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Abstract: Sepsis is responsible for the utilisation of a significant proportion of healthcare resources and has high
mortality rates. Early diagnosis and prompt interventions are associated with better outcomes but is impeded by
a lack of diagnostic tools and the heterogeneous and enigmatic nature of sepsis. The recently updated definitions
of sepsis have moved away from the centrality of inflammation and the systemic inflammatory response syndrome
(SIRS) criteria which have been shown to be non-specific. Sepsis is now defined as a “life-threatening organ
dysfunction caused by a dysregulated host response to infection”. The Quick (q) Sequential (Sepsis-related) Organ
Failure Assessment (SOFA) score is proposed as a surrogate for organ dysfunction and may act as a risk predictor
for patients with known or suspected infection, as well as being a prompt for clinicians to consider the diagnosis
of sepsis. Early warning scores (EWS) are track and trigger physiological monitoring systems that have become
integrated within many healthcare systems for the detection of acutely deteriorating patients. The recent study
by Churpek and colleagues sought to compare gSOFA to more established alerting criteria in a population of
patients with presumed infection, and compared the ability to predict death or unplanned intensive care unit (ICU)
admission. This perspective paper discusses recent advances in the diagnostic criteria for sepsis and how qSOFA

may fit into the pre-existing models of acute care and sepsis quality improvement.
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Background the first 48 hours of admission to ICU (1). It is widely

asserted that early diagnosis and the prompt initiation of

Sepsis is of great clinical importance, being responsible . o . . o
p & p ’ g resp treatment, especially antimicrobials and fluid resuscitation

for more than a third of all hospital admissions and
approximately 50% of all intensive care unit (ICU)
admissions (1). It is associated with a large economic burden
on healthcare resources which is likely to worsen given the
apparent increase in the incidence of sepsis (1,2).

Sepsis is associated with mortality of up to 40%

and approximately a third of non-survivors die within
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are associated with a better outcome (3-5). One of the
main barriers to early interventions in sepsis is the lack
of diagnostic tools and this is compounded by the fact
that sepsis is a heterogeneous and enigmatic syndrome
with no gold standard for diagnosis. For many years, the
systemic inflammatory response syndrome (SIRS) criteria
were considered to be central to the diagnosis, promoting
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the importance of inflammation. However, whilst SIRS is
clearly associated with mortality, it both overly sensitive (6)
and at the same time yields up to 1 in 8 false negatives in
patients with infection and organ failure (7).

Sepsis definitions

In this context, the authors of The Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) (8)
reviewed and updated sepsis definitions, benefiting from
the advances in understanding of the pathobiology which
have occurred since the last revision in 2001 (9). Sepsis
is now defined as a “life-threatening organ dysfunction
caused by a dysregulated host response to infection”. The
authors defined organ dysfunction as an increase in the
Sequential (Sepsis-related) Organ Failure Assessment
(SOFA) score or >2, and this was associated with a
10% mortality risk (10). However, because of a lack of
familiarity with SOFA outside of the ICU, and because
SOFA requires laboratory values which may not be rapidly
available, the Quick SOFA (qSOFA) was developed
to provide an abbreviated version that can easily be
performed at the bedside by the non-specialist (10). It
was developed using a parsimonious model to achieve a
simple scoring system with the fewest number of variables
associated with the greatest predictive ability. The main
utility of qSOFA appears to be for the characterisation
of patients with suspected or known infection, in whom
sepsis should be considered, who are at a higher risk of
developing a poor outcome, and who may benefit from
more frequent observations and targeted interventions
(i.e., sepsis bundle and or Critical Care admission). In
this context it is acting as a risk predictor although it
is not specifically part of the diagnosis of sepsis (11).
At the same time qSOFA may act as a surveillance tool
and it is suggested that in patients not yet recognised to
have infection, a positive gSOFA could also be of value
to prompt the consideration of infection. A vital role of
Sepsis-3 is to help standardise diagnostic criteria for the
purposes of future research studies.

