 1000 (95%CIL: 23 fewer to 46 more),
and the undesirable effects were judged as trivial. In
summary, the desirable and undesirable effects were
both trivial. Therefore, the balance of effects did not
support either the intervention or the comparison. Based
on the above judgement, we proposed a weak recom-
mendation not to use IVIG for sepsis to the committee.
This proposal was adopted by voting based on the modi-
fied RAND method, with a median of 8 and a DI of
0.178 (7 points or more: 87.5%).

[ Patients with sepsis ]

Streptococcal toxic shock syndrome (STSS)?

YES

Toxic shock syndrome (TSS)?

A

CQ5-2-1 Should IVIG be administered to patients with streptococcal toxic shock
syndrome (STSS)?

CQ5-2-2 Should IVIG be administered to patients with staphylococcal toxic shock
syndrome (staphylococcal TSS)?

CQ5-1 Should intravenous immunoglobulin (IVIG)
be administered to adult patients with sepsis?

Fig. 4 CQ5: Intravenous immunoglobulin therapy (clinical flow)
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CQ5-2-1: Should IVIG be administered to patients
with streptococcal toxic shock syndrome (STSS)?

Answer: We suggest administering IVIG to patients
with STSS (GRADE 2D: certainty of evidence = “very
low”).

Rationale

During the systematic review process, only one RCT
with a sample size of 18 patients targeting STSS was
found, and considering the low incidence of STSS, it is
unlikely that a large-scale RCT will be conducted in the
future. Therefore, although exceptional, we additionally
performed a systematic review of the observational stud-
ies for this CQ, The outcomes of this CQ were all-cause
mortality, length of ICU stay, and all serious adverse ef-
fects. For all-cause mortality, systematic reviews of all
extracted RCTs/observational studies, and systematic
reviews of RCTs/observational studies limited to
clindamycin-treated cases were performed, and it was
set in advance to adopt the one with a lower RoB. The
results of the systematic review yielded 1 RCT [303] and
four observational studies [308—311] that conformed to
the PICO criteria, and a meta-analysis was performed on
each of these. For all-cause mortality rate, RoB of the
systematic review limited to CLDM-treated cases was
lower, and thus was adopted for making a recommenda-
tion. The estimate of effect for all-cause mortality ob-
tained from 1 RCT yielded a RD of 174 fewer per 1000
(95%CI: 285 fewer to 684 more), indicating the desirable
effects of IVIG administration were limited. Meanwhile,
the estimate of effect for all-cause mortality obtained
from observational studies yielded an RD of 143 fewer
per 1000 (95%CI: 214 fewer to 18 fewer), indicating sig-
nificant desirable effects of IVIG administration.

The length of ICU stay was unassessable due to the
lack of studies used for outcomes. From the above re-
sults, we judged that the small desirable effects could be
expected. All serious adverse effects were also unassessa-
ble due to the lack of studies. However, considering the
systematic review results of sepsis (CQ5-1), we judged
that the undesirable effects were trivial. In summary, the
desirable effects were small, whereas the undesirable ef-
fects were trivial. Therefore, the balance of effects was
judged as probably favoring the intervention. Based on
the above judgement, we proposed a weak recommenda-
tion to use IVIG for STSS to the committee. This pro-
posal was adopted by voting based on the modified
RAND method, with a median of 7.5 and a DI of 0.164
(7 points or more: 75%).

CQ5-2-2: Should IVIG be administered to patients
with staphylococcal toxic shock syndrome (staphylo-
coccal TSS)?

Answer: We suggest against administering IVG to pa-
tients with staphylococcal TSS (expert consensus: insuf-
ficient evidence).
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Rationale

The outcomes of this CQ were all-cause mortality,
length of ICU stay, and all serious adverse effects. As a re-
sult of systematic review, neither RCT nor observational
study matching PICO criteria was found. The desirable ef-
fects could not be evaluated, and although some experts
recommend the use of IVIG for staphylococcal TSS based
on the hypothesis that bacterial toxins play major roles in
inducing severe pathological conditions, we judged that
the desirable effects were trivial. The undesirable effects
also could not be evaluated but based on systematic review
results of sepsis (CQ5-1), we judged that the undesirable
effects were trivial. In summary, the desirable and undesir-
able effects were both trivial, and therefore the balance of
effects did not support either intervention or the compari-
son. Based on the above judgement, we proposed a weak
recommendation not to use IVIG for staphylococcal TSS
to the committee, and this proposal was adopted by voting
based on the modified RAND method, with a median of 7
and DI of 0.164 (7 points or more: 75%).

CQ6: Initial resuscitation/inotropes

Introduction

We presented “CQ6-1: Should echocardiography be
conducted in patients with sepsis?” after considering
that it is necessary to evaluate cardiac function and
hemodynamics to promptly and appropriately enact
treatment strategies for septic shock. We presented
“CQ6-2: Is early goal directed therapy (EGDT) recom-
mended for initial resuscitation in patients with sepsis?”
to re-evaluate the usefulness of EGDT. We presented
“CQ6-3: Should vasopressors be used simultaneously or
in the early stage (within 3 h) of initial fluid resuscita-
tion in adult patients with sepsis?” to determine the
timing of administration of vasopressor drugs in cases
in which organ perfusion pressure cannot be main-
tained with initial fluid resuscitation. We presented
“CQ6-4: Should lactate levels be used as an indicator
for initial resuscitation in adult patients with sepsis?”
because the mixed venous oxygen saturation is an indi-
cator that expresses the balance between tissue oxygen
supply and demand, and serum lactate levels have gen-
erally been used as an indicator of anaerobic metabol-
ism. We presented “CQ6-5: What is the initial fluid
infusion rate and volume in adult patients with sepsis?”
as a BQ since the initial fluid infusion rate and volume
were thought to be important. We presented “CQ6-6:
How should fluid responsiveness be assessed in adult
patients with sepsis?” as a BQ because it is desirable to
use multiple monitoring systems to predict responsive-
ness to fluid replacement. We presented “CQ6-7:
Should albumin solution be used for initial resuscita-
tion in adult patients with sepsis?” and “CQ6-8: Should
artificial colloids be used for initial resuscitation in
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adult patients with sepsis?” regarding the use of albu-
min or artificial colloids as initial fluids for resuscita-
tion. We presented “CQ6-9-1, CG6-9-2: Should
noradrenaline, dopamine, or phenylephrine be used as
a first-line vasopressor in adult patients with sepsis?”
regarding the first-line vasopressor to be used in the
initial fluid resuscitation of patients with sepsis. We
presented “CQ6-10-1: Should adrenaline be used as a
second-line vasopressor in adult patients with sepsis?”
and “CQ6-10-2: Should vasopressin be used as a
second-line vasopressor in adult patients with sepsis?”
regarding second-line treatments when the pressor ef-
fects of noradrenaline are insufficient. We presented
“CQ6-11: Should inotropes be used in adult patients
with sepsis accompanied by cardiogenic shock?” regard-
ing the use of inotropic drugs for cardiac dysfunction
in septic shock. We presented “CQ6-12: Should B-
blockers be used in adult patients with sepsis?” regard-
ing the use of f-adrenergic receptor blockers to control
the heart rate of patients with tachycardia associated
with septic shock. We presented “CQ6-13: What are
the indications of assisted circulation in adult patients
with septic shock?” as a BQ for adult patients with sep-
sis presenting with severe cardiac dysfunction.

We hope that the CQs and answers on initial fluid re-
suscitation and circulatory agonists will be utilized to-
gether with the medical care flow chart presented in this
guideline.

Clinical flow of these CQs is shown in Fig. 5.

CQ6-1: Should echocardiography be conducted in
patients with sepsis?
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Answer: We suggest, following initial fluid resuscita-
tion, conducting cardiac function and hemodynamics as-
sessments with echocardiography in patients with sepsis/
septic shock (GRADE 2D: certainty of evidence = “very
low”).

Rationale

Sepsis and septic shock are conditions in which the
main cause is distributive shock associated with periph-
eral vasodilation. In addition, hypovolemia and shock
due to decreased cardiac function (hypovolemic shock
and cardiogenic shock) can also be complications and
result in a complicated pathological condition. There-
fore, it is clinically important to evaluate the cardiac
function and hemodynamics using echocardiography at
the time of initial resuscitation; thus, this was brought
up as an important clinical issue. The results of our sys-
tematic review yielded 1 RCT that was a feasibility study
as an example of a study that conformed to the PICO
criteria [312], and a meta-analysis using this study was
performed.

The estimated effect of short-term mortality out-
comes (1 RCT, n=30) was 134 more per 1000
(95%CI: 104 fewer to 952 more), and that of the out-
come of length of stay in the ICU (1 RCT, n=30)
was a MD of 0.3 days shorter (95%CI: 4.46 shorter to
3.86 longer). However, both the number of studies
and the sample size were insufficient; thus, it was de-
cided that the effects could not be determined. It was
also decided that undesired effects could not be de-
termined since in the RCT obtained in this search
such investigations were not conducted. In this CQ,
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the control groups tended to predominate as regards
to short-term mortality, and interventions tended to
predominate as regards to the length of stay in the
ICU. However, the study obtained in this search was
a single RCT with a small sample size; thus, the bal-
ance of effects could not be determined.

However, echocardiography is a non-invasive and sim-
ple test that imposes minimal burdens on the patient;
therefore, we suggest that cardiac function and
hemodynamics should be assessed among patients with
septic or septic shock during initial resuscitation using
echocardiography.

CQ6-2: Is EGDT recommended for initial resuscita-
tion in patients with sepsis?

Answer: We suggest against conducting EGDT as ini-
tial resuscitation in patients with sepsis/septic shock
(GRADE 2C: certainty of evidence = “low”).

Rationale

Initial resuscitation plays an important role in main-
taining acute organ perfusion in patients with sepsis and
septic shock. We aimed to verify the usefulness of
EGDT, which sets a specific method for initial resuscita-
tion that indicates the basis of sepsis treatment; thus,
this was taken up as a CQ. A systematic review yielded
four RCTs that conformed to the PICO criteria; thus
[313-316], a meta-analysis was performed using these
studies.

The estimated value of the effects of short-term mor-
tality outcome (4 RCTs, n=3993) yielded 8 fewer per
1000 (95%CI: 32 fewer to 17 more), that of long-term
mortality outcome (3 RCTs, n =3648) was 5 fewer per
1000 (95%CI: 31 fewer to 26 more), that of the outcome
of length of stay in the ICU (3 RCTs, n = 3737) yielded a
MD of 0.22 days longer (95%CI: 0.13 shorter to 0.58 lon-
ger), and it was adjudged that the desired effects of ini-
tial resuscitation with EGDT were limited. The
estimated value of the effects of various serious adverse
effects (3 RCTs, n=3734) was one more per 1000
(95%CI: 19 fewer to 32 more), and it was adjudged that
the undesired effects of initial resuscitation with EGDT
were limited. The net balance between desired and un-
desired effects was predominant for interventions by 12
per 1000, and the balance of effects may slightly favor
EGDT interventions over control when considering the
relative value of short-term and long-term mortality out-
comes. However, the harms were greater for 44 per 1000
when the uncertainty of mortality outcomes was
considered, and the worst values in the confidence inter-
vals were used. Therefore, it was adjudged that neither
the intervention nor comparative controls were
predominant.

The central venous pressure and central venous oxy-
gen saturation need to be monitored, and red blood cells
need to be transfused in order to administer the
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standard EGDT. Modified EGDT, which is less invasive
and burdensome, is currently advocated. The standard
EGDT is considered unacceptable due to the burdens
imposed on medical staff and patients, and we suggest
against administering EGDT as initial resuscitation in
patients with sepsis or septic shock.

CQ6-3: Should vasopressors be used simultaneously
or in the early stage (within 3 h) of initial fluid resus-
citation in adult patients with sepsis?

Answer: We suggest administering vasopressors simul-
taneously or in the early stages (within 3h) of initial
fluid resuscitation in patients with sepsis/septic shock
who have difficult maintaining hemodynamics (GRADE
2C: certainty of evidence = “low”).

Rationale

Vasopressor administration is necessary in patients
with sepsis or septic shock if organ perfusion cannot be
maintained after initial fluid resuscitation. However, the
optimal timing to initiate vasopressors is unclear. A
multi-center RCT conducted by Macdonald et al. [317]
examined a regimen of restricted fluids and early vaso-
pressors and a single-center blinded RCT conducted by
Permpikul et al. [318] compared continuous norepineph-
rine infusion at 0.05 pg/kg/min to placebo among pa-
tients with septic shock within 1h of onset. A meta-
analysis was performed using these 2 RCTs (1 =409).
The early use of vasopressors decreased the incidence of
pulmonary edema (RD 104 fewer per 1000, 95%CI: 145
fewer to 39 fewer); however, there was no difference in
the mortality rate. The estimated value of the effects of
myocardial ischemia was 15 more per 1000 (95%CIL: 9
fewer to 95 more), although other forms of organ ische-
mia were not evaluated as adverse events. Based on the
above, the balance of benefits and harm was judged as
“intervention likely superior”.

CQ6-4: Should lactate levels be used as an indicator
for initial resuscitation in adult patients with sepsis?

Answer: We suggest using lactate levels as an indicator
of tissue hypoperfusion during initial resuscitation in pa-
tients with sepsis/septic shock (GRADE 2C: certainty of
evidence = “low”).

Rationale

Initial resuscitation plays an important role in main-
taining acute organ perfusion among patients with sepsis
or septic shock. However, there is no consensus on what
a good indicator for confirming the maintenance of
organ perfusion is. Searching for an optimal evaluation
indicator is a clinically important issue, and so was taken
up as a CQ.

The results of a systematic review yielded 5 RCTs
[319-323]. Herndndez et al. [319] evaluated whether
using lactate or peripheral circulation as indicators for
initial resuscitation improved the mortality rate among
adult patients with early septic shock. Jansen et al. [320]
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evaluated whether using lactate or factors other than lac-
tate (e.g., central venous oxygen saturation [ScvO,] and
peripheral circulation) as indicators for initial resuscita-
tion improved the mortality rate among patients with
hyperlactatemia (more than 3.0 mmol/L) during admis-
sion on the ICU. Jones et al. [321] evaluated whether ini-
tial resuscitation with either lactate clearance or ScvO,
as indicators improved the in-hospital mortality rate.
Puskarich et al. [322] evaluated whether lactate clearance
or ScvO, as indicators for initial resuscitation improved
the mortality rate among patients with sepsis. Zhou
et al. [323] evaluated whether lactate clearance or ScvO,
as indicators for initial resuscitation improved the mor-
tality rate among patients with hyperlactatemia due to
sepsis.

Initial resuscitation with lactate as an indicator re-
sulted in a short-term mortality of 62 fewer per 1000, a
long-term mortality rate of 21 fewer per 1000, and a MD
of 0.03 days longer for ICU length of stay when com-
pared to initial resuscitation using factors other than lac-
tate as indicators. Meanwhile, the MD for serious
adverse effects (SOFA score after 72 h) was 0.04 higher.
Based on the above, the balance of effects was judged
such that the “initial resuscitation with lactate as an indi-
cator is likely superior”.

The amount of blood needed to measure lactate levels
is minimal in practice; however, consideration should be
given to the risk of anemia due to frequent blood
sampling.

CQ6-5: What is the initial fluid infusion rate and
volume in adult patients with sepsis?

Answer: There is an opinion that the initial fluid re-
suscitation in patients with reduced intravascular volume
due to sepsis should be administered over 30 mL/kg of
crystalloid solution within 3 h, aiming to optimize the
circulating blood volume. It is important during initial
fluid resuscitation to carefully observe vital signs and to
avoid excessive fluid loads by using lactate clearance and
echocardiography while conducting tissue oxygen me-
tabolism and hemodynamics assessments (Provision of
information for background question).

Rationale

In the J-SSCG 2016 [3, 4], it was stated that “patients
with tissue hypoperfusion and decreased intravascular
volume due to sepsis should receive more than 30 mL/
kg of the crystalloid solution”. In SSCG 2016 [1], it was
stated that “administering at least 30 mL/kg of crystal-
loid solution within the first 3 h is recommended for
the resuscitation of patients with hypoperfusion caused
by sepsis”. In three recently conducted large-scale RCT's
(the ProCESS [315], ARISE [316], and ProMISe [314]
trials), the researchers administered initial fluid resusci-
tation prior to the start of the protocol (i.e., before
randomization), comprising 2.1-2.3 L in the ProCESS
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trial, 2.5-2.6 L in the ARISE trial, and 1.9-2.0L in the
ProMlISe trial (approximately 30 mL/kg). The concept
of early high-dose fluid therapy (30 mL/kg) against sep-
tic shock has already become commonplace, and it was
thought that early goal-directed therapy administered
subsequent to initial fluid resuscitation in the previ-
ously mentioned large-scale RCTs were not found to be
useful. Meanwhile, Boyd et al. [324] indicated the
harmful effects of fluid overload, and Murphy et al.
[325] reported that fluid restriction could lead to an
improved prognosis. A systematic review of 15 studies
(n=31,443) on septic shock [326] showed that excess
fluid balance increased the mortality risk by 70%
(pooled RR 1.70, 95%CI: 1.20 to 2.41, P =0.003). How-
ever, those who received large volumes of fluid infu-
sions within 3 h after the onset of sepsis (2085 mL vs.
1600 mL, P =0.007) showed an improved in-hospital
mortality rate (OR 0.34, 95%CI: 0.15-0.75, P =0.008).
In an observational study of 1032 patients with septic
shock, Kuttab et al. [327] reported that the in-hospital
mortality rate significantly increased when it was not
possible to administer 30 mL/kg of initial fluid resusci-
tation within 3h of the onset of sepsis (OR 1.52,
95%CI: 1.03-2.24). Meanwhile, Wardi et al. [328] rec-
ommended that an initial fluid volume of less than 30
mL/kg should be administered to patients with septic
shock with complications of heart failure with an ejec-
tion rate of less than 40%. There is no high-quality evi-
dence for the initial fluid resuscitation rate or amount
for sepsis/septic shock. There is also no evidence cur-
rently that rejects the concepts of compensating the
relatively decreased circulating blood volume, improv-
ing tissue hypoperfusion, and balancing oxygen de-
mand/supply promptly. An important principle is to
continuously evaluate treatment effects, carefully ob-
serve vital signs during initial fluid resuscitation, and
evaluate tissue oxygen metabolism and hemodynamics
using lactate clearance and echocardiography, while
avoiding fluid overload.

CQ6-6: How should fluid responsiveness be
assessed in adult patients with sepsis?

Answer: Fluid responsiveness is significant increase
in stroke volume (SV) after fluid infusion, and mul-
tiple parameters, including static and dynamic param-
eters, should be used to predict fluid responsiveness.
Static parameters, including central venous pressure
(CVP) and pulmonary capillary wedge pressure
(PCWP), are measured at a point. Dynamic parame-
ters include changes in cardiac output by passive leg
raising (PLR) and fluid challenge, pulse pressure vari-
ation (PPV) and stroke volume variation (SVV) during
mechanical ventilation (Provision of information for
background question).

Rationale
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Fluid responsiveness reflects a significant increase in
cardiac output or stroke volume when 250-500 mL of
fluid is administered and is defined by an increase of at
least 10-15% [329, 330]. Monitoring parameters used
for predicting fluid responsiveness can be divided into
static and dynamic parameters. Static parameters are
biometric information at a given point and include cen-
tral venous pressure (CVP), pulmonary capillary wedge
pressure (PCWP), global-end diastolic volume (GEDV),
and intrathoracic blood volume (ITBV) based on trans-
pulmonary thermal dilution methods. Dynamic parame-
ters are methods that evaluate variation using some type
of intervention and include changes in cardiac output
based on passive leg raising (PLR) or fluid challenges,
changes in stroke volume based on the end-expiratory
occlusion test (EEO), pulse pressure variation (PPV)
using pre-load respiratory variation induced by mechan-
ical ventilation, stroke volume variation (SVV), and vari-
ation in the inferior vena cava (IVC) or superior vena
cava (SVC) (see Table 3 for reference).

The static parameters CVP and PCWP were evaluated
as reflecting fluid responsiveness when CVP was below
8 mmHg or PCWP was less than 12 mmHg, but their re-
liability was low. GEDV and ITBV could be measured by
transpulmonary thermal dilution techniques with rapid
infusion of cold water and can be used as a pre-load par-
ameter [331]. Moreover, it provides pulmonary extravas-
cular water content and reflects the pulmonary vascular
permeability index. However, the reliability of evalua-
tions of fluid responsiveness is reported to be low [332].

Dynamic parameters are better at predicting fluid
responsiveness than static parameters [333]. However,
there are few cases in which these can be applied in
clinical settings. PPV and SVV are evaluated as
reflecting fluid responsiveness if a variation of more
than 12% due to positive pressure ventilation is seen
when the tidal volume is more than 8 mL/kg without
spontaneous breathing. The variation is likely to be-
come larger if there is spontaneous breathing,
arrhythmia, increased intra-abdominal pressure, or
right heart failure. These variations also decrease in
patients with tachycardia or undergoing lung protect-
ive ventilation [334]. The PPV has also been reported
to be smaller when lung compliance is low [335].
Evaluation of fluid responsiveness using echocardiog-
raphy includes variations in IVC and SVC diameter-
based breathing, which are better predictors of fluid
responsiveness than CVP [336]. It has been reported
that the SVC diameter is a better parameter than the
IVC diameter [337], but evaluating the respiratory
variation in the diameter of the SVC requires trans-
esophageal echocardiography and is more invasive.
Evaluations based on echocardiography are likely to
be discordant among operators compared to other
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monitoring methods. Respiratory variations in IVC
diameter are less reliable when compared to PPV or
SVV [338] and should not be prioritized when PPV
or SVV can be used. PLR involves an evaluation of
the increased cardiac output based on lower limb ele-
vation, and the lower limb elevation-based pre-load
corresponds to approximately 250-350 mL of fluid
[339]. PLR is evaluated as reflecting fluid responsive-
ness if an increase in cardiac output of more than
10% is observed. PLR is also useful in patients with
spontaneous breathing or arrhythmia [340]. Pre-load
increases due to lower limb raising are dependent on
the vascular resistance of the venous system and is
thus affected by vasoactive drugs and increased intra-
abdominal pressure [341]. The EEO is a test that
temporarily occludes the airways at the exhalation
terminal of mechanical ventilation, during which ven-
ous return increases because the intrathoracic pres-
sure does not increase without ventilation. Occlusion
is performed for 15s, and this is evaluated as reflect-
ing fluid responsiveness if an increase in cardiac out-
put of more than 5% is observed [342]. The EEO
requires tracheal intubation and ventilator manage-
ment and cannot be performed among patients who
cannot undergo the EEO for over 15s due to spon-
taneous breathing [343]. It has been reported that the
EEO is more reliable than the PPV among patients
with decreased lung compliance [344]. However, val-
idation in the prone position has not been confirmed
[345]. Cardiac output should be evaluated before and
after fluid loading when none of the above can be
used. Low fluid volumes indicate the potential influ-
ence of measurement errors, whereas high fluid vol-
umes increase the risk of fluid overload. It has also
been reported that improved hemodynamics were
temporary in approximately half of the patients who
showed fluid responsiveness by fluid loading [346].
Thus, there is a need to continuously evaluate
whether further fluid administration is necessary while
confirming findings consistent with hypoperfusion.

CQ6-7: Should albumin solution be used for initial
resuscitation in adult patients with sepsis?

Answer: We suggest against administering albumin so-
lution as a standard treatment at the beginning of initial
fluid resuscitation in patients with sepsis (GRADE 2C:
certainty of evidence = “low”). Albumin solution can be
used in patients with sepsis when patients do not re-
spond to standard treatment and require substantial
amounts of crystalloids (expert consensus: insufficient
evidence).

Rationale

Initial fluid resuscitation is an important intervention
in patients with sepsis or septic shock. However, there is
no consensus as to whether albumin should be used as a
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standard infusion preparation. Clarifying whether to use
albumin as a standard infusion preparation for initial
fluid resuscitation is a clinically important issue; thus,
this was taken up as a CQ.

The results of a systematic review yielded three RCT's
[347-349]. Rackow et al. [347] compared the effective-
ness of 5% albumin, 6% hetastarch, and saline solutions
in patients with hypovolemic shock and septic shock.
Finfer et al. [348] compared the effectiveness of 4% albu-
min and saline solutions in the initial resuscitation of pa-
tients with severe sepsis. Van der Heijden et al. [349]
compared the effectiveness of 5% albumin, 6% hydro-
xyethyl starch, 4% gelatin, and saline solutions in the
management of severely septic/non-septic patients with
hypovolemia.

Initial resuscitation using albumin preparations re-
sulted in 45 fewer per 1000 as regards short-term mor-
tality and a MD of 0.7 days longer for the length of stay
in the ICU. Meanwhile, serious adverse effects (pulmon-
ary injury score) yielded an MD of 0.75 higher. The pul-
monary injury score was determined on a scale of 0—4,
with severe pulmonary injury adjudged to be present
with a score of 2.5 or higher. Based on the above, the
balance of effects was adjudged as “the effects of initial
resuscitation using albumin preparations are neither su-
perior nor inferior to initial resuscitation using other in-
fusion preparations”.

The costs and infection risks of albumin preparations
are often a concern in practice. There have been no in-
vestigations that set these as outcomes in this CQ; thus,
it should be noted that among some groups of patients,
albumin preparations might be beneficial or harmful.

CQ6-8: Should artificial colloids be used for initial
resuscitation in adult patients with sepsis?

Answer: We suggest against administering artificial
colloids in patients with sepsis/septic shock (GRADE
2D: certainty of evidence = “very low”).

Rationale

Determining what fluid to use for initial resuscitation
among patients with septic shock is an extremely im-
portant problem. However, as there is no consensus on
whether to use artificial colloids as standard infusion
during initial resuscitation, this was taken up as a clinic-
ally important issue. The results of a systematic review
yielded four RCTs that conformed to the PICO criteria
[350-353], and a meta-analysis was performed using
these studies. The estimated value of the effects of
short-term mortality outcomes (4 RCTs, n = 2586) was 9
more per 1000 (95%CI: 25 fewer to 46 more), and that
of long-term mortality outcomes (3 RCTs, n = 2545) was
19 more per 1000. That of the outcome of length of stay
in the ICU (2 RCTs, n =214) yielded a MD of 1.13 days
shorter (95%CI: 8.28 shorter to 6.03 longer). Based on
the above, it was adjudged that the desired effects due to
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artificial colloid administration were trivial. The esti-
mated value of the effects of outcomes of dialysis use as-
sociated with AKI yielded a RD of 16 more per 1000
(95%CI: 24 fewer to 71 more) (4 RCTs, n=3891) and
that of severe hemorrhage yielded an RD of 42 more per
1000 (95%CI: 3 more to 97 more) (2 RCTs, n=994).
Based on the above, it was adjudged that the undesired
effects of artificial colloid administration were moderate.
The net balance of benefits and harms was higher for
the latter by 86 per 1000. Even when considering the un-
certainty for short-term mortality, using the minimum
values of the CI (25 fewer per 1000), and setting the
relative value of outcomes relating to death at three
times that of other outcomes, the harms exceeded the
benefits by two per 1000. Therefore, the balance of ef-
fects was adjudged such that the “comparative control is
likely superior” based on which we suggest against the
administration of artificial colloids in patients with sepsis
or septic shock.

CQ6-9-1: Should noradrenaline, dopamine, or
phenylephrine be used as a first-line vasopressor in
adult patients with sepsis? noradrenaline vs.
dopamine.

Answer: Between noradrenaline and dopamine, we
suggest administering noradrenaline as a first-line vaso-
pressor in adult patients with sepsis (GRADE 2D: cer-
tainty of evidence = “very low”).

Rationale

The J-SSCG 2016 and the SSCG 2016 recommended
noradrenaline as a first-line vasopressor for the initial re-
suscitation of patients with sepsis. However, the SSCG
2016 also suggested the use of dopamine in patients
without tachycardia. Vasopressor selection is important
in the initial resuscitation of patients with sepsis; thus,
the decision to administer either noradrenaline or dopa-
mine as a first-line vasopressor was taken up as a CQ.

Five RCTs [354-358] were included in the meta-
analysis as a result of a systematic review. Only the RCT
conducted by De Backer et al. [358] included shock pa-
tients with or without sepsis, while the other RCTs com-
pared noradrenaline and dopamine in the treatment of
patients with septic shock. Noradrenaline administration
resulted in a short-term mortality of 54 fewer per 1000
compared to that of dopamine administration. The inci-
dence of arrhythmia events decreased by 110 per 1000.
Meanwhile, the incidence of limb ischemia events in-
creased by 3 per 1000 that of myocardial ischemia events
increases by 8 per 1000, and that of mesenteric ischemia
events decreased by 6 per 1000. The net benefit of nor-
adrenaline was 187 per 1000 and was higher for the de-
sired effects. Even when considering the uncertainty of
mortality outcomes and using the worse values in the
confidence intervals, the net benefit was 133 per 1000 in
favor of desired effects. Based on the above, the balance
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of benefits and harms was adjudged such that “nor-
adrenaline administration is likely superior”.

Caution is required in actual clinical cases in which
the incidences of organic ischemic complications are ex-
pected to increase due to noradrenaline administration,
due to underlying diseases among patients.

CQ6-9-2: Should noradrenaline, dopamine, or
phenylephrine be used as a first-line vasopressor in
adult patients with sepsis? noradrenaline vs.
phenylephrine.

Answer: Between noradrenaline and phenylephrine,
we suggest administering noradrenaline as a first-line
vasopressor in adult patients with sepsis (GRADE 2D:
certainty of evidence = “very low”).

Rationale

The J-SSCG 2016 and the SSCG 2016 recommended
noradrenaline as a first-line vasopressor in the initial re-
suscitation of patients with sepsis. However, phenyleph-
rine was also described as a first-line vasopressor in the
SSCG 2016. Vasopressor selection is important in the
initial resuscitation of patients with sepsis; thus, the de-
cision to administer either noradrenaline or phenyleph-
rine as a first-line vasopressor was taken up as a CQ.

A literature search yielded 3 RCTs [359-361]. Of
these, the RCT conducted by Keriwala et al. [361] was
publicly available on ClinicalTrials.gov but had not yet
been published (NCT02203630). All the RCTs compared
noradrenaline and phenylephrine among patients with
septic shock. As a result of meta-analyses, noradrenaline
administration resulted in a short-term mortality of 27
fewer per 1000 compared to phenylephrine administra-
tion. The incidence of arrhythmia events increased by 98
more per 1000. Based on the above, the desired effects
of noradrenaline were limited, and the balance of effects
was adjudged such that neither noradrenaline nor
phenylephrine was superior to the other.

Both drugs are commonly adopted and used in
Japan; however, it is thought that some medical staff
may have minimal experience using phenylephrine for
initial resuscitation. Therefore, in facilities with min-
imal experience with phenylephrine use, health pro-
viders may be hesitant to use phenylephrine as a
first-line vasopressor.

CQ6-10-1: Should adrenaline be used as a second-
line vasopressor in adult patients with sepsis?

Answer: We suggest against using adrenaline as a
second-line vasopressor in patients with sepsis/septic
shock (GRADE 2D: certainty of evidence = “very low”).

Rationale

A literature search yielded 2 RCTs that investigated
the use of adrenaline among patients with septic shock
whose hemodynamics did not improve regardless of ini-
tial resuscitation or vasopressor administration [362,
363]. DPatients with septic shock who received
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vasopressors were included in both RCTs, with a control
group that received dopamine. A meta-analysis was per-
formed using these studies. The estimated value of the
effects of 28-day mortality yielded an RD of 48 more per
1000 (95%CI: 40 fewer to 165 more) (2 RCTs, n =390),
and that of 90-day mortality yielded an RD of 20 more
per 1000 (95%CI: 80 fewer to 141 more) (1 RCT, n=
330). That of arrhythmia yielded an RD of 22 more per
1000 (95%CI: 44 fewer to 125 more) (2 RCTs, n = 390),
and that of limb ischemia yielded an RD of 12 fewer per
1000 (95%CI: 33 fewer to 77 more) (2 RCTs, n =390).
The net harm was 78 per 1000, and the harm out-
weighed the benefit. Thus, it was adjudged that the com-
parative control was likely superior.

It should be noted that this investigation verified the
effects of adrenaline as a vasopressor, and did not inves-
tigate its effects as an inotropic agent (see CQ6-11 for
investigations of its utility as an inotropic agent among
patients with cardiac dysfunction).

CQ6-10-2: Should vasopressin be used as a second-
line vasopressor in adult patients with sepsis?

Answer: We suggest using vasopressin as a second-
line vasopressor in patients with sepsis/septic shock
(GRADE 2D: certainty of evidence = “very low”).

Rationale

A literature search yielded 4 RCTs which investigated
adrenaline among patients with septic shock whose
hemodynamics did not improve regardless of initial re-
suscitation or vasopressor administration [364—367]. A
meta-analysis was performed using these studies. All
RCTs compared noradrenaline and vasopressin among
patients with sepsis who required vasopressors, and
open-label vasopressors were used when the target blood
pressure could not be maintained. The VANISH trial
conducted by Gordon et al. [367] compared vasopressin
and noradrenaline in addition to low-dose corticoste-
roids and a placebo.

The estimated value of the effects of 28-day mortal-
ity yielded a RD of 10 fewer per 1000 (95%CI: 56
fewer to 45 more) (4 RCTs, n =1260) and that of 90-
day mortality yielded an RD of 54 fewer per 1000
(95%CI: 114 fewer to 20 more) (1 RCT, n=792). The
estimated value of the effects of arrhythmia was 5
fewer per 1000 (95%CIL: 16 fewer to 19 more) (3
RCTs, n=1217), that of myocardial ischemia was 10
more per 1000 (95%CIL: 7 fewer to 61 more) (2 RCTs,
n=1187), and that of limb ischemia had 22 more per
1000 (95%CI: 4 more to 69 more) (3 RCTs, n=1217).
The net effect was 37 per 1000, with the intervention
being superior. Based on the above, the balance of
benefits and harms was adjudged such that the “inter-
vention was likely superior”.

