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ABSTRACT

Introduction It is widely assumed that sepsis is a
life-threatening systemic inflammation caused by a
dysregulated host response to infection mediated by an
increase in multiple proinflammatory cytokines. The levels
of key proinflammatory cytokines tumour necrosis factor,
interleukin-1(3 and interferon y are poorly characterised
during sepsis. We believe this project will produce a ‘gold-
standard’ document to which other reports on cytokine
levels will be compared. The objective of this systematic
review will be to identify key cytokine circulating levels in
patients with sepsis and assess the association between
these levels and morbidity and mortality outcomes related
to sepsis.

Methods and analysis We would include reports of

any design except for case reports. Sepsis patients

will comprise those with a diagnosis of sepsis, severe
sepsis or septic shock. The primary exposure is levels of
three proinflammatory cytokines. The primary outcome

is mortality at 28 or 30 days. Study subjects can be of
any age, sex or ethnicity. Studies will be restricted to the
English language. Medline, Embase, Cochrane Library
and Web of Science Core Collection will be searched for
eligible studies. A database search will include studies
from 1985 to May 2020. Two reviewers will independently
screen and select studies, assess methodological quality
and extract data. A meta-analysis will be performed,

if possible, and the Grading of Recommendations
Assessment Development and Evaluation Summary of
Findings presented.

Ethics and dissemination Formal ethical approval is not
required as data will be extracted from existing literature.
This systematic review will be disseminated through a
peer-reviewed publication and at conference meetings.
PROSPERO registration number CRD42020179800.

INTRODUCTION

Sepsis is an important global health problem
associated with significant morbidity and
mortality. In 2017, there were an estimated
48.9 million cases of sepsis and 11 million
sepsis-related deaths. Approximately 19.7%
of all deaths recorded in 2017 were attributed
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Strengths and limitations of this study

» This study will systematically assess the levels of
key cytokines in sepsis patients and study the rela-
tionship between these levels and sepsis outcomes
such as organ dysfunction and mortality.

» A systematic review of this topic will contribute to
a better understanding of the pathophysiology of
sepsis and inform therapeutic approaches to anticy-
tokine therapy in patients with sepsis.

» A possible publication bias might limit this study as
we will include only peer-reviewed published data.
Therefore, this systematic review might not capture
evidence from other sources.

to sepsis.1 In the USA, in 2013, the annual
cost of sepsis was estimated at US$23.7
billion, representing the largest expenditure
for any disease treated in US hospitals.” In
1992, sepsis was defined as a systemic inflam-
matory response syndrome in the presence of
a documented or clinically suspected infec-
tion.” In 2016, sepsis-3 diagnostic criteria
were introduced, and sepsis was defined as
‘life-threatening organ dysfunction due to
a dysregulated host response to infection’.
SEPSIS-3 defined SEPSIS as an increase in
Sequential Organ Failure Assessment (SOFA)
score by 2 or more points. Before SEPSIS-3,
severe sepsis was defined as sepsis with asso-
ciated dysfunction of one or more organ
systems. Septic shock is a subset of severe
sepsis in which hypotension refractory to fluid
replacementis present. At present, there is no
standard diagnostic clinical or laboratory test
for sepsis.” There is considerable variability in
the reported levels of key cytokines involved
in the pathogenesis of sepsis. Explanations
for variability likely include different patient
populations, different stages of sepsis (sepsis,
severe sepsis or septic shock), type of sample
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used (whole blood, plasma or serum) and methods used
to quantify cytokines.

The primary therapies for sepsis remain intravenous
fluids, antibiotics and vasopressors. Treatment includes
general supportive care that can include ventilatory
support with supplemental oxygen or mechanical venti-
lation and renal replacement therapy (RRT). It is postu-
lated that targeting proinflammatory mediators would
reduce mortality and morbidity of sepsis.” ® However, no
specific treatment targeting these cytokines during sepsis
has been proven to be effective in clinical trials.”

