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Abstract

Purpose of Review It is widely believed that the epidemiology of sepsis and septic shock treated in the intensive care unit (ICU) is
changing. However, quantifying changes in occurrence and outcomes of ICU-treated sepsis and septic shock are challenged by a
number of factors related to study designs as well as varied local resource availability and practices. The authors conducted a
structured literature review to examine contemporary studies reporting trends in the prevalence, incidence and case-fatality rates
of ICU-treated sepsis and septic shock around the world and further attempted to extrapolate the recent epidemiological trends.
Recent Findings During 20152020, 13 observational studies with heterogenous methodologies were published from predom-
inantly high-income countries that examined selected cohorts with ICU-treated sepsis, sepsis with end-organ failure (previously
known as severe sepsis) and septic shock. The prevalence of sepsis and sepsis-related diagnoses ranged widely from 4.7-42.2%
of ICU admissions. The population incidence varied widely between 88 and 370 cases per 100,000 for sepsis and 19 and 79 cases
per 100,000 for septic shock. Mean case-fatality rates (deaths per number of cases, %) reported primarily as in-hospital deaths
reduced from approximately 40-50% reported in previous years, to 30-40% in the past 5 years. There was a lack of recent studies
specifically examining mortality at the population level.

Summary Contemporary studies have observed wide variation in prevalence and incidence of sepsis and septic shock along with
reports of static or decreasing case-fatality rates, but we are not able to make generalised commentary on global trends from the
results of existing studies. Further data from ICUs in low-income and middle-income countries is needed, and well-designed,
consistent population-based studies are required in order to establish whether the burden of sepsis and septic shock is changing.

Keywords Sepsis - Septic shock - Severe infection - Intensive care unit - Epidemiology - Mortality

Introduction

Understanding the burden of sepsis and septic shock in the
intensive care unit (ICU) and monitoring for changing epide-
miology is paramount for prioritising future resource and re-
search allocations. On a global scale, sepsis resulting in shock
and/or end-organ failure has been established as the
commonest indication for admitting patients to ICU and the
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leading cause of ICU mortality [1, 2]. Several population stud-
ies have concluded that the incidence of hospital-treated sepsis
has been steadily increasing over the past three decades, along
with a downtrend in acute case-fatality rates [3—6].
Although similar trends have been suggested for ICU-
treated sepsis and septic shock, confirmation with obser-
vational research has proven to be challenging, as it is
an area of study prone to several biases.

Making global generalisations from regional ICU-treated
sepsis literature is limited by disease and population heteroge-
neity, varied mortality reporting practice and non-standardised
case definitions. A major change in sepsis literature in the last
5 years has been the shift in the definition of sepsis and septic
shock from the SEPSIS-2 to SEPSIS-3 criteria [1].
Furthermore, ‘severe sepsis’, an entity that had been well-
studied in the ICU setting until 2016, was removed and hence-
forth replaced with ‘sepsis with end-organ failure’ in contem-
porary definitions [1, 7, 8]. Another major issue is the
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differing regional practice paradigms, such as the varied
thresholds for ICU admission between countries, which may
be driven by differing ICU bed capacities and other resources
around the world. Even within jurisdictions, management
trends in other disease entities requiring ICU-level treatment
may affect bed availability for patients with sepsis and in turn
influence apparent rates of disease.

The goal of this report was twofold; firstly, it was to present
a structured review of epidemiological studies focused on the
prevalence, incidence and mortality outcomes of ICU-treated
sepsis and septic shock in adults published in the last 5 years.
Secondly, the authors aimed to use the existing literature to
make generalised statements about the global trends for the
aforementioned epidemiological determinants.

Methods

PubMed® (2015-2020) was initially searched using the fol-
lowing Medical Subject Heading terms on 6 October 2020:
‘sepsis’ OR ‘septic shock’ OR ‘severe sepsis’ OR ‘blood-
stream infection’ OR ‘meningitis’ OR ‘pneumonia’ OR
‘urosepsis’ OR ‘abdominal infection” OR ‘cellulitis’ AND
‘intensive care’ OR ‘ICU” AND ‘epidemiology’ OR ‘mortal-
ity’ OR ‘death’ AND ‘trend’. Observational studies, clinical
trials, clinical studies and case reports involving human pa-
tients aged > 18 years were included. Studies that reported on
mixed hospital and ICU cohorts were excluded.

