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Study objective: Proposed national performance measures for severe sepsis or septic shock include interventions
within 3 hours of emergency department (ED) arrival rather than from time of first meeting diagnostic criteria. We aim to
determine the percentage of ED patients who first meet criteria greater than 3 hours after arrival.

Methods: We conducted a retrospective analysis of adult patients with severe sepsis or septic shock in 2 EDs
(university hospital [September 2012 to June 2013] and public trauma center [December 2012 to May 2013]). Times of
ED arrival and first meeting clinical criteria were collected for quality assurance programs, which differed between
institutions. At the university hospital, patients with admission diagnoses consistent with infection were included.
Clinical presentation was defined as time meeting 2 or more systemic inflammatory response syndrome criteria and
evidence of end-organ dysfunction. At the trauma center, only patients with hospital discharge diagnoses consistent
with infection were included. Clinical presentation was defined by time of end-organ dysfunction.

Results: Three hundred seventy-two patients met inclusion criteria at the university hospital and 133 at the trauma
center. Median times from ED arrival to first meeting criteria were 68 minutes (interquartile range 34 to 130 minutes)
and 31 minutes (interquartile range 8 to 73 minutes), respectively; 15.3% (95% confidence interval 11.9% to 19.3%)
and 9.8% (95% confidence interval 5.5% to 15.7%) first met criteria greater than 3 hours from ED arrival, respectively.

Conclusion: Compliance with a performance metric for severe sepsis and septic shock within 3 hours of ED arrival
would require application of this measure to patients who do not meet diagnostic criteria, potentially resulting in
unnecessary interventions. Measure developers should consider these findings. [Ann Emerg Med. 2014;64:48-54.]
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INTRODUCTION
Background

Severe sepsis and septic shock are common, deadly, and
expensive. More than 500,000 patients with severe sepsis and
septic shock present to emergency departments (EDs) in the
United States each year.1 Mortality increases in a stepwise fashion
with each additional failed organ system and approaches 70%
once 3 or more systems have failed.2-4 Furthermore, sepsis is
the third largest consumer of Medicare and fourth largest
consumer of Medicaid5 dollars each year.

The study by Rivers et al6 demonstrated a 16% absolute
mortality reduction in patients receiving a bundle of targeted
interventions known as early goal-directed therapy. To date,
there are no nationally implemented or accepted performance
metrics for the management of severe sepsis and septic shock.
ls of Emergency Medicine
In October 2012, the National Quality Forum endorsed a
bundle of diagnostic and therapeutic interventions, based on
the 2012 Surviving Sepsis Campaign guidelines,7 for ED
patients with suspected severe sepsis and septic shock, titled
“National Quality Forum #0500 Severe Sepsis and Septic
Shock: Management Bundle.”5 The components of the bundle
are included in Figure 1. The Centers for Medicare &
Medicaid Services is currently considering National Quality
Forum 0500 for inclusion in public reporting, pay for
performance, and other incentive programs. To be compliant
with National Quality Forum 0500, patients must receive the
bundle of interventions within 3 and 6 hours of ED arrival
(depending on the individual bundle element), regardless
of when patients first meet diagnostic criteria for severe sepsis
and septic shock.5
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Editor’s Capsule Summary

What is already known on this topic
Early intensive management of severe sepsis can
improve outcomes, and treatment within 3 hours has
been proposed as a performance measure for
emergency departments (EDs).

What question this study addressed
A retrospective study of 505 patients in 2 EDs
examined the proportion of patients who met criteria
for severe sepsis within 3 hours of arrival.

What this study adds to our knowledge
Among patients receiving a diagnosis of severe sepsis
or septic shock in the ED, 10% to 15% did not meet
diagnostic criteria within 3 hours of arrival.

How this is relevant to clinical practice:
Policymakers developing performance measures
should consider that some patients will not meet
criteria for severe sepsis or septic shock until later in
their ED course.
Figure 1. National Quality Forum 0500: severe sepsis and
septic shock: management bundle.
Importance
We suspect it is common for patients to arrive to the ED with

nonspecific complaints, fewer than 2 systemic inflammatory
response syndrome (SIRS) criteria, and no evidence of end-organ
dysfunction (not meeting severe sepsis and septic shock
diagnostic criteria), only to develop these criteria 3 or more
hours after ED arrival. If true, 100% compliance with the 3-hour
target endorsed by National Quality Forum 0500 would be
unfeasible, unless providers deliver the bundle to potentially large
numbers of patients for whom diagnostic uncertainty remains.

