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Abstract: Diagnostic safety could theoretically be 
improved by high-level interventions, such as improving 
clinical reasoning or eliminating system-related defects in 
care, or by focusing more specifically on a single problem 
or disease. In this review, we consider how the timely diag-
nosis of sepsis has evolved and improved as an example of 
the disease-focused approach. This progress has involved 
clarifying and revising the definitions of sepsis, efforts to 
raise awareness, faster and more reliable laboratory tests 
and a host of practice-level improvements based on health 
services research findings and recommendations. We con-
clude that this multi-faceted approach incorporating ele-
ments of the ‘learning health system’ model has improved 
the early recognition and treatment of sepsis, and propose 
that this model could be productively applied to improve 
timely diagnosis in other time-sensitive conditions.

Keywords: diagnostic error; learning health systems; mis-
diagnosis; sepsis.

Introduction
Diagnostic error is a ubiquitous problem that occurs in 
every healthcare setting. The National Academy of Medi-
cine concluded that these errors are common and that 
‘Each of us is likely to experience one or more diagnos-
tic errors in our lifetime, sometimes with devastating 
consequences’ [1]. Efforts to address the problem to date 
have focused largely on high-level, global issues like 
raising awareness and promoting adoption of system-
related or cognitive strategies to minimize the risk of error 
[2–4]. A major sticking point is the difficulty of actually 

measuring the incidence of diagnostic error in practice 
[5]. As a result, at the present time there is little evidence 
that these ‘global’ strategies have had appreciable clini-
cal impact.

An alternative strategy to address diagnostic error is to 
focus on a single specialty or a specific disease. We propose 
that sepsis may be an instructive model for this approach, 
given the increasing evidence that the timeliness of sepsis 
diagnosis is improving and research evidence that early 
diagnosis and treatment substantially improves the 
odds of survival. In this review, we consider how these 
improvements have been achieved. Improving sepsis mor-
tality reflects progress realized across multiple domains, 
including enhanced awareness, the development of better 
diagnostic tests, research advances allowing better defi-
nitions and the generation of evidence-based consensus 
guidelines and tools and ultimately their implementation 
by healthcare organizations.

The sepsis problem
Sepsis has a devastating annual impact on patients 
around the world [6, 7]. Depending on the clinical criteria 
used, there are roughly 850,000 septic patients seen in US 
emergency departments (EDs) every year, just under 1% of 
all patients seen [8]. Sepsis is the cause of 20–30% of hos-
pital deaths each year in the US and costs the healthcare 
system over $24 billion [9]. The Sepsis Alliance, the largest 
sepsis advocacy group in the US, believes that this disease 
is the leading cause of death in US hospitals [6]. The key 
area of focus in the fight against sepsis is early recogni-
tion and treatment of infection. The time-sensitive aspect 
of this disease is crucial because after the onset of severe 
sepsis, mortality rates increase by 7–10% per hour [10]. 
Delayed treatment has consistently been found to be the 
cause of unnecessary death and disability. Around 70% of 
sepsis cases are community-acquired, and public educa-
tion and awareness campaigns encourage individuals to 
seek out treatment early enough to prevent unnecessary 
harm. The burden then falls to our healthcare system to 
make the diagnosis as quickly as possible, a goal that in 
the past has been challenging to meet.

*Corresponding author: Mark L. Graber, MD, Society to Improve 
Diagnosis in Medicine, NY, USA; and RTI International, Research 
Triangle Park, NC, USA, E-mail: graber.mark@gmail.com
Monika Patel: Candidate for the Bachelor’s Degree of Arts in Science 
and Technology Studies, Cornell University, Ithaca, NY, USA
Stephen Claypool: Wolters Kluwer Health, Minneapolis, MN, USA