Current concepts of sepsis pathogenesis focus on an
excessive host inflammatory response to infection that is
mediated by elevated cytokine levels, also known as ‘cyto-
kine storm’ or ‘cytokine release syndrome’. The molec-
ular pathway that leads to a ‘cytokine storm’ is vague.®
The term ‘cytokine storm’ appears to be first coined in
a paper on graft-versus-host disease.®” In the early 2000s,
this term was used in articles on infectious diseases.® '* !
Pivotal mediators of a cytokine storm include tumour
necrosis factor alpha (TNF), interleukin-1 (IL-1)B and
interferon-gamma (IFN-y) The cytokine storm is
thought to cause organ malfunction and mortality that
accompany sepsis.” Despite extensive study of cytokines in
sepsis, the magnitude of cytokine levels and their effects
on morbidity and mortality are poorly characterised. TNF,
IL-1B and IFNYy cytokines have been best characterised as
proinflammatory and are thought to drive the hyperin-
flammatory response to infection. This is underscored by
the large number of clinical trials designed to specifically
block these cytokines using selective inhibitors of TNF
and IL-1B."* " By our count, there have been at least nine
late-stage clinical trials using selective TNF blocking drugs
and three late-stage studies using IL-1f blockers. This does
not include numerous studies (at least 10 studies) where
cytokines, in general, are inhibited using drugs like corti-
costeroids or endotoxin inhibitors (where inhibition will
include TNF, IL-18 and IFNy). Given the large number
of resources expended to block these proinflammatory
molecules, it is remarkable that no one has published an
overall assessment of the levels of these molecules that are
present during sepsis. If you plan to block the activity of
molecules (cytokines) that are thought to cause disease, it
stands to reason you want to know how much of the mole-
cules are present during the disease. If the putative cyto-
kines that cause sepsis are present in unexpectedly low
or surprisingly elevated concentrations, this is important
information for understanding the cause of sepsis and for
designing potential therapies. Moreover, there has been
a spectacular failure of sepsis therapies designed to block
cytokine activity. As stated by PE Marik “>100 phase 2 or
3 clinical trials of sepsis therapies have failed over the
past three decades’.'* While not all of these trials directly
targeted cytokine suppression, at least 47 clinical trials
have targeted cytokine suppression in sepsis; all have
failed. These observations underscore the importance of
an improved understanding of what constitutes the goal
of cytokine-blocking therapy; there is a need to know how

many cytokines should be neutralised. This knowledge
will inform both clinical and animal studies of sepsis and
will help guide in vitro cytokine-blocking experiments.

If the cytokine storm concept of sepsis organ damage
is correct, it is reasonable to assume that dysfunction
of lungs (a requirement for mechanical ventilation)
or kidneys (need for RRT) associates with increased
pro-inflammatory cytokine levels compared with sepsis
patients without these organ failures. Inhibitors of TNF
and IL-1f are used clinically to treat disease with hyperin-
flammation as a component of pathogenesis (ex, rheuma-
toid arthritis). These anticytokine therapies carry ‘black
box’ warnings alerting prescribers that they increase the
risk for and severity of infections. This documented associ-
ation between cytokine inhibition and supervening infec-
tions suggests we should assess inflammatory cytokine
levels for association with secondary infections (infec-
tions over and above the proven or presumed infection
that caused sepsis). It is conjectured that lower cytokine
levels in the circulation will correlate with an increased
risk for secondary supervening infections. As well, it is
expected that increased concentrations of the natural
cytokine inhibitors TNFsRpb55, TNFsRp75 or IL-1ra will
associate with increased risk for secondary infections

No published or ongoing meta-analyses or systematic
reviews evaluating key cytokine levels in sepsis patients
and assessing the relationship between cytokine levels
and sepsis outcomes were identified. The objective of this
systematic review is to characterise levels of key cytokines
in the circulation in patients with sepsis and assess the
association between these levels and the morbidity and
mortality outcomes related to sepsis.

METHODS AND ANALYSIS

This protocol adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols
(PRISMA) checklist. We will follow the PRISMA guide-
lines in the development of this systematic review."” '®

Research questions

The systematic review will aim to answer the following

questions:

1. What are the levels of key pro-inflammatory cytokines
in sepsis?

2. How do these levels correlate with sepsis outcomes
such as degree of sepsis (sepsis, severe sepsis or septic
shock), mortality, organ malfunction and secondary
infections?

Eligibility criteria

Inclusion criteria and exclusion criteria

Articles will be evaluated according to the criteria
described below.

Study design
This review will consider any design that reports rele-
vant cytokine levels in patient cohorts. This review will
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consider longitudinal studies, prospective cohort studies,
randomised and non-randomised clinical trials, case—
control studies and time-series studies. Case series and
descriptive cross-sectional studies will also be included
depending on the outcome measured. We will exclude
case reports to minimise publication bias. Only studies
published in English will be included. The studies must
include cytokine concentrations in venous blood serum
or plasma and express in mass units per volume. Quanti-
fied data depicted only in the graphical form will not be
used. The assays used can be ELISA or immunological/
magnetic bead technologies. Studies that measured cyto-
kines by a method other than ELISA or Immunologic/
magnetic bead technologies will be excluded. We will
include studies that defined sepsis according to the diag-
nostic criteria proposed by the American College of Chest
Physicians and the Society of Critical Care Medicine in
1992 as the presence of systemic inflammatory response
syndrome and infection. The 1992 definition was used
instead of current definitions since most studies reporting
cytokine levels used the 1992 definition. Participant
studies subjects can be of any age, ethnicity or sex. Sepsis
studies criteria will include sepsis, severe sepsis, septic
shock, purpura fulminans or infection-associated dissemi-
nated intravascular coagulation (DIC) (a variant of organ
malfunction involving coagulation system failure).