Goals of This Investigation
We aimed to determine the percentage of patients who meet

clinical criteria for severe sepsis and septic shock more than
3 hours after ED arrival (late presenters) at 2 institutions. We
hypothesized that a significant percentage would not meet criteria
within 3 hours of ED arrival. We also hypothesized that patients
with more severe disease would have earlier clinical presentation.

MATERIALS AND METHODS
Study Design, Setting, and Selection of Participants

We conducted a descriptive analysis of all adult patients with
severe sepsis and septic shock presenting to the EDs of 2 large
urban teaching hospitals: an academic tertiary university medical
center and a public Level I trauma center. As part of ongoing
sepsis quality assurance programs at both centers, data are
collected on ED patients with severe sepsis and septic shock.
lume 64, no. 1 : July 2014
Data collection methodologies differ between the sites because of
the lack of national standards (Table 1). The 29-bed ED at the
university medical center has an annual census of 39,000
patients, with a 27.7% admission rate (3.9% to critical care
areas). The ED at the public Level I trauma center received
48,000 patient visits per year, treated in 41 beds, resulting in
20.8% admissions (14.5% to critical care areas). This hospital is
the safety net hospital for the city, with 16.1% and 18.4% being
Medicare and Medicaid patients, respectively. The 2 institutions
share an emergency medicine residency training program, with
faculty from a single academic department and the residents
splitting their time equally between each site. Patient care at
both sites is supervised 24 hours per day by attending
physicians board certified or board eligible in emergency
medicine.

All ED patients aged 18 years and older meeting defining
criteria for severe sepsis or septic shock during their ED stay
September 5, 2012, and June 12, 2013, were enrolled, regardless
of the final inpatient discharge diagnosis. As part of an ongoing
quality assurance project, we developed a real-time surveillance
tool of all ED patients screening for both SIRS criteria and
evidence of end-organ dysfunction within our ED electronic
health record (Epic Systems Corporation, Verona, WI). The
electronic health record alerts the treating providers, nurses, and
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Table 1. Definitions and inclusion criteria at each site.

Metric University Medical Center Public Level I Trauma Center National Quality Forum

Time of clinical
presentation

Suspected or known source of infection and 2 or
more SIRS criteria and end-organ dysfunction or
hypotension

End-organ dysfunction or hypotension ED arrival

Screening criteria All ED patients Patients with discharge diagnosis consistent
with sepsis

NA

Inclusion criteria Patients who met diagnostic criteria for severe
sepsis or septic shock while in the ED

Patients who met diagnostic criteria for severe
sepsis or septic shock while in the ED

NA

NA, Not applicable.
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ED pharmacists of any patient meeting 2 or more SIRS criteria
(“SIRS alert”). A separate alert is generated for all ED patients
with 2 or more SIRS criteria and evidence of end-organ
dysfunction (“severe SIRS alert”) and prompts intervention if
the clinical team suspects an infection (including obtaining a
lactate level and blood cultures, intravenous fluid administration,
and broad-spectrum antibiotic administration). The electronic
health record alert system does not automatically determine
whether the patient has an admission diagnosis consistent with
an infection.

The electronic health record keeps a log of all patients for
whom either alert was generated. As part of an ongoing medical
center quality improvement program, a quality improvement
analyst (D.L.) reviewed this log, as well as all admitted ED
patients with a lactate level greater than 2 mmol/L. Patients from
this list who were not treated for a suspected or confirmed
infection (did not have blood cultures obtained and did not
receive antibiotics) were excluded from further review.

The electronic health records of included patients were
manually abstracted by a single quality analyst (D.L.) using an
abstraction tool devised by the medical center quality
improvement team. Abstracted data included date and time of
ED arrival, time when 2 or more SIRS criteria first became
evident, and time end-organ dysfunction criteria were first
established. All data were deidentified and entered into a
Figure 2. Definitions of time of clinical presentation. NQF,
National Quality Forum.
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password-protected Excel spreadsheet (version 14.3.9; Microsoft,
Redmond, WA). Time of clinical presentation was defined as the
time at which patients first developed evidence of end-organ
dysfunction and at least 2 SIRS criteria (ie, the latter of the times
for meeting 2 or more SIRS criteria or end-organ dysfunction)
(Figure 2).