CQ6-11: Should inotropes be used in adult patients
with sepsis accompanied by cardiogenic shock?
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Answer: We suggest administering inotropes (adren-
aline, dobutamine) in adult patients with septic shock
accompanied by cardiac dysfunction (expert consensus:
insufficient evidence).

Rationale

Cardiac dysfunction, referred to as sepsis-induced
myocardial dysfunction (SIMD), is a complication seen
in approximately 40% of patients with septic shock, and
it has been suggested that it is associated with exacerba-
tion [368, 369]. The inotropic drugs dobutamine and
adrenaline have been administered in addition to the
vasopressor noradrenaline for the management of septic
shock with complications of SIMD; however, its effects
are still under investigation. Whether inotropic drugs
can be used for the management of cardiac dysfunction
in septic shock is an important question in initial resus-
citation, and this was taken up as a CQ.

The results of a systematic review yielded no RCTs
that conformed to the PICO criteria. RCTs on septic
shock in which cardiac function is normal or de-
creased included a report that comparatively investi-
gated patients who received adrenaline as a control
group and dobutamine + noradrenaline as an inter-
vention group, and a report that comparatively inves-
tigated patients who received adrenaline +
noradrenaline as a control group and dobutamine +
noradrenaline as an intervention group [362, 363].
Both reports showed no differences in mortality rates
or complications.

Considering that the mortality rate of patients with
septic shock with decreased cardiac function is ex-
tremely high, it is thought that the administration of ino-
tropic drugs such as dobutamine or adrenaline is
beneficial when compared to cases in which they are not
administered. However, some patients with septic shock
accompanied by decreased cardiac function may experi-
ence the onset of serious arrhythmias due to the admin-
istration of inotropic drugs; therefore, it is necessary to
carefully administer these drugs or promptly discontinue
them in these cases.

CQ6-12: Should p-blockers be used in adult pa-
tients with sepsis?

Answer: We suggest administering short-acting B1-
adrenoceptor antagonists in patients with sepsis/septic
shock while being monitored with the objectives of man-
aging tachycardia which cannot be controlled with
standard therapy like initial fluid resuscitation (GRADE
2D: certainty of evidence = “very low”). Administering
short-acting Pl-adrenoceptor antagonists can induce
hemodynamic fluctuations, so they should be adminis-
tered under the supervision of a physician with expertise
in cardiovascular management in the ICU (expert con-
sensus: insufficient evidence).

Rationale
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Conventional treatment strategies for septic shock in-
clude initial fluid infusion and administration of vaso-
pressor and cardiotonic drugs. Several recent studies
have reported the effects of administering ;-adrenergic
receptor blockers on tachycardia among patients with
septic shock with the intent of controlling the heart rate.
These studies reported improvements in hemodynamics,
reduced fluid requirements, and a decreased short-term
mortality rate associated with initial resuscitation with
Bi-adrenergic receptor blockers. This was an opportunity
to review conventional treatment strategies and can be
considered a standard treatment in the future, and so
was taken up as a CQ.

The results of a systematic review yielded 2 RCTs that
conformed to the PICO criteria [370, 371]. The research
conducted by Morelli et al. [370] was a non-blinded
single-center RCT that assessed esmolol among patients
with a heart rate of more than 95/min Meanwhile, the
study conducted by Wang et al. [371] was a blinded
single-center RCT that compared a control group, an
additional group that received milrinone, and another
group that concomitantly received milrinone + esmolol
among patients with a heart rate > 95/min despite suffi-
cient fluid replacement. The estimated value of the ef-
fects of short-term mortality outcome (2 RCTs, n = 244)
was 304 fewer per 1000 (95%CI: 395 fewer to 195 fewer),
the length of stay in the ICU among survivors (1 RCT,
n=42) yielded a MD of 4 days shorter (95%CI: 18.06
shorter to 10.06 longer), and the number of ICU free
days (1 RCT, N=50) yielded an MD of 4.1 days longer
(95%CI: 1.8 longer to 6.4 longer). Meanwhile, bradycar-
dia was observed among 2 out of 30 patients in the
intervention group in 1 RCT (n=60). The estimated
value of the effects of renal replacement therapy (1 RCT,
n=154) was 12 fewer per 1000 (95%CI: 141 fewer to
175 more). Based on the above, it was adjudged that the
desired effects were larger and the undesired effects were
trivial, with the intervention being superior.

Bi-adrenergic receptor blocker administration may
cause fluctuations in hemodynamics; thus, we decided to
add the following comment: “it is desirable that this be
administered in an ICU under the care of a physician
who is experienced in circulatory management” after
sufficiently administering standard treatment while being
monitored.

CQ6-13: What are the indications of assisted circu-
lation in adult patients with septic shock?

Answer: There is insufficient evidence for the effects of
assisted circulation such as veno-arterial extracorporeal
membrane oxygenation (V-A ECMO) and intra-aortic bal-
loon pump (IABP) for cardiac dysfunction in septic shock,
and its applications are still under investigation (Provision
of information for background question).

Rationale
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Septic shock presents with not only shock due to rela-
tive decreases in intravascular volume associated with
vasodilation but also cardiogenic shock due to cardiac
dysfunction referred to as either SIMD or septic cardio-
myopathy [372, 373]. An intra-aortic balloon pumping
(TABP) randomized trial (IABP-SHOCK 1I trial) on car-
diogenic shock cases [374, 375] showed no improved
prognosis in cardiogenic shock from the use of IABP. A
meta-analysis that compared veno-arterial (V-A) ECMO
and IABP for cardiogenic shock [376] showed that V-A
ECMO was safe to use and improved hemodynamics but
yielded no significant differences in 30-day survival rate
and had higher bleeding-related complications. Mean-
while, the Japanese guideline on the diagnosis and treat-
ment of acute and chronic heart failure (2017 revised
version) [377] stated that “routine use of IABP is not
recommended, but its use is considered in severe cases
of general heart failure that is not responsive to medical
treatment”. Very few reports have investigated the use of
IABP in patients with septic shock presenting with
SIMD. Hiromi et al. [378] reported that the introduction
of IABP saved the lives of two patients with sepsis; how-
ever, a study of ten patients conducted by Takahashi
et al. [379] reported that the 28-day survival rate for the
introduction of IABP was 30%, although hemodynamics
did improve. There are some case reports and observa-
tional studies of the use of V-A ECMO for patients with
septic shock presenting with SIMD; however, the sur-
vival rate widely varied from 15 to 70%. Huang et al.
[380] investigated 52 patients in whom V-A ECMO was
introduced and reported that the survival rate was 15%
(8 patients); 40% (21 patients) experienced cardiac arrest
prior to the introduction of V-A ECMO, and there is the
possibility that introduction timing has a large influence
on prognosis. A study conducted by Cheng et al. [381]
on 151 adult patients with sepsis in whom V-A ECMO
was introduced had reported a survival and discharge
rate of 29.8%; however, an analysis that excluded those
over the age of 75 years, patients with advanced malig-
nant tumors, patients with end-stage heart/renal failure,
and immunosuppressed patients (67 patients in total) re-
ported a survival and discharge rate of 42%, suggesting
that age and pathological conditions such as immuno-
deficiency may largely influence the prognosis. Mean-
while, Bréchot et al. [382] introduced V-A ECMO in 14
patients with septic shock (average ejection rate of 16%,
average cardiac index of 1.3 L/min/m?) and reported a
survival and discharge rate of 71.4%, with follow-up ob-
servations conducted over a year later reporting favor-
able quality of life. It should be noted that their study
included a relatively large number of young patients
(average age of 45 years), but this result shows the effect-
iveness of V-A ECMO. Out of 37 patients in whom V-A
ECMO was introduced (average age of 54.7 years), Falk
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et al. [383] investigated 20 patients with decreased left
ventricular function (average ejection rate of 25%) and
reported an in-hospital survival rate of 90% and long-
term survival rate of 75%. Vogel et al. [384] introduced
veno-arteriovenous (VAV) ECMO in patients with septic
cardiomyopathy (12 patients) and reported a six-month
survival rate of 75%. The report by Vogel et al. in par-
ticular included five patients who experienced cardiac
arrest prior to the introduction of ECMO (41.7%), and
these results are thought to sufficiently show the effect-
iveness of ECMO usage. Takauji et al. [385] examined
the prognoses of 30 patients in whom V-A ECMO was
introduced from a sub-analysis of the Japan Septic Dis-
seminated Intravascular Coagulation (JSEPTIC DIC)
study conducted in Japan from 2011 to 2013 to and
showed that the survival and discharge rate was 20%.
These results were somewhat lower than those of global
reports. However, the survival rate of patients who re-
ceived V-V ECMO for ARDS in Japan has improved by
over a factor of two from 36% (2009) to 79% (2016) [386],
and future improvements in performance are expected
even with the use of V-A ECMO in adult patients with
sepsis presenting with severe cardiac dysfunction. Previous
studies to date have found age [380], severe cardiomyop-
athy [387], cardiac arrest prior to ECMO introduction
[387], and time from shock to introduction of ECMO
[388] to be prognostic factors among adult patients with
septic shock in which V-A ECMO was introduced. How-
ever, other factors such as improvements in ECMO de-
vices and proficiency level of medical staff with regard to
ECMO devices are also important, and it is thought that
treatment strategies that consider these aspects are also
needed. The number of reports of V-A ECMO for adult
patients with sepsis remains insufficient, and many of
these are single-center retrospective observational studies.
There have not been any RCTs investigating the treatment
effectiveness, and the efficacy of V-A ECMO and IABP in
adult patients with sepsis presenting with severe cardiac
dysfunction is currently under investigation.

CQ7: Corticosteroid therapy

Introduction

Corticosteroids exert anti-stress effects at physiological
concentrations and display potent anti-inflammatory ef-
fects at pharmacological concentrations [389, 390]. In crit-
ically ill patients, such as those with sepsis, dysfunction of
the hypothalamic-pituitary-adrenal axis is frequently ob-
served, and was termed “critical illness-related corticoster-
oid insufficiency (CIRCI).” The guidelines for CIRCI were
initially developed in 2008 and updated in 2017 [391].

Steroid therapies for sepsis are categorized as high-
dose therapy and low-dose therapy based on the daily
doses administered. Regarding high-dose therapy, 2
RCTs failed to show the effectiveness of high-dose
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methylprednisolone in the 1980s [392, 393]. Meanwhile,
since a small RCT conducted by Annane et al. reported
on the effectiveness of low-dose hydrocortisone in pa-
tients with relative adrenal insufficiency in 2002, low-
dose therapy has received increased attention [394]. The
first edition of the SSCG published in 2004 recom-
mended 7 days of therapy for patients who were unre-
sponsive to initial fluid resuscitation and required
vasopressors. However, a large-scale RCT (the CORTI-
CUS study) conducted in 2008 merely showed earlier
shock reversal without a difference in the mortality rate
[395], and the later editions of the SSCG recommended
short-term hydrocortisone use in patients with septic
shock who were unresponsive to fluid resuscitation and
vasopressors. After a 10-year period, the results of two
large-scale RCTs were published in 2018. Among these
2 RCTs, one failed to show improvements in mortality
(the ADRENAL trial), whereas the other that targeted
patients with more severe conditions showed significant
improvements in the mortality rate (the APROCCHSS
trial) [396, 397]. Thus, steroid therapies have subse-
quently once again been in the limelight. In the current
version of the guideline, we performed a systematic re-
view for each CQ based on the GRADE criteria, and
made recommendations.

Clinical flow of these CQs is shown in Fig. 6.

CQ7-1: Should low-dose corticosteroids (hydrocor-
tisone) be administered to adult patients with septic
shock who do not respond to initial fluid resuscita-
tion and vasopressors?

Answer: We suggest administering low-dose cortico-
steroids (hydrocortisone) to adult patients with septic
shock who do not respond to initial fluid resuscitation
and vasopressors for the purpose of withdrawing from
shock (GRADE 2D: certainty of evidence = “very low”).
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The estimate of effect for middle term mortality(9
RCTs, n = 6424) was 21 fewer per 1000 (95%CI: 40 fewer
to 3 more) [367, 394—401], and that for long term mor-
tality (5 RCTs, n=5716) was 23 fewer per 1000 (95%ClL:
45 fewer to 4 more), indicating that the effects were lim-
ited [394—397, 402]. Meanwhile, that for the shock with-
drawal period (5 RCTSs, n = 4661) yielded a MD of 31.53
h shorter (95%CI 36.6 shorter to 26.46 shorter) [367,
395, 396, 403]. Based on these results, desirable effects
were judged as small. Meanwhile, the estimate of effect
of all serious adverse effects (3 RCTs, n=5313) was 10
fewer per 1000 (95%CI: 23 fewer to 4 more) [367, 396,
397], that of superinfection (7 RCTs, n=5825) was 8
more per 1000 (95%CI: 12 fewer to 31 more) [394—399,
402], and that of gastrointestinal bleeding (6 RCTs, n =
2161) was 6 more per 1000 (95%CI: 13 fewer to 32
more) [394, 395, 397-399, 402]. Thus, the undesirable
effects were judged as trivial. In summary, the desirable
effects for outcomes other than the “shock withdrawal
period” were limited, whereas no differences in out-
comes for serious adverse effects were seen regarding
undesirable effects. From the perspective of an individual
patient or his/her family, the balance of effects was
judged as probably favoring the intervention. However,
it is desirable that this intervention should not be per-
formed as standard therapy for all patients with sepsis or
septic shock. Furthermore, the RCTs selected in this
analysis were all based on low-dose steroids, and this
recommendation assumes that low-dose steroids are be-
ing used.

CQ7-2: Should hydrocortisone and fludrocortisone
be administered to patients with septic shock who do
not respond to initial fluid resuscitation and
vasopressors?

Answer: We suggest concomitant administration of
hydrocortisone and fludrocortisone to adult patients

Rationale
[ Patients with sepsis ]

patients with septic shock
who do not respond to
initial fluid resuscitation and vasopressors?

CQ7-1 Should low—-dose corticosteroids (hydrocortisone) be
administered to adult patients with septic shock who do not respond
to initial fluid resuscitation and vasopressors?

CQ7-2 Should hydrocortisone and fludrocortisone be administered to
patients with septic shock who do not respond to initial fluid
resuscitation and vasopressors?

CQ7-3 Should corticosteroids (hydrocortisone) be administered to patients with sepsis without shock?

Fig. 6 CQ7: Corticosteroid therapy (clinical flow)
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with septic shock who do not respond to initial fluid re-
suscitation and vasopressors (GRADE 2C: certainty of
evidence = “low”).

Rationale

The estimate of the effects for 28-day mortality (2
RCTs, n =1540) was 52 fewer per 1000 (95%CI: 4 fewer
to 95 fewer) [394, 397]. That for long-term mortality ob-
tained from 3 RCTs with a low RoB (3 RCTs, n =2049)
was 53 fewer per 1000 (95%CIL: 11 fewer to 90 fewer)
[394, 397, 404] and that for shock withdrawal (1 RCT,
n =299) was 124 more per 1000 (95%CIL: 9 more to 271
more) [394]. It was adjudged from these results that the
co-administration of hydrocortisone and fludrocortisone
yielded large desirable effects. Meanwhile, the effects for
all serious adverse effects were as follows: superinfec-
tions (3 RCTs, n = 2048) yielded an effect of 33 more per
1000 (95%CI: 35 fewer to 119 more) [394, 397, 404],
gastrointestinal bleeding (2 RCTs, n=1539) yielded an
effect of 3 fewer per 1000 (95%CI: 23 fewer to 27 more)
[394, 397], and mental illness (3 RCTs, n =299) yielded
an effect of 4 fewer per 1000 (95%CIL: 6 fewer to 47
more) [394, 397, 404]. This shows that the undesirable
effects of co-administration of hydrocortisone and flu-
drocortisone were trivial. In summary, the desirable
effects of co-administration of hydrocortisone and flu-
drocortisone were large, whereas the undesirable ef-
fects were trivial. Therefore, the balance of effects
was judged as probably favoring the intervention
[405]. The same decision would be made even when
assuming worst-case scenarios (lower limit of CI for
desirable effects, upper limit of CI for undesirable ef-
fects). It is desirable that this intervention be adminis-
tered only among patients with septic shock that is
refractory to initial fluid resuscitation and vasopres-
sors. It should be also noted that the national health
insurance coverage of fludrocortisone is limited to
salt-wasting congenital adrenal hyperplasia and Addi-
son’s disease.

CQ7-3: Should corticosteroids (hydrocortisone) be
administered to patients with sepsis without shock?

Answer: We suggest against administering hydrocorti-
sone to patients with sepsis without shock (GRADE 2D:
certainty of evidence = “very low”).

Rationale

The estimate of effects for 28-day mortality (3 RCTs,
n=437) was 2 fewer per 1000 (95%CI: 48 fewer to 74
more) [406—408]. That for progression to shock (1 RCT,
n = 349) was 27 fewer per 1000 (95%CIL: 94 fewer to 71
more) [406]. It was adjudged from these results that the
desirable effects of hydrocortisone administration were
trivial. Meanwhile, that for long-term mortality (2 RCTs,
n =382) was 26 more per 1000 (95%CI: 42 fewer to 131
more) [406, 408]. The estimate of effects for all serious
adverse effects were as follows: superinfection (1 RCT,
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n = 375) yielded 46 more per 1000 (95%CI: 27 fewer to
157 more) [406] and gastrointestinal bleeding (1 RCT,
n = 375) yielded 6 more per 1000 (95%CI: 8 fewer to 85
more) [406]. From these results, the undesirable effects of
hydrocortisone administration were judged as trivial. In
summary, the desirable and undesirable effects were both
trivial. Therefore, the balance of effects did not support ei-
ther the intervention or comparison regardless of the rela-
tive value circumstances of the patient or his/her family.
This recommendation also does not apply to continuation
of corticosteroid administration for patients who have
been treated with corticosteroids for chronic diseases.

CQ8: Blood transfusion therapy

Introduction

Sepsis is often associated with a pathology that re-
quires blood transfusion therapies, such as anemia or co-
agulopathy. However, there is limited evidence regarding
blood transfusion therapy among sepsis patients, and
there is still much debate regarding its indications.

Insured medical care in Japan is required to comply
with the “Guidelines for the use of blood transfusion
therapy, 2019 revised edition” published by the Ministry
of Health, Labour and Welfare [409]. Among these, the
J-SSCG 2016 is cited for blood transfusion, which states
that a trigger value of Hb level 7 g/dL is recommended
for anemia in sepsis patients. However, there are no
items for sepsis patients regarding fresh frozen plasma
and platelet concentrate [3, 4].

It is thought that there is some degree of consensus in
starting blood transfusion below a hemoglobin level of 7
g/dL in relatively young intensive care patients who have
no underlying cardiovascular diseases. However, there
are many seniors or patients with underlying cardiovas-
cular diseases in actual clinical practice, and it is thought
that blood transfusions should be administered consider-
ing these patient backgrounds and the presence of
shock. Therefore, we devised CQs on blood transfusion
in cases of initial resuscitation of septic shock (CQ8-1)
and cases where hemodynamics are stable (CQ8-2),
where we investigated the starting criteria for appropri-
ate blood transfusion according to sepsis pathology.

It is thought that there is some degree of consensus in
not administering fresh frozen plasma or platelet con-
centrate transfusion to patients with sepsis without hem-
orrhaging tendencies and surgical procedures are not
required. However, neither the J-SSCG 2016 nor the
SSCG 2016 have provided recommendations based on
sufficient evidence regarding fresh frozen plasma and
platelet concentrate transfusion in patients with sepsis
[1-4]. Coagulopathy due to systemic inflammatory re-
sponse is more likely to occur in sepsis patients, and the
prognosis when this is accompanied by DIC is poor.
Thus, it is thought that appropriate coagulation factors
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and platelets should be supplemented according to coag-
ulopathy pathology. Therefore, we devised CQs on fresh
frozen plasma (CQ8-3) and platelet transfusion (CQ8-
4) investigating the administration criteria of fresh fro-
zen plasma, platelet transfusion, and administration
concepts.

Clinical flow of these CQs is shown in Fig. 7.

CQ8-1: How should blood transfusion be con-
ducted during the initial resuscitation of septic
shock?

Answer: We suggest starting blood transfusion at a
hemoglobin level of less than 7 g/dL during initial resus-
citation for patients with septic shock (GRADE 2C: cer-
tainty of evidence = “low”).

Rationale

The J-SSCG 2016 recommends blood transfusion at a
hemoglobin level below 7 g/dL for the initial resuscita-
tion of septic shock [3, 4]. Furthermore, neither the 2019
edition of the “Guidelines for the use of blood transfu-
sion therapy” of the Ministry of Health, Labour and
Welfare nor the SSCG 2016 discussed pathological con-
ditions such as the shock period or after shock with-
drawal, but a reference recommended starting blood
transfusion at a hemoglobin level of <7 g/dL under con-
ditions presumed to be related to shock [409]. Mean-
while, the risks of ischemic organ injury due to tissue
hypoxemia, which is thought to occur when hemoglobin
levels are insufficient, also need to be considered.

The results of a systematic review yielded only one
relevant RCT [410]. The RCT reported that starting
blood transfusion at a hemoglobin level less than 7 g/dL
resulted in a 90-day mortality rate of 18 fewer per 1000
(95%CI: 76 fewer to 45 more) when compared to initiat-
ing transfusion at less than 10 g/dL. The number of is-
chemic events was 8 fewer per 1000 (95%CI: 33 fewer to
31 more).

Thought processes regarding blood transfusion vary
on an individual basis, and there are patients or fam-
ilies who refuse blood transfusions due to reasons
such as religion, but administering as little blood
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transfusion as possible and avoiding transfusion com-
plications is generally thought to be prioritized by pa-
tients and family. After considering medical costs and
burdens on medical sites, it is suggested that blood
transfusions begin at hemoglobin levels less than 7 g/
dL for the initial resuscitation of patients with septic
shock.

It is desirable to evaluate the presence of ischemic
complications during implementation. This recommen-
dation does not apply to patients who are compensatory
for hyperhemoglobinemia due to the presence of chronic
hypoxemia (e.g., due to the presence of right-to-left
shunts), and individual responses are required in such
cases.

CQ8-2: How should blood transfusion be con-
ducted during hemodynamically stable sepsis?

Answer: We suggest starting blood transfusion at a
hemoglobin level of less than 7g/dL in patients with
hemodynamically stable sepsis (expert consensus: insuf-
ficient evidence).

Rationale

Tissue hypoxia accompanying anemia is a clinically
important issue. Blood transfusion is a response to this
and is conducted for preventative purposes, but transfu-
sion over the amount needed increase the risk of aller-
gies and infection associated with the administration of
blood transfusion therapy. There are also risks such as
circulatory loads associated with the administration of
blood transfusion therapy as well as the onset of
transfusion-related acute lung injury (TRALL frequency
of lethal TRALI due to blood transfusion: 1: 2—3,000,000
products) [411]. Therefore, it is thought that administer-
ing the minimum amount of transfusions to avoid disor-
ders associated with anemia is important.

It was adjudged in the J-SSCG 2016 that a certain
degree of consensus has been reached regarding the
starting criteria of blood transfusions for sepsis pa-
tients with stable hemodynamics, and this was not
taken up as a CQ [3, 4]. However, clarifying the start-
ing criteria for blood transfusion in patients with
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Fig. 7 CQ8: Blood transfusion therapy (clinical flow)
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stable hemodynamics was also thought to be an im-
portant clinical issue, and this was taken up in this
sepsis clinical practice guideline. The results of a sys-
tematic review yielded no relevant RCTs. Administer-
ing a minimal amount of transfusions that prevent
disorders associated with anemia was thought to re-
sult in the effects of transfusion while minimizing
complications as well as having a high potential bene-
fit for patients. Meanwhile, limiting the start of blood
transfusions to hemoglobin levels of 7.0 g/dL may fur-
ther increase the burden on the heart and be harmful
to some patients with ischemic heart disease or heart
failure. From the above, although the balance of ef-
fects is thought to vary according to patient condi-
tions, we suggest that blood transfusion should be
administered at hemoglobin levels less than 7 g/dL
even in sepsis patients with stable hemodynamics if
severe heart failure or ischemic heart disease is not
present.

It is desirable to evaluate the presence of ischemic
complications during implementation. This recommen-
dation is not applicable to patients who are compensa-
tory for hyperhemoglobinemia due to the presence of
chronic hypoxemia (e.g., due to the presence of right-to-
left shunts), and individual responses are required in
such cases.

CQ8-3: How should fresh frozen plasma be admin-
istered in patients with sepsis?

Answer: We suggest administering fresh frozen plasma
in patients with sepsis when hemorrhaging tendencies
are observed. If surgical/invasive interventions are re-
quired, we suggest administering when PT/APTT is ex-
tended (PT is over INR 2.0 or activity level of less than
30%; APTT is over two times the upper limit of stan-
dards at each medical institution or activity level less
than 25%) or when fibrinogen levels are less than 150
mg/dL (expert consensus: insufficient evidence).

Rationale

It has been reported that coagulopathy is associated
with sepsis patients at a high rate, and the prognosis of
sepsis patients with complications of coagulopathy is
poor [412]. Fresh frozen plasma is sometimes adminis-
tered to patients with sepsis when hemorrhaging tenden-
cies are present or surgical procedures are required to
improve coagulopathy. However, the usefulness of fresh
frozen plasma, including during surgical treatment, is
unclear [413, 414]. There is no set evaluation of the ef-
fectiveness and harmfulness of fresh frozen plasma in
sepsis patients with the objective of improving coagulop-
athy, and there are various administration criteria for it
even in clinical settings. From the above, it was thought
that this was an important clinical issue to be addressed
in sepsis treatment guidelines, and this was taken up as

a CQ.
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The results of a systematic review yielded no relevant
RCTs. It is thought that there is a potentially high benefit
to patients when administering fresh frozen plasma in
order to address and prevent hemorrhaging states accom-
panying coagulopathy, or hemorrhaging associated with
invasive interventions when coagulopathy is present. No
harmful effects have been proven due to the administra-
tion of fresh frozen plasma when no hemorrhaging ten-
dencies are seen, and no surgical procedures are required.
However, there is an increased risk of allergies and infec-
tions associated with the administration of blood transfu-
sion therapy. There is also the risk of circulatory loads
associated with the administration of blood transfusion
preparations as well as the onset of TRALI (frequency of
lethal TRALI due to fresh frozen plasma; 1:2-300,000
products) [411]. At the very least, it is thought that the
benefits of fresh frozen plasma administration outweigh
the harms in cases of associated hemorrhaging symptoms
due to severe coagulopathy or when hemorrhaging due to
invasive interventions is predicted.

CQ8-4: How should platelet transfusion be con-
ducted for patients with sepsis?

Answer: We suggest conducting platelet transfusion in
patients with sepsis and platelet counts of less than 10,
000/pL, or less than 50,000/pL when accompanied by
hemorrhaging symptoms (expert consensus: insufficient
evidence). We suggest conducting platelet transfusion so
as to maintain a platelet count of over 50,000/uL when
active hemorrhaging is observed or when surgical/inva-
sive procedures are needed (expert consensus: insuffi-
cient evidence).

Rationale

Complications of thrombocytopenia occur at a high
rate among sepsis patients, and it is one of the organ dis-
orders included in the sequential organ failure assess-
ment score. It has been reported that sepsis patients
with thrombocytopenia have a high rate of shock, acute
renal injury, and hemorrhagic adverse event complica-
tions, and show poor prognoses [415, 416]. A prospect-
ive cohort study on sepsis patients in Japan also showed
thrombocytopenia (< 100,000/uL) in 345/1184 patients
(29.1%) [417]. Meanwhile, there is a risk of harm such as
TRALI when administering platelets (frequency of lethal
TRALI due to platelet administration; 1:3—400,000 prod-
ucts) [411]. In Japan, platelets are often administered to
patients with sepsis who have hemorrhaging tendencies
or who have associated thrombocytopenia and require
surgical treatment. However, its usefulness is not clear.
Based on the above, platelet transfusions for sepsis pa-
tients were thought to be an important clinical issue to
be addressed in the sepsis clinical practice guidelines,
and this was taken up as a CQ.

The results of a systematic review yielded no relevant
RCTs. It is thought that the potential benefits to patients is
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high when administering platelet transfusions in addressing
and preventing hemorrhagic symptoms associated with
thrombocytopenia or the hemorrhaging which accompanies
invasive interventions during thrombocytopenia. The harm-
ful effects have not been proven for platelet transfusion when
there are no hemorrhaging tendencies and surgical proce-
dures are not required; however, there are increased risks of
allergies and infection associated with blood transfusion ther-
apy. Unlike other blood transfusion therapy, platelet prepara-
tions are stored at room temperature (20-24°C), and care
must be taken to treat infectious diseases caused by bacterial
contamination. There is also the risk of circulatory loads
associated with the administration of blood transfusion prep-
arations as well as the onset of TRALI [411]. At the very
least, it is thought that the benefits of platelet transfusion
outweigh its harm in cases of hemorrhagic symptoms due to
severe thrombocytopenia or when hemorrhaging due to in-
vasive interventions is expected.

CQ09: Respiratory management

Introduction

Respiratory management in the treatment of sepsis
involves many therapies, from oxygen therapy to
mechanical ventilation and/or extracorporeal mem-
branous oxygenation. Sufficient oxygen supply to the
entire body is essential in cases in which balances be-
tween oxygen supply and demand are likely to be
lost, including worsening hemodynamics. On the
other hand, harmful effects of excessive oxygen ad-
ministration have been indicated according to patho-
logical condition [418]. Therefore, it was adjudged
that indicating the target SpO, range as a guide
(CQ9-1) could be important from a clinical perspec-
tive. Non-invasive ventilation (NIV) [419] and nasal
high-flow therapy (NHFT) [420] have been deter-
mined to be treatment options for pre-intubation re-
spiratory management if normal oxygen therapy was
insufficient (CQ9-2). Increased levels of attention
have been paid to the indication of protective ventila-
tion strategies (CQ9-3) and the selection of positive
end-expiratory pressure (PEEP) settings (CQ9-4)
when respiratory conditions have worsened and the
patient is shifted to mechanical ventilation with tra-
cheal intubation. Meanwhile, it is theoretically desir-
able to administer lung protective respiratory
management as it minimizes ventilator-induced lung
injury (VILI) caused by positive pressure ventilation
and patient self-inflicted lung injury (P-SILI) caused
by strong spontaneous respiration in the patient
[421]. Consideration of hemodynamics according to
disease stage and pathology, such as septic shock
[422], circulatory stable period, acute respiratory dis-
tress syndrome (ARDS) [423], and the convalescent
period, is needed during mechanical ventilation for
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patients with sepsis. Successful treatment of sepsis
normally results in simultaneous improvements in re-
spiratory condition; thus, weaning from mechanical
ventilation can be considered. In addition to the
evaluation of airway patency [424] and airway clear-
ance ability [425], the spontaneous breathing trial
(SBT) [426] is a typical method used to judge
whether mechanical support with ventilator can be
withdrawn. Whether to set a protocol for the weaning
process, including SBT (CQ9-5) and whether to ad-
minister preventative NIV [427] or NHFT [428] as
modes of respiratory management after tracheal extu-
bation (CQ9-6) are thought to be important clinical
issues for reducing post-extubation respiratory failure
or re-intubation and succeeding in weaning patients
from mechanical ventilation.

Clinical flow of these CQs is shown in Fig. 8.

CQ9-1: What is the SpO, range for respiratory
management in adult patients with sepsis?

Answer: We suggest against setting a high target SpO,
(98-100%) during respiratory management in adult pa-
tients with sepsis (GRADE 2B: certainty of evidence =
“moderate”).

Remarks: This does not apply in cases where there is
the possibility of a disruption in the oxygen supply/de-
mand balance due to severe anemia or increased metab-
olism due to infection in cases where hemodynamics are
unstable.

Rationale

A systematic review was performed on RCTs which
compared high target SpO, groups with low target SpO,
groups among critically ill patients requiring oxygen ad-
ministration. The results of meta-analyses showed that
the estimate of effects for short-term mortality (3 RCTs,
n =673) by setting a high target SpO, yielded an RD of
42 more per 1000 (95%CI: 38 fewer to 156 more) [429—
431] organ damage (1 RCT, n = 434) yielded an RD of 66
more per 1000 (95%CIL: 11 fewer to 175 more) [429], and
new infection (1 RCT, n=434) yielded an RD of 49
more per 1000 (95%CIL: 22 fewer to 153 more) [429].
Therefore, the possibility of an increased short-term mor-
tality rate or an increased frequency of associations with
additional infection or systemic organ failure may be more
strongly suggested if further investigations reveal similar
results as these trials. All outcomes investigated did not
support respiratory management with a high target SpO,,
and no outcomes were investigated for desirable effects;
thus, it was adjudged that respiratory management with a
low target SpO, was likely superior. Due to the small sam-
ple size and number of trials, we conditionally suggest this
after comprehensively evaluating these findings.

A specific SpO, value of 98—100% was recorded in the
recommendation. However, we found no reports that in-
vestigated to what extent SpO, negatively impacts



Egi et al. Journal of Intensive Care (2021) 9:53

Page 67 of 144

[ Patients with sepsis ]

Respiratory failure?

NO

| Course observe | |

Oxygen administration

CQ9-1 What is the SpO, range for respiratory management in adult patients with sepsis?
CQ9-2 Should non—invasive ventilation (NIV) or nasal high—flow therapy (NHFT) be conducted for
early respiratory failure in adult patients with sepsis?

Continue NO

Oxygen administration,
NIV or NHFT

Require
mechanical ventilation?

YES

Mechanical ventilation

|

adult patients with sepsis?

sepsis?

CQ9-3 Should protective ventilation strategies be implemented for ventilation management in

CQ9-4 Should high PEEP settings be utilized for ventilation management in adult patients with

YES Continue

echanical ventilation 2

CQ9-5 Should spontaneous breathing trials (SBT) be conducted prior to extubation in adult
patients with sepsis placed under ventilation management?

Weaning from mechanical ventilation
Extubation

CQ9-6 Should preventative non—invasive ventilation (NIV) or nasal high—flow therapy (NHFT) be
conducted after extubation for adult patients with sepsis placed under ventilation management?

