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Many epidemiologic studies have reported that the 
incidence of sepsis has dramatically increased over the 
past several decades while mortality rates have fallen  
(1-5). Despite improvements in sepsis outcomes, these 
reports indicate that the total burden of sepsis-associated 
mortality has increased owing to the marked rise in the 
number of sepsis cases. Commonly cited explanations for 

the increase in sepsis incidence include an aging population 
with more predisposing comorbidities, more frequent use 
of immunosuppression, more invasive procedures and 
medical devices, and the spread of multi-drug resistant 
pathogens (6-8). Declining sepsis-associated mortality rates 
are generally attributed to better sepsis recognition, faster 
treatment, increasing uptake of sepsis bundles, and general 
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improvements in the care of critically ill patients (9-13).
However, there is considerable controversy over the 

degree to which these observed trends represent true 
increases in disease incidence and improvements in 
outcomes versus artifacts of changing sepsis diagnosis and 
coding practices over time (14,15). Specifically, critics have 
raised the concern that these reports could be due to the 
“Will Rogers phenomenon”, or ascertainment bias from 
the introduction of new diagnostic strategies that lead to 
improved detection and labeling of patients with sepsis, 
particularly those with milder disease (16). This then 
produces a misleading impression of decreases in mortality 
that do not reflect actual improvements in patient outcomes. 
Sepsis is highly susceptible to this bias due to widespread, 
aggressive, and successful efforts to improve sepsis 
awareness, enhance sepsis recognition and management, 
and improve sepsis coding. Patients that were once labeled 
as “infection” with concurrent “organ dysfunction” are now 
more likely to be diagnosed with “severe sepsis” (or today, 
in the era of Sepsis-3, simply “sepsis”). 

An accurate understanding of epidemiologic trends in 

sepsis is important to guide new research and investment 
priorities as well as to provide credible assessments of 
quality improvement initiatives. This is particularly relevant 
today given the increasing regulatory focus on improving 
sepsis care and public reporting of sepsis bundle compliance 
and outcomes (17). In this review, we summarize the 
major epidemiologic studies of sepsis trends, potential 
biases in these analyses, and recent work that has utilized 
large electronic health record datasets to more objectively 
characterize sepsis trends using consistent clinical criteria. 

Epidemiologic studies based on administrative 
data

Most of the studies examining population-level trends in 
sepsis incidence have used large administrative databases 
and examined in-hospital mortality as an outcome  
(Table 1). In 2001, Martin et al. described sepsis trends in the 
United States from 1979 through 2000 using administrative 
data from the National Hospital Discharge Survey, which 
included data from approximately 500 hospitals and 1% 

Table 1 Major epidemiologic studies of sepsis trends in the United States using administrative data

Study Diagnoses included
Study 
period

Increase in sepsis 
incidence rates

Decrease in sepsis in-hospital 
mortality rates

Martin et al.,  
NEJM 2003 (1)

Septicemia, Bacteremia, 
Disseminated Fungal Infection, 
Disseminated Candida Infection, 
Disseminated Fungal Endocarditis

1979–2000 82.7 to 240.4 per 100,000 
population (8.7%/year)

27.8% in 1979–1984 to 17.9% 
in 1995–2000

Dombrovskiy et al.,  
Crit Care Med 2007 (2)

Septicemia, Gonococcemia, 
Systemic Candidiasis, Sepsis, 
Severe Sepsis, or Septic Shock + 
≥1 Organ Dysfunction Code

1993–2003 66.8 to 132.0 per 100,000 
population
(8.2%/year)

45.8% to 37.8% (1.4%/year)

Kumar et al.,  
Chest 2011 (3)

Similar to Martin method but also 
required ≥1 organ dysfunction 
code

2000–2007 143 to 343 per 100,000 
population (140% relative 
increase)

39% to 27%

Lagu et al.,  
Crit Care Med 2012 (18)

Dombrovskiy method 2003–2007 415,280 to 711,736 cases 
(71% relative increase)

37% to 29% (2%/year)

Gaieski et al.,  
Crit Care Med 2013 (4)

4 different published 
administrative definitions (Angus, 
Martin, Dombrovskiy, Wang)