One of the main strengths of the Sepsis-3 definition is
that it moves away from the centrality of inflammation and
the SIRS criteria, which may simply be an adaptive response
and which may be synonymous with infection (8). Instead,
by focusing on organ failure they encapsulate the fact that
sepsis is both dysregulated and a maladaptive response.
Sepsis-3 benefits from being data driven, simple to use and
at the same time more specific than SIRS based criteria.
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Despite these strengths there are potential concerns with
the new definitions. The threshold of SOFA >2 identifies
patients with a mortality risk of 10% and it is unclear why
this threshold was used. Whilst this ensures a minimum
level of severity for the definition, in terms of potential
use as a surveillance tool this is arguably too high. In a
hypothetical patient scenario, with occult sepsis leading to
progressive physiological derangement, detection by qSOFA
and initiation of interventions may not occur until relatively
late in the process. The Sepsis-3 authors recognised that
theirs was unlikely to be a definitive definition and that
future iterations may need to go beyond SOFA. Indeed,
they encouraged the validation of the definition in other
settings. Finally, whilst not a criticism specific to Sepsis-3,
any significantly new definition does pose the risk of
confusion and has the potential to disrupt established
quality improvement programs if it does not go hand in
hand with meticulous education and operationalisation.

Early warning scores (EWS)

EWS developed in the 1990s in response to a recognition
that a significant proportion of patients who suffered
adverse events such as cardiac arrest or unplanned
admission to Critical Care had deranged physiological
parameters for many hours before the event (12). It was
suggested that if regular physiological observations were
linked to thresholds or triggers for seeking assistance,
coupled with the development of rapid response teams
(RRT) then deterioration may be able to be prevented.
In the last decade, the use of EWS has been widely
recommended (13,14) to be implemented in acute
hospitals and a proliferation of systems occurred. EWS
may be classified as single parameter criteria, multiple
parameters and aggregate weighted systems, the latter
of which have become most common in the UK (15).
Physiological parameters (e.g., heart rate, systolic blood
pressure) are measured and a numerical weighting applied
according to the degree of deviation from a “normal
range”. They are designed for repeated measurement to
track patients during their pathway of illness and to trigger
at predefined thresholds of aggregate scores. Typically,
there is a graded response with intermediate scores
demanding a local response from ward based clinicians
and higher scores triggering the involvement of RRTs.
Because of the profusion of different systems, the UK led
the way in agreeing a nationwide standardised system—the
National Early Warning Score (NEWS), launched in 2012
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16).

Whilst EWS have been widely adopted and whilst their
use appears intuitive, there is relatively limited evidence
that they improve patient outcome (12,17). Most EWS,
including the NEWS were developed by expert opinion
and the NEWS was originally only validated in a single
center UK hospital cohort. Concerns have been expressed
about the NEWS which includes very high sensitivity
when compared to previous EWS; the exclusion of some
key parameters including urine output and the fact that
it is rather general and may not cope well with specific
patient populations or chronically abnormal physiology.
Nevertheless, EWS and the NEWS in particular, have been
considered an important advance in the care of acutely ill
patients.

Comparing qSOFA with conventional EWS

In the context of an array of EWS and evolving definitions
for sepsis, Churpek and colleagues conducted a study to
compare the accuracy of qSOFA to SIRS, the Modified
Early Warning Score (MEWS), and NEWS, for the
prediction of death or unplanned ICU admission. They
studied a population of 30,677 patients with suspected
infection (defined as having at least one culture order and
at least one order for intravenous antibiotics) outside of the
ICU. Of these patients, 60% were from the Emergency
Department and 40% from wards; the mortality rate was
5.4% and 23.2% were admitted to the ICU after meeting
infection criteria. At the time of infection identification,
51% had >2 SIRS compared with just 9% >2 qSOFA. In
this study, the NEWS outperformed all the other scores,
with qSOFA rated third, superior only to SIRS. Using
the commonly used thresholds (7 NEWS, >5 MEWS,
>2 qSOFA and >2 SIRS), SIRS was associated with the
highest sensitivity but a very low specificity, whereas
NEWS was associated with the second highest sensitivity
and a moderate level of specificity. QSOFA had the lowest
sensitivity but the second highest specificity.

The cumulative percentage of patients meeting the
NEWS, SIRS and qSOFA thresholds in the 48 hours prior
to the composite outcome was used to illustrate the length
of time between reaching the threshold and the outcome.
This demonstrated that SOFA criteria were only met
5 hours before death or ICU admission, some 12 hours after
the SIRS criteria were met and 7 hours after NEWS.

To the best of our knowledge this is the first study
which has aimed to validate gSOFA against other EWS
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and the results seem clear. Nevertheless, there are
limitations. This study was conducted in a single center,
academic setting in the US and hence the results may not
necessarily be generalizable, particularly as thresholds for
admission to ICUs varies considerably between and within
countries (18). In addition, the validation dataset spans
8 years over which time there may have been changes in
practice such as thresholds for Critical Care admission or
use of sepsis bundles and there is limited information on
the pre-existing use of EWS and RRTs in this institution.
Finally, the imputation of median data may have acted to
reduce the apparent sensitivity of all EWS.