The records of all patients aged 18 years and older hospitalized
between December 12, 2012, and May 30, 2013, with an
inpatient discharge diagnosis consistent with an infectious
process were reviewed. Those who met at least 2 SIRS criteria
and had evidence of acute end-organ dysfunction at any point
during their ED visit were included. Time of presentation was
determined by the earliest documented evidence of end-organ
dysfunction (Figure 2).

Data were collected by one of 2 reviewers (J.P.C. and D.J.R.)
after discharge. Patients were initially identified for inclusion
according to discharge diagnoses (International Classification of
Diseases, Ninth Revision codes for sepsis, severe sepsis or septic
shock, or a combination of an infection code and an organ
dysfunction code). Patients were determined to meet inclusion
criteria if they met clinical criteria for severe sepsis while in the
ED and had no exclusion criteria (limited goals of care, including
do not resuscitate status at or within 24 hours of arrival, younger
than 18 years, transferred from outside hospital after sepsis
identified, left against medical advice, refused any care for sepsis,
or an obstetric patient). Data were collected with a standardized
data collection form onto a secure, Web-based database.
Operational definitions for each element are specified on a
training document. Ambiguities are settled by consensus between
the 2 reviewers and, when necessary, by a third reviewer (A.G.),
an intensivist who is blinded to discharge status or performance
on bundle elements. Cases are periodically reviewed by a second
reviewer to ensure consistency, though interrater reliability has
not been formally measured.

This study was approved by the institutional review boards at
both institutions.

We defined severe sepsis and septic shock in accordance with
both the Surviving Sepsis Campaign guidelines and National
Quality Forum 0500.5,7 Severe sepsis was defined as (1) a known
or suspected source of infection and (2) 2 or more SIRS criteria:
heart rate greater than 90, temperature less than 36�C (96.8�F) or
greater than or equal to 38�C (100.4�F), respiratory rate greater
than 20 breaths/min or PaCO2 <34 mm Hg, or WBC count
Volume 64, no. 1 : July 2014



Figure 3. Distribution of time from ED arrival to presentation of severe sepsis or septic shock in 15-minute intervals.

Villar et al Diagnostic Criteria for Severe Sepsis and Septic Shock
greater than 12 or less than 4; and (3) evidence of hypoperfusion or
end-organ dysfunction, as evidenced by hypotension (systolic
blood pressure<90mmHg ormean arterial pressure<70mmHg
or systolic blood pressure decrease >40 mm Hg from known
baseline), lactate level greater than 2 mmol/L, creatinine level
greater than 2 mg/dL, total bilirubin level greater than 2 mg/dL,
international normalized ratio greater than 1.5, altered mental
status, thrombocytopenia level less than 100,000, or hypoxemia.

We defined septic shock as sepsis with hypotension refractory
to infusion of 30 mL/kg of crystalloid. Surviving Sepsis
Campaign guidelines recommend the placement of a central
venous catheter and measurement of central venous pressure and
ScvO2 for patients with either septic shock (as described above)
or lactate level greater than or equal to 4 mmol/L at any point. As
such, both of these groups are reported here.

We stratified patients into 4 independent categories of disease
severity: severe sepsis, including (1) severe sepsis but lactate level less
than 4 and normotensive throughout and (2) severe sepsis with
transient hypotension (spontaneously resolved or responsive to
fluid challenge) but lactate level less than 4 mmol/L; and septic
shock, including (3) severe sepsis with lactate level greater than or
equal to 4 mmol/L but normotensive or only transient
hypotension, and (4) persistent hypotension requiring vasopressors.

These groups were chosen because of the incremental
mortality risk associated with hypotension and lactate level
greater than or equal to 4 mmol/L.8-10
Table 2. Percentage of patients meeting diagnostic criteria more than

Sepsis Severity

Public Level I Tra

Count

Lactate level <4 mmol/L and normal BP 9
Transient hypotension with lactate level <4 mmol/L 3
Lactate level �4 mmol/L with either transient
hypotension or normal BP

0

Persistent hypotension 1
Total 13
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Outcome Measures
The primary outcome was the percentage of patients (with

95% confidence intervals [CIs]) who did not meet diagnostic
criteria for severe sepsis or septic shock within 3 hours of ED
arrival. We report median time (interquartile ranges) from ED
arrival to meeting diagnostic criteria. We also report the
percentage who did not meet diagnostic criteria within 3 hours of
ED arrival and further stratify these patients by illness severity.
Primary Data Analysis
Microsoft Excel version 14.3.9 was used to organize and

maintain study data. OpenEpi11 was used to calculate medians,
means, 95% CIs, and interquartile ranges. Because our data
collection process was different at each site, analysis and results
are reported separately.
RESULTS
At the university medical center, during the study period 372