Fig. 8 CQ9: Respiratory management (clinical flow)

outcomes, and further investigations on the optimal tar-
get SpO, range are thought to be needed in the future.
Pathological conditions such as increased oxygen de-
mand and decreased oxygen supply should also be suffi-
ciently considered in the treatment of sepsis, and
emergency measures such as increasing oxygen adminis-
tration or oxygen concentration until hemodynamics re-
cover should be used. This recommendation does not
deny these actions.

The results of a meta-analysis of a total of five reports
including 2 RCTs published after the period of system-
atic review (both published in the NEJM in 2020) [432,
433] were added as a supplement. The estimate of effects
for short-term mortality (5 RCTs, n =1833) yielded an
RD of 12 fewer per 1000 (95%CI: 81 fewer to 81 more)
[429-433], organ damage (3 RCTs, n =1600) yielded an

RD of 12 more per 1000 (95%CI: 51 fewer to 102 more)
[429, 432, 433] and new infection (2 RCTs, n=635)
yielded an RD of 48 more per 1000 (95%CI: 12 fewer to
129 more) [429, 432]. Based on the above, it was ad-
judged that the recommendations for this CQ would not
change significantly even if the benefits and harms were
investigated after incorporating the latest research
findings.

CQ9-2: Should non-invasive ventilation (NIV) or
nasal high-flow therapy (NHFT) be conducted for
early respiratory failure in adult patients with sepsis?

Answer: We suggest conducting non-invasive ventila-
tion (NIV) or nasal high-flow therapy (NHFT) for early
respiratory failure in adult patients with sepsis (GRADE
2A: certainty of evidence = “high”).

Rationale
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A systematic review was performed on RCTs which
compared groups which underwent either NIV, NHFT,
or conventional oxygen therapy (COT) during respira-
tory management for acute hypoxic respiratory failure.
Network meta-analysis methods were used to conduct
comparative investigations between the three groups.
The estimate of network effects for short-term mortality
were as follows: when compared to COT, NHFT yielded
an RD of 65 fewer per 1000 (95%CIL: 95 fewer to 28
more) (5 RCTs, n = 1453) [434—438]; NIV yielded an RD
of 30 fewer per 1000 (95%CI: 60 fewer to 3 more) (14
RCTs, n=2359) [434, 435, 439-450]. When compared
to NHFT, NIV yielded an RD of 8 fewer per 1000
(95%CI: 35 fewer to 25 more) (3 RCTs, n=338) [434,
435, 451]. The estimate of network effects for tracheal
intubation were as follows: when compared to COT,
NHFT yielded an RD of 65 fewer per 1000 (95%CI: 95
fewer to 28 fewer) (6 RCTs, n=1563) [434—438, 442]
and NIV yielded an RD of 60 fewer per 1000 (95%CI: 92
fewer to 29 fewer) (17 RCTs, n = 2506 [434, 435, 439—
441, 443-449, 452-456]. When compared to NHFT,
NIV yielded an RD of 5 more per 1000 (95%CI: 32 fewer
to 46 more) (5 RCTs, n = 1584) [434, 435, 451, 457, 458].
The estimate of network effects for time until tracheal
intubation were as follows: compared to COT, NHFT
yielded an MD of 1.15h longer (95%CI: 0.21 shorter to
2.09 longer) (1 RCT, n =200) [434], NIV yielded an MD
of 0.53 h longer (95%CI: 0.27 shorter to 0.80 longer) (2
RCTs, n=284) [434, 449] When compared to NHFT,
NIV vyielded an RD of 0.62h shorter (95%CIL: 1.52
shorter to 0.28 longer) (2 RCTs, n = 432) [434, 458]. Fur-
thermore, the surface under the cumulative ranking
curves (SUCRAs) for short-term mortality were 77.3,
64.4, and 8.3 for NIV, NHFT, and COT, respectively.
Those for tracheal intubation were 74.5, 74.7, and 0.8 for
NIV, NHFT, and COT, respectively. Those for time until
tracheal intubation were 40.3, 85.2, and 24.5 for NIV,
NHFT, and COT, respectively. No differences in effects
were observed for short-term mortality and time until
tracheal intubation; however, the possibility of avoiding
tracheal intubation with either NIV or NHFT was sug-
gested. All outcomes raised as undesirable effects had
low importance and were thus not included in investiga-
tions, and the evidence level of desirable effects was
“large”; thus, it was adjudged that the balance of effects
was such that intervention was likely superior. There-
fore, we decided to recommend both NIV and NHFT
weakly, and we conditionally suggest these after compre-
hensive judgment.

CQ9-3: Should protective ventilation strategies be
implemented for ventilation management in adult
patients with sepsis?

Answer: We suggest implementing protective ventila-
tion strategies for ventilation management in adult
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patients with sepsis (GRADE 2B: certainty of evidence =
“moderate”).

Rationale

A systematic review was performed on RCTs which
compared groups that received protective ventilation
which limited plateau pressure by either low tidal volume
or low plateau pressure and groups that did not (conven-
tional) among critically ill patients who required mechan-
ical ventilation management. We decided not to
investigate PEEP values for either group. The results of a
meta-analysis showed that the estimate of effects for
short-term mortality (9 RCTs, n = 2422) were as follows:
when compared to the conventional group, protective
ventilation yielded an RD of 36 fewer per 1000 (95%CI: 88
fewer to 24 more) [459-467], ventilator-free days (VEDs)
(3 RCTs, n=1911) yielded an MD of 1.79 days longer
(95%CI: 0.62 shorter to 4.20 longer) [463, 464, 467] and
barotrauma (7 RCTs, n =2182) yielded an RD of 8 fewer
per 1000 (95%CIL: 31 fewer to 28 more) [459-464, 467].
Mechanical ventilation has the dual tendency to decrease
the mortality rate and increase the number of VEDs.
There were no major differences in the incidence of baro-
trauma as an adverse event. The investigated outcomes
were generally in favor of intervention; thus, it was ad-
judged that protective ventilation was likely superior. We
conditionally suggest this after comprehensive judgment
including the balance of effects and evidence level.

CQ9-4: Should high PEEP settings be utilized for
ventilation management in adult patients with
sepsis?

Answer: We suggest against utilizing high PEEP set-
tings (PEEP over 12 cm H,O) for the initial stage of ven-
tilation management in adult patients with sepsis
(GRADE 2B: certainty of evidence = “very low”).

Rationale

We performed a systematic review of RCTs which
compared high PEEP setting groups and low PEEP set-
ting groups among critically ill patients who required
mechanical ventilation management. The results of
meta-analyses showed the following estimate of effects
of high PEEP settings when compared to low PEEP set-
tings: short-term mortality (7 RCTs, n = 3657) yielded an
RD of 8 fewer per 1000 (95%CI: 54 fewer to 47 more)
[461, 464, 468—-472] and VED (3 RCTs, n = 1654) yielded
an MD of 0.45 days longer (95%CI: 2.02 shorter to 2.92
longer) [464, 468, 469]. The estimate of effects for un-
desirable effects was as follows: incidence of barotrauma
(6 RCTs, n=3457) yielded an RD of 5 more per 1000
(95%CI: 23 fewer to 53 more) [461, 464, 468, 469, 471,
472] and incidence of circulatory insufficiency (1 RCT,
n =1010) yielded an RD of 65 more per 1000 (95%CI: 6
more to 133 more) [469]. The effects of high PEEP on
decreased short-term mortality and increased number of
VED were trivial and increases in barotrauma incidence
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as an undesirable effect were also trivial. Meanwhile, cir-
culatory insufficiency tended to be promoted; however,
it is unclear whether low PEEP settings can be adjudged
as superior based on the results of this outcome, which
was obtained from only one RCT. However, all subjects
in this trial were diagnosed with moderate ARDS, and
may have had risks associated with PEEP-induced circu-
latory insufficiency as backgrounds. Circulatory suppres-
sion is emphasized by high PEEP settings with septic
shock; thus, further caution is required. After compre-
hensively evaluating these findings, we adjudged that low
PEEP settings were likely superior, and conditionally
suggest this.

A specific high PEEP value of over 12 cm H,O was set
in the recommendation. However, there have been no
reports which investigated to what extent high PEEP has
a negative impact on outcomes, and further investiga-
tions are needed in the future. The effects of PEEP have
also been reported to vary according to the severity of
ARDS; thus, a higher PEEP setting may become neces-
sary depending on the severity of the patient’s condition
when he/she is diagnosed with ARDS.

CQ9-5: Should spontaneous breathing trials (SBT)
be conducted prior to extubation in adult patients
with sepsis placed under ventilation management?

Answer: We suggest utilizing weaning protocols from
ventilators, including spontaneous breathing trials
(SBTs) prior to extubation in adult patients with sepsis
placed under ventilation management (GRADE 2D: cer-
tainty of evidence = “very low”).

Rationale

We performed a systematic review of RCTs which
compared groups that underwent protocol-based
weaning including SBT prior to extubation with
groups that did not undergo such a weaning process
based on a protocol among critically ill patients who
required mechanical ventilation. The results of meta-
analyses showed that the estimate of effects for
short-term mortality (8 RCTs, n=1282) in the
protocol-based group yielded an RD of 10 fewer per
1000 (95%CI: 52 fewer to 45 more) when compared
to the no-protocol group [473-480]. There were no
relevant references on VFD. The estimate of effects
for re-intubation (7 RCTs, n=1081) in the protocol-
based group yielded an RD of 24 fewer per 1000
(95%CI: 61 fewer to 41 more) when compared to the
no-protocol group [473, 475-477, 479, 481, 482].
Weaning protocols for mechanical ventilators, in-
cluding SBT, tended to decrease short-term mortality
and re-intubation rates; however, the evidence level
for each outcome was extremely low. Meanwhile,
there were no outcomes for undesirable effects. After
comprehensively evaluating these findings, we
adjudged that weaning protocols for mechanical
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ventilators, including SBT, were likely superior, and
conditionally suggest this.

CQ9-6: Should preventative non-invasive ventila-
tion (NIV) or nasal high-flow therapy (NHFT) be con-
ducted after extubation for adult patients with sepsis
placed under ventilation management?

Answer: We suggest conducting preventative non-
invasive ventilation (NIV) or nasal high-flow therapy
(NHFT) over standard oxygen therapy following extuba-
tion for adult patients with sepsis placed under ventila-
tion management (GRADE 2B: certainty of evidence =
“moderate”).

Rationale

We performed a systematic review of RCTs which
compared groups preventatively underwent NIV, NHFT,
or COT immediately after extubation among patients
who underwent mechanically ventilation for more than
12h due to acute respiratory failure and who subse-
quently cleared the SBT. Network meta-analysis
methods were used to comparatively investigate the
three groups. The estimate of network effects for short-
term mortality was as follows: compared to COT, NHFT
yielded an RD of 12 fewer per 1000 (95%CI: 32 fewer to
16 more) (4 RCTs, n=2802) [483-486], NIV vyielded an
RD of 31 fewer per 1000 (95%CI: 53 fewer to 1 more) (5
RCTs, n="784) [487-491]. When compared to NHFT,
NIV yielded an RD of 43 fewer per 1000 (95%CI: 102
fewer to 32 more) (1 RCT, n = 604) [492]. The estimate
of network effects for the rate of re-intubation were as
follows: compared to COT, NHFT vyielded an RD of 69
fewer per 1000 (95%CIL: 99 fewer to 12 fewer) (5 RCTs,
n =864) [483-486, 493] and NIV yielded an RD of 66
fewer per 1000 (95%CI: 99 fewer to 1 fewer) (4 RCTs,
n=664) [487-489, 491]. When compared to NHFT,
NIV yielded an RD of 16 more per 1000 (95%CIL: 109
fewer to 271 more) (1 RCT, n=604) [492]. The SUCRA
values for short-term mortality were 91.8, 46.3, and 11.8
for NIV, NHFT, and COT, respectively. The SUCRA values
for re-intubation were 69.8, 77.8, and 2.8 for NIV, NHFT,
and COT, respectively. There was no difference in effects
for the desirable effect of decreased short-term mortality;
however, NIV and NHFT yielded decreased re-intubation
rates compared to COT, and it was shown that both NIV
and NHFT could potentially prevent re-intubation. All out-
comes raised as undesirable effects were of low importance
and thus not included in investigations, and the evidence
level of desirable effects was “moderate”; therefore, based
on the balance of effects, it was adjudged that intervention
was likely superior. Consequently, we decided to recom-
mend both NIV and NHFT weakly, and after comprehen-
sive judgment, we conditionally suggested this.

CQ10: Management of pain, agitation, and delirium
Introduction



Egi et al. Journal of Intensive Care (2021) 9:53

The 2013 Pain, Agitation, and Delirium (PAD) guide-
lines [494], its revised 2018 Pain, Agitation/sedation, De-
lirium, Immobility, and Sleep disruption (PADIS)
guidelines [495], and the J-PAD guidelines put forth by
the Japanese Society of Intensive Care Medicine [496]
address the management of pain, agitation, and delirium
in critically ill adult patients. However, most of the clin-
ical research that serves as the basis for the decisions in
these guidelines includes critically ill patients with vari-
ous pathological conditions (including postoperative pa-
tients) as subjects, and very few studies have been
conducted only on sepsis. However, there is no evidence
that PAD management in sepsis differs from the man-
agement of other critically ill patients. Therefore, the
“analgesia/sedation/delirium management” in the J-
SSCG 2016 [3, 4] was created as an excerpt from the J-
PAD guidelines [496]. This guideline set six CQs for the
management of pain, agitation, and delirium in sepsis
patients, and a systematic review and meta-analysis was
performed according to the new GRADE system. A lit-
erature review assessed patients with severe illnesses
other than sepsis in these CQs.

It has been suggested that pain management based
on an analgesia-first sedation protocol using evalu-
ation tools may improve ICU and clinical outcomes.
CQs were established to balance the benefits and
risks of pain management methods. The prevention of
agitation is extremely important for shortening the
duration of ventilator management and length of stay
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in the ICU. As these outcomes are directly linked to
patient prognosis, CQs related to the differences in
agitation management, such as the selection of seda-
tives and light sedation practices, were established.
Delirium is a phenotype of central nervous system
organ damage in septic patients. It is known that
there is a correlation between the duration of delir-
ium in the ICU and cognitive impairments occurring
within 3 and 12 months of discharge from the ICU.
CQs related to delirium prevention methods and
treatment methods have been established.

The basic principle underlying the management of
critically ill patients, including those with sepsis, has
been summarized as “management with the minimum
amount of sedatives needed based on sufficient pain
control, frequent evaluations of delirium, and rehabilita-
tion as rapidly as possible” [3, 4]. Please refer to the
PADIS guidelines [495] and J-PAD guidelines [496],
which are the clinical guidelines in this field if the con-
tent here is insufficient.

Clinical flow of these CQs is shown in Fig. 9.

CQ10-1: Should management based on analgesia-
first sedation protocol be used for adult patients with
sepsis on mechanical ventilation?

Answer: We suggest using management based on
analgesia-first sedation protocol in adult patients with
sepsis on mechanical ventilation (GRADE 2C: certainty
of evidence = “low”).

Rationale

required mechanical ventilation

v
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patients with sepsis on mechanical ventilation?

Yes

Require
sedatives?

Agitation?

No

CQ10-2  Should propofol or dexmedetomidine be prioritized over
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CQ10-3 Should light sedation through the interruption of
sedatives once a day or sedative adjustments based on protocol
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CQ10-4 Should drug therapy be used to prevent delirium in adult patients with sepsis?
CQ10-6 Should non-drug therapy be used to prevent delirium in adult patients with sepsis?

Fig. 9 CQ10: Management of pain, agitation, and delirium (clinical flow)
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We performed a meta-analysis of 7 RCTs [497-503]
that investigated the need to manage adult patients on
mechanical ventilation with an analgesia-first sedation
protocol.

The all-cause mortality due to management with an
analgesia-first sedation protocol (5 RCTs, n=1012) was
18 fewer 1000 (63 fewer to 35 more), the mechanical
ventilation period (6 RCTs, n =1090) yielded a MD that
was 8.99h shorter (20.66 shorter to 2.68 longer), the
number of days in a 28-day period in which mechanical
ventilation was not used (1 RCT, n=113) yielded an
MD that was 4.2 days longer (0.32 longer to 8.08 longer),
and the length of stay in the ICU (6 RCTs, n=1090)
yielded an MD that was 15.15 h shorter (26.08 shorter to
4.22 shorter). Serious complications due to management
with an analgesia-first sedation protocol (7 RCTs, n =
1296) occurred at a rate of 13 fewer per 1000 (36 fewer
to 19 more), and the onset of delirium (1 RCT, n=79)
occurred at a rate of 55 fewer per 1000 (159 fewer to
194 more). Therefore, it was adjudged that the balance
of effects was such that intervention was likely superior.

CQ10-2: Should propofol or dexmedetomidine be
prioritized over benzodiazepines as sedatives for
adult patients with sepsis on mechanical ventilation?

Answer: We suggest using propofol or dexmedetomi-
dine over benzodiazepines as sedatives for patients with
sepsis on mechanical ventilation (GRADE 2D: certainty
of evidence = “very low”).

Rationale

The selection of sedatives has been reported to influ-
ence the incidence of agitation. Preventing agitation
can be directly linked to prognosis; thus, the choice of
sedative during mechanical ventilation management is
extremely important. Therefore, a systematic review of
sedative interventions based on either propofol or dex-
medetomidine with benzodiazepine sedatives as a con-
trol was performed. A meta-analysis was conducted
after confirming 14 RCTs [504—518]. Compared to sed-
ation with benzodiazepines, sedation with propofol or
dexmedetomidine yielded a mortality rate (10 RCTs,
n=1573) of 4 more per 1000 (32 fewer to 50 more),
and an incidence rate of agitation of 66 fewer per 1000
(119 fewer to 3 more). The MD for the duration of
mechanical ventilation and length of stay in the ICU
were each 1.56days shorter (2.46 shorter to 0.67
shorter) and 2.06 days shorter (2.72 shorter to 1.39
shorter), respectively. Unplanned extubation yielded a
corresponding rate of 31 more per 1000 (22 fewer to
128 more). Considering the intervention-based benefits
of reduced duration of mechanical ventilation and
length of stay in the ICU, it was adjudged that the
intervention was likely superior.

CQ10-3: Should light sedation through the inter-
ruption of sedatives once a day or sedative
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adjustments based on protocol be used for adult pa-
tients with sepsis on mechanical ventilation?

Answer: We suggest using light sedation through the
interruption of sedatives once a day or sedative adjust-
ments based on protocol for patients with sepsis on
mechanical ventilation (GRADE 2C: certainty of evi-
dence = “low”).

Rationale

The practice of light sedation is important not only for
confirming the level of consciousness and detecting agi-
tation at an early stage, but also for shortening the dur-
ation of mechanical ventilation and length of stay in the
ICU. Therefore, we conducted a systematic review with
the objective of comparing the practice of light sedation,
which is performed by suspending sedatives once a day
or a protocol-based adjustment of sedative use, to that
of deep sedation. A meta-analysis was conducted on 2
RCTs [519, 520]. The practice of light sedation resulted
in a mortality rate (2 RCTs, n=257) that was 57 fewer
per 1000 (135 fewer to 60 more). The duration of mech-
anical ventilation (2 RCTs, n=257) yielded a MD of
2.49 days shorter (4.43 shorter to 0.54 shorter), and the
length of stay in the ICU (2 RCTs, n=257) had an MD
of 3.34 days shorter (6.09 shorter to 0.60 shorter). Un-
planned extubation (1 RCT, n=128) yielded a corre-
sponding rate of 37 fewer per 1000 (61 fewer to 88
more). From these results, it was adjudged that the inter-
vention was likely superior.

CQ10-4: Should drug therapy be used to prevent
delirium in adult patients with sepsis?

Answer: We suggest administering dexmedetomidine
for delirium prevention in adult patients with sepsis
(GRADE 2C: certainty of evidence = “low”). We suggest
against the administration of haloperidol (GRADE 2B:
certainty of evidence = “moderate”). We suggest against
the administration of atypical antipsychotics (GRADE
2C: certainty of evidence = “low”). We suggest against
the administration of statins (GRADE 2D: certainty of
evidence = “very low”).

Remarks: We recommend against the routine admin-
istration of dexmedetomidine to patients who do not re-
quire  sedation.  Furthermore, = dexmedetomidine
administration can cause hemodynamic fluctuations, so
this should ideally be administered under the supervision
of a physician who is experienced with systematic man-
agement in an ICU (expert consensus).

Rationale

The results of a systematic review yielded the follow-
ing RCTs that conformed to the PICO criteria: these in-
cluded studies with dexmedetomidine, 8 [510, 521-527];
haloperidol, 7 [514, 521, 528-532]; atypical antipsy-
chotics, 3 [514, 533, 534]; and statins, 2 [535, 536]. A
meta-analysis was performed using these RCTs. Prophy-
lactic administration of dexmedetomidine reduced the



Egi et al. Journal of Intensive Care (2021) 9:53

incidence of delirium (7 RCTs, n=1658) by 155 per
1000 (95%CI: 203 fewer to 83 fewer), and it was ad-
judged that the desired effects were moderate. The effect
of prophylactic administration of haloperidol on the in-
cidence of delirium (5 RCTs, n =2159) was 34 fewer per
1000 (95%CI: 92 fewer to 40 more). The expected effect
of atypical antipsychotics in 2 RCTs (n = 227) with only
post-operative patients as subjects yielded a decrease in
203 per 1000 people (95%CI: 225 fewer to 111 fewer).
The expected value of the effects of statins in 1 RCT
(n=142) yielded 9 fewer per 1000 (95%CI: 94 fewer to
66 more).

Meanwhile, the incidence rate of serious adverse
events due to the prophylactic administration of dexme-
detomidine decreased by 53 per 1000 (95%CI: 69 fewer
to 8 more) and that due to haloperidol decreased by 2
per 1000 (95%CI: 6 fewer to 13 more). There were no
studies that investigated serious adverse events regarding
the prophylactic administration of atypical antipsy-
chotics or statins, or alternatively, showed no adverse
events in either the intervention group or control group,
and the estimated value of undesirable effects was
unknown.

The onset of undesirable effects regarding dexmede-
tomidine was trivial, and moderate desirable effects
were observed as regards the incidence of post-ICU-
discharge cognitive disorders and delirium; thus, it
was adjudged that interventions were likely superior.
The desirable effects of haloperidol were limited, and
undesirable effects were trivial; therefore, it was ad-
judged that neither intervention nor comparative con-
trols was superior to the other. Desirable effects for
delirium onset were observed for atypical antipsy-
chotics; however, the research subjects were only
post-operative patients, and it was adjudged that the
desirable effects were trivial. Furthermore, the un-
desirable effects were unknown. Therefore, there was
insufficient evidence for the utility of prophylactic ad-
ministration of atypical antipsychotics among sepsis
patients, and it was adjudged that neither intervention
nor the comparative controls were superior to the
other. Desirable effects were limited for statins, and
undesirable effects were also trivial; thus, it was ad-
judged that neither intervention nor comparative con-
trols were superior.

CQ10-5: Should drug therapy be used to treat delir-
ium in adult patients with sepsis?

Answer: We suggest against administering dexmedeto-
midine for delirium treatment in adult patients with sep-
sis (GRADE 2D: certainty of evidence = “very low”). We
suggest against administering haloperidol (GRADE 2C:
certainty of evidence = “low”). We suggest against ad-
ministering atypical antipsychotics (GRADE 2B: cer-
tainty of evidence = “moderate”).
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Remarks: The use of dexmedetomidine, haloperidol, or
atypical antipsychotics should not be prevented when the
patient’s life or body is at risk due to hyperactive delirium.

Rationale

The results of a systematic review yielded the fol-
lowing RCTs that conformed to the PICO criteria:
one on dexmedetomidine [537], one on haloperidol
[538], and three on atypical antipsychotics [538-540].
A meta-analysis was performed on these RCTs. The
results of a systematic review yielded 1 RCT (n=71)
including post-operative patients. In this RCT, dexme-
detomidine administration resulted in a higher mor-
tality (RR 4.13, 95%CI: 0.21-82.95) and 1.37 days
shorter ICU stay (95%CI: 3.82 shorter to 1.08 longer).
For haloperidol, the mortality rate (1 RCT, n=376)
was 38 more per 1000 (95%CIL: 51 fewer to 154
more), number of days with delirium (1 RCT, n-=
376) was 0.34 days shorter (95%CI: 1.18 shorter to 0.5
longer), and the length of stay in the ICU (1 RCT,
n =376) was 0.33 days shorter (95%CI: 1.92 shorter to
1.26 longer). For atypical antipsychotics, the mortality
rate (2 RCTs, n=410) was 3 fewer per 1000 (95%Cl:
82 fewer to 98 more), the number of days with delir-
ium (2 RCTs, n=410) was 1.75days shorter (95%ClL:
4.31 shorter to 0.81 longer), and the length of stay in
the ICU (2 RCTs, n=410) was 1.1 shorter (95%CI:
2.48 shorter to 0.28 longer). Therefore, it was ad-
judged that the desired effects for each drug were
trivial. Meanwhile, there were no reports on serious
adverse events as outcomes of the three drugs. There-
fore, the desirable effects of the three drugs were triv-
ial, and the undesirable effects were unknown. The
balance of effects was thought to be such that neither
the intervention nor the comparative controls were
superior.

CQ10-6: Should non-drug therapy be used to pre-
vent delirium in adult patients with sepsis?

Answer: We suggest using non-drug therapy to pre-
vent delirium in adult patients with sepsis (GRADE 2C:
certainty of evidence = “low”).

Rationale

Non-pharmacologic therapies evaluated as interven-
tions included sleep improvement (e.g., eye masks, ear-
plugs, and circadian rhythm improvement), arousal
promotion (e.g., glasses, hearing aids, and orientation
improvement), and relaxation (excluding rehabilitation
medicine). The results of a systematic review yielded 10
RCTs that conformed to the PICO criteria [541-550]
and we performed a meta-analysis using these studies.

The results of another systematic review including
post-operative patients showed that the estimated value
of the effects of mortality (4 RCTs, n = 884) was 15 fewer
per 1000 (95%ClL: 57 fewer to 42 more). That of cogni-
tive dysfunction following discharge from the ICU
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(based on mini mental state examination) (1 RCT, n =
32) was 0.2 points higher (95%CI: 1.27 lower to 1.67
higher), and that for the number of delirium-free days (2
RCTs, n=799) was 0.01 days longer (95%CI: 1.22 shorter
to 1.24 longer). The incidence rate of delirium (6 RCTs,
n =1028) decreased by 44 per 1000 (95%CI: 149 fewer to
131 more) and that for the length of stay in the ICU (5
RCTs, n=904) was 0.14days shorter (95%CIL: 1.06
shorter to 0.79 longer). Based on the above, the desired
effects due to the intervention were judged to be small.
Meanwhile, no studies have reported serious adverse
events.

Therefore, the desirable effects were small, and the un-
desirable effects were unknown. However, it is thought
that almost no undesirable effects were estimated from
the content of the intervention. Based on the above, it
was adjudged that the intervention was likely superior.

CQ11: Acute kidney injury/blood purification

Introduction

AKI is a pathological condition in which the homeo-
stasis of the human body is disrupted due to a rapid de-
cline in renal function. The clinical practice guidelines
for AKI were published by the Kidney Disease Improving
Global Outcomes (KDIGO) organization in 2012 and pre-
sented new AKI diagnostic criteria and severity classifica-
tions. AKI can be diagnosed using this standardized
definition, and the significant impact of AKI on the out-
comes has become clear in various clinical settings.

AKI is a syndrome characterized by a wide spectrum
of diseases. Sepsis has frequently been observed as an
etiology of AKI, and a poor prognosis has been reported
for septic AKI [551]. The mortality rate of patients with
severe AKI requiring renal replacement therapy (RRT)
as a complication of sepsis is particularly high, and an
analysis of the Japanese Diagnosis Procedure Combin-
ation database showed that the in-hospital mortality rate
of these patients with severe AKI was approximately
50% [552]. The pathophysiology of septic AKI is com-
plex, and disorders, such as those of the inflammatory
response and mitochondrial dysfunction, are assumed to
contribute to the pathogenesis of AKI in addition to dys-
regulated hemodynamics [553]. Meanwhile, no drugs
have been clinically proven to reduce the incidence of
AKI. Diuretics are commonly administered for septic
AKI, with the aim of fluid management. Therefore, this
guideline adopted CQs related to the administration of
furosemide (11-1) and atrial natriuretic peptides (11-2).
A CQ related to dopamine has also been adopted to
confirm the role of dopamine (11-3) in septic AKL

Blood purification therapy is a treatment modality
that removes the causative agent in the blood via an
extracorporeal blood circulation and replaces deficient
substances. Among these, RRT is the most commonly
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used blood purification therapy. There is no firmly
established evidence regarding the optimal RRT con-
ditions for AKI. Therefore, this guideline adopted
CQs regarding the selection of continuous or inter-
mittent RRT (11-4), the timing of RRT initiation
(11-5), and treatment doses in RRT (11-6). With re-
gard to the time of initiation of RRT in particular, the
STARRT AKI study was published just after the evidence
was evaluated in this guideline [554]. This RCT does not
support early initiation; therefore, we adjudged that this
study was not in conflict with the recommendations made
in the present guideline.

Endotoxin adsorption therapy is another blood purifi-
cation therapy for sepsis other than RRT. This therapy
has been developed in Japan, and many RCTs have been
conducted recently on this therapy outside Japan. The
present guideline adopted this as a CQ to evaluate the
evidence (11-7).

Clinical flow of these CQs is shown in Fig. 10.

CQ11-1: Should furosemide be used to prevent or
treat septic AKI?

Answer: We suggest against using furosemide for pre-
venting or treating septic AKI (GRADE 2C, certainty of
evidence = “low”).

Rationale

Furosemide could be theoretically beneficial for main-
taining urine flow to prevent the obstruction of the renal
tubules and reducing the oxygen consumption capacity
of the renal tubules [555-557]. To examine these renal
protective effects of furosemide, various clinical studies
have been conducted since the 1980s. Unfortunately,
these trials have failed to show the efficiency of renal
protection by furosemide [558]. However, furosemide is
widely used for fluid management in sepsis treatment;
thus, it was thought that we should continue to include
this issue in this guideline.

Our systematic review aimed to extract RCTs that
comparatively examined furosemide administration and
placebo, standard treatment, or no treatment among
adult patients who were critically ill or with sepsis or
septic shock. Unfortunately, our literature search found
no relevant RCTs in which furosemide was administered
for the prevention of AKI. Meanwhile, six eligible RCT's
in which furosemide was used for treating AKI were
identified. Then, the results of the extracted RCTs were
integrated [559-564].

The estimated value of effects for in-hospital mortality
(6 RCTs, n=649) yielded an increase of 39 per 1000
(95%CI: 26 fewer to 122 more). Also, the requirement
for renal replacement therapy (3 RCTs, n=206) in-
creased by 40 more per 1000 (95%CI: 103 fewer to 299
more). Thus, there were no clear benefits of furosemide
administration for the treatment of AKI. Regarding the
evidence certainty, the directionality of the estimated
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Fig. 10 CQ11: Acute kidney injury/blood purification (clinical flow)

value of the effects was consistent among the above crit-
ical outcomes. Hence, the overall certainty of the evi-
dence was set as “low”, the same as the highest certainty
among the applied outcomes.

This CQ about furosemide is related to preventing and
treating septic AKI and not to correcting fluid overload.
In case of excessive body fluids, appropriate fluid man-
agement with diuretics including furosemide should be
prioritized.

CQ11-2: Should atrial natriuretic peptide (ANP) be
used to prevent or treat septic AKI?

Answer: We suggest against using ANP for preventing
or treating septic AKI (GRADE 2D, certainty of evi-
dence = “very low”).

Rationale

Atrial natriuretic peptide (ANP) has been approved in
some countries as a therapeutic drug for acute heart fail-
ure. Therefore, its possible effects on AKI have been in-
vestigated mainly for cardiovascular surgery patients
[565-567]. Additionally, recent basic research of ANP
also indicated the cardiovascular effect and the renal
protective one [568-570]. However, its effects on septic
AKI have been controversial as recent meta-analysis
mentioned [565-567, 571]. Thus, this topic was picked
up as an important CQ in this guideline.

Our systematic review aimed to extract RCTs that
compared ANP administration to a placebo, standard
treatment, or no treatment among adult patients who
were critically ill or with sepsis or septic shock. Unfortu-
nately, our literature search found no relevant RCTs in
which ANP was administered to prevent AKI. Mean-
while, three eligible RCTs in which ANP was used for
treating AKI were identified. Then, the results of the ex-
tracted RCTs were integrated [572—-574].

The estimated value of effects for the requirement
for RRT (3 RCTs, n="779) decreased by 58 per 1000
(95%CI: 157 fewer to 73 more). Meanwhile, the mor-
tality outcomes (3 RCTs, n="779) showed an increase
of 18 per 1000 (95%CIL: 57 fewer to 110 more).
Hence, the desired effects of ANP for the AKI treat-
ment were thought to be trivial. On the other hand,
hypotension has been reported as a side effect of this
drug. The side effect could be harmful to the
hemodynamics of sepsis or septic shock patients.
Therefore, we suggest against using this drug to treat
septic AKI.

The directionality of the desired and undesired effects
of the integrated results was inconsistent among the ex-
amined outcomes. Thus, the evidence certainty was
assessed as “very low.”

CQ11-3: Should dopamine be used to prevent or
treat septic AKI?

Answer: We suggest against using dopamine for pre-
venting or treating septic AKI (GRADE 2C, certainty of
evidence = “low”).

Rationale

Dopamine was used as a renal protective pressor agent
because it was assumed to provide renal vasodilation, in-
crease the glomerular filtration rate, and yield a natri-
uretic effect when administered at a low dose of 1-3 pg/
kg/min. However, its effectiveness has been rejected
mainly by RCTs conducted in the 2000s [575-577].
Nevertheless, given its use under the term of “renal
dose” in clinical settings, we have decided to choose this
as an important clinical issue.