Discussion

Fundamental to optimising the detection of abnormal
physiology associated with sepsis, is a consideration
of the illness trajectory. Sepsis is very complex with
multiple levels of heterogeneity. Factors affecting an
individual’s disease course can be divided into their
predisposition to an adverse outcome, the aetiology and
severity of the infection itself and the response of the
host to the infection (19). These factors will affect the
patient’s physiological response to sepsis and therefore
for different individuals, the criteria for sepsis may be met
at quite different stages of their disease course. On the
other hand, for a single individual with sepsis, it is likely
that (in the absence of medical intervention) they will
follow an approximately linear trajectory of physiological
deterioration from mild derangement to severe
abnormalities prior to eventual death. It is interesting to
consider whether early intervention (perhaps prompted
by a high sensitivity EWS trigger) and early initiation
of a sepsis bundle could alter the illness trajectory for
responders and prevent them from ever meeting more
stringent criteria. In this scenario, a lower sensitivity score
may be more likely to detect a group of patients who are
defined by non-response to initial therapy.

The study by Churpek and colleagues (20) demonstrates
that conventional track and trigger EWS may detect sepsis
patients with adverse outcomes earlier. Why might this be
the case? It may be argued that this relates to the number
of variables being monitored. It is intuitive that the greater
the number of measures undertaken, the more likely you
are to detect an abnormality. However, in our opinion this
may not be a complete explanation. Indeed, because there
is likely to be coupling between parameters, an abnormality
in one is commonly associated with an abnormality in one
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or more of the others and therefore some parameters may
in effect be redundant. This is especially relevant when
parameters pertain to the same organ dysfunction i.e.,
respiratory rate coupled to low oxygen saturations coupled
to oxygen administration. An additional explanation may
relate to the thresholds. For example, NEWS starts to score
for systolic blood pressure at <111 mmHg so detecting
earlier degrees of hypotension and respiratory rate starts to
score at 21/min rather than the qSOFA value of >22/min.
Finally, the EWS scores with physiological variance in both
directions and it is conceivable that the ability to detect a
low respiratory rate could be relevant to some patients who
are obtunded by sepsis.

What are the implications of a higher sensitivity EWS
and what is an appropriate level of sensitivity?

Using a high sensitivity trigger is likely to lead to earlier
identification of patients and the prompter mobilisation
of an RRT, with the potential to provide early treatment
and hence improve outcome. However, this must be
balanced against the risks of trigger fatigue, over work and
distraction. Furthermore, there may be a danger of over
treatment if a sepsis bundle is administered to patients who
either do not have sepsis at all, or who have sepsis but with
a very low risk of death and there are legitimate concerns
associated with excessive fluid administration (21) or
overuse of antibiotics.

Sepsis quality improvement programs to date (i.e.,
Surviving Sepsis Campaign) have been predicated on the
previous sepsis definitions and have been associated with
improvements in patient outcome (5). Whilst improvements
in sepsis definitions are welcome it is not explicit that
applying sepsis bundle interventions at a potentially later
stage in the patients’ illness will yield the same outcomes
and this may require prospective testing.

The diagnosis and management of sepsis remains very
challenging and one size may not fit all. It is not clear from
the Sepsis-3 publications that the authors ever intended for
qSOFA to rival the early warning systems that have become
an integral part of the monitoring of hospital inpatients and
it is not in itself a track and trigger system. The Sepsis-3
authors acknowledge that there may remain a role for SIRS
criteria in the general identification of infection and indeed
in Sepsis 3, SIRS had a similar discrimination to SOFA for
patients outside of the ICU.

Whilst high specificity criteria carrying clear associations
with mortality may be appropriate for the necessary
advancement of sepsis research, for the clinical goal of
early detection, a high sensitivity surveillance tool may be
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more appropriate. The two are not mutually exclusive and
may even be complementary. A NEWS type system could
be used across a healthcare institution, providing a high
sensitivity trigger to alert an RRT who have specific skills in
identification and treatment of sepsis and who subsequently
use more refined tools (i.e., SOFA) to guide subsequent
management decisions. Ultimately, as the authors of both
Sepsis-3 and NEWS are at pains to point out, experienced
clinical judgement must always be pre-eminent. It is
recognised that no scoring system can represent a stand-
alone definition of sepsis and neither should the absence
of qSOFA, SIRS or EWS criteria prevent a clinician from
engaging in the prompt investigation and management of a
patient with suspected sepsis.
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