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Abstract

Objectives: Sepsis-3 defines organ dysfunction as an increase in the Sequential Organ Failure 

Assessment (SOFA) score by ≥2 points. However, some SOFA score components are not routinely 

recorded in all hospitals’ electronic health record (EHR) systems, limiting its utility for wide-scale 

sepsis surveillance. The Centers for Disease Control and Prevention (CDC) recently released the 

Adult Sepsis Event surveillance definition that includes simplified organ dysfunction criteria 

optimized for EHRs (eSOFA). We compared eSOFA versus SOFA with regard to sepsis 

prevalence, overlap, and outcomes.
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Design, Setting, and Patients: Retrospective cohort study of adults hospitalized during 2013–

2015 at 111 U.S. hospitals in the Cerner HealthFacts dataset.

Interventions: None.

Measurements and Main Results: We identified clinical indicators of presumed infection 

(blood cultures and antibiotics) concurrent with either (a) an increase in SOFA score by ≥2 points 

(Sepsis-3) or (b) ≥1 eSOFA criteria: vasopressor initiation, mechanical ventilation initiation, 

lactate ≥2.0 mmol/L, doubling in creatinine, doubling in bilirubin to ≥2.0 mg/dL, or ≥50% 

decrease in platelet count to <100 cells/μL (CDC Adult Sepsis Event). We compared receiver 

operating characteristic curves (AUROC) for discriminating in-hospital mortality, adjusting for 

baseline characteristics. Of 942,360 patients in the cohort, 57,242 (6.1%) had sepsis by SOFA 

versus 41,618 (4.4%) by eSOFA. Agreement between sepsis by SOFA and eSOFA was good 

(Cronbach’s alpha 0.81). Baseline characteristics and infectious diagnoses were similar, but 

mortality was higher with eSOFA (17.1%) versus SOFA (14.4%, p<0.001) as was discrimination 

for mortality (AUROC 0.774 versus 0.759, p<0.001). Comparisons were consistent across 

subgroups of age, infectious diagnoses, and comorbidities.

Conclusions: The Adult Sepsis Event’s eSOFA organ dysfunction criteria identify a smaller, 

more severely ill sepsis cohort compared to the SOFA score, but with good overlap and similar 

clinical characteristics. Adult Sepsis Events may facilitate wide-scale automated sepsis 

surveillance that tracks closely with the more complex Sepsis-3 criteria.
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The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) 

defined sepsis as “life-threatening organ dysfunction due to a dysregulated host response to 

infection” and proposed operationalizing the detection of organ dysfunction as an increase in 

the Sequential Organ Failure Assessment (SOFA) score by ≥2 points from baseline.[1, 2] 

These criteria were chosen based on their content and construct validity as well as analyses 

demonstrating that an increase in SOFA by ≥2 points was highly predictive of hospital 

mortality in patients with suspected infection.[3]

Sepsis-3 criteria were primarily designed to facilitate clinical care. However, there is no true 

gold standard for sepsis and different sepsis definitions may be better suited for other 

purposes, such as clinical research, quality improvement, or surveillance.[4, 5] The SOFA 

score poses particular challenges to conducting surveillance using electronic clinical data, as 

many SOFA components are not consistently measured or recorded in electronic health 

records (EHRs) in a structured format (i.e., vital signs, vasopressor doses, blood gases, 

fraction of inspired oxygen, and urine output). Even when EHRs do include vital signs they 

are prone to inconsistent quality and documentation as well as transient perturbations that 

can complicate analysis.[6, 7] The Glasgow Coma Scale (GCS) is also problematic because 

it is not measured in most patients, unreliable in intubated patients, and has low inter-rater 

reliability.[8, 9]
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The U.S. Centers for Disease Control and Prevention (CDC) recently released the “Adult 

Sepsis Event” surveillance definition based on the Sepsis-3 framework of suspected 

infection associated with organ dysfunction.[10] The Adult Sepsis Event definition was 

designed for objective retrospective surveillance and simplifies the SOFA score so that it can 

be implemented using routine clinical data available in most EHR systems.[11] There are 

relatively few data, however, about how sepsis patients detected using Adult Sepsis Event’s 

organ dysfunction criteria – which we call here “eSOFA” – compare to those identified 

using the full SOFA score.

Our aim was to compare the prevalence, clinical characteristics, and outcomes of sepsis 

patients identified using eSOFA (CDC Adult Sepsis Event) versus the SOFA score 

(Sepsis-3) using EHR data from diverse hospitals. We hypothesized that CDC’s simpler 

eSOFA criteria would identify similar types of patients as the full SOFA score with 

comparable predictive validity for mortality, which could support its use as a more practical 

method of sepsis surveillance.