2004–2009 13.0% to 13.3%/year 
across all methods

All decreased (e.g., 
Dombrovskiy: 35.2% to 25.6%; 
Wang: 17.8% to 12.1%)

Rubens et al.,  
J Intensive Care Med 
2018 (5)

Dombrovskiy method 2005–2014 541,694 to 1,338,905 
(124% relative increase)

31.9% to 17.1% (46% relative 
decrease)

All studies used the Nationwide Inpatient Sample, except for Martin et al. which used the National Hospital Discharge Survey. The method 
of reporting for changes in sepsis incidence and mortality (e.g., population-based incidence vs. raw number of hospitalizations, mortality 
rates with or without annualized or relative changes) differed across studies; the numbers presented in the table reflect the data reported 
in the studies. 
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of all hospitalizations (1). This analysis, which utilized 
International Classification International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) 
codes for septicemia, bacteremia, and disseminated fungal 
infections, demonstrated an increase from 164,000 sepsis 
cases in 1979 to nearly 660,000 in 2000 (an annual increase 
of 8.7%) with a concurrent decrease in-hospital mortality 
from 27.8% in 1979–1984 to 17.9% in 1995–2000. The 
ICD-9-CM codes were validated through a nested case-
control analysis of 72 patients admitted to a large university 
hospital; medical record review yielded a positive predictive 
value of 89% and a negative predictive value of 80%. 
Notably, however, there was no analysis of whether the 
performance of those codes might have changed over the 
timeframe of the study. 

Dombrovskiy et al. subsequently examined sepsis trends 
in the U.S. from 1993 to 2003 using the Nationwide 
Inpatient Sample, which includes approximately 20% 
of nonfederal hospitals weighted to produce national  
estimates (2). The ICD-9-CM codes differed from the 
Martin study and required discharge diagnosis codes for 
(I) septicemia, or one of the new sepsis-specific codes 
introduced in 2002 (sepsis, severe sepsis, septic shock), and 
(II) at least one code indicating major organ dysfunction. 
This analysis demonstrated that age-adjusted incidence 
rates for sepsis hospitalizations doubled from 64.7 per 
100,000 persons in 1993 to 134.6 in 2003, while mortality 
rates decreased from 45.8% to 37.8%. Kumar et al. later 
used the same data source to extend the estimates published 
by Martin et al. (using concurrent codes for infection 
and organ failure) and described an increase in sepsis 
hospitalizations from 143 per 100,000 persons in 2000 to 
343 in 2007 (3). This study also documented an increase in 
the mean number of organ failures in sepsis hospitalizations 
from 1.6 to 1.9 and a decline in case fatality rates from 39% 
to 27%. 

In 2013, Gaieski et al. examined sepsis trends from 
2004–2009 by applying 4 different published administrative 
definitions to the Nationwide Inpatient Sample. This 
included the ICD-9-CM codes used by Martin et al., 
Dombrovskiy et al., Angus et al. (which used a broader set 
of infection codes in conjunction with organ dysfunction 
codes) (19), and Wang et al. (which combined similar codes 
as Angus et al. with measured temperature and hypotension 
in the emergency department) (20). The annual incidence 
varied by as much as 3.5-fold depending on the method 
used, but the average annual increase in incidence was 
approximately 13% across all methods. Mortality rates 

also varied substantially across methods but similar annual 
decreases were seen over time; for example, mortality rates 
using the Dombrovskiy codes fell from 35.2% to 25.6% and 
from 17.8% to 12.1% using the Wang method. This study 
also demonstrated that use of the new ICD-9-CM sepsis-
specific codes more than doubled over the 6-year study 
period. 

A more recent analysis by Rubens et al. demonstrated 
that these trends have continued in the U.S. from 2005–
2014, with an increase in hospitalizations with Dombrovskiy 
codes from 541,649 to 1,338,905 during that time period (5). 
For comparison, the Dombrovskiy study identified 168,239 
sepsis cases in 1993; thus, administrative data suggest a 
nearly 8-fold increase in sepsis incidence over a 20-year 
period, a finding that cannot be plausibly explained by a 
true increase in disease rates alone. Notably, investigators 
in other countries have reported similar trends using 
administrative data, including in several European and 
Asian countries (21-25).