Analysis was primarily descriptive and utilised a narrative
format. Given the heterogeneity of the study designs and study
populations, quantitative mathematical quantitative summary
statistics were not calculated. Individual results were
summarised where appropriate. Prevalence was defined as
the number of cases out of all ICU admissions during the
study period and reported as a percentage and incidence as
the number of new cases amongst 100,000 population at
risk over the study period. Case-fatality was defined as
the percentage of deaths out of numbers of cases treated
in the ICU and the incident mortality as deaths per
100,000 population at risk.

Results
Contemporary Studies (2015-2020)

We included 13 studies published between 2015 and 2020
(observation years 2003-2018) and these are summarised in
Table 1. A further five studies were excluded as ICU-specific
results were not available from reported mixed ICU and hos-
pital cohorts [22-26]. Out of the 13 studies of interest, all but
one was a prospective design [9¢]. Only one study was from a
single-centred cohort [12]. Most studies were from Europe
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[10, 11, 13, 14, 16, 17+, 20] or Asia [19, 21], with only one
study each from Australia and New Zealand [9¢], North
America [12], South America [18] or Africa [15].

Prevalence

Seven studies reported prevalence data for sepsis and
septic shock at admission/during ICU stay [10-13,
18-20]. The study observation periods varied among a
single-day [10, 18, 19], a month [13], 5 months [20], 7
years [11] and 8 years [12].

In the first of the three point-prevalence studies, the nation-
al daily prevalence of severe sepsis, as defined by the SEPSIS-
2 criteria, treated in Polish ICUs was studied by Kubler et al.
in two-single days in 2012 and 2013, respectively [10]. They
observed a decrease by 4% of ICU beds [10]. This study was
conducted as an online questionnaire to 320 accredited ICUs.
However, responses were received from hospitals accounting
for 50% of all Polish ICU beds in 2012 and only 30% in 2013
[10]. The intra-ICU difference in prevalence between the two
study years was not reported to suggest how reduced partici-
pation may have impacted on the apparent reduced disease
prevalence. In the second point-prevalence study, the
SPREAD study was conducted in 317 ICUs in Brazil
representing 12% of the total of that country [18]. Sepsis, as
defined by SEPSIS-2, accounted for 30.2% of 2632 ICU ad-
missions in a single day in 2014 [18]. In another similarly
designed point-prevalence study involving 132 Turkish
ICUs (10.4% of all Turkish ICU beds, over a single-day in
2016 found sepsis (based on SEPSIS-2 definition) accounted
for 17.3% of 1499 ICU admissions and septic shock
accounted for another 13.5% [19].

A month-long prevalence observation was reported in the
German INSEP study, which found that sepsis with end-organ
failure and septic shock accounted for 17.9% of 11,883 total
ICU admissions combined between November and December
2013 [13]. The study divided the 133 ICUs involved into five
strata categories based on overall hospital bed numbers and
university affiliation. Pairwise testing found a 7.8% higher
prevalence of sepsis with end-organ failure and septic shock
in ICUs of non-university-affiliated hospitals compared to
university-affiliated hospitals [13]. The authors concluded that
this phenomenon was likely secondary to university hospitals
having patients with sepsis treated in intermediate units not
under the scope of their ICU-only observation [13]. However,
they deemed it also plausible that university-affiliated hospi-
tals are often tertiary trauma centres, where higher prevalence
of trauma and neurological patients requiring ICU admission
can offset the availability of beds for septic patients.

A 5-month-long observational cohort study out of 11 ICUs
in Spain during 2011 was reported by Herran-Monge et al.
[20]. A total of 262 cases of sepsis with end-organ failure and/
or septic shock (both defined by the SEPSIS-2 criteria)
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accounted for 14% of all ICU admissions, and this prevalence
was not different to a cohort observation in 2002 [20].

Kubler et al. reported on a 7-year prevalence study from the
Polish national severe sepsis registry using SEPSIS-1 defini-
tion from 2003 to 2009 [11]. Using an internet-based registry
and online questionnaire, the author’s encountered 4999 cases
of sepsis with end-organ function from up to 130 ICUs at most
participating in a given year. The registry only included pa-
tients with sepsis; thus, it did not report how prevalent sepsis
was in the ICU as a percentage of all ICU admissions. Rather,
the authors reported the prevalence of sepsis actiology over
the 7-year study period. Intra-abdominal infections
accounted for 49% of cases, and surgical infections
accounted for 56% of cases [11]. Gram-negative patho-
gens predominated in 58% of cases, gram-positive path-
ogens in 34% and fungi in 16% of cases [11].