METHODS

Study Design and Data Sources

We conducted a retrospective cohort study of adult patients (≥20 years old) admitted as 

inpatients to a sample of U.S. acute care hospitals. The primary dataset comprised all 

admitted patients (including critical care and non-critical care units) in calendar years 2013–

2015 to one of 111 hospitals participating in the Cerner HealthFacts dataset, a de-identified 

database populated with granular clinical data from diverse academic and community 

hospitals that use the Cerner EHR system.[11–18] Findings were validated in an 

independent dataset that included all inpatient adult encounters from 2013–2015 at 4 

academic and community hospitals in the Emory Healthcare system in Georgia. Emory 

hospitals use the Cerner EHR but are not included in the HealthFacts dataset. This study was 

approved by the Institutional Review Board at Harvard Pilgrim Health Care Institute and 

Emory University with a waiver of informed consent.

Electronic Implementation of SOFA, eSOFA, Infection, and Sepsis Criteria

The SOFA score defines organ dysfunction across 6 organ systems and assigns 0–4 points 

for each organ system depending on the degree of dysfunction, while eSOFA replaces these 

with binary criteria for most of the same organ systems (Table 1).[2, 10, 11] eSOFA does not 

include GCS given its aforementioned limitations for surveillance. However, it includes a 

criterion for lactate ≥2.0mmol/L given its high clinical face validity and central role in 

identifying and risk-stratifying sepsis.[19, 20] Cerner HealthFacts contains all components 

necessary to compute SOFA except vasopressor doses and urine output. Thus, we used the 

number of vasopressors administered rather than doses to assign SOFA points for 

cardiovascular dysfunction and only used creatinine levels to assign points for renal 

dysfunction. We also utilized SaO2/FiO2 ratios for the respiratory SOFA component using 

previously validated conversion criteria if PaO2/FiO2 was missing.[21] FiO2 values for 

nonintubated patients receiving supplemental oxygen were estimated assuming each 1 liter/

minute of oxygen flow rate increased FiO2 by 4% over room air. Missing values for SOFA 
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score components, including GCS, were handled by carrying over values from adjacent 

calendar days; if unavailable, 0 SOFA points were assigned to that category. Additional 

details on SOFA score implementation are described in the eMethods, Supplement.

CDC’s Adult Sepsis Event definition includes standardized criteria for presumed serious 
infection and concurrent organ dysfunction (eSOFA). Sepsis-3 criteria, on the other hand, do 

not clearly stipulate how to identify patients with infection.[3] We therefore used CDC’s 

presumed serious infection criteria for comparisons of eSOFA and SOFA. The CDC 

presumed serious infection criteria require a blood culture draw and new antibiotics started 

within +/−2 days of the blood culture and continued for ≥4 consecutive days; <4 days are 

permitted if the patient died, was discharged to hospice, or transferred to another hospital <4 

days after antibiotics were started and antibiotics were continued until the day or day prior to 

death, hospice discharge, or transfer.[10, 11] We defined a hospital encounter as having 

sepsis if there was presumed serious infection and organ dysfunction using either a rise in 

SOFA score by ≥2 points (Sepsis-3) or the presence of ≥1 eSOFA criteria (Adult Sepsis 

Event) within +/−2 days of the blood culture day (additional details in eMethods, 
Supplement).

In the Emory dataset, maximum daily vasopressor doses were available and daily SOFA 

scores were calculated independently according to internal data specifications. Only PaO2/

FiO2 ratios, and not SaO2/FiO2 ratios, were used to calculate respiratory SOFA scores. 

Presumed infection, baseline SOFA scores, Sepsis-3, and Adult Sepsis Events were 

otherwise implemented using the same approach as in the Cerner dataset.

Comparison of Sepsis Patients Defined by SOFA and eSOFA

We examined the prevalence, characteristics, and outcomes of sepsis using either SOFA or 

eSOFA. We identified their likely infection syndromes using International Classification of 
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, adapting prior 

methodology (eTable 1, Supplement).[22, 23] Crude mortality rates were compared using 

two-sample z-tests. The agreement between sepsis patients identified by SOFA and eSOFA 

was calculated using Cronbach’s alpha, a commonly used measure of reliability.[3, 24, 25] 

The sensitivity and positive predictive value (PPV) of sepsis defined by eSOFA (Adult 

Sepsis Event) was compared to sepsis defined using the SOFA score (Sepsis-3) amongst 

patients with presumed infection. In order to examine the consistency of the relationship of 

eSOFA vs SOFA across important patient subgroups, these analyses were repeated in 

subgroups stratified by age, infectious syndromes, and comorbidities.

We then evaluated and compared discrimination for in-hospital mortality using eSOFA vs 

SOFA in patients with presumed infection, using the same methodology as the Sepsis-3 

analyses.[3] Specifically, we created a baseline model for the outcome of in-hospital death 

based on age, sex, race, and a composite comorbidity score (Elixhauser method [26]) among 

all patients with presumed infection. We divided encounters into deciles of baseline risk of 

in-hospital death. Within each decile, we compared mortality rates among patients with and 

without an increase in SOFA by ≥2 points, and among patients with and without ≥1 eSOFA 

criteria. We assessed model discrimination with receiver operating characteristic curves 
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(AUROC) for in-hospital death using SOFA and eSOFA alone when each set of criteria were 

added to the baseline risk model.