Potential biases in sepsis trends derived from 
administrative data

While administrative data are readily available and 
convenient to analyze, they are susceptible to major biases 
that can yield misleading impressions about changes in 
sepsis rates and outcomes. These biases are discussed below 
and are summarized in Figure 1. 

Increasing sepsis awareness, recognition, and coding

Increasing awareness of sepsis among providers is a major 
focus of the Surviving Sepsis Campaign and of many quality 
improvement initiatives that have proliferated in hospitals 
around the world (26). These initiatives typically include 
education and new screening protocols designed to increase 
sepsis recognition. It is likely that many of the patients that 
are newly identified as “sepsis” will be milder cases that would 
previously have only been labeled with their primary infection 
(e.g., pneumonia) (17,27). Public awareness campaigns have 
also contributed; for example, an analysis of web searches for 
sepsis reported by Google Trends demonstrated that interest 
in sepsis rose by more than 50% from 2012–2017, with 
recurrent cyclic increases that were correlated with World 
Sepsis Day and other media events (28). 

Hospitals are also continually engaging in efforts to 
improve physician documentation and coding in order 
to better record patients’ clinical conditions, improve 
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risk-adjusted mortality estimates for benchmarking, and 
optimize reimbursement (29-33). This is particularly 
relevant since sepsis is assigned a higher severity-of-
illness rank, and thus reimbursement, compared to other 
infections. Underscoring the potential influence of policies 
and reimbursement on sepsis trends, Gohil et al. analyzed 
administrative data from California hospitals from 2000–
2010 and found that increases in sepsis incidence were 
temporally correlated with new federal coding guidance 
and the introduction of medical severity diagnosis-related 
groups (MS-DRG) in 2007 (34). Under MS-DRG, sepsis 
was among the top 10 DRGs with increasing payments; 
furthermore, the introduction of the MS-DRG system 
led to national education efforts to improve physician 
documentation on the complexity and severity-of-illness of 
their patients (29). 

 Another  s ingle-center  s tudy examined near ly 
100,000 hospitalizations from 2008–2012 in which 
systemic inflammatory syndrome criteria were met, and 
estimated changes in the probability of getting diagnosed, 
documented, and coded for sepsis during the study 
period after adjusting for demographics, comorbidities, 
frequency of blood culture draws, and intensive care unit  
admission (35). This analysis found that patients with similar 
characteristics and risk factors had a higher probability 
of being labeled with sepsis with each successive year, 

contributing to an apparent increase in sepsis incidence. 

Lack of a gold standard test and subjectivity in diagnosing 
sepsis 

The impact of increasing sepsis awareness and coding 
on reported trends is compounded by the lack of a “gold 
standard” diagnostic test for sepsis and the highly subjective 
nature of sepsis clinical criteria (36,37). Diagnosing 
sepsis (previously “severe sepsis”) requires clinicians to 
decide whether or not infection is present and whether 
organ dysfunction is present and attributable to infection 
versus other acute processes (such as dehydration, volume 
overload, medications, or other diseases). It is therefore 
unsurprising that experienced clinicians often disagree as to 
whether or not sepsis is present (38,39). This subjectivity 
grants both clinicians and hospitals broad discretion when 
assigning diagnoses and administrative codes for sepsis.

Decreasing threshold to diagnose and code for organ 
dysfunction

The threshold to diagnose and code for organ dysfunction 
also appears to be decreasing over time (40). This is relevant 
for epidemiologic studies since many administrative 
definitions of sepsis allow the disease to be defined by 