An 8-year single-centre prevalence study of candidaemia
sepsis was studied by Ng et al. in a USA-based ICU single-
centre cohort study spanning 2003-2011 [12]. Over a study
population of 16,074 ICU admissions, 161 candidaemia sep-
sis cases were identified of which 27% of these had sepsis and
40% septic shock [12].

Incidence

Several studies have attempted to crudely estimate sepsis in-
cidence rates through the use of prevalence data. In their pre-
viously mentioned study, Kubler et al. estimated incidence
rates of 69 and 60 cases per 100,000 in Poland in 2012 and
2013, respectively [10, 11]. Similarly, the German INSEP
study estimated combined sepsis with end-organ failure and
septic shock accounting for 11.64 per 1000 ICU days or 51—
95 per 100,000 person-years in 2013 [13]. The authors report-
ed that this finding was comparable with a previous German
cohort study conducted 10 years earlier where sepsis and sep-
tic shock accounted for 76 per 100,000 inhabitants [27]. The
Brazilian SPREAD study calculated incidence from point-
prevalence and length of stay, reporting that ICU sepsis inci-
dence was 36.3 per 1000 patient-days [18]. This was then
extrapolated to project a population incidence rate of 290
cases per 100,000. The authors reported that this projected
population incidence rate was similar to meta-analysed hospi-
tal-based studies from high-income countries where the
population incidence was 370 per 100,000 [28]. Herran-
Monge et al. also estimated sepsis and/or septic shock
incidence from prevalence data to account for 31 per
100,000 inhabitants in Spain/year [20].

Few contemporary studies have actually determined the
incidence of sepsis and septic shock in populations, let alone
reported how it has changed in recent years. Shankar-Hari
et al. conducted a large-scale multicentre cohort observation
to estimate the annual number of ICU admissions with sepsis
and septic shock using both SEPSIS-2 and SEPSIS-3
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definitions between 2011 and 2015 from 189 ICUs in
England [17¢]. The population at risk was determined through
mid-year population estimates. Severe sepsis (SEPSIS-2) and
sepsis (SEPSIS-3) accounted for a combined 33% of admis-
sions to the 189 English ICUs over the 5-year study period
population incidence increase for both from 88 to 102 cases
per 100,000 person-years [17¢]. In the case of septic shock, as
per the SEPSIS-2 and SEPSIS-3 definitions, they accounted
for 23.4% and 6% of admissions, respectively [17¢]. SEPSIS-
2 septic shock population incidence increased from 69 to 79
per 100,000 person-years. Contrastingly, a minimal increase
in population incidence was reported with SEPSIS-3 septic
shock—it accounted for only 19 per 100,000 person-years.

Mortality Outcomes

Amongst the 13 studies included, all but one reported death
outcomes [10]. Overall case-fatality rates for sepsis or septic
shock were reported as 18.3 [9]-82.7% [21]. Most of these
studies were limited to assessment of in-hospital deaths only
with data censored at discharge. These studies compared acute
case-fatality rates between ICU patients with sepsis and
ICU patients without sepsis [13], between sepsis and
septic shock [12, 15, 17+, 19] and between sepsis defi-
nitions [9e, 13, 21]. Four studies reported temporal
trends in case-fatality [9e, 11, 16, 17¢].

Several studies compared the case-fatality rates between
sepsis and septic shock cases with patients without these syn-
dromes. The longitudinal German INSEP study reported that
the ICU case-fatality rate of ICU-treated sepsis with end-organ
failure or septic shock was 5.7 times greater than the ICU
mortality rate amongst ICU-treated non-sepsis [13].
Similarly, the total hospital case-fatality rate in ICU-treated
sepsis with end-organ failure or septic shock was 4.2
times greater than that in ICU-treated non-sepsis [13].
Defining septic shock by the SEPSIS-3 criteria led to a
6.6% higher ICU and hospital case-fatality than with the
SEPSIS-2 definition [13].

Amongst the four studies that differentiated between sepsis
and septic shock and reported outcomes separately, the latter
was consistently associated with higher hospital case-fatality
[12, 15, 17, 19]. For instance, the study by Ng et al. from the
USA found ICU-treated candidaemia sepsis resulted in 30%
hospital case-fatality but septic shock resulted in 65% [12].
Similarly, a Rwandan study by Nzarora et al., involving 504
patients from the only two national ICUs between August
2013 and October 2014, found that sepsis and septic shock
accounted for 64.8% and 82.7% hospital case-fatality,
respectively [15]. The previously mentioned English
study by Shankar-Hari et al. found that over 5 years,
sepsis (SEPSIS-3) resulted in 31.8% hospital case-
fatality and septic shock (SEPSIS-3) resulted in 55.5%
case-fatality [17¢]. The Turkish prevalence study by
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Baykara et al. also showed that ICU-treated sepsis re-
sulted in a 31.2% case-fatality but septic shock resulted
in 70.4% case-fatality [19].