We performed two sensitivity analyses. First, we examined the performance of eSOFA 

criteria without lactate, since it is unclear whether lactate adds additional prognostic 

information above and beyond other organ dysfunction criteria [3]. Second, we used a less 

stringent definition of presumed infection that allowed for any clinical culture – rather than 

blood cultures alone – to establish the infection window.

All analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC). All tests of 

significance used two-sided p-values at ≤0.05.

RESULTS

Sepsis Prevalence, Characteristics, Mortality, and Overlap of eSOFA and SOFA

The primary cohort from Cerner HealthFacts included 942,360 adult hospital encounters 

from 2013–2015. Of these, 104,903 (11.1%) met presumed infection criteria, 57,242 (6.1%) 

met Sepsis-3 criteria (presumed infection with concurrent increase in the SOFA score by ≥2 

points), 41,618 (4.4%) met CDC Adult Sepsis Event criteria (presumed infection with ≥1 

concurrent eSOFA criteria), and 34,174 (3.6%) met both Sepsis-3 and Adult Sepsis Event 

criteria (eFigure 1, Supplement). The frequency of missing variables for SOFA and eSOFA 

is shown in eTable 2 (Supplement).

Demographics, comorbidities, and clinical characteristics of both sets of sepsis patients were 

broadly similar (Table 2). Pneumonia and urinary tract infections were the most common 

infectious diagnoses associated with both SOFA and eSOFA sepsis patients. Respiratory and 

neurologic dysfunction were the most common organ dysfunctions flagged by the SOFA 

score, whereas elevated lactate and doubling in baseline creatinine were the most common 

eSOFA-flagged organ dysfunctions (eFigures 2 and 3, Supplement).

In-hospital mortality rates in sepsis patients were higher with eSOFA vs SOFA criteria (17.1 

vs 14.4%, p<0.001). Mortality for patients with presumed infection without concurrent 

eSOFA was 3.4% (2,137 of 61,148 patients) versus 2.2% (1,047 of 46,614 patients) for 

patients without concurrent increases in SOFA by ≥2 points (p<0.001).

Patients with presumed infection who met SOFA but not eSOFA criteria (22.0% of the 

presumed infection cohort) tended to have mild hypoxemia that did not require mechanical 

ventilation, or abnormal GCS scores. Conversely, patients who met eSOFA criteria but not 

SOFA (7.1% of the presumed infection cohort) most commonly had elevated lactate or 

doubling in serum creatinine (eFigures 4 and 5, Supplement). The mortality in both these 

groups was relatively low (4.9% for presumed infection patients who were SOFA+/eSOFA- 

and 6.3% for those who were eSOFA+/SOFA-) (Figure 1). In contrast, mortality was highest 

(19.8%) in the patients with presumed infection who met both SOFA and eSOFA criteria 

(32.6% of the presumed infection cohort) (Figure 1). These patients tended to have elevated 

lactate levels and high rates of cardiovascular, renal, and respiratory dysfunction by both 

eSOFA and SOFA criteria (eFigure 6, Supplement).
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Agreement between SOFA/Sepsis-3 and eSOFA/Adult Sepsis Events was good (Cronbach’s 

alpha 0.81). Relative to Sepsis-3, the sensitivity of Adult Sepsis Event criteria was 59.7% 

and positive predictive value was 82.1%. The relative differences in prevalence and 

mortality, and the agreement between Sepsis-3 and Adult Sepsis Events, was generally 

consistent across patient subgroups stratified by age, infectious diagnoses, and comorbidity 

burden (Table 3).

Prognostic Accuracy for In-Hospital Death

Amongst patients with presumed infection, encounters with sepsis based on ≥2 SOFA points 

vs ≥1 eSOFA criteria had similar increases in odds of mortality across baseline risk deciles 

(Figure 2). Overall discrimination for in-hospital mortality on top of the baseline risk model 

was slightly higher for eSOFA (AUROC=0.774, 95% CI 0.770–0.779) versus SOFA 

(AUROC 0.759, 95% CI 0.751–0.764, p<0.001).

Sensitivity Analyses

Removing lactate from eSOFA criteria decreased Adult Sepsis Event prevalence from 4.4% 

to 3.5%, increased mortality from 17.1% to 19.0%, and made no difference in the AUROC 

for in-hospital mortality (0.773, 95% CI 0.769–0.778). The sensitivity of eSOFA without 

lactate for SOFA/Sepsis-3 was lower than eSOFA with lactate (51.8% vs 59.7%) but PPV 

was higher (89.2% vs 82.1%). When expanding presumed infection criteria to include any 

clinical culture rather than blood cultures alone, findings were similar, with an AUROC for 

in-hospital mortality of 0.780 (95% CI 0.776–0.784) for eSOFA (with the lactate criterion) 

vs 0.768 for SOFA (95% CI 0.764–0.772, p<0.001).

Findings in Independent Dataset

In the 4-hospital Emory dataset, sepsis prevalence was slightly higher with eSOFA than 

SOFA (6.5% vs 6.1%) but other findings were similar, with eSOFA having slightly higher 

mortality (11.5% vs 10.8%) and better discrimination for in-hospital death amongst patients 

with presumed infection (AUROC 0.755, 95% CI 0.745–0.766) vs SOFA (AUROC 0.717, 

95% CI 0.705–0.728, p<0.001) (eTable 3, Supplement).