Exposure

The exposure of interest is the level of proinflammatory
cytokines (TNF, IL-1B and IFNY) in patients with sepsis,
severe sepsis or septic shock. The levels of TNF, IL-1B or
IFNY are assessed at presentation (t=0) or admission. We
will assess the trend of cytokine levels after admission if
such data are available. The cytokines are measured in
venous blood (serum or plasma) using ELISA or immuno-
logical/magnetic bead technologies (Immunex, others).
We will extract the crude unadjusted mean and SD from
each cytokine in all studies. We will then calculate the
SE and log-transformed the values. We will enter the log-
transform mean and standard errors in a random-effect
meta-analysis to combine the estimated log pooled values,
which will be back-transformed for interpretation.

Outcomes

The review will include the following outcome measures:
Primary outcome:

1. The mortality rate at 28 or 30 days.
Secondary outcomes:

1. Association with global organ dysfunction: SOFA score.

2. Need for supplemental oxygen or mechanical ventila-
tion.

3. Need for RRT.

4. The emergence of secondary or supervening infections.

Search methods

Search strategy

The search strategy will include a combination of
controlled vocabulary terms (specific to each database)

and keyword terms. We will search for concepts including
sepsis and cytokine levels of TNF, IL-13 or IFNYy. Terms
related to certain inclusion criteria, such as infection-
associated DIC, are not included in the search strategy
to maximise recall but will be factored in during full-
text review. We did not include ‘cytokine’” as a keyword
because it is not specific, and we are more interested
in the three pro-inflammatory cytokines (TNF, IL-1f or
IFN-Y) only. Online supplemental appendix I lists the full
search strategy for MEDLINE. The following electronic
databases will be searched: Medline (via Ovid), Embase
(via Elsevier), Cochrane Library (via Wiley, including
Cochrane Central Register of Controlled Trials) and
Web of Science Core Collection (via Clarivate Analytics,
including Science Citation Index Expanded and Social
Sciences Citation Index). The reference list of all studies
selected for critical appraisal will be screened for addi-
tional studies. There will be no restrictions or limits on
the age or sex of subjects. The language will be restricted
to English. Filters will be used to limit results to human
studies (online supplemental table 1).

Study selection

After the search, all identified studies will be uploaded to
Endnote X9 (Clarivate Analytics, Pennsylvania, USA) and
Covidence.'” We will remove duplicate studies. There will
be two levels of screening. First, two reviewers (OS and
AM) will independently screen the titles and abstracts of
studies for eligibility and data extraction. Next, the two
reviewers will thenindependently evaluate the full-textarti-
cles for inclusion/exclusion. Should discrepancies arise,
the two reviewers will resolve the disagreements by discus-
sion. Should that fail to be resolved, (AG) will reconcile
disagreements between the two reviewers through expert
advice. Through Covidence, we will generate a PRISMA
document with the number of results we started with, the
number excluded during title/abstract screening, and
the number excluded during full-text assessments, along
with reasons for exclusion. We will also manually include
preselected studies that we consider important, and that
were not captured during the search. We will include the
final number in the final report.

Data extraction

Data will be extracted using a standardised extraction
form. Extracted data will consist of: type of study,
number of participants, study methods, the technology
used to measure the three proinflammatory cytokines
(TNF, IL-1B and IFN-y), and outcomes of significance as
described above. We will also extract clinical factors in
the patient cohorts examined. Such factors might include
age, comorbidities, gender, race, body mass index, HIV
infection, other forms of immunosuppression (chemo-
therapy, radiation, leukaemia and lymphoma), type of
sepsis (bacterial, viral, fungal, etc), sepsis severity (sepsis,
severe sepsis and septic shock), the site of origin of the
infection (blood, urine, skin and soft tissue, respiratory,
other). The level of organ dysfunction in the cohorts will

Gharamti A, et al. BMJ Open 2021;11:6048476. doi:10.1136/bmjopen-2020-048476

3


https://dx.doi.org/10.1136/bmjopen-2020-048476
https://dx.doi.org/10.1136/bmjopen-2020-048476

be assessed by recording the SOFA score during the first
24 hours after admission.