Unauthenticated
Download Date | 2/6/19 5:09 PM

mailto:graber.mark@gmail.com


4      Graber et al.: Sepsis as a model for improving diagnosis

Clarifying definitions

The beginning of wisdom is to call things by their right 
names

– Confucius

Credit for improving the diagnosis of sepsis begins with 
the advances in health services research that have helped 
define the syndrome and identify septic patients using 
clinical criteria. Agreement on definitions has been chal-
lenging because there is no definitive, ‘gold standard’ 
diagnostic test for this potentially fatal syndrome. As a 
result, there has been substantial variability in how sepsis 
is defined clinically, how to recognize different stages of 
sepsis (e.g. early sepsis, severe sepsis, septic shock) and 
how cases are captured by administrative billing codes. 
This variability has created controversy over the actual 
incidence of sepsis, whether the incidence is changing 
over time and whether or not survival is actually improv-
ing. To make the point, studies have identified a two- to 
four-fold difference in sepsis incidence and a three-fold 
difference in mortality, depending on the definitions used 
[11, 12]. Despite the fact that the methods used to identify 
sepsis yield disparate results, and despite the debate on 
sepsis incidence, the actual incidence is likely not chang-
ing, as evidenced by analysis of the core clinical data [13]. 
Thus, variability in incidence and mortality are inherent 
artifacts of the differences in the methods we use to define 
sepsis. Fortunately, a great deal of time and emphasis has 
been devoted to understanding the purposes and perspec-
tives of various definitions [14, 15], which has led to more 
useful and more widely accepted operational definitions. 
The improved clarity and agreement on these definitions 
by the research and clinical community has created the 
standardization needed for meaningful research and its 
application in clinical practice.

The first national consensus definition of sepsis, 
‘Sepsis-1’, emerged from a conference convened by the 
American College of Chest Physicians and the Society of 
Critical Care Medicine in 1991. Sepsis-1 recognized sepsis as 
a manifestation of infection-related inflammation, termed 
systemic inflammatory response syndrome (SIRS) [16]. 
Patients with two or more SIRS criteria were defined as 
having sepsis, which could proceed to severe sepsis (with 
organ dysfunction) and with hypotension, to septic shock.

Over the next several years, new physiology-based 
scoring systems were put into use that contributed 
to standardizing criteria for sepsis evaluation. These 
included the Acute Physiology and Chronic Health 
Evaluation (APACHE) II score [17], the Simplified Acute 

Physiology Score (SAPS) II [18] and the Logistic Organ 
Dysfunction System (LODS) [19]. ICD-9 codes for severe 
sepsis and septic shock were added in 2002 and 2003, 
respectively, allowing sepsis definitions and case-finding 
using administrative data sets. The Sepsis-1 definition and 
criteria were re-evaluated by a second consensus con-
ference with minor changes in 2001 (unofficially known 
as  ‘Sepsis-2’), by which time there had been sufficient 
research to appreciate that the SIRS-based criteria were 
valuable but associated with an unacceptable number 
of both false-positive and false-negative results. Indeed, 
roughly half of all inpatients manifest system inflam-
matory signs but were not septic [20]. Many conditions 
were found to activate the same inflammatory pathways, 
including acute pancreatitis, trauma, alcohol withdrawal 
and many other conditions. In short, the Sepsis-1 defini-
tion detects sepsis with high sensitivity, but it has many 
false positives due to limited specificity [21].

The most recent iteration of sepsis definitions [22], 
‘Sepsis-3’, moved away from the use of SIRS-based crite-
ria [23]. The Sepsis-3 definition is based on recognition of 
sequential, sepsis-related, organ functional assessment 
(SOFA) or a simplified, ‘quick’ version termed q-SOFA 
which includes just three parameters reflecting altered 
mental status, hypotension and increased respiratory rate 
(Table 1). Sepsis-3  has improved specificity compared to 
Sepsis-1, but poorer sensitivity, and patients with sepsis 
are frequently not detected by Sepsis-3 until late in the 
illness [27]. Sepsis-3 thus identifies a different, ‘sicker’ 
cohort of patients, with greater degrees of organ failure 
and a higher mortality rate. Over half of the patients 
meeting Sepsis-1 criteria fail to meet Sepsis-3 standards [28].

Although treatment implications are the same in 
both Sepsis-1 and Sepsis-3 definitions, the two definitions 
offer different perspectives for understanding the sepsis 
problem and unique advantages and disadvantages for 
prognostication, research and epidemiologic studies 
(Table 1), and it seems likely that both will see continued 
use until the next iteration evolves [26, 29].