DISCUSSION

The SOFA score is a clinically rich and well-tested measure of organ dysfunction, but a 

simpler version that relies on more readily available data could facilitate automated and 

consistent sepsis surveillance in more hospitals with variable EHR systems. In this large 

cohort, we found that the eSOFA criteria in CDC’s Adult Sepsis Event definition have good 

overlap with the SOFA score used by Sepsis-3 and identify similar sepsis patients, with 

slightly lower prevalence and higher mortality. The relationship of eSOFA to SOFA was 

consistent across major age categories, infectious diagnoses, and comorbidity burden, 

indicating that tracking Adult Sepsis Events can provide reliable information on sepsis rates 

as identified by Sepsis-3 criteria across hospitals with different patient populations.

Two prior analyses in single healthcare systems also found good overlap between Sepsis-3 

and an earlier version of CDC surveillance criteria.[5, 25] Our study expands on these 
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findings using data from a larger set of hospitals and provides further insight into the 

relationship between these two definitions. We found good positive predictive value (82%) 

but moderate sensitivity (60%) of Adult Sepsis Event detection relative to Sepsis-3, mainly 

due to the possibility of reaching 2 SOFA points from hypoxemia without mechanical 

ventilation and from abnormal GCS scores without any corresponding eSOFA criteria. 

Broadening Adult Sepsis Event surveillance to include hypoxemia beyond mechanical 

ventilation and mental status is conceptually attractive but operationally difficult given 

variability in measurement and data quality for arterial blood gases, SaO2 and FiO2 levels, 

and GCS [8, 9].

Our findings also demonstrate several nuances of conducting sepsis surveillance using 

lactate levels. Including lactate in eSOFA increased eSOFA’s sensitivity for identifying 

patients with Sepsis-3 criteria, likely because the lactate criterion identifies some patients 

with mild hypotension, hypoxemia, or abnormal mental status that are sufficient to increase 

SOFA but insufficient to trigger eSOFA criteria. However, removing lactate also increased 

eSOFA’s positive predictive value as many patients flagged by lactate alone had no organ 

dysfunction by SOFA. Furthermore, removing lactate from eSOFA resulted in a higher 

overall mortality and did not change the AUROC for discriminating for in-hospital death. 

This suggests elevated lactate levels alone without concurrent organ dysfunction have little 

impact on the risk of mortality.

Since there is no gold standard for sepsis,[4, 27] investigators have compared potential 

sepsis criteria based on their predictive validity for mortality in patients with suspected 

infection.[3, 28] In our study, eSOFA criteria had comparable or better discrimination for 

mortality compared to an increase in SOFA by ≥2 points. These findings were consistent in 

the independent dataset and when expanding the definition of presumed infection to include 

all clinical cultures rather than blood cultures alone.[29] Although eSOFA is not meant to 

facilitate early sepsis recognition or bedside management, this strong association with 

mortality gives further credibility to these criteria as a means of tracking sepsis and to the 

importance of conducting surveillance for Adult Sepsis Events.

Given the complexity of sepsis, no single set of criteria can adequately serve all the needs of 

various stakeholders.[4, 5] For example, quick SOFA and systemic inflammatory response 

syndrome criteria were designed as bedside prompts for early sepsis recognition, while the 

Sepsis-3 SOFA criteria are well-suited for clinically characterizing septic patients as well as 

prospective and clinical trials.[1, 5] In contrast, CDC’s Adult Sepsis Event eSOFA criteria 

are optimized for retrospective surveillance since they prioritize consistent monitoring of 

sepsis incidence and outcomes using EHR data. EHR data overcome some of the biases 

inherent in conducting surveillance using administrative data, especially variable and 

changing diagnosis and coding practices over time.[27, 30–32]

This study has several limitations. First, identifying sepsis using SOFA requires assumptions 

about patients’ baseline SOFA scores and the time period surrounding organ dysfunction and 

infection. However, we chose clinically reasonable time windows based on prior work 

validated by medical record reviews.[11, 30, 33] The AUROC values we found for SOFA 

were also similar to those reported in previous studies, including the Sepsis-3 derivation 
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work.[3, 28] Second, there may be idiosyncrasies in the Cerner dataset and our SOFA score 

implementation that limit the generalizability of our findings, particularly as we were unable 

to perfectly replicate the SOFA score due to the absence of vasopressor doses. However, the 

Emory cohort did contain these data and generated similar results for mortality and AUROC 

using SOFA versus eSOFA. Prevalence estimates of eSOFA versus SOFA differed slightly in 

the Emory cohort; this likely reflects differences in populations as well as the use of only 

PaO2/FiO2 values (and not SaO2/FiO2) in Emory to assign respiratory SOFA points. Third, 

our comparisons of infectious syndromes in Adult Sepsis Events vs Sepsis-3 cases may also 

be limited by diagnostic errors and coding inaccuracies.[34] Lastly, our reference for eSOFA 

comparisons was the SOFA score, but the Sepsis-3 definition has not yet been universally 

embraced [35, 36] and several other scores also accurately predict death in patients with 

possible infections.[37–39]

In conclusion, we found that CDC’s Adult Sepsis Event eSOFA organ dysfunction criteria 

identify a smaller, more severely ill cohort of sepsis patients compared to those identified 

using the more complex SOFA score. There is substantial overlap, however, between 

patients identified by the two definitions. These findings support the use of Adult Sepsis 

Events as a practical tool that hospitals and public health agencies can consider using for 

consistent and automatable sepsis surveillance.