Figure 1 Summary of factors potentially biasing analyses of trends in sepsis incidence and mortality.
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either explicit sepsis codes or the simultaneous presence of 
both infection and organ dysfunction codes; furthermore, 
a decreasing threshold to diagnose organ dysfunction can 
lead to a false impression that sepsis severity is increasing. 
We conducted a retrospective analysis using electronic 
health record data from patients hospitalized from 2005–
2013 at two U.S. hospitals and found that the sensitivity 
of discharge codes for identifying hospitalizations with 
acute organ dysfunction (defined by consistent clinical 
criteria, such as vasopressors, mechanical ventilation, 
and unambiguous laboratory value thresholds) increased 
steadily over time, most strikingly for acute kidney failure 
and respiratory failure (40). There was also a simultaneous 
decrease in the positive predictive value for most types of 
organ dysfunction codes relative to strict clinical criteria, 
suggesting increasing use of organ dysfunction codes for 
milder forms of organ dysfunction over time. These findings 
were in-line with an analysis by Lagu et al. that applied the 
Dombrovskiy administrative definition to national data 
from 2003–2007 and found a paradoxical increase in the 
number of dysfunctional organ systems in patients with 
sepsis but decreasing in-hospital mortality rates and mean 
costs per case (18). 

Increasing use of hospice for end-of-life care

The use of hospice services has increased substantially 
in the U.S. over the past several decades (41,42). This 
evolving societal preference for hospice care at the end of 
life also applies to patients with sepsis, particularly since 
many of the patients who die from sepsis have severe 
underlying comorbidities such as cancer (43). This trend 
can bias estimates of short-term mortality rates since most 
administrative studies have reported in-hospital mortality 
as the primary outcome for patients with sepsis. At least 
two studies have demonstrated that the trend of declining 
mortality rates for patients with sepsis is attenuated when 
using a combined outcome of in-hospital death or discharge 
to hospice as opposed to in-hospital death alone (44,45). 

Sepsis epidemiologic studies based on clinical 
registries

Not every report of rising sepsis incidence and declining 
mortality is based on administrative data. One of the largest 
and most rigorous studies of sepsis epidemiology was 
conducted by Kaukonen et al. in Australia and New Zealand 
using a database of 1 million patients admitted to 171 ICUs 

from 2000 through 2012 (46). The study investigators 
determined whether each patient had sepsis, defined by 2 or 
more systemic inflammatory syndrome criteria and either 
(I) an APACHE III diagnosis of sepsis or septic shock, or 
(II) an APACHE III admission diagnosis of infection and at 
least 1 organ failure (defined in a consistent manner over the 
study period using the Sequential Organ Failure Assessment 
score) within 24 hours after ICU admission. The number of 
sepsis cases increased each year as a proportion of total ICU 
admissions from 7.2% in 2000 to 11.1%, while in-hospital 
mortality rates decreased from 35.0% in 2000 to 18.4% in 
2012. Mortality improvements persisted after controlling 
for age, demographics, and severity-of-illness, and findings 
were consistent on a sensitivity analysis of the 63 ICUs that 
contributed data across all years.

Improvements in sepsis-associated mortality have 
also been reported in a large cohort of patients in the 
Surviving Sepsis Campaign database, which includes 
manually screened patients with suspected infection, 2 or 
more systemic inflammatory response syndrome criteria, 
and 1 or more organ dysfunction criteria (9,47). Similar 
improvements have been reported in quality improvement 
initiatives and after the implementation of mandatory sepsis 
protocols in New York State (9-13,48). 

Potential biases with clinical registries 

Clinical registries are likely more rigorous with sepsis 
assignments than administrative coding, especially if organ 
failure criteria are abstracted in a consistent manner. 
However, this surveillance method is still susceptible to 
suggesting misleading rises in sepsis rates and declines 
in mortality because of increasing sepsis awareness, 
recognition, and preferential admission of sepsis cases to 
ICUs over time. In the Kaukonen study, a diagnosis of sepsis 
on admission to the ICU was one of the inclusion criteria; 
given the subjectivity and imprecision of this diagnosis, 
the analysis is likely biased by a decreasing threshold to 
diagnosis sepsis over time (as with administrative studies). 
Indeed, while there was a substantial increase in the number 
of patients included in the study in each year (rising from 
2,708 in the year 2000 to 12,512 in the year 2012), there 
was a parallel decrease in patients’ acuity of illness; for 
example, in the first year of the study, 30% of patients had 
APACHE III scores in the top quartile (i.e., >87) but by the 
end of the study, only 21% of patients had APACHE III 
scores in the top quartile.