Using the long-standing principle that tests that 
screen a population for a disease should have high sensi-
tivity so that cases are not missed, whereas confirmatory 
tests to establish the diagnosis should have high specific-
ity to minimize erroneous diagnoses, perhaps the best 
utilization of the SIRS-base (Sepsis-1) and SOFA-based 
(Sepsis-3) definitions would be to use SIRS criteria as a 
surveillance tool and SOFA criteria to confirm the diag-
nosis. With this model, all patients within at-risk cohorts 
would receive routine SIRS-based screening. Prompt treat-
ment and further evaluation would be ordered for all posi-
tive cases without waiting for confirmation, but patients 
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would not be diagnosed with sepsis until they also meet 
Sepsis-3 criteria.

Enhanced awareness
If sepsis is indeed a success story of improved diagnosis, 
efforts to raise awareness have played an outsized role. 
Awareness campaigns have educated the public at large 
and have motivated healthcare organizations and their 
staff to act more aggressively in diagnosis. Designating 
sepsis as a public health crisis has fostered collaboration 
and coordination amongst local communities, health-
care providers, medical associations, leading businesses, 
insurance companies and the government.

Non-profit foundations have taken a leadership role 
in advocacy. The Rory Staunton Foundation [30], the Coa-
lition for Sepsis Survival [22], the Patient Safety Movement 
[31] and several others have all developed awareness cam-
paigns focused on early diagnosis.

The impact of this work is evident at the state level, 
with major initiatives ongoing in New York, Colorado, 
Illinois and Ohio [30, 32–34]. The Rory Stanton Foun-
dation is the driving force behind the adoption in 2013 
of ‘Rory’s Regulations’ in New York State [33]. ‘Rory’s 
Regulations’ mandate that New York State hospitals use 

evidence-based protocols when diagnosing and manag-
ing sepsis and report on their protocol adherence and 
clinical outcomes [7]. Similar legislation is pending in 
New Jersey and Pennsylvania. In Colorado, the Coalition 
for Sepsis Survival has raised public awareness through 
partnerships between hospitals and local radio and TV 
stations [34]. Similarly, Ohio has made demonstrable pro-
gress in sepsis management, achieving an 8% reduction 
in mortality rate through an aggressive education cam-
paign to raise awareness of the disease amongst all levels 
of healthcare [32]. In Illinois, ‘Gabby’s Law’ requires hos-
pitals to develop evidence-based protocols for the early 
recognition and treatment of sepsis [35].

The Agency for Healthcare Research and Quality 
(AHRQ) has served as a sponsor and clearinghouse for 
efforts to improve diagnosis at the national level through 
interprofessional meetings, practice initiatives, toolkit 
development and health services research support. Inter-
national focus has been provided by the World Health 
Organization’s declaration of sepsis as a global health pri-
ority, bringing the need for further action to the forefront 
of public and political attention [7].

The ‘Surviving Sepsis Campaign’ (SSC), an interna-
tional collaboration of leading professional societies and 
now in its fourth iteration, has been one of the most effec-
tive forces in the sepsis battle. As described below (see 

Table 1: Comparison of Sepsis-1 and Sepsis-3.

  Sepsis-1
1992 [16, 24, 25]

  Sepsis-3
2016 [23]

Definition   The combination of pathologic infection and 
physiological changes known collectively as 
the systemic inflammatory response syndrome

  Sepsis: life-threatening organ dysfunction caused 
by a dysregulated host response to infection
Septic shock: a subset of sepsis in which 
profound circulatory, cellular and metabolic 
abnormalities are associated with a greater risk of 
mortality than from sepsis alone

   

Clinical criteria   Infection + two or more SIRS markers   Increase in the Sequential (Sepsis-related) Organ 
Failure Assessment (SOFA) score of 2 points or 
more

    q-SOFA: two or three of these criteria: Glasgow 
Coma Scale score of 13 or less, systolic blood 
pressure of 100 mmHg or less and respiratory rate 
of 22/min or greater