Supplementary Material
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Acknowledgments

Financial Support: This work was funded by the Centers for Disease Control and Prevention (U54CK000484), the 
Agency for Healthcare Research and Quality (K08HS025008 to C.R.), the National Institutes of Health 
(R35GM119519 to C.W.S. and D.C.A.), and National Institutes of Health Intramural funds (S.S.K). The content is 
solely the responsibility of the authors and does not necessarily represent the official views of the Centers for 
Disease Control and Prevention, the Agency for Healthcare Research and Quality, or the National Institutes of 
Health.

Drs. Rhee, Martin, Overton, Wang, and Klompas’ institutions received funding from Centers for Disease Control 
and Prevention (CDC). Drs. Rhee, Kadri, and Seymour received support for article research from the National 
Institutes of Health (NIH). Dr. Rhee’s institution received funding from Agency for Healthcare Research and 
Quality. Drs. Zhang and Fram disclosed work for hire. Drs. Kadri and Epstein disclosed government work. Dr. 
Martin’s institution received funding from and Cheetah Medical; he received funding from Grifols; and he received 
support for article research from the CDC. Christopher Seymour c/f (institution received funding from NIH/
NIGMS; received support for article research from the NIH) Drs. Fram and Schaaf’s institution received funding 
from Harvard Pilgrim Healthcare Institute and they received funding from Commonwealth Informatics; Dr. 
Klompas received honoraria for lectures from Washington State Hospital Association, Dell Medical School, and 
Beth Israel Deaconess Hospital Plymouth.

REFERENCES

1. Singer M, Deutschman CS, Seymour CW et al.: The Third International Consensus Definitions for 
Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315(8):801–810. [PubMed: 26903338] 

2. Vincent JL, Moreno R, Takala J et al.: The SOFA (Sepsis-related Organ Failure Assessment) score 
to describe organ dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems 
of the European Society of Intensive Care Medicine. Intensive Care Med 1996, 22(7):707–710. 
[PubMed: 8844239] 

Rhee et al. Page 8

Crit Care Med. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Seymour CW, Liu VX, Iwashyna TJ et al.: Assessment of Clinical Criteria for Sepsis: For the Third 
International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315(8):
762–774. [PubMed: 26903335] 

4. Angus DC, Seymour CW, Coopersmith CM et al.: A Framework for the Development and 
Interpretation of Different Sepsis Definitions and Clinical Criteria. Crit Care Med 2016, 
44(3):e113–121. [PubMed: 26901559] 

5. Seymour CW, Coopersmith CM, Deutschman CS et al.: Application of a Framework to Assess the 
Usefulness of Alternative Sepsis Criteria. Crit Care Med 2016, 44(3):e122–130. [PubMed: 
26901560] 

6. Stevenson JE, Israelsson J, Nilsson GC et al.: Recording signs of deterioration in acute patients: The 
documentation of vital signs within electronic health records in patients who suffered in-hospital 
cardiac arrest. Health Informatics J 2016, 22(1):21–33. [PubMed: 24782478] 

7. Stevenson JE, Israelsson J, Petersson G et al.: Factors influencing the quality of vital sign data in 
electronic health records: A qualitative study. J Clin Nurs 2017.

8. Gill MR, Reiley DG, Green SM: Interrater reliability of Glasgow Coma Scale scores in the 
emergency department. Ann Emerg Med 2004, 43(2):215–223. [PubMed: 14747811] 

9. Bledsoe BE, Casey MJ, Feldman J et al.: Glasgow Coma Scale Scoring is Often Inaccurate. Prehosp 
Disaster Med 2015, 30(1):46–53. [PubMed: 25489727] 

10. Centers for Disease Control and Prevention: Hospital Toolkit for Adult Sepsis Surveillance [https://
www.cdc.gov/sepsis/pdfs/Sepsis-Surveillance-Toolkit-Mar-2018_508.pdf]

11. Rhee C, Dantes R, Epstein L et al.: Incidence and Trends of Sepsis in US Hospitals Using 
Clinical vs Claims Data, 2009–2014. JAMA 2017, 318(13):1241–1249.

12. Choudhry SA, Li J, Davis D et al.: A public-private partnership develops and externally validates a 
30-day hospital readmission risk prediction model. Online J Public Health Inform 2013, 5(2):219. 
[PubMed: 24224068] 

13. Goyal A, Spertus JA, Gosch K et al.: Serum potassium levels and mortality in acute myocardial 
infarction. JAMA 2012, 307(2):157–164. [PubMed: 22235086] 

14. Grodzinsky A, Goyal A, Gosch K et al.: Prevalence and Prognosis of Hyperkalemia in Patients 
with Acute Myocardial Infarction. Am J Med 2016, 129(8):858–865. [PubMed: 27060233] 

15. Lagu T, Pekow PS, Shieh MS et al.: Validation and Comparison of Seven Mortality Prediction 
Models for Hospitalized Patients With Acute Decompensated Heart Failure. Circ Heart Fail 2016, 
9(8).