A systematic review extracted RCTs that compara-
tively investigated dopamine administration with a pla-
cebo, standard treatment, or no treatment among adult
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patients who were critically ill, or who had infection,
sepsis, or septic shock. The results showed that there
were no relevant RCTs in which dopamine was adminis-
tered to prevent AKI. Meanwhile, one RCT in which
dopamine was administered for the purposes of treating
AKI was found [578].

The estimated value of effects for mortality at the time
of discharge from the ICU decreased by 25 per 1000
(95%CI: 114 fewer to 89 more). That of a requirement
for renal replacement therapy yielded a decrease of 27
per 1000 (95%CIL: 98 fewer to 79 more), suggesting that
the desired effects of dopamine were trivial. The esti-
mated value of effects for mortality at the time of hos-
pital discharge yielded an increase of 24 per 1000
(95%CI: 73 fewer to 150 more), suggesting that the un-
desired effects were trivial. Therefore, we suggest against
using dopamine as a standard treatment.

The directionalities of the two important outcomes,
mortality at the time of discharge from the ICU and mor-
tality at the time of hospital discharge, were inconsistent;
thus, the overall certainty of the evidence was set as “low.”

CQ11-4: Should continuous renal replacement
therapy (RRT) rather than intermittent RRT be used
for the management of septic AKI?

Amnswer: Either continuous or intermittent RRT can be
selected for septic AKI (GRADE 2C, certainty of evi-
dence = “low”). Continuous RRT should be used for
hemodynamically unstable patients (Good Practice
Statement).

Rationale

RRT is an essential treatment for life support
among patients with highly advanced septic AKI. Mo-
dalities that are currently in use for RRT include con-
tinuous or intermittent RRT; however, the use of
either one for septic AKI depends on not only patho-
logical conditions, but also the experience and care
system of the medical facility. Meanwhile, observa-
tional studies have reported that there is a tendency
to select continuous renal replacement therapy
(CRRT) under conditions of circulatory instability.
Therefore, it was determined that this selection was
important in terms of deciding the treatment strategy,
and it was chosen as a CQ.

We extracted RCTs that comparatively investigated ei-
ther CRRT or intermittent renal replacement therapy
(IRRT) in adult septic AKI patients or those who had AKI
due to severe illness. Among the 5 extracted RCTSs, one
RCT showed significant differences in severity after ran-
dom allocation [579-583]. As the certainty of the evidence
in these 5 RCTs becomes very low, we integrated the re-
sults of the 4 RCTs after excluding this RCT [580-583].

The estimated value of the effects for mortality out-
comes yielded a decrease of 6 fewer per 1000 (95%CI: 69
fewer to 63 more), that of dialysis dependence yielded a
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decrease of 28 per 1000 (95%CI: 61 fewer to 68 more),
and that of combined outcomes between dialysis de-
pendence and mortality decreased by 42 per 1000
(95%CI: 185 fewer to 158 more). Furthermore, hemor-
rhaging complications decreased by 3 per 1000 (95%CI:
29 fewer to 46 more). Therefore, it was adjudicated that
the desired effects due to CRRT were trivial. Meanwhile,
no clear undesired effects were observed; thus, the bal-
ance of effects was adjudicated such that CRRT was
slightly superior. However, the certainty of evidence was
low, and it was clear that the workload on medical staff
in the case of CRRT was higher than that in IRRT. Based
on the above, a conclusion could not be reached as to
whether CRRT was superior to IRRT.

Meanwhile, there were no RCTs that compared CRRT
and IRRT in patient groups with unstable
hemodynamics. However, the current state in actual
clinical practice is such that CRRT is selected for pa-
tients with unstable hemodynamics, and we decided to
recommend this as a good practice statement.

CQ11-5-1: Should RRT be initiated early for septic
AKI (Stage 2 vs. Stage 3 or absolute indications)?

Answer: We make no recommendation on whether
RRT should be initiated early at Stage 2 for patients with
septic AKIL.

CQ11-5-2: Should RRT be initiated early for septic
AKI (Stage 3 vs. absolute indications)?

Answer: We suggest against initiating RRT at Stage 3
for patients with septic AKI rather than absolute indica-
tion (GRADE 2D, certainty of evidence = “very low”).

Rationale

It is uncertain when to initiate RRT for patients with
AKI accompanied by sepsis. Early intervention with RRT
before patients meets the criteria for absolute indications
may sound promising; however, unnecessary RRT in-
creases risks of complications and can be harmful. The
uncertainty of the timing has been addressed in RCT's that
adopted different AKI stages as early intervention. Ac-
cordingly, the CQ has two answers according to the defi-
nitions of early and late initiation of RRT.

RCTs comparing the timing of RRT at any stage of AKI
or absolute indications in patients with AKI were retrieved.
The systematic review yielded 1 RCT that compared the
initiation of RRT at stage 2 with stage 3 AKI or absolute in-
dications and 2 RCTs that compared the initiation of RRT
at stage 3 with absolute indications [584—586].

The RCT by Zarbock et al. reported early initiation of
RRT at stage 2 AKI had beneficial effects on mortality
and a composite outcome of mortality and dialysis de-
pendence. However, adverse events, i.e., hemorrhagic
complications, were not reported in the article, which
limited the balanced interpretation of the effects [584].
Furthermore, the trial was conducted at a single center;
as such, the results were adjudicated insufficient to be
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applied into clinical practice. Therefore, the guideline
committee decided not to provide a recommendation on
whether to start RRT at stage 2 AKI in patients with
sepsis [584].

From the 2 RCTs that compared RRT initiation at stage
3 AKI with absolute indications, mortality toward increased
and no difference observed in the composite outcome of
mortality and dialysis dependence [585, 586]. On the con-
trary, hemorrhagic complications decreased slightly with
the early RRT at stage 3 [585, 586]. The available evidence
showed no beneficial effects of initiating RRT at stage 3, al-
beit no apparent harms. Given that early initiation of RRT
inherits issues of increased costs and workload, we suggest
against initiating RRT at stage 3 AKL

CQ11-6: Should a large RRT dose be delivered for
septic AKI?

Answer: We suggest against increasing a RRT dose be-
yond the standard dose for patients with septic AKI
(GRADE 2C, certainty of evidence = “low”).

Rationale

An improved prognosis might be expected by increas-
ing the clearance of inflammatory cytokines and various
mediators when performing RRT among septic AKI pa-
tients, and clinical investigations were conducted on in-
creasing the doses in dialysis/filtration. Therefore,
appropriately setting the prescribed dose of RRT is im-
portant in the treatment of septic AKI, and this was
chosen as a CQ to be investigated. Although the stand-
ard prescribed dose in Japanese insurance practice is ap-
proximately 15 mL/kg/h, the international standard dose
is 25 mL/kg/h; thus, attention is needed when interpret-
ing the results of research conducted outside Japan.

RCTs that compared RRT at high doses against septic
AKI with RRT at low doses were extracted. A total of 6
RCTs were extracted [587-592]. RCTs that were con-
ducted using extremely high doses (=50 mL/kg/h) were very
different from the real world clinical practice in Japan and
were excluded from this analysis [588, 591, 592].

The results of integrating the three extracted RCTs
showed that the estimated values of effects of mortality
outcomes (3 RCTs, n = 2789) yielded an increase of 22 per
1000 (95%CI: 13 fewer to 58 more), and those of dialysis
dependence (3 RCTs, n=2096) and combined outcomes
of dialysis dependence and mortality (3 RCTs, n=2786)
yielded increases of 22 per 1000 (95%CL: 9 fewer to 57
more) and 12 per 1000 (95%CI: 12 fewer to 43 more), re-
spectively [587, 589, 590]. The desired and undesired ef-
fects were adjudicated as “unknown” and “trivial”
respectively. Therefore, the balance of effects was such
that the comparative control was likely superior.

Furthermore, RRT at high doses slightly increases
medical costs, induces frequent dialysis fluid/replace-
ment fluid exchange and filter/circuit clotting, and in-
creased the workload on the medical staff. Based on the
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above, we suggest against increasing the amount of RRT
doses to that above standard levels.

Regarding the certainty of evidence, all serious out-
comes were evaluated as “low” and had the same direc-
tionality; thus, the overall certainty of evidence was also
set as “low.”

CQ11-7: Should PMX-DHP be used for patients
with septic shock?

Answer: We suggest against using PMX-DHP for pa-
tients with septic shock (GRADE 2B, certainty of evi-
dence = “moderate”).

Rationale

Direct hemoperfusion with polymyxin B-immobilized
fiber column (PMX-DHP) was developed in Japan and is
expected to improve the pathophysiological derangements
of sepsis through endotoxin removal [593]. As the treat-
ment involves extracorporeal circulation, risks of adverse
events should also be considered. Systematic reviews of
RCTs assessing its effectiveness and adverse events had
been published previously [594—599].

An update of the systematic review was conducted for
the guideline to assess the effects of PMX-DHP in pa-
tients with septic shock. RCTs that compared PMX-
DHP with sham perfusion or usual care were retrieved,
and three relevant trials were identified through the da-
tabases search [600-602]. Meta-analysis reported that
the overall mortality at the longest follow up increased
by 12 per 1000 (95%CI: 123 fewer to 223 more) and any
adverse events as defined in each trial yielded an in-
crease of 17 per 1000 (95%CI; 19 fewer to 58 more). The
beneficial effects were not observed, and harms in-
creased slightly. As such, the PMX-DHP was adjudicated
to be inferior to the control or usual care. The guideline
committee suggest against the use of PMX-DHP for pa-
tients with septic shock.

Two prespecified critically important outcomes, i.e.,
mortality and adverse events, indicated toward harm.
GRADE assessment for mortality was very low and that
for adverse events were moderate. Accordingly, the cer-
tainty of evidence for the recommendation was adjudi-
cated to be moderate.

CQ12: Nutrition support therapy

Introduction

This guideline covers a total of 9 CQs, with 8 basic CQs
on administration of nutrition to septic patients and one
CQ relating to vitamins C and D, which have attracted at-
tention in recent years. Systematic reviews were performed
for 7 of these CQs; however, there was little evidence that
was limited to only patients with sepsis. Thus, our recom-
mendations are based on RCTs that assessed critically ill
patients commensurate with septic patients.

CQI12-1 relates to whether enteral or parenteral nutri-
tion should be prioritized. Enteral nutrition is thought to
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suppress bacterial translocation by maintaining the
structure of the intestinal flora and intestinal mucosa as
well as the function of gut-associated lymphoid tissue.
Therefore, an investigation was conducted to determine
whether enteral nutrition was actually beneficial com-
pared to parenteral nutrition. For CQ12-2, a systematic
review was performed on the benefits and harms of initi-
ation of enteral nutrition in hemodynamically unstable
patients. Serious gastrointestinal complications such as
intestinal ischemia and ischemic enteritis, which are
problems in enteral nutrition among hemodynamically
unstable patients, were set as serious outcomes. In
CQ12-3, the balance of benefits and harms of initiation
of enteral nutrition within 24—48 h of initiation of treat-
ment for severe illnesses compared to initiation after this
period was investigated.

The amount of nutrition administered during enteral
nutrition was investigated in CQ12-4. A systematic re-
view compared groups that received an amount of en-
ergy either less than that consumed or roughly
equivalent. The former includes trophic feeding, which
is about one-fourth of the amount of consumed energy
or 500 kcal/day (20 kcal/hr) and permissive underfeed-
ing/hypofeeding, which involves mild energy restrictions
with about 60-70% of the amount of consumed energy
administered. The latter includes cases that begin with
small amounts and ultimately aims to administer an
amount commensurate with the energy consumed, or
methods that aim from the outset to administer an
amount of energy commensurate with that consumed
and decrease the amount when the residual gastric
amount increases or when symptoms of intolerance such
as diarrhea occur. In CQ12-5, we examined whether
supplemental parenteral nutrition should be added when
the target amount of energy cannot be administered via
enteral nutrition alone. In CQ12-6, we investigated the
optimal protein dose in the acute phase. The systematic
review compared doses less than 1 g/kg/day and more
than 1g/kg/day because the currently recommended
dose of protein administration in Japan is less than 1 g/
kg/day [603] and the lower recommended limit in sev-
eral guidelines was 1.2—1.3 g/kg/day [604—606].

In CQ12-7, we investigated the administration of vita-
mins C and D. This has attracted increased attention fol-
lowing the report that in-hospital mortality significantly
improved with the administration of vitamin C in pa-
tients with sepsis [607]. However, an RCT published in
2020 reported no improvements in 28-day or 90-day
mortality [608]. For vitamin D as well, ICU patients with
vitamin D deficiency were reported to have a worse
prognosis [609], and an RCT reported that supplementa-
tion tended to improve the mortality rate [610]. An RCT
published in 2019 reported that vitamin D yielded no
benefits [611]. Therefore, a systematic review was
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performed to verify the effects of administration of vita-
mins C and D.

CQ12-8 is a BQ related to the initiation and tolerance
of enteral nutrition, and CQ12-9 is also a BQ that pro-
vides information on nutritional therapy following the
acute phase.

Clinical flow of these CQs is shown in Fig. 11.

CQ12-1: Should either enteral nutrition or paren-
teral nutrition be given for nutrition administration
in septic patients?

Answer: We suggest enteral nutrition be administered
for septic patients. (GRADE 2D: certainty of evidence =
“very low”).

Rationale

A meta-analysis was performed on 24 RCTs [612—
635]. The estimated values of the desirable anticipated
effects were as follows: bloodstream infection yielded a
RD of 19 fewer per 1000 (95%CI: 32 fewer to 4 more) (9
RCTs, n=2976), pneumonia yielded an RD of 18 fewer
per 1000 (95%CIL: 41 fewer to 12 more) (8 RCTs, n =
3066), abdominal infections yielded an RD of 39 fewer
per 1000 (95%CI: 46 fewer to 30 fewer) (7 RCTs, n =
3159), the duration of mechanical ventilation yielded a
MD of 0.36 days shorter (95%CI: 0.93 shorter to 0.2 lon-
ger) (4 RCTs, n=563), and the length of stay in hospital
yielded an MD of 2.51 days shorter (95%CI: 4.78 shorter
to 0.24 shorter) (10 RCTs, n =5515). The desirable an-
ticipated effect was determined to be moderate based on
these results. Meanwhile, the estimated value of 90-day
mortality yielded an RD of 20 more per 1000 (95%CI: 20
fewer to 68 more) (4 RCTs, n = 4844) as an undesirable
anticipated effect. Thus, the undesirable anticipated ef-
fect was determined to be trivial. Therefore, we con-
cluded that enteral nutrition was likely superior to
parenteral nutrition.

CQ12-2: Should hemodynamically unstable septic
shock patients receive enteral nutrition?

Answer: We suggest against administering enteral nu-
trition in hemodynamically unstable septic shock pa-
tients (GRADE 2D: certainty of evidence = “very low”).

Rationale

A meta-analysis was performed using 1 RCT [627].
The estimated values of desirable anticipated effects
were as follows: infections acquired in the ICU yielded a
RD of 16 fewer per 1000 (95%CIL: 42 fewer to 13 more);
the length of stay in hospital yielded an RD of 1.00 days
shorter (95%CI: 2.42 shorter to 0.42 longer) (1 RCT, n =
2410). It was adjudged from these results that the desir-
able anticipated effect was trivial. Meanwhile, the esti-
mated values of the undesirable anticipated effects were
as follows: 90-day mortality yielded an RD of 21 more
per 1000 (95%CI: 17 fewer to 63 more), gastrointestinal
pseudo-obstructions yielded an RD of 7 more per 1000
(95%CI: 0 to 30 more), and intestinal ischemia yielded
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Fig. 11 CQ12: Nutrition support therapy (clinical flow)

an RD of 12 more per 1000 (95%CI: 2 more to 38 more)
(1 RCT, n =2410). From the above, it was adjudged that
the undesirable anticipated effect was small. Thus, we
thought that enteral nutrition was not superior to paren-
teral nutrition in this population.

CQ12-3: When should enteral nutrition be initiated
in septic patients?

Answer: We suggest initiating enteral nutrition at an
early period of acute phase (within 24—48 h following the
start of treatment to critical illness) for septic patients
(GRADE 2D: the certainty of evidence = “very low”).

Rationale

A meta-analysis was performed using 13 RCTs [636—
648]. The estimated values of the desirable anticipated
effects were as follows: mortality yielded a RD of 27
fewer per 1000 (95%CIL: 63 fewer to 25 more) (13 RCTs,
n =709); pneumonia yielded an RD of 85 fewer per 1000
(95%CI: 173 fewer to 41 more) (6 RCTs, n = 441). It was
judged from these results that the desirable anticipated
effects were moderate. Meanwhile, the estimated values
of the undesirable anticipated effects were as follows:
bacteremia yielded an RD of 48 more per 1000 (95%Cl:
69 fewer to 240 more) (6 RCTs, n=354) and length of
stay in hospital yielded a MD of 0.41days longer
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(95%CI: 2.71 shorter to 3.53 longer) (5 RCTs, n =217).
Based on the above, it was judged that the undesirable
anticipated effects were small. Therefore, we concluded
that early enteral nutrition was superior to late enteral
nutrition.

CQ12-4: Should the septic patients receive enteral
nutrition less than their energy expenditure in the
acute phase?

Answer: We suggest the septic patients receive enteral
nutrition less than their energy expenditure in the acute
phase. (GRADE 2B: certainty of evidence = “moderate”).

Rationale

We performed a meta-analysis of 18 RCTs [647, 649—
665]. The estimated values of desirable anticipated ef-
fects were as follows: mortality yielded a RD of 2 fewer
per 1000 (95%CI: 23 fewer to 21 more) (18 RCTs, n =
12,679), the length of hospital stay yielded a MD of 0.35
days shorter (95%CI: 2.68 shorter to 1.99 longer) (10
RCTs, n =6728), all-cause infections yielded an RD of 3
fewer per 1000 (95%ClL:44 fewer to 47 more) (11 RCTs,
n =6245), pneumonia yielded an RD of 25 fewer per
1000 (95%CI: 50 fewer to 4 more) (10 RCTs, n="7778),
bacteremia yielded an RD of 6 fewer per 1000 (95%CI:
18 fewer to 11 more) (9 RCTs, n = 10,768), and catheter-
related infections and bloodstream infections yielded an
RD of 19 fewer per 1000 (95%CI: 34 fewer to 15 more)
(5 RCTs, n =1608). It was judged from these results that
the desirable anticipated effects were small. Meanwhile,
no judgement could be made on undesirable anticipated
effects because there were no reports of serious adverse
effects. Based on the above, we thought that hypocaloric
enteral nutrition is superior to eucaloric enteral
nutrition.

CQ12-5: Should parenteral nutrition be combined
with enteral nutrition in septic patients?

Answer: We suggest supplemental parenteral nutrition
be combined in septic patients receiving insufficient
amount of enteral nutrition (GRADE 2D: certainty of
evidence = “very low”).

Rationale

A meta-analysis was performed using 5 RCTs [656,
665—668]. The estimated values of the desirable antici-
pated effects were as follows: 90-day mortality yielded a
RD of 18 fewer per 1000 (95%CI: 138 fewer to 195 more)
(1 RCT, n =120); respiratory infections yielded an RD of
64 fewer per 1000 (95%CIL: 143 fewer to 49 more) (4
RCTs, n=624). It was adjudged from these results that
the desirable anticipated effects were moderate. Mean-
while, the estimated values of the undesirable anticipated
effects were as follows: bloodstream infection yielded an
RD of 6 more per 1000 (95%CIL: 62 fewer to 293 more)
(3 RCTs, n =504), urinary tract infections yielded an RD
of 25 more per 1000 (95%CI: 40 fewer to 199 more) (3
RCTs, n=550), and abdominal infections yielded an RD
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of 52 more per 1000 (95%CI: 28 fewer to 1000 more) (2
RCTs, n =430). From the above, it was adjudged that the
undesirable anticipated effects were moderate. Thus, we
thought that enteral nutrition with supplemental paren-
teral nutrition was superior to enteral nutrition alone.

CQ12-6: What is the optimal protein dose in the
acute phase for septic patients?

Answer: We suggest providing less than 1 g/kg/day of
protein (peptides, amino acids) to septic patients in the
acute phase (GRADE 2D: certainty of evidence = “very
low”).

Rationale

A systematic review was performed on trials that sepa-
rated critically ill patients undergoing treatment in the
ICU between intervention groups with an acute dose of
peptides (proteins and amino acids) administered at
levels of over 1g/kg/day and control groups with doses
lower than 1g/kg/day. We then performed a meta-
analysis using 6 RCTs [669-674]. The estimated values
of the desirable anticipated effects were as follows: mor-
tality yielded a RD of 4 fewer per 1000 (95%CI: 51 fewer
to 62 more) (5 RCTs, n =730), physical function evalu-
ation yielded a MD of 0.45 higher (95%CI: 4.57 lower
to 5.46 higher) (3 RCTs, n=489), and muscle mass
yielded an MD of 0.2 higher (95%CI: 0.56 lower to
0.96 higher) (2 RCTs, n=157). It was adjudged that
the desirable anticipated effects were trivial. Mean-
while, the estimated values of the undesirable antici-
pated effects were as follows: length of stay in
hospital yielded an MD of 2.36 days longer (95%ClI:
1.42 shorter to 6.15 longer) (5 RCTs, n=733); length
of mechanical ventilation yielded an MD of 0.07 days
longer (95%CI: 0.02 shorter to 0.16 longer) (5 RCTs,
n="777), and duration of antibiotic treatment yielded
an MD of 0.15days longer (95%CI: 0.07 longer to
0.23 longer) (1 RCT, n=474). It was adjudged that
the undesirable anticipated effects were small. From
the above, we thought that protein administration at
a dose lower than 1 g/kg/day was superior to that at
a dose of more than 1 g/kg/day.

CQ12-7-1: Should vitamin C be actively provided
to septic patients in the acute phase?

Answer: We suggest providing vitamin C to septic pa-
tients (GRADE 2D: certainty of evidence = “very low”).

Rationale

A meta-analysis was performed using 11 RCTs [608,
675-684]. The estimated values of the desirable antici-
pated effects were as follows: 28-day mortality yielded a
RD of 55 fewer per 1000 (95%CIL: 131 fewer to 52 more)
(5 RCTs, n=1646), in-hospital mortality yielded an RD
of 25 fewer per 1000 (95%CI: 105 fewer to 83 more) (7
RCTs, n=1798), the length of stay in the ICU yielded a
MD of 0.58 days shorter (95%CI: 1.45 shorter to 0.28
longer) (6 RCTs, n =1394), and AKI yielded an RD of 18
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fewer per 1000 (95%CI: 111 fewer to 92 more) (2 RCTs,
n = 248). Of these two RCTs which used AKI as an out-
come (Fujii et al., 2020 [608]; Tanaka et al., 2000 [677]),
that conducted by Tanaka et al. (2000) [677] was a
small-scale study (37 patients) and reported an AKI inci-
dence rate of 0% for both the intervention and control
groups. The estimated value of effects for AKI was
largely due to the report published by Fujii et al. (2020)
[608]. The study showed slightly decreasing tendencies
for both 28-day and 90-day mortality, and this was
thought to imply an improvement in extremely serious
outcomes for patients, such that the desirable antici-
pated effect was judged to be “small”. Meanwhile, the es-
timated value of length of hospital stay yielded an MD of
0.64 days longer (95%CIL: 1.24 shorter to 2.52 longer) (5
RCTs, n=1556) as the undesirable anticipated effect.
The length of stay in the hospital tended to be pro-
longed due to vitamin C administration; however, this
duration was thought to be extremely short. Based on
the above, it was thought that the undesirable antici-
pated effects were “trivial”. Thus, we thought that vita-
min C was superior to placebo or control.

CQ12-7-2: Should vitamin D be actively provided
to septic patients in the acute phase?

Answer: We suggest against providing vitamin D in
septic patients (GRADE 2D: certainty of evidence = “very
low”).

Rationale

We performed a meta-analysis of 11 RCTs [610, 611,
685—693]. The estimated values of the desirable antici-
pated effects were as follows: 28-day or 30-day mortality
yielded a RD of 8 fewer per 1000 (95%CI: 50 fewer to 46
more) (6 RCTs [610, 611, 685, 688, 689, 691]: n = 1966),
the 90-day mortality yielded an RD of 28 more per 1000
(95%CI: 18 fewer to 85 more) (3 RCTs [611, 690, 691],
n =1157), in-hospital mortality yielded an RD of 95 fewer
per 1000 (95%CI: 180 fewer to 41 more) (4 RCTs [610,
686, 687, 693], n =632), and the length of stay in hospital
yielded a MD of 0.32 days shorter (95%CI: 2.15 shorter to
1.50 longer) (9 RCTs [610, 611, 685, 686, 688—692], n =
1886). The results showed that low vitamin D levels in-
creased the 90-day mortality rate, had no effect on the 28-
day or 30-day mortality rate, and decreased the in-hospital
mortality rate. It was adjudged that the desirable antici-
pated effects of vitamin D administration were “absent” or
“trivial”. Meanwhile, the estimated value of hypercalcemia
yielded an RD of 7 fewer per 1000 (95%CIL: 20 fewer to 65
more) (5 RCTs [610, 611, 686, 688, 691], n=1276), and it
was adjudged that the undesirable anticipated effect was
trivial. Thus, we thought that neither vitamin D nor pla-
cebo/control was superior.

CQ12-8: What are the methods for determining en-
teral nutrition initiation and monitoring intolerance
in septic patients?
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Answer: Findings such as bowel sounds, which indi-
cate contractility of the gastrointestinal tract, at the
start of enteral nutrition should not be required. Mean-
while, various findings show intolerance following the
initiation of enteral nutrition, including the lack of in-
testinal sounds, abnormal intestinal sounds, vomiting,
intestinal dilation, diarrhea, gastrointestinal bleeding,
and excessive gastric residue. Excessive gastric residue
suggests intolerance, but the gastric residue volume cri-
teria for determining the presence of intolerance are
unknown (Provision of information for background
question).

Rationale

Little research has been conducted on sepsis patients.
Therefore, we outline the decisions on enteral nutrition
start and tolerance based on findings obtained in studies
of critically ill patients. Enteral nutrition should be initi-
ated when the gastrointestinal tract is usable in
hemodynamically stable patients. Details on the criteria
for hemodynamic stability are presented in CQ12-2, and
those on the start times of enteral nutrition are pre-
sented in CQ12-3.

The presence of bowel sounds and flatulence are rou-
tinely monitored when investigating the initiation of en-
teral nutrition. However, although the presence of bowel
sounds indicates that the intestine is motile, this should
not be implied as equivalent to the health of the gastro-
intestinal tract (e.g., intestinal permeability, barrier func-
tion, and absorption capacity). Furthermore, studies that
compared groups of professionals that did or did not
wait to listen to bowel sounds, flatulence, or watch for
defecation when initiating enteral nutrition showed that
there were no differences in patient prognosis [694]. The
absorption capacity has been shown to decrease when
enteral nutrition is delayed [638], and it is thought that,
at the very least, there is no need to have bowel sounds
as a prerequisite for starting enteral nutrition.

Gastrointestinal intolerance refers to a state in which
gastrointestinal symptoms occur with enteral nutrition
administration, and in which nutritional supplements
cannot be sufficiently administered [695]. Gastrointes-
tinal intolerance presents with many symptoms, includ-
ing vomiting, abdominal pain, excessive gastric residual
volume, bloating, flatulence, gastrointestinal bleeding
due to gastric stasis, intestinal obstruction, intestinal is-
chemia, diarrhea due to increased peristalsis, and de-
creased absorption capacity. However, there are no clear
criteria for the assessment of gastrointestinal tolerance,
and decisions such as treating the underlying disease,
using intestinal prokinetic drugs, and reducing/suspend-
ing enteral nutrition need to be individually made by
identifying the diseases that cause these symptoms.

Gastric residual volume is also considered as a feature
of gastrointestinal intolerance. However, gastric residual
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volume has not been shown to be correlated with the in-
cidence of pneumonia [696], gastric emptying capacity
[697], and the incidence of reflux or aspiration [698].
Furthermore, vomiting has been found to decrease by
measuring the gastric residual volume [699]. However, a
report has also indicated that increase in feeding tube
obstruction (which could be partly due to curd forma-
tion [solidification] of the proteins in the gastric con-
tents refluxed at the time of measurement) and
unnecessary enteral nutrition suspension (e.g., suspen-
sion even when the gastric residue is in a clinically non-
problematic state), in turn reduce the enteral nutrition
dose as a result and had no influence on prognosis
[700]. Some researchers recommend suspending enteral
nutrition and searching for the cause when more than
500 mL of fluid is withdrawn with a single round of suc-
tion [605]. However, the criteria for assessment of the
gastric residual volume at which enteral nutrition should
be reduced or suspended are unclear, and it can be said
that there are insufficient data supporting the routine
measurement of gastric residual volume.

CQ12-9: What nutrition support therapy should be
provided to septic patients after the acute phase?

Amnswer: Provision of energy that meets the goals
(around 25-30 kcal/kg/day, including protein) is thought
to be needed when the patients overcome the clinical
conditions of acute phase, or where about one week has
passed following the onset of critical illness. Some ex-
perts are of the opinion that protein dose of over 1 g/kg/
day is ideal in this phase. However, there are other ex-
pert opinions that the energy dose should be increased
at an earlier phase for patients with malnutrition prior
to exacerbation of the disease (Provision of information
for background question).

Rationale

As suggested in CQ12—4, there are cases where nutri-
tion is intentionally administered at a level lower than
the energy consumption in the acute phase, or in which
the nutritional dose is reduced due to factors beyond
one’s control. However, the energy debt created in these
cases must be given due consideration. Energy debt is
the cumulative difference between the amount of energy
consumed and administered, and a larger energy debt
has been reported to result in a worsened prognosis
[701, 702]. Limited observational studies have shown the
relationship between energy debt and prognosis, and
these results may be affected by confounding factors.
However, it is self-evident that large energy debts have
negative influences on patients’ immunity and body
composition, and it is thought that sufficient energy
must be administered when transitioning from the acute
phase to the recovery phase.

The transition from the acute phase to the recovery
phase varies widely depending on the patient’s condition,
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and recovery-phase nutrition therapy should be
substituted into the treatment when the patient is clinic-
ally deemed to have moved out of the acute phase. Many
clinical trials of acute-phase nutritional therapy have an
intervention limit of approximately 7 days [649, 653,
656, 660], and the general strategy has been to adminis-
ter nutrition that satisfies the required energy (about
25-30 kcal/kg/day, including proteins) after that, includ-
ing previous energy debts [604, 605]. As a reference, a RCT
of acute lung injuries [703] showed that patient groups
with high energy doses had a high mortality rate when nu-
trition was administered prior to the seventh day, and a
conversely low mortality rate tendency when nutrition was
administered on the eighth day onwards. These results
suggest the need for a review of nutrition therapy when
transitioning from the acute phase to the recovery phase.

Proteins may also need to be secured as well once pa-
tients recover from the acute phase. As discussed in
CQ12-6, there is insufficient evidence as to how much
protein (g/kg/day) should specifically be taken after the
acute phase. However, a minimum protein provision of
1g/kg/day is widely accepted and is the recommended
dietary intake in healthy individuals.

There is an opinion that sufficient energy administra-
tion should be considered from the acute phase among
patients with malnutrition (e.g., low body weight and
decreased muscle mass). However, sudden energy ad-
ministration to extremely malnourished patients can po-
tentially induce refeeding syndrome, and it is necessary
to strictly monitor the levels of phosphate, potassium,
magnesium, and other electrolytes when feeding.

CQ13: Blood glucose management

Introduction

Glycemic control is important in patients with sepsis
because hyperglycemia can worsen patients’ prognoses
by affecting the immune system and exacerbating infec-
tious diseases. In contrast, hypoglycemia is an important
hazard of glycemic control using insulin, and its onset is
associated with a worsened prognosis among critically ill
patients [704]. Therefore, it is necessary to consider the
balance between benefits and harms when setting the
target blood glucose level. Furthermore, erroneous blood
glucose level measurements can result in inappropriate
insulin use. Based on the above, “target blood glucose
level” and “blood glucose measurement method” were
selected as CQs.

Clinical flow of these CQs is shown in Fig. 12.

CQ13-1: Should blood glucose be measured using a
glucometer with capillary blood in septic patients?

Answer: We suggest against the use of a glucometer
with capillary blood in patients with sepsis (GRADE 2A:
certainty of evidence = “high”).

Rationale
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A meta-analysis was conducted using 43 observational
studies. Measurement errors outside the acceptable
range were evaluated by defining a value of +20% of the
blood glucose level in the laboratory as the acceptable
range of error upon agreement. The estimated value of
effects (per 1000 measurements) for the onset of meas-
urement errors outside of the acceptable range yielded a
RD of 45 more per 1000 (95%CI: 11 more to 164 more)
(3 studies, n=2800) [705-707] when the glucometer
(capillary blood) was compared to the blood gas analyzer
(arterial blood/venous blood). The RD was 58 more per
1000 (95%CI: 12 more to 134 more) (8 studies, # = 5924)
[705-712] when the glucometer using capillary blood
was compared to that using arterial blood/venous blood.
The RD was 39 more per 1000 (95%CI: 14 more to 90
more) (3 studies, n=5075) [705-707] when the gluc-
ometer (capillary blood) was compared to the blood gas
analyzer/glucometer (arterial blood/venous blood). The
RD was 10 fewer per 1000 (95%CI: 12 fewer to 0) (5
studies, n =4321) [705-707, 713, 714] when the blood
gas analyzer (arterial blood/venous blood) was compared
to the glucometer (arterial blood/venous blood).
Therefore, it was determined that the desirable antici-
pated effects of the glucometer using capillary blood
were trivial. Hyperglycemia increases the incidences of
mortality and infection, whereas hypoglycemia con-
tributes to the incidences of neuropathy and mortal-
ity. Among patients in whom measurements have
large errors, opportunities for rapid treatment may be
lost. Measurement methods with glucometer using ca-
pillary blood had approximately 39 to 58 more meas-
urement errors outside the acceptable range per 1000
measurements when compared to measurement
methods with blood gas analyzers or glucometer using
arterial blood/venous blood. Thus, the undesirable ef-
fects were moderate. Based on the above, we thought

that measurement methods with either blood gas ana-
lyzers or glucometer using arterial blood/venous
blood were likely superior to measurement methods
with glucometer using capillary blood.