Epidemiologic applications   Identifies the widest spectrum of disease, 
from SIRS through sepsis, severe sepsis and 
septic shock

  Narrower spectrum of sicker patients with fewer 
false positives and higher mortality

Prognostication   Mortality increases progressively from sepsis 
to severe sepsis to septic shock

  Selects the highest mortality populations, without 
designating ‘severe sepsis or septic shock’

Accuracy   High sensitivity, low specificity, therefore 
many false positives

  High specificity, low sensitivity and often positive 
later in the course of sepsis; many false negatives

Recommended utilization   Surveillance/screening   Confirmatory diagnosis

Modified from Sprung and Trahtemberg [26].

Unauthenticated
Download Date | 2/6/19 5:09 PM



6      Graber et al.: Sepsis as a model for improving diagnosis

Practice improvements directed at early detection), the 
Campaign has played a major role in promoting awareness, 
developing standards and guidelines and helping trans-
late advances from research into practice improvement.

The Centers for Disease Control and Prevention 
launched Get Ahead of Sepsis in August 2017, an educa-
tional initiative to protect Americans from the devastating 
effects of sepsis [36]. This initiative emphasizes the impor-
tance of early recognition and timely treatment of sepsis, 
as well as the importance of preventing infections that 
could lead to sepsis.

Sepsis awareness campaigns have used a wide range 
of tools to improve workplace awareness, including 
posters, identification badge cards with the sepsis bundle 
elements printed on the backside and even apps [37]. 
The ‘Sepsis Guide’ app and Septris, an app-based game, 
are fun and innovative ways to test and improve clinical 
knowledge about the disease [38, 39].

Better tests
Historically, efforts to identify septic patients centered on 
the use of blood cultures to detect bacteremia and subse-
quent sensitivity testing if cultures are positive [40]. The 
limitations of this approach to diagnosis of sepsis are now 
well understood, given that culture results are seldom 
available until the second or third day, false-positive 
(contaminated) cultures are common and only a minor-
ity of patients in septic shock will actually have positive 
blood cultures. The critical need for earlier, more accurate 
information has created the impetus to explore alterna-
tive approaches to diagnosis, focusing on biomarkers of 
sepsis, or molecular techniques that can shorten the time 
to identify pathogenic bloodstream organism from days to 
hours [41].

Markers of inflammation

Sepsis invokes a systemic inflammatory response that 
involves a wide range of circulating and cellular inflam-
matory markers. Although many of these have been 
investigated for their potential to improve diagnosis, pro-
calcitonin has been the most-studied candidate marker 
[42]. Procalcitonin increases early-on in the systemic 
response and has a relatively long half-life, and the abso-
lute levels increase progressively as patients advance from 
sepsis to advanced sepsis and on to septic shock. Rising 
levels correlate with bacteremia and poor outcomes and 
are more reliable than considering a single value. All of 

these characteristics contribute to its value as a screening 
test. A recent systematic review concluded that procalci-
tonin reliably distinguishes infection-related from non-
infection-related inflammatory disease response, with a 
pooled sensitivity and specificity near 80% [43]. However, 
a randomized trial and another meta-analysis found 
that using clinical algorithms based upon procalcitonin 
levels did not affect mortality [44]. Elevated levels (false 
positives) may also be seen in Addisonian crisis (adrenal 
failure), certain paraneoplastic syndromes and in patients 
receiving treatment with certain immunoglobulins or 
monoclonal antibodies. Therefore, its diagnostic value is 
controversial. Perhaps the best role for procalcitonin may 
be as a tool to distinguish infectious from noninfectious 
conditions, thereby facilitating the decision to  de-escalate 
antibiotic therapy [45]. Presepsin is another soluble 
marker of the systemic inflammatory response that par-
allels sepsis severity and predicts clinical outcomes and 
may be useful for early diagnosis [46].

Molecular tests

Another revolutionary approach to the rapid diagnosis 
of sepsis are tests using the polymerase chain reaction to 
amplify genes associated with bacterial or fungal infec-
tion. Coupled with novel detection systems, these tests 
detect bacterial infection with a high sensitivity and spec-
ificity within hours, and without incubation. A further 
advantage is that many of these tests also identify genetic 
patterns of antibiotic resistance, allowing the choice of 
the most appropriate antibiotic regimen [47].