16. Chan WW, Waltman Johnson K, Friedman HS et al.: Association between cardiac, renal, and 
hepatic biomarkers and outcomes in patients with acute heart failure. Hosp Pract (1995) 2016, 
44(3):138–145.

17. Andes D, Azie N, Yang H et al.: Drug-Drug Interaction Associated with Mold-Active Triazoles 
among Hospitalized Patients. Antimicrob Agents Chemother 2016, 60(6):3398–3406. [PubMed: 
27001815] 

18. Petrick JL, Nguyen T, Cook MB: Temporal trends of esophageal disorders by age in the Cerner 
Health Facts database. Ann Epidemiol 2016, 26(2):151–154 e151–154. [PubMed: 26762962] 

19. Rhodes A, Evans LE, Alhazzani W et al.: Surviving Sepsis Campaign: International Guidelines for 
Management of Sepsis and Septic Shock: 2016. Crit Care Med 2017, 45(3):486–552.

20. NQF #500 Severe Sepsis and Septic Shock: Management Bundle (Composite Measure) [http://
www.qualityforum.org/Qps/QpsTool.aspx]

21. Jones AE, Trzeciak S, Kline JA: The Sequential Organ Failure Assessment score for predicting 
outcome in patients with severe sepsis and evidence of hypoperfusion at the time of emergency 
department presentation. Crit Care Med 2009, 37(5):1649–1654. [PubMed: 19325482] 

22. Christensen KL, Holman RC, Steiner CA et al.: Infectious disease hospitalizations in the United 
States. Clin Infect Dis 2009, 49(7):1025–1035. [PubMed: 19708796] 

23. Rhee C, Gohil S, Klompas M: Regulatory mandates for sepsis care--reasons for caution. N Engl J 
Med 2014, 370(18):1673–1676. [PubMed: 24738642] 

24. Eisinga R, Grotenhuis M, Pelzer B: The reliability of a two-item scale: Pearson, Cronbach, or 
Spearman-Brown? Int J Public Health 2013, 58(4):637–642. [PubMed: 23089674] 

Rhee et al. Page 9

Crit Care Med. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/sepsis/pdfs/Sepsis-Surveillance-Toolkit-Mar-2018_508.pdf
https://www.cdc.gov/sepsis/pdfs/Sepsis-Surveillance-Toolkit-Mar-2018_508.pdf
http://www.qualityforum.org/Qps/QpsTool.aspx
http://www.qualityforum.org/Qps/QpsTool.aspx


25. Johnson AEW, Aboab J, Raffa JD et al.: A Comparative Analysis of Sepsis Identification Methods 
in an Electronic Database. Crit Care Med 2018.

26. van Walraven C, Austin PC, Jennings A et al.: A modification of the Elixhauser comorbidity 
measures into a point system for hospital death using administrative data. Med Care 2009, 47(6):
626–633. [PubMed: 19433995] 

27. Rhee C, Kadri SS, Danner RL et al.: Diagnosing sepsis is subjective and highly variable: a survey 
of intensivists using case vignettes. Crit Care 2016, 20:89. [PubMed: 27048508] 

28. Raith EP, Udy AA, Bailey M et al.: Prognostic Accuracy of the SOFA Score, SIRS Criteria, and 
qSOFA Score for In-Hospital Mortality Among Adults With Suspected Infection Admitted to the 
Intensive Care Unit. JAMA 2017, 317(3):290–300. [PubMed: 28114553] 

29. Churpek MM, Snyder A, Sokol S et al.: Investigating the Impact of Different Suspicion of 
Infection Criteria on the Accuracy of Quick Sepsis-Related Organ Failure Assessment, Systemic 
Inflammatory Response Syndrome, and Early Warning Scores. Crit Care Med 2017, 45(11):1805–
1812. [PubMed: 28737573] 

30. Rhee C, Kadri S, Huang SS et al.: Objective Sepsis Surveillance Using Electronic Clinical Data. 
Infect Control Hosp Epidemiol 2016, 37(2):163–171. [PubMed: 26526737] 

31. Rhee C, Murphy MV, Li L et al.: Improving documentation and coding for acute organ dysfunction 
biases estimates of changing sepsis severity and burden: a retrospective study. Crit Care 2015, 
19:338. [PubMed: 26369326] 

32. Klompas M, Rhee C: We Need Better Tools for Sepsis Surveillance. Crit Care Med 2016, 44(7):
1441–1442. [PubMed: 27309169] 

33. Kadri SS, Rhee C, Strich JR et al.: Estimating Ten-Year Trends in Septic Shock Incidence and 
Mortality in United States Academic Medical Centers Using Clinical Data. Chest 2017, 151(2):
278–285. [PubMed: 27452768] 