In prospective registries like the Surviving Sepsis 
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Campaign database or other quality improvement 
initiatives, ascertainment bias is particularly problematic 
because screening tools are designed to increase suspicion of 
infection and all patients with suspected infection may then 
counted, not just those in whom infection is confirmed or 
even probable. Underscoring this limitation, one healthcare 
system reported a reduction in sepsis mortality by more 
than 50% after implementing a quality improvement 
initiative, but twice as many sepsis cases were included in 
their denominator in the post-initiative period (11). 

ICU-based analyses like the Kaukonen study also ignore 
the many patients with sepsis who are never admitted to the 
ICU (49), and could further be biased by changes in ICU 
admission thresholds over time. Lastly, in the Kaukonen 
study, only in-hospital mortality was examined, with no 
information reported on trends in discharge to hospice or 
mortality shortly after hospital discharge. 

Analyses of mortality trends in sepsis 
randomized controlled trials

Stevenson et al. examined trends in mortality in the usual 
care arm of 36 multicenter randomized trials of sepsis from 
1991 to 2009, reasoning that this might offer more objective 
insight into sepsis mortality trends since these patients are 
more rigorously selected compared to studies based on 
administrative data (50). They found that mortality rates 
declined by 3% annually, mirroring declines in mortality 
reported by administrative data (50). Importantly, though, 
sepsis mortality rates decreased from 1991 to 2000 but 
then increased from 26.6% in 2001–2005 to 29.2% in 
2006–2009, calling into question their conclusion that sepsis 
mortality rates are indeed steadily decreasing. 

Luhr et al. similarly analyzed the usual care arms of 44 
randomized trials of sepsis published between 2002 and 
2016, but came to a different conclusion (51). They found 
a much milder mortality decline at 0.42% annually (vs. 
3% with the Stevenson study), yielding a total decline of 
9.2% over the study period. However, after adjusting for 
severity-of-illness (including APACHE II, SAPS II, and 
SOFA scores when available), the observed trends were 
non-significant. They concluded that the decrease in sepsis 
mortality in these trials was likely in large part due to the 
inclusion of less severely ill patients over time. Although this 
study makes no inferences about trends in sepsis incidence, 
the finding that a gradually declining severity-of-illness may 
partially or fully explain declining sepsis mortality trends is 
consistent with the hypothesis that the threshold to label a 

patient as septic is decreasing and thus sepsis denominators 
are increasing.

Objective sepsis surveillance using clinical data 
from electronic health records

Given the limitations of administrative data and clinical 
registries, alternate surveillance methods are needed 
that are more objective and can be easily applied to large 
populations in a sustained fashion. The increasing ubiquity 
of electronic health record (EHR) systems around the 
nation allows for the possibility of conducting widespread 
surveillance for sepsis using consistent clinical criteria for 
infection and concurrent organ dysfunction (52). Below, we 
summarize several studies that have utilized this framework 
to better understand and track trends in sepsis incidence 
and outcomes. 

Trends in sepsis coding, incidence, and mortality using 
EHR data from academic hospitals

We used EHR data from two U.S. academic hospitals 
to examine trends in hospitalizations with positive blood 
cultures and concurrent vasopressors or lactic acidosis on 
the rationale that these are unambiguous cases of septic 
shock (53). We demonstrated that while the incidence 
of hospitalizations with sepsis diagnosis codes increased 
dramatically from 2003–2012, there was no concurrent 
increase in number of patients with bacteremic shock. We 
also found that the sensitivity of sepsis codes for identifying 
hospitalizations with bacteremic shock increased over time. 
Furthermore, coding for “septicemia”—a vague term that 
has traditionally implied bacteremia with clinical signs 
of sepsis (54,55)—was increasingly applied to patients 
without documented positive blood cultures. These findings 
provide evidence that sepsis diagnosis codes are becoming 
increasingly sensitive over time and are being extended to 
broader populations. 