ED patients met criteria for severe sepsis or septic shock and were
suspected of having an infection by the ED provider team
(independent of final discharge diagnosis). At the public Level I
trauma center, 133 ED patients met criteria for severe sepsis or
septic shock while they were in the ED and were eventually
discharged from the hospital with a final diagnosis consistent
with an infection.
3 hours from ED arrival.

uma Center (n[133) University Medical Center (n[372)

Percentage Count Percentage

13.43 34 16.67
21.43 12 21.43
0 5 7.94

3.45 6 12.24
9.77 57 15.32
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At the university medical center, 57 patients, or 15.3%
(95% CI 11.9% to 19.3%), did not meet diagnostic criteria
within 3 hours of ED arrival. The median time from ED arrival
until meeting diagnostic criteria was 68 minutes (IQR 34 to 130
minutes).

At the county trauma center, 13 patients, or 9.8% (95% CI
5.5% to 15.7%), did not meet diagnostic criteria within 3 hours
of ED arrival. The median time from ED arrival until meeting
diagnostic criteria was 31 minutes (IQR 8 to 73 minutes).

The distribution of time to meeting diagnostic criteria is
shown in Figure 3.

The percentages of patients who did not meet criteria within
3 hours of ED arrival stratified by illness severity are shown in
Table 2. Of patients with severe sepsis and lactate level less than
4, and either normal or only transiently low blood pressure
(illness severity groups 1 and 2 combined), 17.7% (95% CI
13.4% to 22.7%) of patients at the university medical center and
14.8% (95% CI 8.3% to 23.8%) of those at the county trauma
center did not meet criteria within 3 hours of ED arrival. Most
patients with lactate level greater than or equal to 4 or persistent
hypotension first met criteria within 3 hours of ED arrival.

LIMITATIONS
Our analysis is limited by its retrospective nature and the

different inclusion criteria at our 2 institutions. At the university
medical center, all patients suspected of having an infectious
process were included, whereas at the public Level I trauma
center, only those with discharge diagnoses consistent with
infection were included. Furthermore, at the university medical
center time of clinical presentation was determined only after
patients had both SIRS and evidence of end-organ dysfunction,
whereas at the public Level I trauma center time of clinical
presentation was defined by the earliest evidence of end-organ
dysfunction regardless of when SIRS criteria were met. These
differences prohibit combining the 2 data sets in a single analysis.

These methodological differences result from the current lack
of national performance metrics and likely reflect the diversity of
methodologies used by many EDs throughout the country and
are therefore strengths of our study. Despite these differences,
our results demonstrate that whether a measure uses a
retrospective or prospective approach to identifying ED patients
with severe sepsis or septic shock, a significant proportion fail to
meet diagnostic criteria within 3 hours of ED arrival. Therefore,
we believe that such differences allow the current results to be
generalizable to many sites.

DISCUSSION
In this dual site, mixed-methodology study, 15.3% and 9.8%

of patients who met criteria for severe sepsis or septic shock did
so more than 3 hour after arrival in the ED. As we suspected,
these are significant percentages and support our concerns about
the appropriateness of the National Quality Forum 0500
recommendation to deploy the bundle of interventions within
3 hours of ED arrival. In our analysis stratified by disease severity,
52 Annals of Emergency Medicine
we found important differences in timing of presentation.
Patients with septic shock tended to present within 3 hours from
ED arrival more often than those with severe sepsis. This is not
surprising because it is reasonable that those with more severe
disease will declare themselves earlier in their ED course.

Three hundred seventy-two patients were included at the
university medical center and 133 at the public Level I trauma
center. This difference can be attributed in part to the different
length of time during which patients were enrolled. Because these
programs represent independent quality assurance programs at
each institution, they began at different times. However, it is
likely that the majority of the discrepancy is due to the ways in
which patients were screened: at the university medical center, all
patients with SIRS plus evidence of end-organ dysfunction were
screened, independent of the final discharge diagnosis; at the
public Level I trauma center, only patients with final diagnoses
consistent with infection were enrolled.

Venkatesh et al12 reported similar results in a study of patients
with septic shock only, with 18.1% of patients meeting criteria
more than 3 hours after ED arrival. It is possible that these
patients met criteria for severe sepsis long before and therefore
would have benefited from the treatment bundle within 3 hours
of ED arrival, as specified by National Quality Forum 0500.