CQ13-2: What is the optimal blood glucose target
level in septic patients?

Answer: We suggest an optimal target blood glucose
range of 144-180 mg/dL in septic patients (GRADE 2D:
certainty of evidence = “very low”).

Rationale

A network meta-analysis was performed using 35
RCTs [404, 658, 715-747]. We divided target blood glu-
cose levels into less than 110 mg/dL, 110-144 mg/dL,
144-180 mg/dL, and >180mg/dL. The results showed
that the estimated values of mortality were as follows:
when compared to < 110 mg/dL, a range of 110-144 mg/
dL yielded a RD of 40 fewer per 1000 (95%CI: 100 fewer
to 30 more) (1 RCT, n=90), a range of 144—180 mg/dL
yielded an RD of 27 fewer per 1000 (95%CI: 45 fewer to
8 fewer) (5 RCTs, n=7323), and a range > 180 mg/dL
yielded an RD of 4 more per 1000 (95%CI: 22 fewer to
35 more) (12 RCTs, n=28027). When compared to a
range of 110-144 mg/dL, 144—180 mg/dL yielded an RD
of 6 more per 1000 (95%CIL: 104 fewer to 147 more) (1
RCT, n=20) and a range > 180 mg/dL yielded an RD of
28 more per 1000 (95%CI: 14 fewer to 81 more) (8
RCTs, n =884). When compared to a range of 144—180
mg/dL, > 180 mg/dL vyielded an RD of 1 more per 1000
(95%CI: 0 to 3 more) (1 RCT, n=212). The estimated
values of infection were as follows: when compared to a
range < 110 mg/dL, 144-180 mg/dL yielded an RD of 5
fewer per 1000 (95%CI: 19 fewer to 10 more) (3 RCTs,
n=6185), and a range > 180 mg/dL yielded an RD of 25
more per 1000 (95%CIL: 8 more to 43 more) (8 RCTs,
n=6104). When compared to a range of 110-144 mg/
dL, > 180 mg/dL yielded an RD of 62 more per 1000
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(95%CI: 3 more to 135 more) (5 RCTs, n =485). There
were no direct comparisons between ranges < 110 mg/dL
and > 180 mg/dL, ranges of 110-144 mg/dL and 144-180
mg/dL, and ranges of 144—180 mg/dL and > 180 mg/dL.

The estimated values of hypoglycemia were as follows:
when compared to a range < 110 mg/dL, 110—144 mg/dL
yielded an RD of 13 more per 1000 (95%CI: 42 fewer to
103 more) (1 RCT, n=90), 144—-180 mg/dL yielded an
RD of 63 fewer per 1000 (95%CI: 67 fewer to 58 fewer)
(5 RCTs, n=7331), and > 180 mg/dL vyielded an RD of
85 fewer per 1000 (95%CI: 94 fewer to 75 fewer) (12
RCTs, n=38342). When compared to a range of 110-
144 mg/dL, 144—180 mg/dL yielded an RD of 66 fewer
per 1000 (95%CI: 72 fewer to 58 fewer) (1 RCT, n=
302), and > 180 mg/dL yielded an RD of 88 fewer per
1000 (95%CI: 121 fewer to 37 fewer) (7 RCTs, n =730).
When compared to a range of 144—180 mg/dL, > 180
mg/dL yielded an RD of 0 per 1000 (95%CI: O to 0), due
to an incidence rate of 0 in the control group) (1 RCT,
n = 212). Therefore, we thought that a range of 144—-180
mg/dL was superior to other target ranges.

CQ14: Body temperature control

Introduction

Body temperature is a vital sign that is measured on a
daily basis, and fever or hypothermia triggers an evalu-
ation of patient condition and change in treatment [748,
749]. As the body temperature varies by measurement
site, it is necessary to obtain measurements in the most
reliable sites as much as possible [748]. Abnormal body
temperatures are often observed in patients with sepsis.
Registry studies of sepsis patients in Japan reported that
body temperatures at the time of ICU admission were as
follows: less than 36°C, 11.1%; 36-38 °C, 49.4%; and >
38°C, 39.4% [750]. A multi-center prospective observa-
tional study conducted across 25 facilities in Japan and
South Korea (the FACE study) reported that 40.5 and
11.5% of ICU patients experienced fever with tempera-
tures over 38.5 °C and over 39.5 °C, respectively [751].

Body temperature is generally controlled in a narrow
range of about 37+0.5°C by the hypothalamus, and
fever is one of the adaptive reactions to infection and
biological invasion [752]. Fever is a biological defensive
response that triggers increased antibody production, T
cell activation, cytokine synthesis, and neutrophil/macro-
phage activation. It has been repeatedly reported that
fever was associated with a decreased mortality rate
among patients with severe infection [753, 754]. Mean-
while, fever has negative aspects, such as patient discom-
fort, increased respiratory and myocardial oxygen
demand, and central nervous system disorders [749].

Antipyretic therapy for patients with fever can be ex-
pected to decrease the pulse rate, respiratory rate, and
oxygen consumption. It is also expected to relieve

Page 83 of 144

patient discomfort. Therefore, antipyretic therapy is
generally provided to critically ill patients with fever.
On the other hand, antipyretic therapy may suppress
defensive responses that are beneficial to the body, and
antipyretics have adverse effects such as gastrointestinal
damage, liver and renal dysfunction, and hypotension
[755, 756].

Antipyretic therapy can be classified as “drug-based
antipyretic therapy” and “cooling-based antipyretic ther-
apy” such as cooling on the surface of the body. Drug-
based antipyretic therapy includes the use of non-
steroidal anti-inflammatory drugs or acetaminophen.
Cooling-based antipyretic therapy is subclassified into
body-surface cooling and core-cooling techniques. Anti-
pyretic therapy is considered to be an important issue
among septic patients with fever.

Hypothermia among septic patients is thought to be
caused by the loss of body temperature maintenance
functions, and this is more likely to occur in patients
with higher disease severity than those with fever.
Hypothermia is defined as a temperature below 36 °C ac-
cording to the definition of the Acute Physiology and
Chronic Health Evaluation II score, sepsis, or infection-
related ventilator-associated complications [20, 757,
758]. Analyses based on sepsis registries in Japan also
showed that hypothermia with temperatures below 36 °C
occurred among more than 10% of patients within 24 h
of admission to the ICU, and the mortality rate of pa-
tients with hypothermia was high among those with sep-
sis [750, 759].

Hypothermia is associated with impaired protective
ability against infection and also results in adverse effects
such as bradycardia, decreased cardiac contractility,
arrhythmia, and decreased ventilatory response. Further-
more, hypothermia with a core body temperature of less
than 35°C can induce decreased cardiac contractility,
cardiac diastolic dysfunction, and coagulation abnormal-
ities, and temperatures below 33 °C can decrease platelet
function [760-764].

In this way, the prognosis of septic patients presenting
with hypothermia is poor. Re-warming for septic pa-
tients with hypothermia may be considered as novel
treatment. Therefore, whether to manage septic patients
with hypothermia by re-warming are important issues.

Clinical flow of these CQs is shown in Fig. 13.

CQ14-1: Should antipyretic therapy be applied to
sepsis patients presenting with fever?

Answer: We suggest against conducting antipyretic
therapy to sepsis patients presenting with fever (GRADE
2A: certainty of evidence = “high”).

Rationale

A meta-analysis evaluated 7 RCT's of patients who met
the diagnostic criteria for sepsis [765-771]. We per-
formed two types of analyses regarding mortality
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outcomes: one using all RCTSs, and another which ana-
lyzed RCTs with a low risk of bias. We planned to use
the analysis which only used RCTs with a low risk of
bias for high certainty of evidence [765-769, 771].

The estimated value of effects for in-hospital mortality
yielded a decrease of 14 fewer per 1000 (95%CI: 52 fewer
to 30 more) (6 RCTs, n = 1439). That for the duration of
treatment in the ICU yielded a MD of 0.26 days shorter
(95%CI: 0.99 shorter to 0.46 longer) (2 RCTs, n = 889).
Therefore, it was adjudged that the desired effect was
trivial. The estimated value of effects for serious adverse
effects yielded a RD of 13 fewer per 1000 (95%CI: 22
fewer to 7 more) (2 RCTs, n = 1144). Therefore, it was
adjudged that the undesired effect was trivial. It was fur-
ther adjudged that in the balance of effects, neither the
intervention nor comparative control were superior to
the other, regardless of the relative value setting for in-
hospital mortality.

CQ14-2: Should rewarming therapy be applied to
hypothermic sepsis patients?

Answer: We suggest attempting to correct the body
temperature of hypothermic (core body temperature <
35°C) sepsis patients while considering hemodynamic
stabilization when hemodynamic disorders and coagula-
tion abnormalities related to hypothermia are observed
(expert consensus: insufficient evidence).

Rationale

A literature review of 203 articles was performed using
the search terms “re-warming”, “sepsis”, and “septic shock”.
We confirmed that there were no RCT's on re-warming for
adult patients with sepsis or septic shock with hypothermia.

Decreased cardiac contractility, cardiac diastolic dys-
function, and coagulation abnormalities can occur during
hypothermia. It is highly likely that a slow re-warming at-
tempt would be beneficial to patients when these

abnormalities were thought to be due to hypothermia. The
desired effects are thought to be small. However, it should
be sufficiently noted that hemodynamic destabilization
and relative decreases in circulating blood volume can
occur during re-warming from a hypothermic state, and it
was adjudged that the undesired effects were small.

The balance between the benefits and harms of re-
warming therapy for septic patients with hypothermia is
thought to vary according to the patient’s condition. The
benefits of re-warming are thought to outweigh the
harms when hypothermia is associated with circulatory
insufficiency.

CQ15: Diagnosis and treatment of disseminated
intravascular coagulation in patients with sepsis

Introduction

Changes in coagulation/fibrinolysis are observed even in
the early phase of sepsis and worsen along with the condi-
tion. It is known that the mortality rate of patients with
sepsis significantly increases when the disease is compli-
cated by abnormalities of systemic coagulation such as
DIC [772]. Since DIC is a state characterized by systemic
hypercoagulation that induces microcirculatory disorders,
it contributes to the development of organ dysfunction
[773]. The fibrinolytic function is also activated in response
to activation of coagulation in DIC; however, its extent var-
ies according to the underlying disease. DIC is subclassified
into the fibrinolysis-suppressing and fibrinolytic types. The
fibrinolytic function is usually insufficient for activated co-
agulation in DIC caused by sepsis. The fibrinolysis-
suppressing type of DIC due to sepsis often plays a role in
the occurrence of organ dysfunction but presents a lower
risk of bleeding that leads to poor prognoses [774].

The diagnosis of DIC in sepsis is essential to the as-
sessment of the severity of sepsis and determining the
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timing of intervention. The “acute DIC diagnostic cri-
teria” proposed by the Japanese Association for Acute
Medicine are widely used in Japanl). In contrast, the
“overt-DIC diagnostic criteria” proposed by the Inter-
national Society on Thrombosis and Haemostasis are
the international standard [775]. The acute DIC diagnos-
tic criteria were specially designed for the diagnosis of
acute DIC and have the advantages of simplicity and
early diagnosis. The overt-DIC diagnostic criteria are de-
signed to define DIC more strictly and therefore are
more complicated. As a result, it has been indicated that
the timing of diagnosis can be delayed [776, 777]. In-
appropriate anticoagulation therapy is likely not only to
be ineffective but also to increase the risk of adverse
events. Thus, it is important to differentiate between pa-
tients with and without DIC [778].

It is necessary to monitor the states of coagulation/
fibrinolysis in real-time and initiate anticoagulant
therapy at the appropriate time according to the diag-
nosis of DIC. Since it is not possible to determine
which diagnostic criteria are superior, it is important
to choose proper diagnostic criteria for specific pur-
poses, and we provide guidance on this in CQ15-1.
When the diagnosis is made, we also recommend that
other diseases that mimic DIC be differentiated based
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on CQ15-2. It is worth noting that in cases in which
DIC diagnostic criteria are not satisfied, re-
examination should be performed with the awareness
that coagulation abnormalities are associated with
outcome, and intensive care should be initiated so as
not to delay treatment. Needless to say, in the man-
agement of DIC, it is essential to deal with the
underlying causes. However, some patients may bene-
fit from anticoagulation therapy. Evaluations based on
evidence of representative therapeutic agents are pre-
sented in CQ15-3 through 6.

Clinical flow of these CQs is shown in Fig. 14.

CQ15-1: What is the diagnosis method for septic
disseminated intravascular coagulation (DIC)?

Answer: There are multiple diagnostic criteria for con-
ducting DIC diagnosis. The acute DIC diagnostic criteria
are widely used in Japan, while the ISTH overt-DIC is
used as the international standard. It is difficult to deter-
mine the superiority between diagnostic criteria, and
these should be wused according to the purpose
(Provision of information for background question).

Rationale

Coagulation/fibrinolysis disorders are present even in
the early phase of sepsis due to perturbed interactions
among the innate immune system, platelets, and the

[ Patients with sepsis ]

v

,| ca15-1

What is the diagnosis method for septic
disseminated intravascular coagulation (DIC)?

Meets DIC
diagnostic criteria?

CQ15-2 What are differential diseases for patients
where septic DIC is suspected?

Diagnose as DIC

.

CQ15-4

CQ15-5

CQ15-6

CQ15-3 Should antithrombin replacement therapy be
administered in sepsis—associated DIC?

Should heparin or heparin analogs be administered in
sepsis—associated DIC?

Should recombinant thrombomodulin be
administered to patients with sepsis—associated DIC?
Should protease inhibitors be administered to
patients with sepsis—associated DIC?

Fig. 14 CQ15: Diagnosis and treatment of disseminated intravascular coagulation in patients with sepsis (clinical flow)
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vascular endothelium. DIC refers to the systemic activa-
tion of coagulation, and if it is severe enough, it causes
tissue malcirculation and organ dysfunction. Septic DIC
has been recognized as one of the most critical condi-
tions in sepsis due to its high frequency and severity.
Two large-scale observational studies conducted in
Japan reported that the mortality rate of patients with
septic DIC was significantly higher than that of patients
with sepsis [779, 780] Against this background, the diag-
nosis of DIC has been prioritized in the management of
sepsis.

In recent years, multiple studies have reported that
anticoagulant therapies could improve outcomes only
among patients with DIC, but not among patients with-
out DIC [778, 781]. Furthermore, large-scale observa-
tional studies conducted in Japan have shown that even
the active screening and diagnosis of DIC in sepsis was
associated with improved patient outcomes [782]. Based
on these findings, the correct diagnosis of DIC in sepsis
is suggested as a process that could improve outcomes
by determining the appropriate timing for initiating
interventions.

However, there is no consensus on which DIC diag-
nostic criteria should be used. The first DIC diagnostic
criteria were established by the Ministry of Health,
Labour and Welfare of Japan and published in 1979,
followed by various criteria, including the overt-DIC
diagnostic criteria released by the International Society
on Thrombosis and Haemostasis (ISTH), the acute DIC
diagnostic criteria put forth by the JAAM, and the Japa-
nese Society on Thrombosis and Haemostasis DIC diag-
nostic criteria.

Among these, the JAAM acute DIC diagnostic criteria
[772] and the ISTH overt-DIC diagnostic criteria [775]
are the most widely used. The JAAM acute DIC diag-
nostic criteria include a systemic inflammatory response
syndrome score and the reduction rate of platelet count
over time as diagnostic factors in order to detect coagu-
lation disorders with a high sensitivity. The acute DIC
criteria are most frequently used in Japan, whereas
overt-DIC criteria, which are more strictly designed to
avoid overdiagnosis, are used as the international
standard.

It is impossible to determine which criteria are super-
ior because there is no gold standard for the diagnosis of
DIC. To determine the superiority, studies that compare
patients’ outcomes after the treatment following various
DIC diagnostic criteria are necessary. However, this type
of evidence cannot be achieved at present. The different
characteristics are owing to the different objectives of
each diagnostic criterion. As many clinicians consider
septic DIC as a target for the anticoagulant therapies,
and early initiation is more effective in Japan, they re-
quire an indicator that makes early stage treatment
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possible. In contrast, since clinicians in other countries
do not consider septic DIC as a specific target for treat-
ment, strict diagnostic criteria to accurately assess the
pathophysiological conditions are more suitable. As
such, it does not make sense to compare superiority
or inferiority, and choosing the appropriate criteria
with a sufficient understanding of their characteristics.
For example, to avoid overdiagnosis, the overt-DIC
criteria are the better choice. Conversely, the acute
DIC diagnostic criteria are more suitable to avoid
overlooking DIC.

The above-mentioned viewpoints regarding DIC diag-
nosis have been discussed by the working group for DIC
in the guideline committee, and the details have been
described in a review paper [776].

CQ15-2: What are differential diseases for patients
where septic DIC is suspected?

Answer: Thrombotic thrombocytopenic purpura
(TTP), hemolytic uremic syndrome (HUS) and heparin-
induced thrombocytopenia (HIT) are common DIC-like
pathological conditions. These types of diseases require
managements that are different from that of DIC
(Provision of information for background question).

Rationale

DIC refers to a systematic activation of coagulation
that arises from various underlying diseases. A survey
conducted in Japan by the Japanese Association for
Acute Medicine reported that the incidence rate of DIC
is high and exceeded 50% among patients with sepsis
[780]. Thrombotic microangiopathy (TMA) mimics DIC
but should be differentiated since it can quickly lead to a
life-threatening condition without adequate treatment.
TMA is characterized by microangiopathic hemolytic
anemia (MAHA), consumptive thrombocytopenia, and
organ dysfunction due to microthrombosis. TMA in-
cludes HUS caused by Shiga toxin-producing Escherichia
coli (STEC); TTP, which is caused by either congenital
conditions (Upshaw—Schulman syndrome) or acquired
autoantibody-induced ADAMTS13 (a disintegrin-like
and metalloproteinase with thrombospondin type 1
motif 13), a depletion in the cleavage enzyme of the von
Willebrand factor (vWEF); atypical HUS (aHUS), due to
the dysregulated activation of complements; and second-
ary TMA, due to other causes (e.g., autoimmune dis-
eases, transplantation-related states, infection, drugs,
etc.) [783]. The frequency of TMA occurrence has been
reported to be approximately 1/150th that of DIC [784].
However, there is still the possibility of TMA or co-
existence of TMA when patients show laboratory find-
ings similar to those of DIC.

Various flow-charts have been proposed in recent
years for the diagnosis of TMA [785-787]; however,
many of these focus on the differentiation of DIC. The
focus should rather be put on detecting unusual features
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of DIC at the initial stage in these differential diagnoses
[785-787]. The diagnosis and treatment of septic DIC
should be rapidly performed; however, it is important to
look back at the diagnosis when the treatment response
is poor or the clinical signs are atypical. In such a situ-
ation, the possibility of TMA should be kept in mind
and the treatment must be promptly switched to the
specific treatment for each disease (e.g., plasma ex-
change, molecular-targeted therapy, etc.) ([788]. In
addition, there is need for an early discrimination of
HIT which often complicates thrombosis with
thrombocytopenia. Clinically, screening for HIT can be
made with 4Ts scoring [789], and more accurately with
the detection of antibodies. Meanwhile, hemolysis, ele-
vated liver enzymes, and low platelets (HELLP) syn-
drome [790] is a severe form of pregnancy-induced
hypertensive syndrome that rapidly improves through
delivery; thus, it can be relatively easily differentiated
during clinical diagnosis. However, congenital TTP and
aHUS can secondarily occur or coexist through the in-
crease in the level of vIWF during pregnancy and caution
must be taken in such cases [791]. Therefore, the review
paper published by the working group on DIC treatment
from this guideline committee has also proposed a flow-
chart for the differential diagnoses of DIC in the early
stage [788].

CQ15-3: Should antithrombin replacement therapy
be administered in sepsis-associated DIC?

Answer: We suggest antithrombin replacement ther-
apy for patients with sepsis-associated DIC (GRADE 2C,
certainty of evidence = “low”).

Rationale

Antithrombin has anticoagulant properties predom-
inately manifested by inhibition of thrombin and acti-
vated factor X. Apart from its anticoagulant activities,
antithrombin also possesses direct anti-inflammatory
effects manifested by promotion of prostacyclin pro-
duction in vascular endothelial cells [792]. Antithrom-
bin is expected to potentially regulate the progression
of DIC is widely used in Japan. However, previous
studies have shown conflicting results regarding the
beneficial effects of antithrombin on mortality among
patients with sepsis, and no definitive evidence has
been established.

We performed a systematic review and meta-analysis
on 5 RCTs [793-797] that evaluated the efficacy of anti-
thrombin administration in adult patients with DIC in
sepsis and found that the effect of antithrombin admin-
istration on mortality showed a decrease of 134 deaths
per 1000, whereas the adverse effect on hemorrhagic
complications showed an increase of 9 events per 1000.
The relative value of favorable effects (a reduced mortal-
ity rate) was generally higher than that of adverse effects
(increased hemorrhagic complication). Therefore, we
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suggest that the benefits of antithrombin administration
likely outweigh the harms.

CQ15-4: Should heparin or heparin analogs be ad-
ministered in sepsis-associated DIC?

Answer: We suggest against administering heparin or
heparin analogs as a standard treatment for patients with
sepsis-associated DIC (GRADE 2D, certainty of evi-
dence = “very low”).

Rationale

Heparin is one of the oldest agents used in the treat-
ment of DIC in sepsis in Japan. However, there is no
established evidence confirming the survival benefit of
heparin in sepsis. We performed a systematic review and
meta-analysis of 2 RCTs that investigated the effects of
heparin/heparinoid administration in adult patients with
DIC in sepsis [798, 799].

The effect of heparin/heparinoid administration on
mortality was a decrease of 58 deaths per 1000. Its effect
on hemorrhagic complications was a decrease of 52
events per 1000. However, given that the number of
studies included in the current meta-analysis and the
sample sizes for all outcomes were small, it was judged
that the certainty of the evidence was very low. Further-
more, the upper and lower limits of the confidence in-
tervals were large, and the directionality of the effects
was different. Thus, the superiority of either intervention
or comparative controls could not be judged. Therefore,
we recommend against the use of heparin/heparinoids
as a standard treatment for DIC in sepsis.

CQ15-5: Should recombinant thrombomodulin be
administered to patients with sepsis-associated DIC?

Answer: We suggest administering recombinant
thrombomodulin for patients with sepsis-associated DIC
(GRADE 2C, certainty of evidence = “low”).

Rationale

Recombinant thrombomodulin binds to thrombin,
promotes the activation of protein C, and exhibits anti-
coagulant effects by inhibiting further thrombin gener-
ation. In addition, it has been shown that its lectin-like
domain has unique anti-inflammatory activity [800]. Re-
combinant thrombomodulin is therefore expected to be
beneficial in the treatment of DIC in sepsis and is widely
used in Japan.

We performed a systematic review and meta-analysis
of 3 RCTs that investigated the effects of recombinant
thrombomodulin administration in adult patients with
DIC in sepsis [801-803]. In one of the eligible studies
[801], we used the results of sub-group analysis that met
the entry criteria at the time of drug administration. The
effect of recombinant thrombomodulin therapy on mor-
tality was 41 fewer deaths per 1000. Its effect on
hemorrhagic complications was 12 more per 1000. The
relative value of favorable effects (a reduced mortality
rate) was generally higher than that of adverse effects
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(increased hemorrhagic complications). Therefore, we
suggest that the benefits of recombinant thrombomodu-
lin administration outweigh its harms.

CQ15-6: Should protease inhibitors be adminis-
tered to patients with sepsis-associated DIC?

Answer: We suggest against administering protease in-
hibitors as standard treatment for patients with sepsis-
associated DIC (GRADE 2D, certainty of evidence =
“very low”).

Rationale

Protease inhibitors suppress excessive coagulation
activity in DIC. As they also inhibit fibrinolytic activ-
ity, protease inhibitors are considered to have a lower
risk of hemorrhagic complications than other anti-
coagulant drugs. Protease inhibitors have been fre-
quently used in Japan as a clinical therapeutic option
for DIC due to various underlying diseases, such as
sepsis. Although they play an important role in anti-
coagulant therapy for DIC, no studies have shown the
beneficial effects of protease inhibitors on improve-
ment of clinical outcomes.

We performed a systematic review and meta-analysis
on 2 RCTs [804, 805] that investigated the effects of pro-
tease inhibitors in adult patients with DIC in sepsis. The
effect of protease inhibitor administration on mortality
outcomes was 39 fewer deaths per 1000. Its effect on
hemorrhagic complication outcomes was 161 fewer per
1000. However, since the number of studies included in
the current meta-analysis and the sample sizes for all out-
comes were small, it was suggested that the certainty of the
evidence was very low. Furthermore, the upper and lower
limits of the confidence intervals were large, and the direc-
tionality of the effects was different. Thus, the superiority
of either intervention or comparative controls could not be
judged. Therefore, we recommend against the use of prote-
ase inhibitors as a standard treatment for DIC in sepsis.

CQ16: Venous thromboembolism countermeasures

Introduction

Venous thromboembolism (VTE) includes both deep
vein thrombosis (DVT) and pulmonary embolism (PE).
VTE is a pathological condition that requires care as it is
a life-threatening complication that may occur during
hospitalization. The “Guidelines for Diagnosis, Treat-
ment, and Prevention of Pulmonary Thromboembolism
and Deep Vein Thrombosis (2017 revised edition)” pub-
lished in Japan presented the necessary prophylaxis ac-
cording to the risk of VTE onset [806]. In this guideline,
severe infections were listed as additional risk factors for
VTE onset alongside the moderate risk factors of old
age, long-term bed rest, cardiopulmonary disease and
cancer-bearing status.

There are few studies on VTE among patients with se-
vere infections or sepsis, and there has not been any
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highly reliable report apart from that published by
Kaplan et al. adopted in the Japanese version of the Sur-
viving Sepsis Campaign Guidelines 2016 [807]. A pro-
spective trial of 113 patients hospitalized in the ICU due
to sepsis or septic shock conducted by Kaplan et al.
showed that the incidence rates of VTE and PE were
high at 37.2 and 3.5%, respectively, although VTE
prophylaxis was administered to all patients. The pro-
portions of patients who required indwelling central
venous catheters (OR 4.37) and mechanical ventilation
(OR 2.35) were particularly high. A study of more than 3
million cancer patients conducted in the United States
showed that the incidence of VTE increased as compli-
cations increased; however, the most influential compli-
cation was infection, including sepsis (sepsis 14%,
invasive candidiasis 16%, pneumonia 11%, and indwell-
ing venous catheter infection 14%) [808].

The risk of VTE increases among patients with infec-
tious diseases in a hypercoagulable state due to inflam-
mation. Therefore, a common consensus is to
administer anticoagulation therapy and physical therapy
to prevent VTE. However, there is still little research on
the incidence rate of VTE among patients with sepsis as-
sociated with severe coagulopathy and DIC. There is also
ongoing discussion about effective prophylaxis. There-
fore, in this section, we formulated CQs on VTE mea-
sures among patients with sepsis.

Clinical flow of these CQs is shown in Fig. 15.

CQ16-1: Should mechanical prophylaxis (elastic
stockings, intermittent pneumatic compression) be
used to prevent deep vein thrombosis during sepsis?

Answer: We suggest using mechanical prophylaxis
(elastic stockings, intermittent pneumatic compression)
to prevent deep vein thrombosis in patients with sepsis
(expert consensus: insufficient evidence).

Rationale

Anticoagulation therapy and mechanical prophylaxis are
recommended in the SSCG 2016. Furthermore, the J-
SSCG 2016 suggest anticoagulation therapy and mechan-
ical prophylaxis according to the risk level as “expert con-
sensus: no evidence” [1-4]. However, these guidelines
were derived from references which included various
post-operative and critically ill patients who were hospital-
ized in the ICU. There is no evidence-based opinion on
the effectiveness and harmfulness of each prophylaxis on
sepsis patients. It is thought to be important to administer
mechanical prophylaxis (elastic stocking and intermittent
air compression) to prevent VTE, and the analyses were
limited to only septic patients.

A systematic review found no RCTs on this subject.
Systematic reviews on critically ill patients in the ICU or
RCTs of injured patients reported that mechanical
prophylaxis was non-inferior to low-molecular-weight
heparin [809, 810]. RCTs on critically ill patients with a
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Fig. 15 CQ16: Venous thromboembolism countermeasures (clinical flow)
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risk of hemorrhage and RCT's of concomitant anticoagu-
lation therapy among critically ill patients reported that
intermittent air compression was ineffective [811, 812].

It has been reported that the risk of VTE onset was
high in septic patients. We suggest using mechanical
compression to prevent deep vein thrombosis as mech-
anical prophylaxis may prevent lethal complications such
as pulmonary embolism. Care should be taken during
implementation since blood flow disorders may occur in
patients with skin injuries due to mechanical compres-
sion, diabetes, or obstructive arteriosclerosis.

CQ16-2: Should anticoagulation therapy (unfractio-
nated heparin, low-molecular-weight heparin, war-
farin, NOAC/DOAC) be conducted to prevent deep
vein thrombosis during sepsis?

Answer: We suggest conducting anticoagulation ther-
apy to prevent deep vein thrombosis in patients with
sepsis (expert consensus: insufficient evidence).

Rationale

RCTs and meta-analyses of critically ill patients in the
ICU reported that the incidence rate of VTE among pa-
tients receiving VTE prophylaxis due to either low-
molecular weight heparin (LMWH), unfractionated hep-
arin (UFH), or fondaparinux decreased by approximately
40-60% [813, 814]. However, the incidence rate of VTE
could vary widely from approximately 22-80% according
to the patient’s illness and pathological state, and careful
interpretations must be made to evaluate whether the
results could be generalized to sepsis [815]. The “Guide-
lines for Diagnosis, Treatment, and Prevention of Pul-
monary Thromboembolism and Deep Vein Thrombosis
(2017 revised edition)” published in Japan described the
risk classifications for DVT and its corresponding
prophylaxis [806]. However, none of them contained evi-
dence for sepsis patients, and caution is required in
interpreting it. Administering anticoagulation therapy as
VTE prophylaxis was thought to be an important clinical
issue, and the analyses were limited to sepsis patients.

A systematic review was performed, but yielded no
RCTs. The risk of VTE onset was high among sepsis

patients, and anticoagulation therapy may be able to pre-
vent lethal complications like PE. The risks of hemorrhage
due to anticoagulation therapy are present, as is the risk of
HIT when heparin is administered. However, many re-
ports showed no significant increases in the incidence of
hemorrhage, and very few cases were serious when this
was present. Based on the above, we suggest that anticoa-
gulation therapy should be administered as VTE prophy-
laxis after adjudging that the benefits of VTE prophylaxis
due to anticoagulation therapy outweigh its harms.

Caution is required in its use due to the risk of
hemorrhage from anticoagulation therapy and the risk of
HIT onset during heparin use.

CQ16-3: For how long should VTE prophylaxis be
conducted in patients with sepsis?

Answer: We suggest conducting venous thrombo-
embolism (VTE) prophylaxis in patients with sepsis until
they are able to walk or discharged from the hospital
(expert consensus: insufficient evidence).

Rationale

VTE prophylaxis via mechanical compression and
anticoagulation therapy are recommended in the SSCG
2016 and the J-SSCG 2016. However, there is no
evidence-based interpretation of the period during which
each mode of prophylaxis should be administered to
sepsis patients [1-4]. Mechanical prophylaxis as a mode
of VTE prophylaxis leads to an increased risk of indu-
cing blood flow disorders in the compressed area. Fur-
thermore, anticoagulation therapy has the risk of
inducing hemorrhaging complications. Based on these
facts, it is thought that VTE prophylaxis should not be
administered indiscriminately. However, the optimal
period of VTE prophylaxis administration to sepsis pa-
tients has not been established, and decisions of the sus-
pension period varies by facility or attending physician
even in clinical practice. Based on the above, the CQ re-
garding how long to administer VTE prophylaxis to sep-
sis patients was thought to be highly important.

We performed a systematic review but found no rele-
vant RCTs. If we used mechanical prophylaxis or
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anticoagulation therapy for preventing VTE during pe-
riods that patients were not able to be mobilized and de-
ceased it when patients started to be mobilized, the risks
of blood flow disorders due to mechanical prophylaxis
or hemorrhaging complications due to anticoagulation
therapy might be minimized. Meanwhile, VTE could
occur after the patient leaves the bed or is discharged
from the hospital, and could lead to lethal complications
such as PE. We suggest that mechanical compression or
anticoagulation therapy should be administered until the
patient is capable of walking or is discharged from the
hospital in terms of the balance of the preventative ef-
fects against VTE and the risks of complications.

The risk of VTE is high in practice even after the pa-
tient gets out of bed or is discharged from the hospital
(e.g., patients who are not able to walk independently, or
transfer of mechanically ventilated patients for their re-
habilitation) and extended prophylaxis may be necessary.

CQ17: ICU-acquired weakness and early rehabilitation

Introduction

In 2010, the Society of Critical Care Medicine pro-
posed the concepts of PICS and ICU-AW, while the
physical and psychological problems that present in the
subacute and chronic phases following discharge from
the ICU have been gaining increasing attention [816].
PICS refers to the physical, cognitive, and mental im-
pairments that occur during or after admission to the
ICU and after discharge from the hospital. ICU-AW,
which is the physical component of PICS, is a syndrome
that presents with acute symmetric limb weakness that de-
velops after admission to the ICU. Both PICS and ICU-
AW are widely being recognized as affecting not only the
long-term prognosis of ICU patients but also the mental
states of their families. There have been various recent re-
ports on PICS and ICU-AW [817, 818], and this chapter
set the three interventions of early rehabilitation, passive
joint exercise therapy, and neuromuscular electrical stimu-
lation therapy as CQs and investigated their effectiveness
through a meta-analysis. Understanding PICS and ICU-
AW and their interventions should have the objective of re-
habilitation, which goes beyond saving the lives of patients
receiving intensive care, and collaboration with healthcare
professionals not involved in intensive care is also neces-
sary. Both are attracting attention as new issues in the field
of intensive care, and it is important to share the latest
knowledge on the prevention and treatment at the onset.