34. Rothberg MB, Pekow PS, Priya A et al.: Variation in diagnostic coding of patients with pneumonia 
and its association with hospital risk-standardized mortality rates: a cross-sectional analysis. Ann 
Intern Med 2014, 160(6):380–388. [PubMed: 24723078] 

35. Simpson SQ: New Sepsis Criteria: A Change We Should Not Make. Chest 2016, 149(5):1117–
1118. [PubMed: 26927525] 

36. Townsend SR, Rivers E, Tefera L: Definitions for Sepsis and Septic Shock. JAMA 2016, 316(4):
457–458.

37. Le Gall JR, Klar J, Lemeshow S et al.: The Logistic Organ Dysfunction system. A new way to 
assess organ dysfunction in the intensive care unit. ICU Scoring Group. JAMA 1996, 276(10):
802–810. [PubMed: 8769590] 

38. Churpek MM, Snyder A, Han X et al.: Quick Sepsis-related Organ Failure Assessment, Systemic 
Inflammatory Response Syndrome, and Early Warning Scores for Detecting Clinical Deterioration 
in Infected Patients outside the Intensive Care Unit. Am J Respir Crit Care Med 2017, 195(7):906–
911. [PubMed: 27649072] 

39. Macdonald SP, Arendts G, Fatovich DM et al.: Comparison of PIRO, SOFA, and MEDS scores for 
predicting mortality in emergency department patients with severe sepsis and septic shock. Acad 
Emerg Med 2014, 21(11):1257–1263. [PubMed: 25377403] 

Rhee et al. Page 10

Crit Care Med. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Comparison of sepsis prevalence and mortality by overlap of organ dysfunction criteria 
(among patients with presumed infection)
This analysis was limited to patients who met presumed infection criteria (n=104,393). 

Thus, the last category (Sepsis-3 No / Adult Sepsis Event No) refers to patients with 

presumed infection who did not have an increase in SOFA score by ≥2 points and did not 

meet eSOFA criteria.
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Figure 2. Fold change in rate of in-hospital mortality by deciles of baseline risk of death for ≥1 vs 
0 eSOFA criteria and increase in SOFA by ≥2 vs <2 points in patients with presumed infection
The x-axis divides the cohort into deciles of baseline risk, which were created based on age, 

sex, race, and Elixhauser comorbidity index. The y-axis shows the fold-increase in the odds 

of death (log-scale) in a patient with presumed infection who meets ≥1 vs 0 concurrent 

eSOFA criteria for each decile of risk and who has a concurrent increase in SOFA score by 

≥2 vs <2 points. For example, a young male with no comorbidities (baseline risk decile 1) 

with presumed infection (e.g, pneumonia) has a 16-fold increased odds of death if he has ≥1 

eSOFA criteria (thus meeting the Adult Sepsis Event definition) versus no eSOFA criteria. 

He also has a 16-fold increased odds of death if he has an increase in his SOFA score by ≥2 

points (thus meeting Sepsis-3 criteria) versus <2 SOFA points.
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Table 1.

The Sequential Organ Failure Assessment Score (SOFA) and eSOFA Criteria

Organ System SOFA Score eSOFA

Cardiovascular
a 1 - Mean Arterial Pressure <70 mmHg

2 –DA ≤ 5 mcg/kg/min or Dobutamine (any dose)
3 - DA > 5 or EPI ≤0.1 or NE ≤0.1 mcg/kg/min
4 - DA > 15 or EPI >0.1 or NE >0.1 mcg/kg/min

Vasopressor initiation

Pulmonary 1 - PaO2/FiO2 300–399
2 - PaO2/FiO2 200–299
3 - PaO2/FiO2 100–199 and ventilated
4 - PaO2/FiO2 ratio <100 and ventilated

Mechanical ventilation initiation
(>1 calendar day required between
vent episodes)

Renal
b 1 - Creatinine 1.2–1.9 mg/dL

2 - Creatinine 2.0–3.4 mg/dL
3 - Creatinine 3.5–4.9 mg/dL or UOP <500 cc/day
4 - Creatinine >5.0 mg/dL or UOP <200 cc/day

 ↑2x Creatinine or ↓≥50% of eGFR
relative to baseline
(excluding patients with end-stage
renal disease)

Hepatic 1 - Bilirubin 1.2–1.9 mg/dL
2 - Bilirubin 2.0–5.9 mg/dL
3 - Bilirubin 6.0–11.9 mg/dL
4 - Bilirubin >12.0 mg/dL

Bilirubin ≥ 2.0 mg/dL and ↑2x from
baseline

Coagulation 1 - Platelets 100–149 cells/µL
2 - Platelets 50–99 cells/µL
3 - Platelets 20–49 cells/µL
4 - Platelets <20 cells/µL

Platelet count <100 cells/µL and↓
≥50% decline from baseline
(baseline must be ≥100 cells/µL)

Neuro 1 - Glasgow Coma Scale score 13–14
2 - Glasgow Coma Scale score 10–12
3 - Glasgow Coma Scale score 6–9
4 - Glasgow Coma Scale score <6

None
Perfusion dysfunction:
Lactate ≥2.0 mmol/L

Abbreviations: DA = dopamine, EPI = epinephrine, NE = norepinephrine. PaO2 = partial pressure of oxygen, FiO2 = fraction of inspired oxygen.

a
Vasopressor doses were unavailable in the Cerner HealthFacts dataset; thus, the number of simultaneous vasopressors were used as a surrogate for 

severity of cardiovascular dysfunction.

b
Urine output was unavailable in the dataset; thus, only creatinine was used to calculate renal SOFA scores.
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Table 2.