More study is needed, though, to understand the role 
of presepsin and molecular testing in sepsis evaluation.

Practice improvements directed 
at early detection
To impact outcomes, the many advances in improving 
awareness and early detection ultimately need to trans-
late into more effective practices on the front lines of the 
sepsis battle. This work has centered on adoption and use 
of checklist-based and electronic screening algorithms to 
identify sepsis at the earliest possible stage. The Surviving 
Sepsis Campaign (SSC), a collaboration of the European 
Society of Intensive Care Medicine, the Society of Criti-
cal Care Medicine and the International Sepsis Forum, 
worked with the Institute for Healthcare Improvement 
(IHI) and published guidelines for diagnostic evaluation 
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of patients suspected to have sepsis [21, 48]. The National 
Quality Forum ratified a measure based upon the SSC’s 
guidelines, NQF #500, and it was subsequently adopted 
by Centers for Medicare and Medicaid Services (CMS) for 
reporting by US hospitals (CMS Sep-1). These guidelines 
and performance improvement efforts are associated with 
improved patient outcomes for sepsis. A recent meta-
analysis of 50 observational studies revealed that perfor-
mance improvement programs resulted in a reduction in 
mortality [odds ratio (OR) 0.66; 95% confidence interval 
(CI) 0.61–0.72] [49]. Nurse-driven screening programs are 
most commonly implemented using either SIRS or Modi-
fied Early Warning System (MEWS) scoring [50].

These manual screening methods can improve sepsis 
outcomes, including mortality [51–53]. Today, using 
change management methodology to teach nursing staff 
to routinely screen for sepsis remains the gold standard for 
detecting insidious cases of sepsis. These programs work; 
a program using nurse specialists focused on detecting 
and managing sepsis in patients on the wards and admit-
ted through the ED resulted in all-sepsis mortality rates 
declining from 12% to 9% [37].

Nurse-based, manual screening is labor intensive, 
though, and therefore expensive. Furthermore, processes 
that rely on staff can be late in detecting sepsis, so elec-
tronic alerting has frequently been deployed to detect 
sepsis. Electronic surveillance should, in theory, detect 
signs of sepsis as soon as vitals and lab abnormalities 
are available, potentially reducing delays in diagno-
sis. Indeed, electronic surveillance is known to be very 
sensitive when SIRS-based criteria are used for alerting 
parameters, but it is also highly non-specific. Similarly, 
MEWS-based screening suffers from poor specificity. 
The majority of hospitalized patients with SIRS criteria 
do NOT have sepsis [54]. This is because many diseases 
and medicines cause abnormal vital signs and lab tests. 
For example, patients with acute pancreatitis, chronic 
obstructive pulmonary disease (COPD) exacerbations, 
diabetic keto-acidosis, alcohol withdrawal, trauma, heart 
failure, end-stage liver disease, pulmonary embolism 
and even post-operative recovery will all have SIRS or 
MEWS abnormalities. Similarly, many medicines cause 
false-positive alarms; albuterol causes tachycardia, war-
farin elevates the international normalized ratio (INR) 
and heparin elevates the partial thromboplastin time 
(PTT). Almost all patients in the hospital have vitals or 
lab abnormalities, otherwise they would be treated as 
outpatients. The net effect of all these confounders is 
that roughly one-half of the inpatients meet SIRS criteria 
[55]. If an electronic alerting system is being used to iden-
tify sepsis, it causes numerous false-positive alerts; the 

computer thinks they have sepsis but too often they are 
just sick from other medical conditions.

Therefore, it is no surprise that a meta-analysis of all 
eight sepsis alerting studies conducted up to 2015 con-
cluded that none of the alerting systems improved mortality 
[56]. These programs likely failed because of alert fatigue; 
clinicians tire of false-positive alerts, so they tend to ignore 
or over-ride alerts that are too-frequently incorrect.