Clinical flow of these CQs is shown in Fig. 16.

CQ17-1: Should early rehabilitation be imple-
mented to prevent PICS?

Answer: We suggest conducting early rehabilitation to
prevent PICS in patients with sepsis (GRADE 2D, cer-
tainty of evidence = “very low”).

Rationale
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Early rehabilitation of ICU patients is thought to pre-
vent PICS by increasing muscle mass, improving phys-
ical function, encouraging patients to get out of bed
early, and improving activities of daily living (ADL).
However, the evaluation of the effectiveness and safety
of early rehabilitation in sepsis patients has not been de-
termined, and there are various definitions, types, start
times, and implementation periods for early rehabilita-
tion, even in clinical practice. In this CQ, we defined
early rehabilitation as the following items (1)—(4) and in-
vestigated the preventive effects on PICS.

(1) Physical therapy and/or occupational therapy
(excluding cognitive therapy)

(2) Includes rehabilitation outside the bed

(3) Starts earlier than in the control group

(4) Starts within 1 week of admission to the ICU

The results of a meta-analysis showed that the esti-
mated value of the effects of in-hospital stay (10 RCTs,
n=1224) was 2.86 days shorter (95%CI: 5.51 shorter to
0.21 shorter), that of 36-item short-form health survey
physical functioning scale score at 6 months (3 RCTs,
n=241) was 4.65 higher (95%CI: 16.13 lower to 25.43
higher), that of in-hospital medical research council
(MRC) score (3 RCTs, n=196) was 4.84 higher (95%CI:
0.36 higher to 9.31 higher), that of hospital anxiety and
depression scale score at 6 months (1 RCT, n =37) was
0.3 higher (95%CI: 4.92 lower to 5.52 higher), that of the
mini mental state examination score at 6 months (1
RCT, n=165) was 0.6 higher (95%CI: 0.25 lower to 1.45
higher), and that of in-hospital mortality (7 RCTs, n =
924) was 15 more per 1000 (95%CIL: 24 fewer to 71
more). It was judged from these results that the desired
effects were small. The estimated value of effects for the
onset of adverse events (5 RCTs, n =706) was 14 fewer
per 1000 (95%CI: 38 fewer to 55 more). Therefore, it
was judged that undesired effects were trivial. Based on
the above, it was judged that the intervention was likely
superior.

CQ17-2: Should passive joint exercise therapy be
conducted to prevent ICU-AW in patients with
sepsis?

Answer: We suggest conducting passive mobilization
as standard treatment for patients with sepsis (GRADE
2D: certainty of evidence = “very low”).

Rationale

The onset of ICU-AW is correlated with poor progno-
sis in patients. Rehabilitation intervention is started at
an early stage to prevent the onset of ICU-AW. How-
ever, it is difficult to introduce active exercise therapy at
an early stage in critically ill patients with sepsis, and
passive joint exercise therapy is often the main treat-
ment. Therefore, clarifying the effectiveness of passive
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Fig. 16 CQ17: ICU-acquired weakness and early rehabilitation (clinical flow)

joint exercise therapy in the prevention of the onset of
ICU-AW in patients with sepsis is important in terms of
considering rehabilitation intervention plans; thus, a
meta-analysis was performed.

The estimated value of effects for MRC score yielded a
MD of 0.96 lower (95%CI: 4.13 lower to 2.21 higher) (3
RCTs, n=366), that for 6-min walk distance (6MWD)
yielded an MD of 10.5m higher (95%CI: 63.45 lower to
84.46 higher) (2 RCTs, n = 173), that for functional inde-
pendence measure (FIM) yielded an MD of 3.00 higher
(95%CI: 5.42 lower to 11.42 higher) (1 RCT, n=115),
that for the length of stay in the ICU yielded an MD of
0.36 days longer (95%CI: 1.79 shorter to 2.51 longer) (4
RCTs, n=277), that for the length of stay in hospital
yielded an MD of 0.74 days longer (95%CI: 3.68 shorter
to 5.15 longer) (4 RCTs, n=277), and that for the dur-
ation of mechanical ventilation yielded an MD of 0.14
days longer (95%CI: 1.03 days shorter to 1.31 longer) (4
RCTs, n = 531). Therefore, it was judged that the desired
effects were small.

The estimated value of effects for various adverse
events yielded a RD of 18 fewer per 1000 (95%CI: 42
fewer to 38 more) (3 RCTs, n =416). The undesired ef-
fects were judged to be trivial.

Based on the above, it was judged that the intervention
was likely superior.

CQ17-3: Should neuromuscular electrical stimula-
tion be used to prevent ICU-AW?

Answer: We suggest against using neuromuscular
electrical stimulation as a standard treatment to prevent
ICU-AW in patients with sepsis (GRADE 2D: certainty
of evidence = “very low”).

Rationale

Neuromuscular electrical stimulation is expected to be
effective in preventing muscle weakness in critically ill
patients. It has been reported that effective muscle con-
traction is difficult to achieve in patients with sepsis,
those who use pressor agents, and those with edema

[819], and the effectiveness of neuromuscular electrical
stimulation in sepsis patients is unclear. The J-SSCG 2016
recommended against neuromuscular electrical stimula-
tion as ICU-AW prophylaxis for patients with sepsis or
those in intensive care [3, 4]. Based on subsequent find-
ings, this CQ investigated the preventive effects of ICU-
AW onset with neuromuscular electrical stimulation.

The results of a meta-analysis showed that the esti-
mated value of effects for the onset of ICU-AW at the
time of discharge from the ICU (1 RCT, n =28) was 0
per 1000 (95%CI: 183 fewer to 665 more). The MRC at
the time of discharge from the ICU (1 RCT, n=28)
yielded a MD of 1.00 higher (95%CI: 4.19 lower to 6.19
higher), the number of days of mechanical ventilation (7
RCTs, n=262) yielded a MD of 1.56days shorter
(95%CI: 3.12 shorter to 0.01 longer), in-hospital mortal-
ity (5 RCTs, n =251) yielded a MD of 39 fewer per 1000
(95%CI: 174 fewer to 219 more), and length of stay in
the ICU (5 RCTs, n=212) yielded a MD of 3.23 days
longer (95%CI: 3.35 shorter to 9.81 longer). Therefore, it
was judged that the desired effects were trivial.

Various adverse events (pain, discomfort, and pad al-
lergies) were set as an outcome; however, no descrip-
tions were provided in the article results. Thus, an
evaluation was not possible, and the undesired effects
were unclear. A “neuromuscular electrical stimulator”
was needed for intervention, and therefore, administer-
ing this at a facility that does not have this device re-
quires its purchase. Therefore, its feasibility was judged
to be “likely not”. Based on the above, it was judged that
it was desirable not to administer neuromuscular elec-
trical stimulation as a standard therapy of ICU-AW
prophylaxis in all critically ill patients.

CQ18: Pediatric considerations

Introduction

Pediatric sepsis is a serious pathological condition that
kills 10-20% of patients, with an even higher mortality
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rate among patients with septic shock [820, 821]. The J-
SSCG 2016 [3, 4] proposed 15 CQs on pediatric sepsis;
however, post-publication surveys of usage reported that
the compliance rate with the recommendations/sugges-
tions relating to children was only less than 5% [822].
Therefore, we started out to work in this amendment
with the clear objective of creating a “guideline that
people would use.”

First, in anticipation that the definitions of pediatric
sepsis would change according to Sepsis-3 [19] in the
near future, we decided not to propose CQs here re-
lating to its definitions that were actively taken up in
the J-SSCG 2016. Next, we did not comprehensively
address all questions relating to pediatric sepsis man-
agement, but instead focused on items regarding deci-
sions that would be difficult to make in clinical
settings. Furthermore, as was the case in the previous
guideline, issues in pre-term babies or in the transi-
tion period immediately following birth, which are
areas of neonatology, were not included in the scope
of this guideline.

A total of 14 CQs were initially proposed. Among
these, the CQ relating to the management policy of
sepsis refractory to fluid resuscitation was recognized
by the committee as common to both adults and chil-
dren, and a recommendation was made as a Good Prac-
tice Statement (see CQ21-3). As a result, discussions
proceeded with the remaining 13 CQs in the pediatric
working group, and we provided information on five of
these as background questions (empiric antibacterial
drugs, anti-herpes virus drugs, blood pressure manage-
ment targets, methods of evaluating response to fluid
resuscitation, and the appropriate rate and amount of
fluid resuscitation). A recommendation was also made
for one CQ as an expert consensus since no appropriate
RCTs could be obtained through systematic review
(intravenous immunoglobulin).

Recommendations were made according to the results
of a systematic review based on the GRADE method-
ology for the remaining seven CQs (application of prac-
tice algorithms, first-line inotropic/vasoactive agents,
vasopressin, systemic steroids, erythrocyte transfusion,
acute blood purification therapy, and tight glycemic con-
trol). Although there was still very little evidence specific
to children during this process, we also found new RCTs
being conducted for some of these questions [823-827].
However, there were also many questions for which no
new research had been conducted so far, and recom-
mendations were carefully examined for those questions
while considering the trends in evidence seen in the
adult domain.

Finally, we discuss the future prospects of pediatric
sepsis research. Many recent large-scale RCTs on
pediatric sepsis have been published in developing and
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emerging countries [828]. Community-acquired infec-
tious diseases and sepsis are still recognized as central is-
sues of healthcare in these regions, and the ease of
patient recruitment is also considered one of these fac-
tors. However, careful scrutiny is required when
extrapolating these research results to medical environ-
ments in developed countries due to the indirect nature
of the work. Furthermore, it is desirable to accumulate
knowledge on long-term survival and functional progno-
sis in addition to short-term survival as an outcome in-
dicator precisely because our patients are children with a
long life ahead.

Clinical flow of these CQs is shown in Fig. 17.

CQ18-1: Should the initial resuscitation algorithm
be used for pediatric sepsis?

Answer: We suggest using the initial resuscitation al-
gorithm for pediatric sepsis (GRADE 2D: certainty of
evidence = “very low”).

Rationale

Clinical algorithms such as the American College of
Critical Care Medicine—Pediatric Advanced Life Support
(ACCM-PALS) [829] have been used to perform evalua-
tions and interventions of children with septic shock via
a systematic approach and for recovery from shock as
quickly as possible. However, its validity and reliability
need to be verified.

As there were no RCTs on this CQ, one observational
trial was used [830], and the biases with effects were
evaluated according to the ROBINS-I tool. The observa-
tional trial used in this CQ considered the ACCM-PALS
algorithm [829] as an intervention in a cohort compari-
son. The estimated effect for mortality (1 observational
trial, # = 91) yielded a RD of 303 fewer per 1000 (95%CI:
357 fewer to 107 fewer); thus, the desirable effects were
deemed large. No piece of literature has investigated the
time to withdrawal from shock. We did not plan in ad-
vance the evaluation of the harmful outcomes of using
clinical algorithms. There was a concern of fluid over-
load as a result of initial resuscitation using the algo-
rithm. However, we believe that these effects would be
reflected in increased mortality rates; therefore, we did
not consider other harmful outcomes as critical. Consid-
ering the large desirable effects, it is likely to be valid to
estimate that the intervention is superior.

Points of consideration related to implementation
include the early recognition and handling of fluid
overload. Initial resuscitation of children with sepsis
requires diligent evaluation of peripheral circulatory
insufficiency and improvement of organ perfusion as
well as findings of fluid overload such as coarse
crackles, increased work of breathing, and hepatomeg-
aly [831]. Prompt suspension of fluid resuscitation or
slowing of fluid administration should be considered
as soon as fluid overload is suspected.
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CQ18-9 Should corticosteroids be administered to
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CQ18-8 Should vasopressin be used as a
vasoactive agent in children with septic shock?
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CQ18-10 When should blood infusions be started in
hemodynamically stable children with sepsis?
CQ18-11 Should blood purification therapy (including
plasma exchange) be used to treat children with sepsis
without acute kidney injury?

CQ18-12 Should intravenous immunoglobulin (IVIG)
therapy be administered in children with sepsis?
CQ18-13 Should blood glucose level be controlled
tightly in children with sepsis?

Evaluation of response (See Box #1 & #2)
Persistent catecholamine-resistant shock

Consider V-A ECMO

Fig. 17 CQ18: Management algorithm for pediatric septic shock (clinical flow)

A 4
Continue the current management

CQ18-2: How should empirical antibacterial drugs
be selected for pediatric sepsis where the source of
infection is difficult to estimate?

Amnswer: Antibacterial drugs which cover the possible
microorganisms should be selected with consideration of
the site of occurrence (e.g., community, hospital, ICU)
and patient background (e.g., immune status, treatment
history) (see Table 14 for reference) (Provision of infor-
mation for background question).

Rationale

The selection of antibiotics is determined by consider-
ing the patient’s age, site of infection, background, and
estimated organ transferability [832]. The site of infec-
tion is an important element when considering the
causative microorganism. Pediatric community-acquired
bacterial infections are frequently caused by Streptococ-
cus pneumoniae, Haemophilus influenzae, Staphylococ-
cus aureus, and Enterobacteriaceae represented by
Escherichia coli. These bacteria are usually sensitive to
cefotaxime, which is a third-generation cephalosporin.



Egi et al. Journal of Intensive Care

(2021) 9:53

Page 94 of 144

Table 14 CQ18-2: How should empirical antibacterial drugs be selected for pediatric sepsis when the source of infection is difficult

to identify?

Inferred microorganisms

Notes

Community-acquired
Cefotaxime (ceftriaxone)
[Less than 1 month old with
high possibility of meningitis]
Add ampicillin in
consideration of Listeria
monocytogenes

[More than 1 month old with
high possibility of meningitis]
Add vancomycin

[High risk of ESBL-producing
bacterial

Switch to meropenem

Hospital-acquired
Cefotaxime (ceftriaxone)
or cefepime

or piperacillin tazobactam
or meropenem
(+vancomycin)
(+antifungal drugs)

Dosage  Cefotaxime

Ampicillin

Cefepime
Piperacillin tazobactam
Meropenem

Vancomycin

Streptococcus pneumoniae,
Haemophilus influenzae,
Staphylococcus aureus,

E. coli, etc.

Enterobacteriaceae,

non-glucose fermenting bacteria such as
Pseudomonas aeruginosa,

Staphylococcus aureus including MRSA,
fungi, etc.

200 mg/kg/day, every 6 h (meningitis; 300
mg/kg/day, every 6 h)  maximum of 12 g/
day

200 mg/kg/day, every 6 h (meningitis; 400
mg/kg/day, every 6 h)  maximum of 12 g/
day

150 mg/kg/day, every 8 h
337.5 mg/kg/day, every 8 h
120 mg/kg/day, every 8 h
60 mg/kg/day, every 6 h

Consider underlying diseases, immune function, history of local
endemics, etc.

Consider underlying diseases, treatment history, immune function,
previous detection of resistant bacteria, in-hospital antibiograms, etc.
Add vancomycin or antifungal drugs according to risk

maximum of 6 g/day)
maximum of 18 g/day

maximum of 6 g/day

However, Listeria has a relatively high frequency of in-
volvement among children younger than 1 month with
sepsis [833], the addition of ampicillin should be consid-
ered. Cephalosporin- and carbapenem-resistant strains
of Streptococcus pneumoniae should be considered when
the possibility of meningitis is high in children 1 month
after birth [834, 835], and the possibility of adding
vancomycin should be assessed [836]. Finally, patient
background such as underlying illness, immune states
such as primary immunodeficiency and asplenia, and the
surrounding epidemic history should be considered
when selecting antibiotics.

In recent vyears, the prevalence of extended
spectrum [-lactamases (ESBL) producing bacteria
among the Enterobacteriaceae has been increasing
[837]. The choice of carbapenems in the treatment of
infections caused by ESBL-producing bacteria needs
to be considered when initiating treatment for sepsis
in which Enterobacteriaceae are thought to be causa-
tive microorganisms, such as pyelonephritis, intra-
abdominal infections, or meningitis in neonates, and
when there is a high risk of drug-resistant bacteria, such
as patients with a history of prior antimicrobial administra-
tion or medical exposure [838, 839].

Antibiotics for the treatment of pediatric sepsis in
general wards or the ICU should be selected in a
similar process. In addition to Enterobacteriaceae,
non-fermenting bacteria such as Pseudomonas aerugi-
nosa and Acinetobacter can also be causative microor-
ganisms [840], antimicrobial agents should be selected
based on risk and severity. The same is true for the
choice of antibiotics for the treatment of MRSA and
fungal infections (see CQ4-3). A past history of drug-
resistant bacterial detection in the patient and exposure to
antibacterial drugs would increase the possibility of drug-
resistant bacteria or fungi being identified as causative mi-
croorganisms [841]. The sensitivity of microorganisms to
each drug varies by facility; therefore, antibiograms in the
hospital should be referenced when selecting antibacterial
drugs.

CQ18-3: Under what scenarios should anti-herpetic
agents be included in empirical treatment for
pediatric sepsis?

Answer: There are cases where a central nervous
system infection is suspected or a bacterial source of
infection cannot be specified in neonates, because the
prevalence of the herpes simplex virus is higher and
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they can easily become severe once infected
(Provision of information for background question).

Rationale

Children are more likely to have sepsis due to a virus
infection than adults; among these and treatable viruses
include the HSV. Delayed treatment has been reported
to result in an increased mortality rate and severe seque-
lae [842, 843]. Sepsis due to HSV has non-specific clin-
ical symptoms, and it is difficult to determine whether
the pathogen is HSV based on clinical images or rapid
testing. Therefore, the initiation of administration of
anti-herpetic drugs should be considered before a defini-
tive diagnosis is established.

Meanwhile, the excessive use of anti-herpetic drugs
has been reported to be increasing among children
older than 30days [844], and there are concerns
about these drugs due to their adverse effects or
costs, and the fact that HSV-induced sepsis is not a
particularly high-frequency event. Large-scale observa-
tional studies conducted in North America showed
that, among 26,533 patients younger than 60 days
who visited the ER (no record of the number of sep-
sis patients), those with HSV infection remained at
112 (0.42%), of which 36 patients (0.14%; 95%CI: 0.10
to 0.19%) had the central nervous system type and 32
patients (0.12%; 95%CI: 0.08 to 0.17%) had the sys-
temic type [845]. In other words, the incidence is ex-
tremely low, and it can be said that the proportion of
patients for whom favorable effects would be achieved
with anti-herpetic drug administration as an empiric
treatment is extremely limited. In reality, in the stud-
ies mentioned above, anti-herpetic drugs should have
been administered as empiric treatment among 588
patients (95%CI: 435 to 769) in order to treat one pa-
tient each younger than 60 days with the central ner-
vous system- and systemic-type of HSV infection. The
median age of patients with HSV infection was 14
days (interquartile range [IQR] 9 to 24), and the con-
traction frequency was higher among patients aged
0-28 days than among those aged 29-60days (odds
ratio 3.9; 95%CIL: 2.4 to 6.2). This would mean that
152 (95%CI: 123 to 185) and 583 (95%CI: 384 to 909)
patients, respectively, would have started receiving
anti-herpetic drugs as empiric treatment to treat a
single patient each with HSV infection aged 0-28 days
and 29-60 days [845]. Therefore, the favorable effects
of empirically administering anti-herpetic drugs would
be expected more in children aged 0-28 days.

Serious adverse effects such as renal dysfunction
[846], cytopenia, and neuropsychiatric symptoms can
occur when using anti-herpetic drugs. The risk of tis-
sue damage due to extravasation should also not be
ignored in infants with thin blood vessels. Further-
more, there may be an increase in fluid load due to
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the large volume of water required to dilute the anti-
herpetic drug. The confirmation of HSV infection
using methods such as polymerase chain reaction
assays takes several days at most facilities; therefore, there
is a risk of extending the length of hospitalization until
empiric treatment with an anti-herpetic drug has been
completed [847].

At present, no RCTs have investigated whether anti-
herpetic drugs should be included as empiric treatment
among pediatric patients with sepsis. However, as men-
tioned above, it is thought that an increased proportion
of patients older than 29 days is negatively affected. Fur-
thermore, it is inappropriate to initiate anti-herpetic
drugs as empiric treatment in children with sepsis,
among whom the source of infection can be clearly esti-
mated (e.g., those with pneumonia and urinary tract in-
fection). As such, it is advisable that anti-herpetic drugs
should be included as empiric treatment in patients
younger than 1 month who are likely to have central
nervous system infections or who have sepsis with no
presumed site of infection.

Needless to say, patients with confirmed HSV infec-
tion, regardless of age group, should be treated promptly
with anti-herpetic drugs [842, 843].

CQ18-4: What is the optimal blood pressure for
hemodynamic management in pediatric sepsis?

Amnswer: Suitable values for the optimal blood pressure
are unknown, and this should be set with consideration
to age and organ perfusion. The median value for the
mean blood pressure “55 + age x 1.5 mmHg” and the
5th percentile value “40 + age x 1.5 mmHg” in healthy
children are used as a reference (Provision of informa-
tion for background question).

Rationale

Blood pressure is commonly used in the manage-
ment of sepsis as an assessment indicator when mak-
ing decisions in evaluating treatment effects or
changing the course of treatment. Hypotension has
been identified as a sign of decreased tissue perfusion
in the management of children with sepsis [3, 4, 848].
However, the optimal blood pressure largely depends
on the age and body weight. Furthermore, we need to
take into account the general conditions and organ
damage among patients, and the tissue perfusion
pressure in response to these, which makes it difficult
to discuss them uniformly. We believe that it should
be meaningful to understand the background of the
reference values and to keep the evidence organized.

It is desirable to tailor the targets of mean blood
pressure considering the necessary organ perfusion in
each case; however, the relative merit of the manage-
ment based on the systolic blood pressure remains
unclear. There are no existing references on numer-
ical targets, and a consensus could not be reached
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among the experts involved in preparing this guide-
line. A study of a large sample was conducted in the
United States on the normal range of blood pressure
in healthy children [849]. Indices based on the age
range for systolic and diastolic blood pressure as well
as mean blood pressure are presented, which can be
used as a reference when setting targets and accept-
able lower limits of blood pressure. However, it
should be noted that target blood pressures need to
be set considering the individual pathology and the
corresponding required organ perfusion.

CQ18-5: What is the method for assessing fluid re-
sponsiveness during the management of pediatric
sepsis?

Answer: Assessments for fluid responsiveness include
clinical findings (changes in pulse rate, blood pressure,
temperature difference between peripheral and central
skins, strength of pulsation, and capillary refill time
(CRT)) and test values (e.g., lactate clearance, echocardi-
ography findings) (Provision of information for back-
ground question).

Rationale

Similar to those in adults, proper systemic manage-
ment and infectious disease treatment are two essen-
tial elements of sepsis treatment in children, and
adequate preloading during initial management is the
basis for the process of increasing cardiac output and
stabilizing the hemodynamics [3, 4, 848]. However, it
is not easy to assess whether preloading is appropri-
ate, and excess fluid has been indicated to potentially
prevent the recovery of organ function [850].

Methods of assessment of responsiveness to fluid re-
suscitation include 1) indicators for predicting in ad-
vance whether the cardiac output increases when fluid
resuscitation is implemented and 2) indicators for asses-
sing after the fact that cardiac output increased after ad-
ministering fluid resuscitation.

This guideline uses the term “fluid responsiveness pre-
diction” for 1); however, at present, a sufficiently reliable
predictive indicator of fluid responsiveness does not
exist in the field of pediatrics [851]. A systematic review
performed by Gan et al. among critically ill children with
various backgrounds showed that there was no reliable
static indicator, and the respiratory variation in aortic
blood flow peak velocity (AVpe,i) measured via Doppler
echocardiography was the only reliable dynamic indica-
tor [851]. However, although a recent systematic review
and meta-analysis performed by Desgranges et al. among
children in the ICU and operating room confirmed these
findings, the authors indicated that the cut-off value in-
troduced by different studies ranged from 7 to 20%, and
that it was premature to apply these results in clinical
decision making [852]. It should be noted that the reli-
ability of SVV, PPV and ultrasonographic assessments of

Page 96 of 144

the inferior vena cava diameter, whose effectiveness as
predictive indicators for fluid responsiveness among
adults has been established, has not been verified in
multiple studies of children [851]. Although PLR has
been suggested to be effective, there has only been one
report on this so far [853]. Furthermore, none of the
studies incorporated into these systematic reviews were
specific to sepsis.

Meanwhile, it is desirable to use 2) during the initial
fluid resuscitation process to re-assess effects by combin-
ing multiple indicators each time a bolus of 10-20 mL/kg
of isotonic crystalloid fluid is administered. Unexpected
fluid overload can occur if increases in cardiac output due
to fluid are not periodically re-assessed and fluid adminis-
tration is continued as before. Clinical findings such as the
correction of tachycardia or hypotension, improvements
in the pulsation, and reductions in peripheral/central sys-
tem temperature differences suggest an increase in the
stroke volume and cardiac output. It is also important to
assess for improvements in findings such as altered states
of consciousness or oliguria caused by organ hypoperfu-
sion [848].

The capillary refill time (CRT) is a clinical sign in
which the peripheral circulation is assessed by meas-
uring how many seconds it takes for improvements in
skin color to occur immediately after relieving pres-
sure following pressure ischemia of the skin on the
fingertips/toes or trunk. Values exceeding 2 s typically
suggest decreased skin perfusion, and are suggestive
of impaired peripheral circulation [854, 855]. CRT as-
sessment is non-invasive and is widely used as an in-
dicator of circulatory management that can be
repeatedly measured [848]. Reports have indicated
that a CRT <25 in children admitted to the pediatric
ICU was correlated with ScvO, >70% [856], and that
there was a correlation between a CRT >3s and mor-
tality [857]. Meanwhile, the CRT is known to be
influenced by a variety of factors including patient
age, assessment location, pressure time, ambient
temperature, and skin temperature [854], and care
must be taken to ensure that assessment methods are
consistent, such as using a stopwatch [855]. For some
indicators, consistency between evaluators was deter-
mined to be low [854], and its correlation with inva-
sive hemodynamic indicators such as cardiac index
was low [858, 859]. Thus, assessing hemodynamics
only with the CRT should be avoided.

Increased lactate levels primarily reflect tissue hypoxia,
and have been used to define adult septic shock in Sepsis-
3 [19]. Multiple observational studies in the field of
pediatrics have also indicated that hyperlactemia at the
time of diagnosis was correlated with an increased mortal-
ity rate [860—862], that the lack of decreases in lactate
level with fluid- or cardiovascular agent-based
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interventions was correlated with mortality [863, 864], and
that normalized lactate levels were correlated with recov-
ery of organ function [865]. Meanwhile, it was indicated
that cases of pediatric septic shock diagnosed based on
clinical findings did not always present with hyperlacte-
mia, regardless of whether the shock pattern was compen-
satory or non-compensatory (i.e., hypotensive) [848]. As
such, decreases in lactate levels due to fluid resuscitation
can be used as an assessment indicator for determining ef-
fectiveness only in patients whose lactate levels elevated
on presentation. However, the cut-off value for lactate
clearance that can be deemed effective is not clear, and
this needs to be determined with other hemodynamic in-
dicators, similar to that of the CRT. It should be noted
that a recent RCT that evaluated hemodynamic manage-
ment with CRT normalization compared with that of lac-
tate clearance in septic shock among adults showed that
the former was not superior to the latter in terms of 28-
day mortality [319].

Echocardiography can be used to perform repeated
non-invasive assessments at the bedside, and does not
only provide objective information for determining
the preload and contractility, but can also confirm
congenital heart diseases, pulmonary hypertension,
and right heart failure [848]. This can be used to as-
sess whether the left ventricular end-diastolic volume
was properly corrected by fluid resuscitation, and also
acts as a basis for determining whether fluid resusci-
tation to the extent of inducing atrioventricular valve
regurgitation was an overload. Ranjit et al. instituted
standard management of pediatric septic shock as
well as echocardiography assessments within 6 h after
diagnosis, and reported that fluid resuscitation and
cardiovascular agent adjustments were possible in
many patients [866]. However, it should be noted that
it is still unclear, including the evidence from this
study, whether adding hemodynamic assessment via
echocardiography into the standard management
would improve prognosis.

Finally, many reports have indicated the harmful ef-
fects of fluid overload in both adults and children. A sys-
tematic review of children in the ICU performed by
Alobaidi et al. indicated that fluid overload was corre-
lated with an increased mortality rate, lengthening of
ventilation duration, and worsened acute kidney injury
[850], and that efforts to avoid fluid overload are essen-
tial. When increased work of breathing, moist rales, hep-
atomegaly, or a galloping sound on auscultation are
found during initial fluid resuscitation, fluid administra-
tion should immediately be suspended [848], fluid over-
load should be suspected, and the preload conditions
should be re-assessed including echocardiography.

CQ18-6: What is the initial fluid infusion rate and
volume for pediatric sepsis?
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Answer: In children with sepsis not complicated by
heart failure, there is a method for repeating a bolus ad-
ministration 10-20 mL/kg at a time while assessing re-
sponse to an initial fluid resuscitation. Meanwhile, the
occurrence of clinical findings which suggest fluid over-
load or a blunted fluid response should serve as a refer-
ence for suspending fluid resuscitation. There is no
high-quality evidence regarding the upper limits of fluid
infusion rate or volume (Provision of information for
background question).

Rationale

Proper initial fluid resuscitation is important in the
treatment of sepsis. The pediatric septic shock initial
treatment algorithm [3, 4] and American College of Crit-
ical Care Medicine—Pediatric Advanced Life Support
(ACCM-PALS) algorithm [848] indicate that when sep-
tic shock is suspected, bolus administrations of 20 mL/
kg of isotonic crystalloid solution can be administered
over 5-10 min, with repeated administrations up to 40—
60 mL/kg in the first hour if needed when symptoms of
shock persist. Furthermore, there have been reports of
improved survival or reduced length of hospital stay due
to treatment, which followed the ACCM-PALS algo-
rithm [830, 867, 868] or initial treatment algorithm
[869—-874], including rapid fluid resuscitation.

However, a multicenter, open-label RCT (Fluid Expan-
sion As Supportive Therapy [FEAST] trial) that investi-
gated the effects of initial fluid resuscitation in children
with high fever accompanied by circulatory insufficiency
(including children with septic shock) showed that the
mortality rate was higher in the group with rapid fluid
resuscitation than in the group that did not undergo this
procedure [828]. This study was conducted in a clinical
environment in which intensive care management, in-
cluding mechanical ventilation, was unavailable, which
was different from the situation in Japan, but suggests
the need to recognize the risks of fluid overload in the
treatment of sepsis. An RCT that compared 20 mL/kg
fluid bolus administrations every 15-20 min and every
5-10 min among children with septic shock reported a
higher risk of requiring mechanical ventilation in the lat-
ter group [875]. Furthermore, the possibility that 20 mL/
kg as a single dose of fluid bolus induces fluid overload
has been investigated [876].

Taking these findings into consideration, initial resus-
citation using rapid fluid infusion in a medical environ-
ment in which intensive care management is available in
Japan has been the basis of treatment of pediatric sepsis;
however, a somewhat conservative fluid bolus adminis-
tration of 10-20 mL/kg of isotonic crystalloid solution is
more valid than a conventional amount of 20 mL/kg. It
is also important to assess fluid overload and blunted re-
sponsiveness to fluid during and after bolus fluid
administration.
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The presence of moist rales, respiratory distress, and
an enlarged liver, which suggest the possibility of fluid
overload, serves as a reference for suspending fluid re-
suscitation. Furthermore, fluid responsiveness can be
assessed by improvements in peripheral circulation (e.g.,
reduced peripheral/central system temperature differ-
ence), increased blood pressure, reduced heart rate, in-
creased urine output, and improvements in the level of
consciousness (see CQ18-5). However, if the response
becomes blunt as bolus infusions are intermittently re-
peated, the suspension of fluid resuscitation or slowing
of fluid administration should be considered [3, 4, 848].
It should be noted that there is no high-quality evidence
on the upper limit of the fluid infusion rate or volume.

CQ18-7: Should dopamine be used as a first-line
vasoactive agent in children with septic shock?

Answer: We suggest against using dopamine ad a first-
line vasoactive agent in children with septic shock, and
instead suggest selecting either adrenaline or noradren-
aline according to hemodynamics (for adrenaline -
GRADE 2D: certainty of evidence = “very low”; for nor-
adrenaline - expert consensus: insufficient evidence).

Rationale

The J-SSCG2016 [3, 4] positioned adrenaline as a first-
line inotropic/vasoactive agent for use among children
with septic shock. However, as it did not make a clear
recommendation for or against the use of dopamine,
dopamine may still be used frequently in clinical practice
in Japan [877]. A systematic review yielded 2 RCTs that
conformed to the PICO criteria [823, 878], and we con-
ducted a meta-analysis of these trials. Both RCTs set
adrenaline as a comparative control.

With regard to the desirable effects of dopamine rela-
tive to adrenaline, the estimated effects of the length of
stay in the pediatric ICU yielded a MD of 1.00 days
shorter (95%CI: 3.95 shorter to 1.95 longer) (1 RCT, n =
60) [878]. With regard to the undesirable effects of
dopamine relative to adrenaline, the estimated effects for
28-day mortality yielded a RD of 136 more per 1000
(95%CI: 61 fewer to 590 more) (2 RCTs, n =180) [823,
878], that for resolution of shock within 1h yielded an
RD of 286 fewer per 1000 (95%CI: 368 fewer to 58
fewer) (1 RCT, n=60) [823], that for vasoactive drug-
free days yielded a MD of 4.80 days shorter (95%CI: 8.44
shorter to 1.16 shorter) (1 RCT, n =120) [878], and that
for serious adverse effects (healthcare-associated infec-
tions and ischemia) yielded an RD of 126 more per 1000
(95%CI: 50 fewer to 764 more) (2 RCTs, n=180) [823,
878]. Accordingly, the desirable effects of dopamine
were deemed trivial, whereas the undesirable effects
were deemed moderate. Therefore, we adjudged that the
balance of effects between desirable and undesirable ef-
fects was such that the comparative control of adren-
aline was superior.
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We found no RCTs on the desirable and undesir-
able effects of dopamine relative to noradrenaline;
therefore, these effects remain wunclear. However,
using noradrenaline, which mainly stimulates a-
receptors, seems a pharmacologically rational choice
in patients presenting with hemodynamic features of
vasodilatory shock. Meanwhile, the risk of healthcare-
associated infections due to immunosuppression
through suppression of prolactin secretion may exist
only among patients who receive dopamine since the
actions on dopamine receptors are limited to dopa-
mine. Accordingly, in patients with hemodynamic fea-
tures of vasodilatory shock, the desirable effects of
dopamine are likely to be trivial, whereas the undesir-
able effects are likely small; therefore, we adjudged
that the comparative control of noradrenaline was
likely superior.