Characteristics of Sepsis Patients Defined by Increase in SOFA Score by ≥2 points (Sepsis-3) vs ≥1 eSOFA 

Criteria (Adult Sepsis Event)

Characteristics >Organ Dysfunction Criteria Used to Defined Sepsis

SOFA Score (Sepsis-3)
N=57,242

eSOFA (CDC Adult Sepsis Event)
N=41,618

Median Age (IQR) 69 (57–80) 67 (55–79)

Sex

 Malea 28,917 (50.5%) 20,953 (50.4%)

Race

 White 43,905 (78.3%) 30,798 (75.8%)

 Black 8,503 (15.2%) 6,892 (17.0%)

 Other 3702 (6.5%) 2,967 (7.1%)

 Missing 1,133 (2.0%) 961 (2.3%)

Comorbidities (Elixhauser)

 Cancer (Tumor, Mets, or Lymph) 7,453 (13.0%) 5,746 (13.8%)

 Chronic Lung Disease 19,060 (33.3%) 12,314 (29.6%)

 Congestive Heart Failure 16,089 (28.1%) 10.765 (25.9%)

 Diabetes 19,530 (34.1%) 14,284 (34.3%)

 Liver Disease 3,992 (7.0%) 3,356 (8.1%)

 Renal Disease 14,394 (25.2%) 9,895 (23.8%)

Infectious Syndrome

 Pneumonia 20,681 (36.1%) 13,677 (32.9%)

 Urinary Tract Infection 15,329 (26.8%) 11,701 (28.1%)

 Intra-abdominal Infection 8,776 (15.3%) 7,510 (18.1%)

 Skin/Soft Tissue Infection 4,978 (8.7%) 3,759 (9.0%)

 Septicemia/Bacteremia 20,621 (36.0%) 17,512 (42.1%)

 2 or more Infections 20,507 (35.8%) 16,613 (39.9%)

Location at Sepsis Identificationb

 ICU 13,497 (23.6%) 11,552 (27.8%)

 ED or Ward 43,745 (76.4%) 30,066 (72.2%)

Outcomes

 Median Hospital LOS (IQR) 8 (5–13) 8 (5–14)

 Required ICU Admission 20,111 (35.1%) 16,917 (40.7%)

 Death 8,221 (14.4%) 7,131 (17.1%)

 Hospice 3,277 (5.7%) 2,146 (5.2%)

Abbreviations: ICU = intensive care unit. ED = emergency department.

a
Data on sex was missing for 1 patient each in the SOFA and eSOFA cohorts.

b
The day of sepsis identification was defined by the blood culture day or first antibiotic day, whichever occurred first, within the first sepsis episode 

of a hospitalization.
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Table 3.

Relationship of eSOFA (CDC Adult Sepsis Event) and SOFA (Sepsis-3) Across Important Patient Subgroups

Patient Subgroup Sepsis-3
Deaths /

Cases
(Mortality %)

CDC Adult
Sepsis Deaths

/ Cases
(Mortality%)

Sensitivity of
CDC Adult
Sepsis Event
(vs Sepsis-3)

PPV of CDC
Adult Sepsis

Event (vs
Sepsis-3)

Cronbach’s
Alpha

Age Categories

 Age <65 2,834 / 23,067
(12.3%)

2,644 / 18,363
(14.4%)

65.0% 81.7% 0.83

 Age ≥65 5,387 / 34,166
(15.8%)

4,487 / 23,255
(19.3%)

56.1% 82.5% 0.79

Infectious Diagnoses

 Pneumonia 3,183 / 20,681
(15.4%)

2,624 / 13,677
(19.2%)

55.2% 83.5% 0.74

 Urinary Tract 1,679 / 15,329
(11.0%)

1,445 / 11,701
(12.4%)

61.7% 80.8% 0.79

 Intra-abdominal 1,542 / 8,776
(17.6%)

1,425 / 7,510
(19.0%)

72.4% 84.6% 0.86

Comorbidities

 Cancer 1,640 / 7,453
(22.0%)

1,397 / 5,746
(24.3%)

62.5% 81.1% 0.81

 Low Comorbidity

 Burdena
850 / 11,571

(7.4%)
736 / 8,296

(8.9%)
54.0% 75.3% 0.77

 High Comorbidity

 Burdena
7,371 / 45,671

(16.1%)
6,395 / 33,322

(19.2%)
61.2% 83.8% 0.81

Abbreviation: PPV = positive predictive value.

a
Low comorbidity burden was defined by Elixhauser score <5. High comorbidity burden was defined by Elixhauser score ≥5.
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