To reduce false-positive alerts, electronic triggers must 
consider comorbid medical conditions and medicines 
when interpreting medical chart abnormalities. Surveil-
lance systems must know when medical conditions are 
the cause of abnormalities versus when the abnormalities 
should be attributed to sepsis. These systems need to think 
like expert physicians. When physicians interpret abnor-
malities, they consider the impact of chemotherapy on cell 
counts, they understand how biliary obstruction changes 
liver tests, they know that sickle cell pain crises cause tach-
ycardia – they know when to NOT attribute abnormalities 
to sepsis. Although it is complicated, computerized algo-
rithms can be designed to think the same way. They can be 
developed to have both a high sensitivity and a high speci-
ficity and to positively impact outcomes. An expert system 
incorporating these principles achieved a sensitivity of 
95% and a specificity of 82% and resulted in a 50% reduc-
tion in sepsis-related mortality in an inpatient setting [57]. 
According to the systematic review, this is the first and only 
electronic surveillance tool shown to significantly improve 
mortality and reduce the risk of death from sepsis [50].

In summary, both checklist-based bundles and elec-
tronic screening algorithms that account for comorbid 
conditions lead to earlier detection of sepsis and improved 
clinical outcomes.

The advances in sepsis-related care are welcome, but 
have come at a cost, and further progress has probably 
been impeded by the many practical challenges encoun-
tered implementing early-detection approaches. Efforts 
to standardize care invariably encounter problems defin-
ing the population of patients at risk, and this remains a 
major issue in the battle for early recognition of sepsis, 
as evidenced by the continuing efforts to settle on a sat-
isfactory definition. Secondly, compliance with bundles 
takes time, effort and resources, all in short supply in the 
chaotic environment of most EDs. Other unintended con-
sequences include the patients who receive fluids as part 
of the early-treatment requirements, in patients with heart 
failure or renal insufficiency, and turn out to be ‘false 
positives’ in terms of actually having sepsis. Even when 
sepsis detection programs are ideally implemented, one 
wonders whether the staff time has been taken away from 
some other priority area, which now suffers.
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Discussion
Although the changing definitions and methodology used 
to study the issue raise valid questions about the valid-
ity of observed trends [13, 58], this article focuses on the 
increasing evidence that the diagnosis of sepsis is improv-
ing [59–61]. This progress serves as an instructive model 
of how to improve diagnosis, and patient outcomes, one 
disease at a time. The ‘learning health systems’ model 
provides a framework for understanding this improve-
ment cycle, where advances in science provide evidence 
that can be translated into improved practice [62–64] 
(Figure  1). New and improved primary care delivery 
systems [63] and post-operative recovery programs [65] 
illustrate effective implementations of ‘learning health 
systems’, and we suggest that the advances in the early 
diagnosis of sepsis illustrate another application of this 
data-driven approach:

 – Basic science research has provided us with better 
tests,

 – Health services research has gathered the evidence 
base for improved tools, guidelines and protocols and

 – Completing the implementation science cycle, these 
tools, tests and guidelines have been incorporated 
into practice to improve care, the impact of which can 
be measured.

The role of advocacy and raising awareness should not be 
underestimated as a critical element in this story, provid-
ing the motivation necessary for clinical uptake. Indeed, 
it is unlikely that the improved outcomes now being seen 
would have been realized with any one of these levers 

acting alone; it required all of the levers to combine 
synergistically.

Another lesson emerging from the study of the sepsis 
story is the importance of measurement in driving pro-
gress. At every stage of the cycle, measurement was 
essential for improvement, culminating in the measure of 
greatest interest, improved survival. Moreover, it is likely 
that the improvement cycle now operational in regard to 
sepsis diagnosis will yield further improvements in out-
comes in future years. Hopefully, this same approach can 
be replicated for other conditions and diseases where early 
and accurate diagnosis is a major determinant of patient 
outcomes. Stroke, aortic dissection, glaucoma and many 
other infections, such as necrotizing fasciitis, as well as 
all in-hospital causes of impending critical illnesses that 
cause respiratory failure, hemodynamic instability and 
altered mental status should be prime targets for similar 
efforts going forward.
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