It should be noted that the 2 RCTs used in this CQ
[823, 878] do not have the same dose adjustment proto-
cols for dopamine and adrenaline. Furthermore, this rec-
ommendation does not preclude the use of dopamine
under circumstances in which adrenaline or noradren-
aline is unavailable.

CQ18-8: Should vasopressin be used as a vasoactive
agent in children with septic shock?

Answer: We suggest against using vasopressin as a
vasoactive agent in children with septic shock (GRADE
2D: certainty of evidence = “very low”).

Rationale

Vasopressin may improve the hemodynamic condi-
tions of children with septic shock via a vasopressor
effect based on a mechanism that is different from
that of other catecholamines and may allow us to
avoid extracorporeal membrane oxygenation therapy.
However, harms that may ensue, such as ischemia or
worsening prognosis and the balance between its ben-
efits and harms are unclear. A systematic review
yielded 2 RCTs that conformed to the PICO criteria
[879, 880], and we conducted a meta-analysis of the
results of these trials.

The interventions include the administration of vaso-
pressin [879] and its derivative terlipressin [880], with
comparative controls being placebo and conventional
treatments, respectively. The estimated effects for the
length of stay in the pediatric ICU (2 RCTs, n=123)
yielded a MD of 3.64 days shorter (95%CI: 9.82 shorter
to 2.53 longer). The desirable effects were deemed to be
small. The estimated effects for mortality (2 RCTs, n =
123) yielded a RD of 60 more per 1000 (95%CIL: 130
fewer to 250 more) [879, 880], and that for time to vaso-
active drug-free hemodynamic stability (1 RCT, n = 65)
yielded a MD of 2.60 h longer (95%CI: 49.95 shorter to
55.15 longer) [879]. Furthermore, the estimated effects
of serious adverse events (digital ischemia, thrombosis,
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cardiac arrest, and gastrointestinal bleeding) (2 RCTs,
n=123) yielded a RD of 40 more per 1000 (95%CI: 60
fewer to 140 more) [879, 880]. Therefore, the undesir-
able effects due to vasopressin were moderate. Based on
the above, we adjudged that the balance of its effects
was likely in favor of the comparative control.

When considering the administration of vasopressin,
serious adverse effects such as digital ischemia should be
carefully monitored while evaluating in each patient
whether desirable effects can be expected and indiscrim-
inate drug administration is discouraged.

CQ18-9: Should corticosteroids be administered to
children with septic shock when they do not respond
to initial fluid resuscitation and inotropic agents?

Answer: We suggest against the routine administration
of corticosteroids in children with septic shock when
they do not respond to initial fluid resuscitation and ino-
tropic agents (GRADE 2D: certainty of evidence = “very
low”).

Rationale

Three RCTs were included in the analysis for mor-
tality (n=155) [824, 825, 881], and the estimated ef-
fects yielded a risk difference of 40 fewer per 1000
(95%CI: 167 fewer to 130 more). Furthermore, 2
RCTs were analyzed for time to recovery from shock
[825, 881]. One RCT (n=68) [825] showed averages
of 60.0h (routine steroid administration group) and
139.2h (comparative control group). The other RCT
(n=38) [881] showed median values of 49.5h (routine
steroid administration group) and 70h (comparative
control group), with effects estimated to be present to
some extent. Therefore, the desirable effects were
deemed small. In terms of the risk of secondary infec-
tion (2 RCTs, n=87) [824, 881], the estimated effects
yielded a risk difference of 41 more per 1000 (95%CI:
73 fewer to 284 more). Two RCTs were analyzed in
terms of the length of stay in hospital [824, 825].
One RCT (n=68) [825] showed averages of 11.4 days
(routine steroid administration group) and 8.2 days
(comparative control group), and the other RCT (n=
49) [824] showed median values of 10.7 days (routine
steroid administration group) and 9.6 days (compara-
tive control group), with slight extensions estimated
in the intervention group. Therefore, the desirable ef-
fects were deemed small. Based on the above, both
the desirable and undesirable effects of the interven-
tion were deemed small, and we adjudged that neither
the intervention nor the comparative control could be
supported regardless of the relative value of outcomes
placed by patients and families.

Note that steroid cover is essential regardless of the
presence of shock when patients with congenital adrenal
hyperplasia or those who have been receiving systemic ste-
roids for a long period of time are afflicted with sepsis.
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CQ18-10: When should blood infusions be started
in hemodynamically stable children with sepsis?

Answer: We suggest starting blood transfusions with a
hemoglobin level of 7.0 g/dL as a threshold for critical,
hemodynamically stable children with sepsis (GRADE
2C: certainty of evidence = “low”).

Rationale

The thresholds of red blood cell transfusion should
be carefully considered in pediatric intensive care in
terms of the diversity of disease backgrounds, the
handling of patients with a wide range of ages and
body weights, and avoiding unnecessary transfusion.
We conducted a systematic review of the transfusion
threshold among critically ill children with stable
hemodynamics, and 2 RCTs were included in the
analysis [826, 882].

In both RCTs, the threshold of the hemoglobin con-
centration for initiating blood transfusion was lower in
the intervention group (7 g/dL in both trials) and higher
in the control group (Lacroix et al., 2007: 9.5 g/dL [882]
and Akyildiz et al., 2018: 10 g/dL [826]). With regard to
all-cause mortality (2 RCTs, n="797), the estimated ef-
fects of the intervention yielded a RD of 6 fewer per
1000 (95%CI: 28 fewer to 38 more). With regard to
blood transfusion complications (1 RCT, n=637), the
estimated effects of the intervention yielded a risk differ-
ence of 28 more per 1000 (95%CI: 62 fewer to 153 more)
[882]. Furthermore, with regard to the length of stay in
the ICU (2 RCTs, n=797) and the duration of mechan-
ical ventilation (2 RCTs, n =797), the estimated effects
of the intervention yielded a MD of 0.62 days shorter
(95%CI: 1.76 shorter to 0.51 longer) and a MD of 0.00
days (95%CI: 0.84 shorter to 0.84 longer), respectively
[826, 882]. Therefore, it was adjudged that neither the
intervention nor the comparative control was superior
to the other. The direction of the estimated effects for
all the outcomes were consistent; thus, the overall cer-
tainty of the evidence was “low”. Based on the 2 RCTs
included in this CQ, it was thought that starting blood
transfusion was valid when hemoglobin levels were
below 7 g/dL in critically ill septic children with stable
hemodynamics.

Note that starting blood transfusion at a higher thresh-
old may need to be considered in children with some
underlying conditions such as cyanotic heart diseases.

CQ18-11: Should blood purification therapy (in-
cluding plasma exchange) be used to treat children
with sepsis without acute kidney injury?

Answer: We suggest against using blood purification
therapy to treat children with sepsis without acute kidney
injury (GRADE 2D: certainty of evidence = “very low”).

Rationale

We conducted a systematic review because the deci-
sions varied as to whether to initiate blood purification
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therapy in the treatment of children with sepsis in clin-
ical settings.

Only one trial was included in the analysis [883].
There were no data related to the length of stay in
the ICU, the duration of mechanical ventilation, or
the time to withdrawal from shock. With regard to
all-cause mortality (1 RCT, n =48), the estimated ef-
fect yielded a risk difference of 377 more per 1000
(95%CI: 30 fewer to 1000 more); thus, the desirable
effects were deemed trivial. There were no data re-
lated to serious adverse events, so this could not be
analyzed. Even considering that the estimated effect
for mortality was derived from one small-sized RCT,
the undesirable effects of the intervention were
deemed moderate [883]. Therefore, the balance of de-
sirable and undesirable effects was likely in favor of
the comparative control. However, we do not deny
decisions to implement the intervention due to case-
dependent indications.

Note that the recommendation of this CQ does not
negate the use of plasma exchange for indicated under-
lying diseases or renal replacement therapy for severe
acute kidney injury and fluid overload refractory to
diuretics.

CQ18-12: Should intravenous immunoglobulin
(IVIG) therapy be administered in children with
sepsis?

Answer: We suggest against administering IVIG for
children with sepsis (expert consensus: insufficient
evidence).

Rationale

IVIG therapy for severe infections is listed in the Na-
tional Health Insurance registry of Japan, and is widely
used, although its efficacy in improving clinical progno-
sis remains uncertain. Larger doses have been attempted
overseas for immunomodulation; however, their effects
have not been consistent across studies. Furthermore,
high-quality RCTs in the field of pediatrics (apart from
neonatology) are lacking [884—-887]. It has been sug-
gested that IVIG should not be administered to adult pa-
tients with sepsis. We conducted a systematic review
since the evaluation of the effectiveness/harmfulness of
IVIG administration to children with sepsis has not been
established.

Although one RCT was extracted [888], this was an
extremely small-scale and biased article; thus, the
committee unanimously agreed to avoid making rec-
ommendations based on this evidence alone. Consid-
ering that the favorable effects of IVIG could not be
expected in adult patients (see CQ5-1) and that the
therapeutic effects of IVIG in severe infection were
clearly negated in the high-quality, large-scale, multi-
center RCT conducted mainly among neonates (the
INIS trial) [887] and meta-analyses that include it
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[884, 889] it is reasonable to assume that the desir-
able effects of IVIG are also trivial in children. Ser-
ious adverse effects of IVIG include anaphylaxis,
acute kidney injury, liver dysfunction, aseptic menin-
gitis, and extravasation, which are not serious and
rare. Thus, the undesirable effects are deemed trivial.
Both the desirable and undesirable effects are trivial,
and neither the intervention nor the comparative con-
trols are superior to the other. For this reason, we do
not recommend the administration of IVIG as stand-
ard therapy for all children with sepsis.

CQ18-13: Should blood glucose level be controlled
tightly in children with sepsis?

Answer: We suggest against controlling blood glucose
level tightly in children with sepsis (GRADE 2C: cer-
tainty of evidence = “low”).

Rationale

Hyperglycemia may affect immunity, exacerbate in-
fection, and worsen patients’ prognoses, resulting in
a higher mortality rate and a longer length of stay in
hospital in both children and adults [890-893].
Therefore, glycemic control is an important aspect
in the management of sepsis among children. In
contrast, hypoglycemia induced by insulin is an im-
portant hazard of glycemic control and has been as-
sociated with poor prognoses among critically ill
children [891, 894]. Therefore, we conducted a sys-
tematic review to determine whether to exercise
tight glycemic control in children with sepsis. The
significance of tight glycemic control was unlikely to
differ between children with sepsis and other critic-
ally ill children; therefore, the subject of this study
was not limited to sepsis.

Five RCTs [827, 895-898], were included in the ana-
lysis. The estimated effects for all-cause mortality (5
RCTs, n=3923) yielded a RD of 1 fewer per 1000
(95%CI: 14 fewer to 17 more) [827, 895-898] and the
length of stay in the ICU (3 RCTs, n=3049) yielded a
MD of 0.50 days shorter (95%CI: 0.52 shorter to 0.48
shorter) [895, 897, 898], and the duration of mechanical
ventilation (3 RCTs, n=3049) yielded an MD of 0.30
days shorter (95%CI: 0.32 shorter to 0.27 shorter). The
desirable effects of the intervention were deemed trivial.
The estimated effects of the frequency of hypoglycemic
events (5 RCTs, n=3933) yielded an RD of 105 more
per 1000 (95%CI: 66 more to 166 more) [827, 895-898],
and the undesirable effects of the intervention were
deemed significant. Therefore, the balance of effects was
such that the comparative control was likely superior,
and we suggested against the intervention. Note that the
recommendation of this CQ does not negate the use of
insulin among children with persistent hyperglycemia
(with a serum glucose level above 180 mg/dL), which is
thought to cause osmotic diuresis.
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CQ19: Neuro intensive care

Introduction

Sepsis causes various types of organ failure, with
the brain being one of the affected organs; several
symptoms have been identified with this condition
[899]. Furthermore, the mortality rate among sepsis
patients with acute brain dysfunction is significantly
higher than in sepsis patients without such dysfunc-
tion. There are various causes leading to acute brain
dysfunction during sepsis, and the underlying patho-
physiological mechanisms are complex [900]. There-
fore, it is important to differentiate between sepsis-
related acute brain dysfunction and neurological dis-
ease complications. It is possible to institute early
stage interventions for treatable causes and improve
the neurological prognosis [899]; thus, it is important
to differentiate and diagnose acute brain dysfunction
in patients with sepsis.

It is not rare for sepsis patients to have neurological
abnormalities. It is important not to overlook acute brain
dysfunction, which requires additional treatment and
changes during treatment, such as cerebral infarction,
non-convulsive status epilepticus, drug-induced encephal-
opathy, and secondary meningitis, in addition to sepsis-
related acute brain dysfunction in in which sepsis treat-
ment is the primary element. It was thought that this
should be raised as CQs in this guideline for this reason.

Clinical flow of these CQs is shown in Fig. 18.

CQ19-1: What are the differential diseases and its
testing methods in sepsis patients where brain
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damage is suspected due to symptoms such as distur-
bances in consciousness, convulsions, and paralysis?

Answer: Intracranial lesions (e.g., stroke) and potential
causes (e.g., metabolic disorders) are first differentiated
with the assumption that there may be compound causes
for brain damage. Tests include neuroimaging, continuous
electroencephalography (EEG) monitoring, biochemical
tests, confirmation of the causative agent, and cerebro-
spinal fluid examination if necessary. Neuroimaging are
performed urgently if focal neurologic signs were observed
(Provision of information for background question).

Rationale

The causes of acute brain dysfunction due to sepsis can
be divided into (i) narrowly defined sepsis-associated brain
damage, (ii) broadly defined sepsis-associated brain dam-
age, and (iii) neurological disease complications of sepsis
[899, 901]; however, in reality, many of these pathophysi-
ologies overlap [902]. Categories (ii) and (iii), in particular,
require specific treatment, therefore, differentiation is im-
portant. Acute brain dysfunction due to sepsis includes a
wide range of symptoms including delirium, mild altered
states of consciousness, and coma [901].

Classifications of brain dysfunction due to sepsis

A) Narrowly defined sepsis-associated brain damage

This directly influences the brain through inflamma-
tory mediators, and is a pathological condition re-
ferred to as sepsis-associated encephalopathy [901].
The increased levels of inflammatory mediators that

[ Patients with sepsis presenting with symptoms such as impaired consciousness, paralysis, and convulsions ]
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accompany sepsis can cause vascular endothelial cell
activation, disruption of the blood-brain barrier, dis-
ruption of vascular autoregulatory functions, neutro-
phil migration into the brain tissue, microglia
activation, regulatory neurotransmitter adjustment dis-
orders, and mitochondrial failure as well as induce
diffuse acute brain damage. MRI may reveal leukoen-
cephalopathy in severe cases [903, 904].

B) Broadly defined sepsis-associated brain damage.

This refers to brain dysfunction caused by organ failure
(outside the brain) due to sepsis, including hypotension,
hypoxia, uremia or electrolyte abnormalities due to renal
dysfunction, hyperammonemia due to hepatic dysfunc-
tion, or indirectly caused by drugs [899, 901, 903].

III) neurological disease as a complication of sepsis

This refers to new pathological conditions in the
central nervous system caused by meningitis that
occur concomitantly with infectious endocarditis, sub-
arachnoid hemorrhage due to the rupture of an infec-
tious cerebral aneurysm, cerebral abscesses, cerebral
infarction due to decreased cerebral perfusion, and
status epilepticus.

Differential diagnosis of acute brain dysfunction due to
sepsis and their testing methods

Of the acute forms of brain dysfunction that occur due
to sepsis, all classifications other than narrowly defined
sepsis-associated brain damage involve cases in which
some form of intervention is needed in addition to sepsis
treatment. Therefore, it is important to diagnose and clas-
sify acute brain dysfunctions among patients with sepsis.
Sedatives should be discontinued, or their doses reduced
if possible, and the differential diagnosis should begin by
performing physical examination after minimizing drug
effects. The following is an example of the process of dif-
ferentiation based on physical findings [901, 905]: (1) Are
there focal symptoms or pupillary abnormalities? (2) Is
there myoclonus? (3) Is the patient comatose? (4) Is the
patient in a state of agitation or hyperkinetic delirium?

(1) If focal symptoms or pupillary abnormalities are
present, organ-based abnormalities such as cerebral
infarction due to hypotension or hypoperfusion and
cerebral hemorrhage due to coagulation disorders
will be ranked higher in the differentiation, and
neuroimaging tests using computed tomography or
MRI should be prioritized.

(2) If myoclonus is present and the state of altered
consciousness is mild, the possibility of electrolyte
abnormalities, uremia, metabolic abnormalities such
as hepatic encephalopathy, or drug-induced
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encephalopathy due to antibacterial drugs should be
considered, and both biochemical tests and con-
firmation of the drug used should be prioritized.
The European Society of Intensive Care Medicine
recommends that the possibility of complications of
non-convulsive status epilepticus should be consid-
ered in patients with metabolic abnormalities due to
renal or liver injury or when drug-induced enceph-
alopathy due to antibacterial drugs is the cause, and
that continuous electroencephalogram (EEG) moni-
toring should be performed [906].

(3) If the patient is comatose, non-convulsive status ep-
ilepticus, metabolic abnormalities, and drugs are
ranked higher in the differentiation. However, it is
important to first rule out organ-based disease com-
plications such as intracranial hemorrhage, which
require emergency intervention. Blood investiga-
tions and drugs are confirmed after conducting
neuroimaging tests. If the causes are still unclear,
continuous EEG monitoring should be performed if
possible. In cases in which overdose or prolonged
administration of analgesics or sedatives are sus-
pected, antagonists such as flumazenil and naloxone
should be administered, and improvements in the
level of consciousness should be confirmed. If there
is no evidence of seizure waves on the EEG, and the
EEG predominantly shows slow waves, theta waves,
or suppression patterns, narrowly defined sepsis-
associated brain damage, or broadly defined sepsis-
associated brain damage, such as diffuse cerebral is-
chemia due to hypoperfusion, analgesic overdose, or
prolongation of its effects can be differentiated as
the causes of altered states of consciousness [900].

(4) If the patient is in a state of agitation or
hyperkinetic delirium, electrolyte abnormalities and
metabolic abnormalities should be confirmed as
well as any drugs or unnecessary devices that
prolong delirium. Alcohol use and benzodiazepine
withdrawal are often overlooked as causes of
delirium, and it is important to confirm the past
drug history, amount of alcohol consumed, and
final alcohol consumption [901].

It is important to consider the neurological disease
as a complication of sepsis in addition to the differen-
tiations listed in items (1)—(4) above. Among these,
the complications of meningitis require changes in
the type of antibacterial drug and dose; thus, the
diagnosis is particularly important in these cases.
Among the various types of sepsis of non-central ner-
vous system origin, meningitis complications com-
monly include bacterial pneumonia, otitis media,
sinusitis, and infectious endocarditis [907]. It is often
impossible to differentiate which among combinations
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of infectious endocarditis and meningitis is secondary,
and the frequency of meningitis in infectious endocar-
ditis varies according to each study, ranging from 0
to 20% [907, 908]. Staphylococcus aureus and Strepto-
coccus pneumoniae are the most common causative
bacteria of secondary meningitis from distant sources
[907, 908]. Retrospective studies that investigated 1025
meningitis patients showed that Staphylococcus aureus
(33%) and Streptococcus pneumoniae (54%) accounted for
a majority of the causative bacteria among patients who
had both meningitis and infectious endocarditis [909,
910]. Alcohol addiction and immunodeficiencies were re-
ported as risk factors among patients.

CQ20: Patient- and Family-Centered Care

Introduction

The relatively short-term vital prognosis of sepsis pa-
tients has dramatically improved in recent years due to
developments in intensive care medicine, accumulation
of evidence, and the spread of clinical practice guidelines
[911]. Meanwhile, a multilateral RCT that targeted sepsis
patients [912] showed that of 2130 patients with inde-
pendent lifestyles prior to hospitalization, approximately
one-third died within 6 months, and of the 580 patients
for whom quality of life measurements could be per-
formed after 6 months, 41.6% were unable to have inde-
pendent lifestyles. In light of these circumstances, the
Society of Critical Care Medicine proposed the import-
ant concept of PICS in 2012 [816]. PICS is physical, cog-
nitive, or mental impairment that occurs during or after
discharge from the ICU, or even after discharge from
the hospital. It is a pathological condition that affects
not only the long-term prognoses of critically ill patients
who require intensive care for conditions such as sepsis,
but also the mental health of their families. Japan in par-
ticular is an aging country unlike any in the world, and
more than 25% of its total population is over the age of
65 years [913]. A structure in which there is an increas-
ing number of people in need of care as the lifesaving
rate increases cannot be said to be a healthy state from a
social perspective, and it is self-evident that the ways in
which PICS can be prevented and improved will become
an increasingly serious problem in sepsis treatment in
the future.

The J-SSCG 2016 [3, 4] was the first guideline in
the world to take up PICS as an independent chapter,
and recommendations relating to early rehabilitation
in order to prevent PICS are described. According to
a survey of members of the Japanese Society of Inten-
sive Care Medicine (453 respondents), early rehabilita-
tion was initiated in 92.1% of respondents, due in
part to recommendations made by guidelines and
support with regard to medical fees [914]. Meanwhile,
approximately 40% of respondents’ facilities were
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either unaware of or did not use the terms PICS or
ABCDEF bundles [914]. Intensive care should be indi-
vidualized. Furthermore, the ICU is a site for inten-
sive care; however, it is also a place in which patients
live. There are many CQs that should be considered:
what considerations are necessary during an ICU stay
in order to administer clinical treatments that respect
the humanity of patients with various value systems
and ways of thinking?, what should the relationship
be between patients and their families?, and what
should health professionals do in order to provide
mental support to these people? In this context, the
J-SSCG 2020 contains a new independent chapter, in
which “Patient- and Family-Centered Care” was taken
up as a topic. Content primarily relating to physical
function was addressed in the chapter regarding
“ICU-AW/PICS/early rehabilitation”, whereas the
chapter on “Patient- and Family-Centered Care” was
positioned to handle content relating to the mental
state of patients and their families, and the care en-
vironment and decision-making support in the ICU.
A total of six CQs, including two background ques-
tions, were taken up by a multidisciplinary working
group for this chapter. There are some with poor
levels of evidence; however, these are extremely im-
portant areas that can improve the quality of future
sepsis treatment and intensive care. We hope that
“Patient- and Family-Centered Care”, which respects
the humanity of the individual patient and family, will
serve as a basis for exploring what the main concepts
in this subject should be.

Clinical flow of these CQs is shown in Fig. 19.

CQ20-1: What are methods for providing informa-
tion regarding PICS and PICS-F to patients and their
families?

Answer: Providing accurate yet continuous informa-
tion regarding PICS and PICS-F to patients and their
families is thought to be important. There are increasing
tendencies among medical staff working with the patient
to provide handouts at the time of ICU admission/dis-
charge and providing appropriate information. There are
initiatives which continuously provide information, such
as rounds after discharge from the ICU and the estab-
lishment of follow-up outpatients (Provision of informa-
tion for background question).

Rationale

In a survey conducted among the members of the
Japanese Society of Intensive Care Medicine, 61% of
those who worked in the ICU were familiar with or
used the terms and disease concepts of PICS [914]. It
is difficult for patients and their families to obtain in-
formation relating to PICS and PICS-Family (PICS-
F) when many health professionals working in the
ICU are unfamiliar with PICS. Meanwhile, PICS and
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Patients with sepsis, patients required intensive care
and their families

CQ20-6 What are methods for supporting decision—making which respects the
value systems and ways of thinking in the patient?

Do patients and their families had
information regarding PICS and PICS—-F?

Yes

patients and their families?

CQ20-1 What are methods for providing information regarding PICS and PICS-F to

v

intensive care?

music therapy) be used for sleep care?

CQ20-2 Should ICU diaries be kept by patients with sepsis or those undergoing
CQ20-3 Should physical restraints be avoided during intensive care?
CQ20-4-1 Should ventilation support be provided for sleep care?

CQ20-4-2 Should non—pharmacological sleep management (earplugs, eye—masks,

CQ20-5 Should family visiting restrictions be relaxed for the ICU?

Fig. 19 CQ20: Patient-and Family-Centered Care (clinical flow)

PICS-F occur at a high rate among sepsis patients
and their families, respectively [915]. For this reason,
many patients and their families confront PICS and
PICS-F with insufficient information and live with
various forms of pain, anxiety, fear, and conflicts to-
ward treatment. Accurately, yet continuously provid-
ing information relating to PICS and PICS-F to
patients and families can lead to understanding and
reassurance that PICS and PICS-F are not special ab-
normalities that only occur among patients or their
loved ones [916]. Furthermore, this may lead to ad-
vanced prediction, early detection, and rapid response
to PICS and PICS-F [916].

Handing out leaflets at the time of ICU admission/dis-
charge is an extremely simple method of providing in-
formation. Appropriate information can be provided by
creating a leaflet that includes an overview of PICS and
PICS-F, their symptoms, and contact information,
which can then be handed out to patients and their fam-
ilies upon ICU admission/discharge. It is important in
such cases that there is dual communication among pa-
tients, their families, and health professionals so that this
does not end with one-sided provision of information. A
multi-center RCT showed that providing leaflets which
included an overview of the ICU and information relat-
ing to medical equipment, improved family understand-
ing and satisfaction [917]. However, little research has
verified the usefulness of providing leaflets that includes

information on PICS and PICS-F, and further research
is needed.

Rounds and visits after discharge from the ICU are
methods through which ICU physicians and nurses pro-
vide information to patients after discharge from the
ICU by visiting their beds. A report has indicated that
46% of patients had false delusional memories such as
nightmares or hallucinations after discharge from the
ICU [918]. Rounds and visits after discharge from the
ICU do not only compensate for discrepancies and un-
clear aspects relating to ICU experience and treatment
understanding, but also assess disease conditions and
dysfunction. It is expected that this may have the effect
of adjusting at an early stage the need for ICU readmis-
sion and appropriate specialist outpatient consultations,
in coordination with the attending physician. A qualita-
tive study [919] reported that visits after ICU discharge
helped with the understanding of the ICU experience,
and a report has indicated that the use of support pro-
grams for correcting memory distortions during visits
after discharge from the ICU resulted in significant im-
provements in anxiety, depression, and stress disorders
after discharge from the hospital [920].

Outpatient follow-ups after discharge from the ICU
have primarily increased in Europe over the last 20 years.
Outpatient follow-ups were set up primarily for patients
who stayed for at least 3—4 days in the ICU in 30% of
ICUs in the United Kingdom (UK) in 2006 [921]. The
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primary medical care provided during outpatient follow-
ups included physical, mental, and cognitive function,
and quality of life (QOL) assessments using screening
tools, rehabilitation, mental/cognitive function support,
introduction to the appropriate specialist outpatient, and
medication management. An RCT was conducted in
three facilities in the UK to assess the effectiveness of
outpatient follow-ups; however, no significant improve-
ments in QOL, anxiety, depression, or PTSD were ob-
served at 12 months after hospital discharge [922].
Outpatient follow-ups forms and methods as well as
subject patients, have not been sufficiently studied, and
further detailed studies are needed in the future. Fur-
thermore, the establishment of a medical system, in-
cluding medical fees, is essential for this to become
widespread in Japan.

The effectiveness of providing information relating to
PICS and PICS-F to patients and their families has not
been sufficiently validated. The implementation rate in
ICUs in Japan was also low at less than 10% [914]; how-
ever, it is thought that its implementation would expand
depending on future research.

CQ20-2: Should ICU diaries be kept by patients
with sepsis or those undergoing intensive care?

Answer: We suggest keeping an ICU diary for adult
patients with sepsis or those undergoing intensive care
(GRADE 2D: certainty of evidence = “very low”).

Rationale

A systematic review identified 3 RCTs that conformed
to the PICO criteria of this CQ which investigated the
effects of keeping ICU dairies on adult sepsis patients or
intensive care patients [923-925]. We performed a
meta-analysis of these trials. It should be noted that no
RCTs that were limited to sepsis patients were found;
thus, the subjects were patients with sepsis or those
undergoing intensive care.

The estimated value of the effects of incidence of
post-traumatic stress disorder due to intervention was
51 fewer per 1000 (95%CI: 123 fewer to 41 more).
Furthermore, the Hospital Anxiety and Depression
Scale (HADS) anxiety score decreased by an average
of 0.82 (95%CI: 2.45 lower to 0.82 higher) and HADS
depression score decreased by an average of 1.01
(95%CI: 3.55 lower to 1.53 higher) due to the inter-
vention. Therefore, the desired effects of intervention
were judged to be small.

One RCT evaluated how troublesome ICU diaries
were as an adverse event. The extent of troublesomeness
was evaluated on a 10-point scale, with “not at all
troublesome” being scored 0 and “the most trouble-
some” scored 10. Families (#=78) scored a mean of
0.69 * 1.46, friends (1 =4) scored 2.0 + 2.45, nurses (1 =
98) scored 1.6 +0.19, doctors (1 = 12) scored 1.75 + 1.48,
and medical staff other than nurses (n =6) scored 1.0 +
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0.63, with results showing that the intervention was not
particularly troublesome. Therefore, the undesired ef-
fects of intervention were thought to be trivial.

The estimated value of effects in this CQ varied widely
and had low certainty; however, it was judged that the
intervention was likely superior.

CQ20-3: Should physical restraints be avoided dur-
ing intensive care?

Answer: We suggest avoiding physical restraints dur-
ing intensive care for adult patients with sepsis or those
undergoing intensive care (GRADE 2C: certainty of evi-
dence = “low”).

Rationale

We integrated qualitative evidence from 16 qualita-
tive studies [926—941] based on the Confidence in the
Evidence from Reviews of Qualitative research
(CERQual). Patients who underwent physical restraint
at the ICU stated that they did not remember the
physical restraint or that it was not a problem be-
cause it was to ensure safety; however, they also
thought that it should not be implemented since it vi-
olates human rights and dignity (certainty of evidence:
“low”). Family members thought that physical re-
straints were inevitable but felt sorry for the patient,
and they felt grateful for the thoughtful explanations
provided by health professionals and their efforts to
minimize physical restraints (certainty of evidence:
“very low”). Health professionals were concerned
about the adverse events of physical restraints but
still performed them to ensure safety while feeling
helpless in a dilemma (certainty of evidence: “high”).
As an alternative to physical restraint, health profes-
sionals thought that it was important to provide care
that respected the individual as a human being, along
with generous staffing and other structural arrange-
ments (certainty of evidence: “high”).

The results of a meta-analysis of 15 observational
studies [942-956] showed that the OR of delirium inci-
dence (10 observational studies, n=2184) was 0.09
(95%CI: 0.04 to 0.19), mechanical ventilation duration (2
observational studies, n=1132) yielded a difference of
0.80 days shorter (95%CI: 6.71 shorter to 5.12 longer),
the length of stay in the ICU (4 observational studies,
n=1105) vyielded a difference of 3.99 days shorter
(95%CI: 7.91 shorter to 0.07 shorter), and the OR of the
occurrence of unplanned device removal (5 observa-
tional studies, # = 4878) was 0.36 (95%CI: 0.13 to 0.98).
Significant correlations were thus seen in the interven-
tion group, but the risk of bias of most of the primary
studies was extremely severe, so it was difficult to show
a causal relationship between the intervention and
outcome.

The results of CERQual showed that implementing
physical restraints during intensive care may violate the
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human rights and dignity of the patient and impose psy-
chological burdens on health professionals (e.g., their
feelings of powerlessness and inner struggle); therefore,
it is thought that avoiding physical restraints provides a
small benefit. The desired effects are small, and the un-
desired effects are not clear. On this basis, it was judged
that the balance of effects was such that the intervention
was likely superior.

CQ20-4-1: Should ventilation support be provided
for sleep care?

Answer: We suggest adding ventilation support as part
of sleep care for adult patients with sepsis or those
undergoing intensive care (GRADE 2D: certainty of evi-
dence = “very low”).

Rationale

A previous systematic review [495] reported that add-
itional ventilation support improved sleep care. Based on
this, we performed another systematic review in which
we added ventilation support as part of sleep care to the
amount of objective sleep (total sleep time/total record-
ing time, etc.) as outcomes. A meta-analysis of 5 RCTs
conforming to the PICO criteria [957-961] showed that
the estimated value of effects for the amount of objective
sleep yielded a MD of 12.2 higher (95%CI: 4.12 higher to
20.28 higher), and the desired effects were thought to be
small. There have also been no reports on the harms of
adding ventilation support during mechanical ventila-
tion, and it was difficult to evaluate the undesired effects.
There were no reports on the harms associated with the
intervention; however, considering that the onset of
harm due to intervention is trivial in clinical settings, it
was judged that adding ventilation support as part of
sleep care was likely superior.

CQ20-4-2: Should non-pharmacological sleep man-
agement (earplugs, eye-masks, music therapy) be
used for sleep care?

Answer: We suggest non-pharmacological sleep man-
agement for adult patients with sepsis or those undergo-
ing intensive care (GRADE 2D: certainty of evidence =
“very low”).