Using the same dataset ,  we developed a  more 
comprehensive surveillance definition for sepsis based on 
concurrent clinical markers of presumed infection (blood 
culture orders and antibiotic administrations) and organ 
dysfunction (vasopressors, mechanical ventilation, and 
changes in baseline laboratory values) and demonstrated 
that this definition has superior sensitivity and comparable 
specificity versus administrative codes relative to physician 
medical record reviews (56). Importantly, the surveillance 
definition had stable performance during an earlier time 
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period (2003–2009) versus a later period (2012), whereas the 
sensitivity of administrative definitions increased over time. 
When applying these criteria to all EHR data from the two 
U.S. hospitals, sepsis incidence and mortality rates changed 
much less dramatically from 2003–2012 than suggested by 
administrative data.

Septic shock trends using EHR data from 27 academic 
hospitals

We then tested a surveillance definition for septic shock 
based on concurrent blood culture sampling, antibiotics, 
and ≥2 days of vasopressors. This definition had higher 
sensitivity than septic shock ICD-9-CM codes and 
comparable positive predictive value (44). When applied 
to clinical data from 27 U.S. academic hospitals between 
2005 and 2014, septic shock incidence by clinical criteria 
rose an average of 4.9% per year (95% CI: 4.0–5.9%) while 
mortality declined by 0.6% per year (95% CI: 0.4–0.8%). 
In contrast, septic shock incidence based on ICD-9-CM 
codes increased by 19.8% per year (95% CI: 16.6–20.9%) 
and mortality declined by 1.2% per year (0.9–1.6%). The 
findings were robust to sensitivity analyses that required 
≥1 day of vasopressors (rather than 2 days) and varied the 
required number of days of antibiotics or length of the 
surveillance window. 

Sepsis trends using EHR data from a nationally 
representative dataset

In the largest study to date assessing sepsis epidemiology 
using EHR data, we estimated trends from a nationally 
representative set of academic, community, and federal 
hospitals (45). In doing so, we sought to adapt our prior 
work to maintain parity with the newly released Sepsis-3 
consensus clinical definition (57), but focused on clinical 
indicators of infection and organ dysfunction that are 
objective, routinely measured or used to treat sepsis, 
easily ascertainable from diverse EHRs, and suitable 
for consistent and uniform application across different 
hospitals. Specifically, we defined presumed serious infection 
as ≥1 blood culture draw and concurrent administration 
of ≥4 consecutive days of antimicrobials (fewer if patients 
died or were transferred to hospice or another acute care 
hospital), and identified concurrent organ dysfunction through 
a modified version of the SOFA score that dichotomizes 
organ dysfunction as present or absent for each organ 
system (Table 2). A minimum of four antibiotic days was 

chosen as a threshold for presumed infection to minimize 
false positives from patients who have empiric treatment 
stopped when an initially suspected infection is not 
confirmed. The organ dysfunction thresholds generally 
corresponded to a SOFA score increase of ≥2 points but 
the criteria simplified or eliminated SOFA components 
that may be inconsistently measured, documented, and 
stored in EHRs, such as vital signs, vasopressor doses, urine 
output, arterial blood gases, fraction of inspired oxygen, and 
Glasgow Coma Scale. 

Validation using medical record reviews indicated that 
the EHR-based definition had 70% sensitivity and 70% 
positive predictive value for identifying hospitalizations 
meeting Sepsis-3 criteria (45). Positive predictive value 
was 88% when sepsis was defined as organ dysfunction 
concurrent with clinically suspected (rather than confirmed) 
infection. In contrast, “explicit” diagnosis codes for severe 
sepsis or septic shock were less sensitive (33%) with similar 
positive predictive value (76%), while “implicit” codes for 
infection and organ dysfunction had comparable sensitivity 
(66%) but lower positive predictive value (31%). Medical 
record reviews suggested that the Sepsis-3 cases missed by 
EHR clinical criteria had mild organ dysfunction (such as 
hypoxemia without need for mechanical ventilation) and 
low risk of mortality. 