Study datawill be collected and managed using Research
Electronic Data Capture tools hosted at the University of
Colorado Denver. Additional relevant information that
arises during data extraction will be recorded, and this
will be reported in the final systematic review manuscript.
Two independent persons (OS and AM) will be involved
with data extraction. Disagreements will be resolved by
the assessment of a third reviewer (AG). All extraction
forms, tools, and meta-analyses will be pilot tested in
two studies and subsequently modified to ensure the
extraction of relevant data and assess the actual feasibility
of our research question. If any data are missing from
a study or should uncertainties arise, we will attempt to
contact the study authors to obtain the missing data or
clarify any ambiguity.

Quality assessment

Two reviewers (OS and AM) will independently evaluate
the included studies for risk of bias, and any disagreements
will be resolved by (AG). The methodological quality of
included studies will be assessed independently by the
same two reviewers according to the Quality in Prognosis
Studies (QUIPS) tool."® The QUIPS tool considered 6
domains of bias: study participation, study attrition, prog-
nostic factor measurement, outcome measurement, study
confounding and statistical analysis and reporting. Each
domain is composed of a list of items that enable assess-
ment of the domain as low, moderate or high risk. If the
majority of criteria were met, a ‘++’ rating was given. If
some of the criteria were met, a ‘+’ rating was given. If
most of the criteria is not met, studies were rated as low
quality, and they were excluded.

Risk of bias

We will produce a funnel plot to assess for publication
bias. Studies with high precision will be plotted closer to
the average, and those with low precision will spread on
either side of the average, producing a funnel-shaped
distribution. The more asymmetric the shape is, the more
profound the amount of bias in the meta-analysis is."’

Data synthesis
Studies will, where possible, be pooled in a statistical
meta-analysis. All data will be presented and synthesised
through tables’ summaries, figures and charts, where
appropriate. Quantitative data will be pooled with statis-
tical meta-analysis. Effect sizes will be expressed as ORs
or risk ratios for dichotomous data and weighted mean
differences (for continuous data), and their 95% CIs will
be calculated. We will report study level variables, and they
will be evaluated by their mean or proportion. Study level
heterogeneity will be assessed using the I-square test. We
plan to do a fixed or random effect meta-analysis method
depending on the studies' heterogeneity and sample size.
Exploratory subgroup analyses will be performed,
where possible, based on the following:

» Studies mean age continuous or dichotomised using
the mean.

» Studies primary cytokine measurement technique
(ELISA vs immunological /magnetic beads).

» Year of the study publication, as continuous.

» Type of studies (prospective, case—control, cross-
sectional or randomised clinical trials).

» The proportion of studies participants per immune
function status (Immunocompetent vs immunocom-
promised) or comorbidities (congestive heart failure
or malignancy; yes or no).

» Cohort sample size, as continuous or dichotomised
using the mean.

» Studies proportion of gender; as continuous or
dichotomised using the mean.

» Studies proportions of the type of sepsis source
included.

» Studies proportions of sepsis severity.

» Studies with the inclusion of a specific sepsis source
(respiratory vs not; abdominal sepsis vs not, urinary
sepsis vs not, etc).

» Studies mean SOFA scores; as continuous or dichoto-
mised using the mean

Continuous variables extracted means will be checked
for linearity using a two-way scatter plot against log-
transformed cytokine mean levels and a coefficient corre-
lation using meta-regression.

Assessing certainty in the findings

We will follow the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) system
for quantifying the quality of evidence. A Summary of
Findings (SoF) will be created using GRADEPro Guide-
line Development Tool (GDT) as feasible. All primary
outcomes will be included in the SoF. The SoF will
present the following information, where appropriate: a
ranking of the quality of the evidence based on the risk
of bias, directness, heterogeneity, precision and risk of
publication bias of the review results. Summary results
from meta-analyses will be reported as summary point
estimates and interval estimates. The meta-analysis forest
plots will be presented as appropriate. If used, results of
a funnel plot for publication bias or risk of publication
bias will be presented. If meta-analysis is not performed,
a narrative summary in words and tables will be included.

ETHICS AND DISSEMINATION

Ethical approval is not required for this systematic review
since it aims to collect data from existing literature. As
such, there are no privacy concerns. Findings will be
disseminated in the form of peerreviewed publications
and abstract presentations at research conferences.

In conclusion, our review will evaluate the available
evidence for key cytokine levels and their association with
sepsis outcomes using the GRADE approach.”’ We believe
that this work will address an important gap by reporting
on a gold-standard reference for cytokine levels in sepsis.
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This work will also address the concept of ‘cytokine storm’
in sepsis. Our findings may guide future sepsis manage-
ment strategies, such as cytokine-blocking therapies.
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