Rationale

A previous systematic review [495] did not provide a
clear answer as to whether non-pharmacological sleep
management should be used as sleep care. Therefore, we
performed a systematic review with subjective evaluations
of sleep (e.g., patient questionnaires that used the Verran
and Snyder—Halpern Sleep Scale and others) and the
amount of objective sleep (total sleep time/total recording
time, etc.). A meta-analysis of four RCTs that conformed
to the PICO criteria [542, 962—964] showed that the esti-
mated value of effects for subjective evaluations yielded a
standardized mean difference (SMD) of 1.5 higher
(95%CI: 1.11 higher to 1.9 higher). The estimated value of
effects for the amount of objective sleep yielded a MD of
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2.46 lower (95%CIL: 9.94 lower to 5.01 higher) and it was
thought that the desired effects were small. There were
also no articles that discussed the harms of using eye
masks, earplugs, and music therapy as sleep care, and this
was difficult to evaluate. There were no articles that dis-
cussed the harms of intervention, but it was thought that
the clinical harm due to intervention was small. Therefore,
it was judged that non-pharmacological sleep manage-
ment (eye masks, earplugs, and music therapy) was likely
superior as sleep care.

CQ20-5: Should family visiting restrictions be re-
laxed for the ICU?

Answer: We suggest relaxing family visiting restric-
tions for adult patients with sepsis or those undergoing
intensive care (GRADE 2D: certainty of evidence = “very
low”).

Rationale

We retrieved and merged data from three RCTs that
met the PICO criteria of this CQ [965-967]. The results
showed that relaxation of visiting restrictions reduced
the incidence of delirium by 68 per 1000 (95%CI: 148
fewer to 132 more). There was no difference in the me-
dian duration of stay in the ICU between the interven-
tion and control groups, which was 5.0 days (IQR 3.0 to
8.0) in both groups. Likewise, the effect of interventions
on the occurrence of depression among patients yielded
a mean HADS score of 0 (95%CI: 0 to 0). For family
members, the median HADS depression score (interven-
tion group/control group) was 4.0 (IQR 2.0 to 8.0)/5.0
(IQR 2.0 to 9.0) and the median HADS anxiety score
was 6.0 (IQR 3.0 to 8.2)/7.0 (IQR, 4.0 to 11.0). Given the
step-wise scoring systems of HADS with 0-7: normal,
8-10: borderline abnormal, and 11-21: abnormal, the
difference in median score was not considered to be
clinically significant. Based on these results, it was
thought that the desirable effects due to the intervention
were small.

Meanwhile, the incidence of any infections during
ICU stay was evaluated as an undesirable effect. Based
on the data derived from two of the RCTs (1 =1908),
the relaxation of visiting restrictions resulted in a re-
duced incidence of infection during ICU stay by 4 per
1000 (95%CI: 20 fewer to 20 more), which suggested
that the undesirable effects were trivial.

In conclusion, the relaxation of visiting restrictions
was expected to have desirable effects on the incidence
of delirium, although the effects were small, whereas it is
suggested that the undesirable effects due to the inter-
vention were trivial. Although the certainty of the evi-
dence is extremely low, the relaxation of visiting
restrictions is likely to be superior.

CQ20-6: What are methods for supporting
decision-making which respects the value systems
and ways of thinking in the patient?
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Answer: There are methods which support decision
making which respects the value systems and ways of
thinking of the patient through repeated multi-
disciplinary conferences including patients and their
families. Methods which carefully identify surrogate
intention-estimating individuals (e.g., families) who esti-
mate the intentions of the patient themselves have been
proposed when the intentions of the patient are unclear.
It is important to respect the intentions of the patients
as well as to provide medically accurate information to
patients and their families (Provision of information for
background question).

Rationale

The importance of decision-making support is in-
creasing as medical care becomes increasingly com-
plex, and its value systems, thought processes, and
lifestyles become increasingly diverse. Surveys con-
ducted in Japan indicated that many Japanese citizens
wished to decide their own treatment policy upon
consultation with or explanation from their physicians
[968]. Meanwhile, a report indicated examples in
which the treatment policy was changed upon the de-
cision of other family members, regardless of the de-
cision on the treatment policy made by the patients
themselves or surrogate decision makers [969]. In
such a context, decision-making support based on in-
formed consent or advance directives (ADs) has been
promoted; however, a large-scale cluster RCT that
validated the effectiveness of AD showed no signifi-
cant improvements in the quality of care and patient
outcomes [970]. This was because it was difficult for
the patients themselves to make predictions due to
the complexity of the actual circumstances, and that
it was not clear whether the decision made at the
time would remain the same on the present day.
There are rapid changes in medical conditions and
the environment, particularly in the fields of emer-
gency/intensive care; thus, these tendencies are
thought to be pronounced here. For these reasons,
discussions over time, rather than informed consent
and AD at a single moment in time, have become
more important.

Shared decision-making (SDM) and advance care plan-
ning (ACP) have recently been proposed. These methods
are a continuous and two-way process that supports
decision-making by patients and their families (including
not only families, but acquaintances and friends trusted
by patients and whom they would like to make treat-
ment/care decisions on their behalf). Health profes-
sionals provide accurate information that serves as
evidence of patients’ conditions and treatment options/
methods, and patients and their families can provide
information such as the value systems and ways of
thinking of the patients themselves. Patient-based
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decision-making is the basis of this process, and it has
been proposed that treatment policy decisions are made
through discussions in repeated multi-disciplinary con-
ferences [971]. SDM is the process of dialogue and
thinking about what is best for patients, which in turn
serves as the basis for ACP. When the patient cannot
confirm their ways of thinking, surrogate decision
makers such as family and others should be carefully
identified, the estimated ways of thinking of the patient
are respected, and the best policy for the patient is
proposed. Furthermore, if the family or others are un-
able to presume the patient’s ways of thinking, there
is a method by which sufficient discussion with the
family and others is held through multi-disciplinary
conferences, based on the policy of what is best for
the patient [971]. These methods are not completed
once a decision has been made, and it is considered
important to repeat this process according to the pas-
sage of time, changes in the mental and physical con-
ditions of the patient, and changes in medical
assessments. Furthermore, it is recommended that the
contents of the discussion during this process should
be recorded in writing each time [971].

The development of emergency and intensive care
medicine has enabled the lives of sepsis patients (who
could not be saved with conventional methods) to be
saved [972]. The terminal stages in the fields of emer-
gency/intensive care have changed alongside this, and
sufficient discussion with medical teams comprising
multiple physicians (ideally from multiple depart-
ments), including the attending physician, nurses, and
other health professionals are needed to clarify the
terminal stage [973]. It is difficult to conclusively define
the terminal stage; however, it is important to provide
medically accurate information to patients, their families,
and others so as not to lead lives that can clearly be saved
into the terminal stage or mistakenly recognize life-
prolonging treatments as life-saving actions.

Reports have indicated that these types of SDM and
ACP discussions have reduced stress, depression, and
anxiety among families after bereavement [974, 975].
The efficacies of SDM and ACP have not yet been sulffi-
ciently validated; however, its implementation is thought
to expand with future research and medical systems.

CQ21: Sepsis Treatment System

Introduction

The diagnostic criteria for sepsis have been redefined,
and medical professionals are also required to change to
a system for treating more serious infectious diseases. In
the J-SSCG 2020, a new section on the sepsis treatment
system (STS) was included to respond to such changes
in the treatment system, and CQs on the system of treat-
ing sepsis were included. The basic thought process
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underlying the STS is that the early recognition and
awareness of sepsis and its treatment using an appropri-
ate system leads to improvements in treatment perform-
ance. Guidelines also play an important role in activities
of awareness such as increasing awareness and recogni-
tion of the severity of sepsis or the significance of creat-
ing appropriate treatment systems even for the general
public and medical professionals who are not involved in
sepsis treatment. Furthermore, the ways in which sepsis
treatment should be evaluated to ensure diagnostic and
treatment quality are included in this section. All med-
ical staff must be able to use the sepsis early detection
system to use it effectively. The rapid response system
(RRS) is one that can reliably report changes in a pa-
tient’s medical condition and respond immediately to
such a report. Therefore, the following two CQs relate
to a system of early recognition of sepsis, “What are the
methods for detecting sepsis at an early stage in the gen-
eral ward and ER?” and “What is the role of a rapid re-
sponse system (RRS) which acts against changes in the
condition of patients in the general ward where sepsis is
suspected?”, have been presented.

The CQ “Where will sepsis refractory to initial fluid
resuscitation be managed?” was presented regarding
treatment systems that can be used to suspect sepsis at
an early stage and provide intensive care.

Clarifying the quality indicator in the initial treatment
of sepsis and appropriately evaluating the treatment
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process will lead to an improvement in the overall qual-
ity of sepsis treatment. Therefore, the CQ, “What are
quality indicators for initial treatment of sepsis?” was
presented.

It was thought that healthcare professionals as well as
the general public are widely aware of the importance of
the above-mentioned concepts underlying sepsis and
early detection/treatment was important in the preven-
tion and improved prognosis of sepsis. Thus, the CQ,
“What kinds of activities raise awareness of sepsis?” was
presented. Collaboration between the Global Sepsis Alli-
ance and the World Health Organization as well as ini-
tiatives by academic societies in Japan are discussed.

Clinical flow of these CQs is shown in Fig. 20.

CQ21-1: What methods are there for detecting sep-
sis at an early stage in the general ward and ER?

Answer: Screening tools such as qSOFA and the early
warning score are available as methods which can detect
sepsis at an early stage in general wards and in the ER
(Provision of information for background question).

Early stage detection and intervention in sepsis are es-
sential for improving the associated mortality rate. Early
stage detection of sepsis enables the institution of early
stage intervention such as fluid resuscitation and anti-
bacterial drug administration, which can improve patient
outcomes [976]. A definition of sepsis based on SIRS
was proposed in 1991. However, there are some prob-
lems with SIRS, such as its low specificity as a tool for

-‘{ Patients suspected sepsis in ward or ER ]
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CQ21-1 What methods are there for detecting sepsis at
an early stage in the general ward and ER?

CQ21-2 What is the role of a rapid response system (RRS)
which acts against changes in the condition of patients in
the general ward where sepsis is suspected?

Diagnose as sepsis

resuscitation be managed?
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CQ21-4 What quality indicators are there for initial treatment of

CQ21-5 What kinds of activities raise awareness for sepsis?

Fig. 20 CQ21: Sepsis Treatment System (clinical flow)
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early stage detection of sepsis [977], and in the general
ward, only approximately half of patients with sepsis are
able to fulfill the two criteria for SIRS [198].

In 2016, along with Sepsis-3, the gSOFA score was
proposed as a screening tool for suspected sepsis on
the general wards and ER with fewer categories than
SIRS [978].

It has been reported that the gSOFA is a more accur-
ate predictor of early detection of sepsis and in-hospital
mortality compared to SIRS, the Logistic Organ Dys-
function System (LODS), and the SOFA score [979].

A positive qSOFA score had high specificity outside
the ICU in the early detection of in-hospital mortality,
acute organ dysfunction, and ICU admission [978].

Furthermore, a meta-analysis of six studies comparing
the qSOFA score and SIRS favored the qSOFA score
(RR 0.03; 95%CI 0.01 to 0.05; P =0.002) as a predictor of
in-hospital mortality [980]. In contrast, the gSOFA may
have low sensitivity for recognizing sepsis [981]. Further-
more, the rapid response system (RRS) is a system that
detects and responds to suddenly changing cases in the
hospital, including those of sepsis, at an early stage. The
National Early Warning Score (NEWS), which was pub-
lished in the UK by combining a number of indicators
among these activation tools and outputting a score, was
also assessed as an early stage detection tool for sepsis
[982]. The NEWS was significantly better at predicting
in-hospital mortality among patients with primary infec-
tions according to Redfern et al. (receiver operating
characteristic area under the curve, NEWS: 0.805 vs.
qSOFA: 0.677) [983]. Presently, screening for early stage
detection should use scoring systems that can be imple-
mented at each respective facility.

CQ21-2: What is the role of a rapid response sys-
tem (RRS) which acts against changes in the condi-
tion of patients in the general ward where sepsis is
suspected?

Amnswer: The rapid response system (RRS) is a system
which detects and responds to changes in the condition
of patients in the hospital, and there is an opinion where
its introduction is expected to improve prognosis of pa-
tients even for sepsis (Provision of information for back-
ground question).

Rationale

The mortality rate attributable to sepsis has been de-
creasing steadily due to the spread of treatment
standardization through the SSCG [972]. Further de-
creases in the mortality rate in the future would require
other approaches in addition to following standard
treatment.

Early recognition and treatment interventions for
sepsis are important alongside the spread and compli-
ance with standard sepsis treatment, and these are es-
sential for improved prognosis [984]. Changes in the
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sepsis diagnostic criteria in 2016 led to sepsis being
defined as a pathological condition that progressed to
organ failure due to infection (Sepsis-3). Sepsis-3 uses
the SOFA score in organ failure assessment. This in
turn requires blood tests and blood gas analysis,
which are time-consuming procedures, making this a
complicated option for screening. As such, a simple
screening method that can be used at the bedside is
needed for general hospital wards and ERs. These
types of patients who progress to organ failure often
exhibit some form of vital sign abnormalities from
the early stage of sepsis. Thus, the qSOFA, which is
based on simple vital signs (systolic blood pressure,
respiratory rate, and level of consciousness), is recom-
mended as a bedside screening tool for patients with
suspected sepsis.

Meanwhile, the RRS is a system that recognizes patho-
logical changes such as vital sign abnormalities in critic-
ally ill patients, including those with sepsis at an early
stage, and prevents exacerbation of conditions, particu-
larly cardiopulmonary arrest. Generally, the RRS is a sys-
tem that involves the early detection/intervention in
pathological changes by the physician as well as multi-
disciplinary medical staff (e.g., nurses, physiotherapists,
pharmacists, and clinical engineering technicians), med-
ical students, and patients’ families. It was introduced
overseas in the 1980s but was not introduced in Japan
until the 2000s, where the construction of an RRS dur-
ing sudden in-hospital changes was recommended with
the action goals of the Japanese Coalition for Patient
Safety (“PARTNERS”), with it only recently becoming
widespread.

The RRS activation criteria are expected to vary
according to each medical facility; however, it is
generally activated by recognizing one of multiple
vital sign abnormalities in respiration, circulation,
consciousness, etc. Often, qSOFA categories such as
systolic blood pressure, respiratory rate, and conscious-
ness level are included among these. As such, sepsis
screening is also possible through RRS activation when in-
fection is suspected. Furthermore, the Early Warning
Score (EWS), which assigns individual weights to multiple
vital signs and scores them, is often used in the RRS acti-
vation criteria. Sepsis is suspected in the NEWS, used in
the RRS proposed by the UK National Health Service
(NHS), when a total score of five or higher, or three or
more points in any single category, is obtained [985]. No
RCT has investigated the efficacy of the RRS and sepsis
screening; however, there are reports showing that an RRS
enabled early treatment of sepsis/septic shock, leading to
an improved prognosis [986]. Furthermore, a report has
indicated that the Modified Early Warning Score
(MEWS), which is used in RRS activation as a score that
predicts vital prognosis and ICU emergency admission in
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patients with suspected infection in the general ward or
the ER, and NEWS were superior to the gSOFA score and
SIRS categories [987].

Early sepsis detection in the general ward or ER with
the RRS allows for the achievement of the recommended
treatment with the 1-h bundle, and an improved vital
prognosis of sepsis may be possible as a result.

CQ21-3: Where should sepsis which does not re-
spond to initial fluid resuscitation be managed?

Amnswer: Sepsis which does not respond to initial fluid
resuscitation should be managed in a facility where inten-
sive care can be conducted (Good Practice Statement).

Rationale

Due to its high morbidity rate, sepsis also requires
treatment from medical personnel who are not special-
ized in intensive care. There are mild cases that can be
treated even in general wards. Patients with severe sepsis
need to be transferred to hospital beds with a high care
level, and a suitable hospital bed needs to be selected by
assessing the severity of the disease. There is a concern
that environments that cannot sufficiently provide the
medical resources needed for treatment (e.g., staffing
with appropriate medical skills, monitoring, and equip-
ment including ventilators) may have negative effects on
patient prognosis. Appropriate bed selection varies rela-
tive to the function, scale, and bed usage situation of
each facility; thus, it is not possible to relate severity to
appropriate bed classification in a generalized manner
[988], but this committee recommends this CQ as a
good practice statement in order to provide a necessary
intensive treatment. It should be noted that transfer
risks, distance, and methods need to be considered when
transporting patients out of the hospital.

This recommendation targets patients who did not re-
spond to initial fluid resuscitation, but no high-quality
evidence was found in selecting this subject. The Society
of Critical Care Medicine ICU Admission, Discharge
and Triage Guidelines cites life-threatening sepsis as an
example of a level 2C recommendation (suggestion, low
evidence level) for admission to the ICU [989]. Consid-
ering that this guideline is intended for general medical
practitioners who institute treatments in environments
without an ICU, and that the criteria would not be ef-
fective unless it was as simple as possible due to the di-
verse phenotype of sepsis, we set a criterion of “when
the patient is unresponsive to initial fluid resuscitation”
for transfer to a site where intensive treatment is pos-
sible. We made the assumption of septic shock, but also
considered that lactate levels (which are a requirement
by definition) cannot be determined at many facilities.
Furthermore, although “unresponsive” is a vague term,
we made this recommendation with the decision that
some flexibility is needed according to the medical re-
sources available at each facility. The categories of non-
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responsiveness include persistent hypotension, pro-
longed disturbances of consciousness, poor respiratory
status, and poor lactate clearance. However, it is import-
ant to comprehensively determine not only the severity
but also the necessary medical resources and recovery
prospects [989].

Furthermore, various treatment algorithms in pediatric
sepsis management suggest that tracheal intubation,
mechanical ventilation, or cardiovascular agents should
be initiated after securing a central venous line when the
patient is deemed unresponsive to initial fluid resuscita-
tion [848, 984]. Sepsis is a highly fatal condition that in-
duces multiple organ dysfunction, and in the same way
that a similar treatment algorithm was shown in the
pediatric chapter of this guideline, transitioning to inten-
sive care management when the patient is “unresponsive
to initial fluid resuscitation” is likely valid. In other
words, if it is possible to transfer a patient to a bed at a
hospital with intensive care and there is an ICU nearby
that is capable of managing severely ill children, transfer
out of the hospital to that unit should be considered.
This is known to be correlated with an increased num-
ber of patients and a favorable treatment performance
for severely ill pediatric patients, in addition to those
with sepsis [990-993]. Furthermore, reports have indi-
cated that vital prognosis does not worsen if a team with
the skills and equipment to transfer severely ill children
do this [994—996], and this should be considered when
examining the adequacy and methods of inter-hospital
transport.

Evidence of the merits of ICU treatment is limited to
observational studies. Reports among patients not lim-
ited to those with sepsis include the following [997-
1003]. A delay of an hour due to maximum ICU capacity
was shown to increase the adjusted risk ratio of ICU
mortality to 1.015 (95%CIL: - 1.006 to 1.023). Groups in
which worsening of symptoms on the general ward to
consultation by an ICU team was delayed (>7.7h) had
an increased 30-day mortality rate (adjusted OR 1.8;
95%CI: 1.1 to 2.9) when compared to groups which ex-
perienced no delay (<1h). A duration of more than 6 h
from when the patient was deemed severely ill with the
EWS to ICU transfer increased the in-hospital mortality
rate (33.2% vs. 24.5%, P <0.001), with the odds ratio of
in-hospital mortality increasing by 3% for every hour of
delay. RCTs are virtually impossible in this field, and a
consensus was reached with the current evidence that
critically ill patients should be managed at the ICU even
in the Admission, Discharge, and Triage Guidelines
[989]. This is more limited with regard to sepsis, but a
report has indicated that every hour of delay from hos-
pital visit to ICU admission in severe septic/septic shock
increased the adjusted odds ratio of the mortality rate by
1.11 (95%CI: 1.01 to 1.02) [1004].
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The committee has discussed the conditions of “sites
where intensive treatment can be conducted”, particu-
larly the ways in which intensive care physicians are in-
volved; however, it is difficult to clarify patient and
environmental factors due to their relative nature. Ja-
pan’s specific intensive care management fee, pediatric
specific ICU management fee, and requirements for
emergency care hospitalization charges can be set to a
single standard. With regard to the involvement of in-
tensive care physicians, a systematic review reported a
decrease in the in-hospital mortality rate (RR 0.83;
95%CIL: 0.70 to 0.99) and a reduced hospital stay
(weighted mean difference of - 0.17 days; 95%CI: - 0.31
to 0.03) was reported in the high-intensity model (closed
ICU in which the intensive care physician has decision
rights, or a consultation with the intensive care physician
is required for all patients) relative to the low intensity
model (open ICU in which each department is managed
independently, or where there is no intensive care phys-
ician) [1005, 1006]. However, there have also been re-
ports that indicated the correlation between intensive
care physician interventions and increased in-hospital
mortality rate, and the risk of decreased quality of treat-
ment by intensive care physicians due to their excessive
tests/procedures, or the insufficient transfer of patient
information [1007].

Furthermore, the effects of the high-intensity model
varied according to the specialization of the ICU, region,
and the year in which the study was conducted [1006].
Although there is an extremely limited amount of re-
search on sepsis, a multi-center study conducted in
Japan (FORECAST) reported that the closed ICU had a
higher compliance rate for the 3-h bundle (adjusted OR
2.84, 95%CI: 1.28 to 6.28) [417].

CQ21-4: What quality indicators are there for ini-
tial treatment of sepsis?

Amnswer: Quality indicators for initial treatment of sep-
sis include implementation rates for each indicator, such
as blood culture collection, lactate level measurement,
early administration of antimicrobial drug, initial fluid
resuscitation, and repeated intravascular volume/cardiac
function assessment (Provision of information for back-
ground question).

Rationale

It is important to make assessments using a treatment
quality indicator (QI) created by considering appropriate
treatment strategies and desirable outcomes to improve
the quality of treatment. Detecting sepsis at an earlier
stage and progressing with treatment that follows the
EGDT protocol was thought to be effective in conven-
tional initial-stage treatment of sepsis, and has been rec-
ommended in previous guidelines [984]. However, as
shown in the results of the ProCESS trial published in
2014, it was confirmed that prognosis did not improve
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with the EGDT protocol [314-316]. With a focus on
these results, in 2015, the Center for Medicare and Me-
dicaid Services (CMS) at the Department of Health and
Human Services (HHS) of the United States government
established the Severe Sepsis and Septic Shock Early
Management Bundle (SEP-1) in the Hospital Inpatient
Quality Reporting Program as a QI for sepsis treatment
[1008]. Since then, the strategy has changed from a con-
ventional protocol-based treatment to advance the
achievement of the treatment bundle. As such, each of
the items taken up as a bundle is important from the
perspective of monitoring treatment quality in sepsis.
The SEP-1 QI has six items: (1) blood culture imple-
mentation, (2) lactate level measurement and (3) appro-
priate antibacterial drug administration within 3h of
sepsis onset; (4) 30 mL/kg of fluid resuscitation in cases
of septic shock, (5) repeated lactate level measurements
within 6 h if initial lactate levels exceed 2.0 mmol/L, and
(6) use of vasoactive agents when hypotension is pro-
longed [1009]. Furthermore, although not stated in SEP-
1, the initial response to septic shock does not only in-
clude the possible need for fluid resuscitation, but also
intravascular volume and cardiac function assessments
using ultrasound tests [1010].

Recent reports indicated a decrease in mortality rate
when antibacterial drugs were administered within 1h
[1011], and early stage lactate level measurements enabled
early stage treatment intervention and improved patient
prognosis [1012]. However, reports that investigated the
achievement levels of each item in SEP-1 and sepsis prog-
nosis indicated that the QI other than that for broad-
spectrum antibacterial drug administration within 3 h
[1013] had a poor basis for improving treatment effects
[1014]. Furthermore, it is necessary to assess the suitability
of early stage antibacterial drug administration [1015] As
seen above, the current state is such that appropriate Qls
have not been clarified even overseas.

CQ21-5: What kinds of activities raise awareness
for sepsis?

Answer: There have been events like “World Sepsis
Day” for the general public and seminars for healthcare
professionals held, taking the lead by the Global Sepsis
Alliance and World Health Organization (WHO)
(Provision of information for background question).

Rationale

The Surviving Sepsis Campaign, which began in 2002,
has spread its concepts of sepsis and standard treat-
ment globally through its SSCGs since 2004; however,
guidelines alone do not bring about sepsis prevention
and early stage detection, and the fact that many lives
were lost without sepsis being recognized was an issue.
In 2010, the Global Sepsis Alliance (GSA) was formed
in Europe with the objective of widely communicating
sepsis concepts and prevention/early stage detection
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not only among medical practitioners but also among
the general public [1016].

Under its slogan, “Stop sepsis, save lives!”, the GSA
conducted public awareness activities, setting five goals
to be achieved by 2020: (1) Sepsis incidence would have
reduced (by 20%) globally thanks to effective prevention
strategies. (2) Sepsis survival is on the rise (by 10%)
around the world for adults, children, and newborns. (3)
People everywhere will have improved access to appro-
priate rehabilitation services. (4) Public and professional
understanding and awareness of sepsis will have risen,
and (5) measurement of the global burden of sepsis and
the positive impact of sepsis control and management
interventions will have improved. While the objective of
the SSCG was to disseminate standard treatment, the
objective of the GSA was to communicate everything
from sepsis prevention and early stage detection to treat-
ment in a manner that is easy to understand to the gen-
eral public and medical practitioners not associated with
the ICU. For this reason, the GSA set September 13th as
“World Sepsis Day” and has hosted events relating to
sepsis across the world on this day. The GSA has also
called on the World Health Organization (WHO) for co-
operation, and in 2017, sepsis was recognized as a “glo-
bally urgent problem to be solved” at the WHO General
Meeting.

In 2020, the GSA set six new goals to be achieved by
2030 [976]: (1) The global incidence of sepsis will de-
crease through strategies to prevent infection. (2) Gov-
ernments will ensure that the three pillars of infection
management (infection prevention, antimicrobial stew-
ardship, and the urgent recognition and management of
sepsis) will be considered jointly at the policy level. (3)
Sepsis survival will increase among children (including
neonates) and adults in all countries through the promo-
tion and adoption of early recognition system and stan-
dardized emergency treatment. (4) Access to appropriate
rehabilitation services will have improved for all patients
worldwide. (5) Public and professional understanding
and awareness of sepsis will improve; and (6) measure-
ment of the global burden of sepsis and the impact of
sepsis control and management interventions will have
improved significantly. Moving forward, the GSA will
work towards these objectives with the WHO and call
for infection prevention and sepsis measures in each
nation.

Primarily with the GSA committee, the Japanese So-
ciety for Intensive Care Medicine has hosted public
events for “World Sepsis Day” and “Sepsis Seminars”
for medical practitioners since 2013. The Japanese
Association for Acute Medicine became involved in
the activities of the GSA from 2018, followed by the
Japanese Association for Infectious Diseases in 2019,
and these activities have evolved into a “Japanese
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Sepsis Alliance” (JaSA), conducted jointly by these
three associations/societies [1017]. JaSA engages in
activities which communicate sepsis treatment guide-
lines and sepsis knowledge to medical practitioners
and citizens through sepsis seminars, public lectures,
and their website [1017].

CQ22: Stress Ulcer Prophylaxis

Introduction

Upper gastrointestinal bleeding associated with stress
ulcers is a problem among critically ill patients such as
those with sepsis. Recent improvements in the quality of
management for these patients have decreased the inci-
dence of upper gastrointestinal bleeding to 2-5% [1018].
However, preventing stress ulcers is important because
the onset of upper gastrointestinal bleeding was correlated
with an increased mortality rate [1019]. Preventative
methods include the administration of anti-ulcer drugs
such as acid-suppressive medications, antacids, and mu-
cosa protective anti-gastric ulcer drugs. However, changes
in bacterial gut flora can occur due to increases in the pH
of gastric acid following the administration of anti-ulcer
drugs, and this can promote the colonization of pathogens
that cause ventilator-associated infections in the stomach,
trachea, and bronchi, and in turn increase the risk of
ventilator-associated pneumonia [1020]. Among acid-
suppressive medications, proton pump inhibitors (PPls)
may also increase the risk of Clostridioides difficile infec-
tion [1020]. In this way, there are both benefits and harms
in prevention using anti-ulcer drugs; thus, this was verified
in CQ22-1. This systematic review included histamine 2
(H,) receptor blockers, PPIs, and sucralfate as anti-ulcer
drugs; however, there have not been any investigations on
the superiority of any of these drugs. Regarding the rela-
tive superiority of these drugs, PPIs were shown to have
the highest preventative effects against upper gastrointes-
tinal bleeding through network meta-analysis; however,
they have been reported to potentially increase the risk of
pneumonia, and this should be used as a reference [1021].

Finally, another important CQ is how long prevention
should be continued with anti-ulcer drugs once started.
Thus, we provided information about the risks of peptic
ulcers, the necessity of anti-ulcer drugs, the adverse effects
of anti-ulcer drugs, and the relationship between enteral
nutrition and anti-ulcer drugs in CQ22-2 as a BQ.

Clinical flow of these CQs is shown in Fig. 21.

CQ22-1: Should antiulcer drugs be administered to
septic patients to prevent gastrointestinal bleeding?

Answer: We suggest administering antiulcer drugs to
septic patients to prevent gastrointestinal bleeding
(GRADE 2B: certainty of evidence = “moderate”).

We performed a meta-analysis of 30 RCTs [1022-
1051]. The estimated values of desirable anticipated
effects were as follows: gastrointestinal bleeding
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[Patients with sepsis]

CQ22-1 Should antiulcer drugs be
administered to septic patients to
prevent gastrointestinal bleeding?

Continue to observe

Fig. 21 CQ22: Stress Ulcer Prophylaxis (clinical flow)
A\

CQ22-2 How should the suspension
of antiulcer drugs be determined for

septic patients?

yielded a RD of 44 fewer per 1000 (95%CI: 54 fewer
to 28 fewer) (14 RCTs, n =4884); mortality yielded an
RD of 3 more per 1000 (95%CI: 22 fewer to 33 more) (8
RCTs, n =4314). Meanwhile, the estimated values of the
undesirable anticipated effects were as follows: pneumonia
yielded an RD of 4 more per 1000 (95%CI: 16 fewer to 28
more) (8 RCTs, n =4286); Clostridioides infection yielded
an RD of 4 fewer per 1000 (95%CIL: 9 fewer to 5 more) (3
RCTs, n = 3607); various serious adverse effects yielded an
RD of 5 more per 1000 (95%ClL: 6 fewer to 20 more) (7
RCTs, n = 4143). Considering the balance of these benefits
and harms, we thought that administering antiulcer drugs
was likely superior compared with placebo.

CQ22-2: How should the suspension of antiulcer
drugs be determined for septic patients?

Amnswer: The specific decision criteria for suspending
antiulcer drugs are unclear. Clinical decision criteria in-
clude when bleeding risk factors have decreased, side ef-
fects such as pancytopenia or liver dysfunction have
occurred, and when sufficient enteral nutrition was able
to be administered (Provision of information for back-
ground question).

Rationale

Risks of peptic ulcer and the need for anti-ulcer agents

Peptic ulcers occur when the body is subjected to
stress. Ulceration increases the risk of bleeding because
insults such as sepsis are often accompanied by
dysfunctional =~ hemostasis/coagulation,  such  as
thrombocytopenia and DIC. The clinical factors that
determine whether anti-ulcer agents may be discontin-
ued include whether the general condition improves
and the patient enters a recovery phase, if the risk of ul-
ceration is reduced, or if hemostatic coagulation dys-
function is improved and the risk of bleeding is
reduced. Meanwhile, anti-ulcer drugs should be care-
fully discontinued in the following cases: 1)

administration of drugs with adverse effects of ulcer
formation, such as steroids or non-steroidal anti-
inflammatory drugs (NSAIDs), 2) administration of an-
ticoagulants or antiplatelet agents, 3) patients with a
history of ulcers, or 4) when there are concerns about
disorders of gastric or duodenal blood flow [1052].

Adverse effects of anti-ulcer agents

Pancytopenia and hepatic dysfunction may be clin-
ical problems as adverse effects of anti-ulcer agents
such as PPIs and H, receptor blockers. Differentiation
is needed in critically ill patients as other factors may
present with similar symptoms. Patients among whom
PPIs or H, receptor blockers are thought to be the
cause recover relatively quickly with the discontinu-
ation of drug administration, and some reports have
stated that patients recovered in an average of 7 days
after the discontinuation of the drug [1053]. Thus,
the adverse effects of drugs may determine the dis-
continuation of anti-ulcer agents. Drugs of another
class should be used (e.g., PPI to an H, receptor
blocker), if the risk of peptic ulcers is high even with
adverse effects due to anti-ulcer agents. Drugs should
be changed to those with relatively few adverse effects
(e.g., gastric protective agents) when the risk of peptic
ulcers is deemed to be low.

Relationship between enteral nutrition and anti-ulcer
agents

The gastric pH decreases in an empty stomach and in-
creases following food intake. In critically ill patients,
such as those with sepsis, the lack of increase in gastric
pH due to fasting is thought to be the cause of peptic
ulcer formation, in addition to various stressors. There-
fore, the administration of anti-ulcer agents is a logical
decision because the stomach pH does not easily in-
crease during fasting or when enteral nutrition doses via
gastric administration are minimal. It has been reported
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that enteral nutrition via gastric administration has a
gastric acid buffering effect similar to that of a regular
diet, and the continuous administration of enteral nutri-
tion has the potential to increase the pH more than H,
receptor blockers and PPIs in critically ill patients
[1054]. Based on these results, it is expected that the
gastric pH would increase with sufficient amounts of en-
teral nutrition via gastric administration, which may be a
factor in deciding to discontinue anti-ulcer agents. A re-
cent meta-analysis reported that there were no signifi-
cant differences in the incidence of gastrointestinal
bleeding between patients who received enteral nutrition
alone and those who received enteral nutrition with
anti-ulcer agents; instead, groups who received concomi-
tant anti-ulcer agents had a significantly higher risk of
pneumonia [1055]. Meanwhile, increases in pH due to
nutrition are thought to be unlikely when enteral nutri-
tion is administered via the jejunum; thus, the adminis-
tration of anti-ulcer agents may be necessary, but there
is insufficient evidence.
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