A Czech study by Uvizl et al. reported data on 1082 pa-
tients admitted to 17 ICUs over approximately 2 years with
sepsis with end-organ failure or septic shock and found an
average in-hospital mortality rate of 40.7% [14]. Patients
transferred to the ICU from medical departments were associ-
ated with a 9.6% higher in-hospital mortality rate than those
from surgical departments [14]. Receiving antibiotics within
1 h of arrival to the ICU was found to be associated with lower
in-hospital mortality [14].

Abe et al. observed sepsis and septic shock across 22 ICUs
in Japan, comparing outcome differences between patients
diagnosed with sepsis defined by SEPSIS-2 and SEPSIS-3
[21]. A total of 618 patients with suspected infection were
included, of whom 530 (85.8%) met the SEPSIS-2 definition
and 569 (92.1%) met the SEPSIS-3 definition for sepsis. In-
hospital case-fatality rates amongst patients with SEPSIS-2
and SEPSIS-3-defined sepsis were similar (21.7% and
19.8%, respectively). Patients exclusively identified with
SEPSIS-2 or SEPSIS-3-defined sepsis had a 12.8% lower
case-fatality. Patients who met SEPSIS-3 septic shock defini-
tion had 6.9% higher in-hospital case-fatality than those who
met SEPSIS-2 septic shock definition.

Four of the included studies compared temporal trends in
acute case-fatality rates, consistently reporting a reduction in
hospital death rates with time [9¢, 11, 16, 17¢]. The Polish
period prevalence study found sepsis with end-organ failure
resulted in an 8% reduction in hospital case-fatality rates be-
tween 2003 and 2009 [11]. This trend was paralleled in a
Spanish study by Sanchez et al. involving 41 Spanish ICUs,
where sepsis with end-organ failure was associated with an
11.4% reduction in hospital case-fatality between 2005 and
2011 [16]. Similarly, the English study by Shankar-Hari
et al. found that between 2011 and 2015, sepsis with end-
organ failure was associated with a 3% reduction in hospital
case-fatality, and septic shock was associated with a 1% re-
duction in hospital case-fatality [17¢].

The only retrospective cohort study we included was by
Kaukonen et al. and the authors reported the case-fatality out-
comes for patients admitted with infection and end-organ fail-
ure to 172 mixed ICUs in Australia and New Zealand between
2000 and 2013 [9¢]. Out of a total 109,663 ICU admissions
with sepsis, 96,385 met the criteria of sepsis with systemic
inflammatory response syndrome (SIRS) and 13,278 met the
criteria of sepsis without SIRS [9¢]. The rate of death in SIRS-
positive sepsis patients significantly decreased by 17.8% be-
tween 2000 and 2013. Over that same period, in SIRS-
negative patients, the rate of death decreased by 19.2%.
These changes represented an annual rate of absolute decrease
of 1.3% in each group, and a reduction in relative risk of
49.3% and 66.5%, respectively [9e].

Although most of the studies we identified reported case-
fatality, none of the studies directly established the population
mortality due to sepsis and septic shock. Kubler et al. crudely
estimated a mortality rate of 65 per 100,000 in their prevalence
study conducted in Poland [10, 29] and reported these in con-
text with myocardial infarction and cancers of the lung, bron-
chi and trachea accounted at 49.4 and 58.6 deaths per 100,000,
respectively [29].

Discussion

The present report so far identifies and summarises the find-
ings from recent observational studies from various regions
and using varied methodologies to examine ICU-treated sep-
sis and septic shock. Based on the studies we recovered, sepsis
and septic shock represent approximately one-quarter of I[CU
admissions and are associated with high hospital case-fatality
rates. Although very limited, there is a suggestion that the
occurrence and survival outcome of sepsis and septic shock
may be simultaneously increasing in recent years. But the
authors found that varied methodologies, resources and re-
gional practices inevitably stifles our ability to make general-
ised statements about global epidemiological trends.

Quantifying the epidemiology of ICU-treated sepsis and
monitoring changing trends is paramount to determining
how we approach future clinical and research practices. On
one hand, increasing sepsis incidence and/or mortality rates
provides impetus for increased research funding, as well as
optimisation of preventative and therapeutic interventions.
On the other hand, decreasing incidence and/or mortality rates
validate and promote further efforts at current initiatives such
as the Surviving Sepsis Campaign [30] and may allow the
reallocation of resources to other areas of potentially greater
benefit. However, it must be emphasised that such use of data
to guide decision-making is predicated on its validity.