The difference in percentage of late presenters (and median
time until presentation) between our 2 institutions may be
accounted for in several ways. First, the public Level I trauma
center serves a population with a generally lower socioeconomic
status. This has been associated with delayed presentation to the
hospital only when patients are very ill (ie, later in the disease
process)13 and may be more likely to meet criteria at arrival or
soon thereafter.

Second, the differences in inclusion criteria and definition of
time of presentation favor a smaller sample with earlier time of
presentation at the public trauma center.

Third, at the public Level I trauma center, the staff has access
to a point-of-care blood gas analyzer in the ED that reports
lactate level (GemPremier3000; Instrumentation Laboratory,
Belgium, the Netherlands), whereas at the university medical
center blood samples must be sent to the main laboratory,
though the turnaround time is approximately 20 minutes. As
such, part of the difference in median time may be accounted for
by differences in blood gas processing times.

Defining time of presentation as ED arrival may significantly
affect whether a hospital is or is not in compliance with National
Quality Forum 0500. Our data suggest that ED care may be
entirely medically appropriate and yet be deemed noncompliant
with the National Quality Forum 0500 for patients meeting
clinical criteria more than 3 hours after ED arrival. The exception
would be if patients happened to receive the bundle prematurely.

Although appropriate antibiotic administration within 1 hour
of the development of septic shock is associated with reduced
mortality,8,14,15 there is inadequate evidence to support
mandating bundled sepsis care for septic patients without
hypotension or organ dysfunction. A potential unintended
consequence of National Quality Forum 0500 would be the
Volume 64, no. 1 : July 2014
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initiation of the treatment bundle for any patient with a potential
infection as a means of ensuring 100% compliance (ie, applying
the bundle to patients who do not require it to capture the small
percentage whose condition may later worsen). Doing so exposes
patients unnecessarily to the risks of these interventions, such as
overprescription of broad-spectrum antibiotics and central
venous catheter insertion, and may divert resources from other
patients in need. For example, one may imagine a scenario in
which a provider feels compelled to promptly administer broad-
spectrum antibiotics to a patient with a cough, tachypnea,
tachycardia, and a lactate level of 2.1 mmol/L (a source of
infection, SIRS, and evidence of end-organ dysfunction). Such a
patient may have pneumonia and benefit from the intervention
or may just as easily have an asthma exacerbation and not benefit.
As such, this bundle, like any other therapeutic intervention,
should be used judiciously and reserved for patients for whom
the benefit of the bundle outweighs its risks.

Quality measures that target 100% compliance within a
predetermined timeframe from ED arrival, rather than from
when the patient meets diagnostic criteria, necessitate exposure of
undue risk to a proportion of patients who would never have
developed a more severe condition, and for whom invasive and
potentially dangerous interventions are not medically
appropriate. There are recent examples of this phenomenon.
Administration of antibiotics within 4 hours of ED arrival for the
diagnosis of community-acquired pneumonia has been shown to
unduly pressure providers to prematurely administer antibiotics
even in the setting of diagnostic uncertainty. The measure was
first liberalized from 4 to 6 hours and then eliminated, in part
because of this undue pressure.16

We propose 3 potential modifications to such measures to
mitigate the potential for unintended consequences. One option
would be to abandon the use of ED arrival as time of
presentation and instead define it as the moment the patient
meets diagnostic criteria for severe sepsis or septic shock. Doing
so comes at a cost, however. ED arrival is a universally recorded
data point and requires little effort to determine, whereas the
intensive chart review required to determine the time of meeting
diagnostic criteria can be significant and costly even with
adequate electronic medical record systems. Another option
would be to take into account the rate of expected delayed
presentations when establishing the expected level of measure
compliance. For example, if the time of presentation is defined as
the ED arrival time, our data and those of Venkatesh et al12

suggest that the best bundle compliance one can achieve is
approximately 85%. Finally, rather than publicly reporting the
precise level of compliance, payers, such as Centers for Medicare
& Medicaid Services, or other regulatory agencies could opt to
report compliance within ranges (ie, from 40% to 60%, 60% to
80%, and 80% to 100%). Doing so may reduce the perceived
pressure to treat prematurely.

In conclusion, in our 2 centers, 10% to 15% of ED patients
with severe sepsis or septic shock failed to meet diagnostic criteria
within 3 hours of ED arrival, which calls into question the
adoption of quality metrics that define time of presentation as
Volume 64, no. 1 : July 2014
ED arrival, or that demand 100% compliance if time of
presentation is defined as ED arrival time.
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