We then applied the clinical surveillance definition 
to EHR data from 409 hospitals. We found that sepsis 
incidence from 2009–2014 was stable (+0.6% relative 
change/year, 95% CI: −2.3%, +3.5%, P=0.67) whereas 
incidence per explicit sepsis codes increased (+10.3%/year, 
95% CI: 7.2%, 13.3%, P<0.001) (Figure 2). In-hospital 
mortality using EHR clinical criteria declined (−3.3%/year,  
95% CI: −5.6%, −1.0%, P=0.004) but there was no 
significant change in the combined outcome of death or 
discharge to hospice (−1.3%/year, 95% CI: −3.2%, +0.6%, 
P=0.19). In contrast, mortality using explicit sepsis codes 
declined significantly (−7.0%/year, 95% CI: −8.8%, −5.2%, 
P<0.001) as did death or discharge to hospice (−4.5%/year,  
95% CI :  −6 .1%,  −2 .8%,  P<0.001) .  When seps i s 
hospitalizations were identified using implicit codes, the 
absolute incidence was higher and mortality lower compared 
to explicit sepsis codes, but trends were similar. Among 
sepsis patients identified using EHR clinical criteria, there 
was an increase over time in the proportion assigned sepsis 
codes (from 24.9% in 2009 to 30.5% in 2014), indicating 
growing sepsis awareness, documentation, and coding. 

In the primary analysis of trends, an elevated lactate level 
was not included as one of the qualifying organ dysfunction 
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criteria, due to the risk that increasing rates of lactate 
testing over time might cause an ascertainment bias (58). 
This was borne out in a sensitivity analysis that included 
elevated lactate in the surveillance definition, which 
demonstrated mild increases in sepsis incidence and more 
substantial decreases in mortality or discharge to hospice 
(though still less than observed with administrative data). 

The surveillance definition utilized in this study has 
since been incorporated into CDC’s “Adult Sepsis Event” 
toolkit, which is aimed at helping hospitals better track their 
sepsis rates and outcomes using clinical data rather than 
administrative data (59).

Limitations of EHR-based surveillance

Although EHR-based surveillance is more objective than 

administrative data or even perhaps prospective screening 
methods (since it does not rely on clinicians making the 
diagnosis of sepsis), it is still susceptible to variation in 
practice patterns between clinicians and changes over 
time because it incorporates clinical judgments such as the 
decision to draw a blood culture, check lactates, administer 
antibiotics, continue antibiotics, intubate, and/or start 
vasopressors. In particular, including a criterion for elevated 
lactate can cause ascertainment bias if lactate testing rates 
increase over time. CDC’s Adult Sepsis Event definition 
is also subject to misclassification since some patients who 
receive ≥4 days of antibiotics may not have truly been 
infected, and some patients may have organ dysfunction 
for reasons unrelated to infection. Importantly, though, the 
Adult Sepsis Event temporally associates presumed infection 
with organ dysfunction in a consistent manner. Further 

Table 2 Sepsis surveillance definition based on electronic health record data (Centers for Disease Control and Prevention Adult Sepsis Event 
criteria)

A. Presumed infection (presence of both 1 and 2):

1. Blood culture obtained (irrespective of the result), AND 

2. At least 4 Qualifying Antimicrobial Days (QAD)—starting within the time period 2 calendar days before and after the collection date of 
a blood culture. See footnote

B. Organ dysfunction (at least 1 of following criteria met within the time period 2 calendar days before and after the collection date of a 
blood culture): 

1. Initiation of a new vasopressor infusion (norepinephrine, dopamine, epinephrine, phenylephrine, OR vasopressin). To count as a new 
vasopressor, that specific vasopressor cannot have been administered in the prior calendar day

2. Initiation of invasive mechanical ventilation (must be greater than 1 calendar day between mechanical ventilation episodes)

3. Doubling of serum creatinine OR decrease by ≥50% of estimated glomerular filtration rate (eGFR) relative to baseline (see footnote), 
excluding patients with diagnosis codes for end-stage renal disease

4. Total bilirubin ≥2.0 mg/dL and increase by 100% from baseline (see footnote)

5. Platelet count <100 cells/μL AND ≥50% decline from baseline (see footnote) - baseline must be ≥100 cells/μL

6. Serum lactate ≥2.0 mmol/L. Note that serum lactate has become an increasingly common test to measure tissue perfusion. When 
serum lactate is included in the surveillance definition, the likely effect will be to slightly increase the number of sepsis cases identified. 
However, if serum lactate ordering practices are not stable over time in a particular hospital this will bias the incidence of sepsis. For this 
reason, serum lactate was not used in the primary analysis of sepsis trends over time in the original study by Rhee et al.