It is widely believed that the incidence of sepsis and septic
shock is increasing globally, and several factors have been
deemed to contribute to this. The ageing of populations with
increased rates of chronic co-morbidities predisposes a greater
number of individuals for severe disease. Additionally, suc-
cesses in ICU management of patients (i.e. severe trauma or
post-cardiac arrest) may lead to a larger population of individ-
uals at high risk for septic complications during convalescence
[31]. Increasing rates of antimicrobial resistance may also be
an important determinant [32].

The decreasing case-fatality rates observed in many studies
may indicate improved ICU management and quality of care.
But it may also be a result of a shifting population under study
through the admission of larger numbers of less severely ill
patients to ICUs who have an intrinsically better outcomes
regardless of ICU-level interventions provided [14, 32].
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Study designs may influence the determination of sepsis
and septic shock occurrence and outcome, and several consid-
erations are summarised in Table 2. These may include the
way cases are identified, how data are collected, how defini-
tions are applied and how the results are expressed and report-
ed [33]. The designs of studies included in this review varied
considerably and included online questionnaires [10], national
sepsis registries [11, 17¢], hospital microbiology laboratory
databases [12] and dedicated multicentre ICU sepsis patient
databases [14—16, 18-21]. Time-course variability may play a
major role in the determination of sepsis occurrence. Different
patients meet the admission criteria for ICU at various points
along the disease course that comprise the syndrome of sepsis.
As such, cross-sectional studies of sepsis patients are less in-
formative than studies that follow patients throughout their
hospital and ICU admission course [8]. To some extent, even
seasonal variability also has a role to limit our ability to ex-
trapolate incidence from point-prevalence and aetiological
origin—for instance, case-rates of pneumonia may increase
in winter and diarrhoea in summer [8].

In an optimal study to define the occurrence and outcome
of sepsis, all cases fulfilling an objective, pre-specified case
definition would be prospectively identified amongst residents
of a geographically defined population over a time period
[34]. By including all cases, selection biases would be
minimised [35, 36]. Furthermore, because the population at
risk would be known (i.e. the census population of the area),
incidence and mortality rates could be determined and
standardised against a reference population for external gen-
eralisation [34]. This design standard, however, is often very
difficult to achieve. Large national databases such as ANZICS
APD and ICNARC, while limited by the routine variables
collected, are able to approximate such designs and provide
a standardised approach to case diagnosis [9e, 17¢, 37¢].

‘While the authors achieved their first objective to report the
contemporary literature, we were unable to comment on gen-
eral global epidemiological trends as there are several notable
limitations in the existing literature that merit further discus-
sion. The contemporary ICU-treated sepsis literature predom-
inantly comes from high-income countries, which only repre-
sent a 13% minority of the world’s population. Only a single
study from a cohort in Rwanda, that housed two adult ICUs at
the time of cohort observation in 2013, was representative of
ICU practice in Africa [15]. To put this into perspective, the
English study we reviewed, with only a national population
five times the size of Rwanda, reported data from 189 ICUs
[17¢]. Thus, our understanding of sepsis and septic shock ep-
idemiology is biased from a global perspective. Another con-
sideration is that we focussed our review only on patients
admitted to ICUs. Our intention in doing so was in part for
practical reasons, the topic theme and our specialty interest. A
substantial component of our review included prevalence or
cross-sectional studies which are very limited designs [8].

Determination of crude incidence by using prevalence data
as many papers in this review have done so is highly fraught
with difficulty. It is also noteworthy that the studies we
reviewed did not attempt to ascertain attributable mortality,
and it must be recognised that while the acute cause of sepsis
and septic shock is the ‘precipitant,” many other factors in-
cluding co-morbid illnesses play an important role in leading
to a death outcome.

Conclusion

In summary, there are many factors which may contribute to
the changing prevalence, incidence and mortality outcomes
associated with ICU-treated sepsis and septic shock. The au-
thors are unable to make general statements about global
trends with regard to these epidemiological determinants since
the most recent literature includes heterogenous, yet problem-
atic methodologies and are often reportings of region-specific
findings. What would be useful are longitudinal population-
based studies conducted in ICUs of high-income, medium-
income and low-income countries across the globe in a
standardised fashion in order to provide meaningful, high-
quality epidemiological data to intensivists.
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