Adapted from the U.S. Centers for Disease Control and Prevention Hospital Toolkit for Adult Sepsis Surveillance (www.cdc.gov/sepsis). 
To meet the surveillance definition, both components of criteria A AND one or more organ dysfunction listed among criteria B must be 
present. The first QAD is the first day in the window period extending both 2 days before and 2 days after a blood culture draw that the 
patient receives a new antimicrobial. A new antimicrobial is defined as an antimicrobial not previously administered in the prior 2 calendar 
days. Oral and intravenous formulations of the same antimicrobial are counted as the same antimicrobial EXCEPT for vancomycin. 
Subsequent QADs can be the same antimicrobial, or a different antimicrobial as long as the first dose of each antimicrobial in the 
sequence is new (not previously administered in the prior 2 calendar days). A new antimicrobial does not have to be started within the 
window period to be counted as a QAD. Determining baseline laboratory values: for presumed infection present-on-admission (blood 
culture day or first QAD occurring on hospital day 1 or 2), baseline lab values are defined as the best values during hospitalization. For 
hospital-onset infection (blood culture day and first QAD occurring on hospital day ≥3), baseline lab values are defined as the best values 
during the +/− 2-day period surrounding the day of the blood culture draw.

http://www.cdc.gov/sepsis
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work is also needed to confirm the generalizability of this 
method to diverse hospitals around the world and to assess 
the consistency of its association with Sepsis-3 criteria. 

Conclusions

Numerous studies have suggested that sepsis incidence 
is increasing over time and mortality rates are declining. 

These estimates are biased, however, by increasing 
clinical awareness of sepsis, more screening, decreasing 
diagnostic thresholds, and more diligent coding practices. 
The net effect of these many sources of bias is misleading 
impressions of rising sepsis incidence and decreasing sepsis 
mortality rates. Recent work identifying sepsis using direct 
clinical indicators of infection and organ dysfunction 
instead of administrative codes or registries suggest that 

Figure 2 Trends in (A) sepsis incidence and (B) short-term mortality (in-hospital death or discharge to hospice) using clinical vs. 
administrative data in a nationally representative set of hospitals, 2009–2014. Figure adapted with permission from Rhee et al. (45). 
Percentages reflect relative changes per year, with 95% confidence intervals. “Explicit sepsis codes” refers to an administrative definition 
requiring ICD-9-CM codes for severe sepsis (995.92) or septic shock (785.52). “Implicit sepsis codes” refers to an administrative definition 
requiring concurrent ICD-9-CM codes for infection organ dysfunction (Angus method), or explicit severe sepsis or septic shock codes. The 
electronic health record (EHR)-based clinical surveillance definition requires clinical evidence of presumed serious infection (≥1 blood culture 
draw and concurrent administration of ≥4 consecutive days of antimicrobials, or fewer if patients die or are transferred to hospice or another 
acute care hospital) and concurrent organ dysfunction (vasopressors, mechanical ventilation, increase in baseline creatinine or bilirubin, or 
decrease in baseline platelet count) (see Table 2). The EHR-based definition was examined with and without a criterion for elevated lactate 
since lactate testing rates are increasing over time. Trends were adjusted for hospital characteristics to account for varying availability of data 
across years for certain hospitals in the dataset. 
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sepsis incidence and mortality are in fact relatively stable 
over the past decade. This method of sepsis surveillance 
can be applied to routine data present in EHR systems and 
thus provides a credible and efficient means of continuous 
monitoring of sepsis trends and outcomes across large 
numbers of hospitals. Objective sepsis surveillance using 
EHR data has the potential to help clinicians, quality 
officers, policy makers, and public health officials to better 
monitor the impact of quality improvement and policy 
initiatives, identify additional risk factors and targets 
for prevention, and guide new programs and research 
investments.
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