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The Presentation, Pace, and Profile of Infection
and Sepsis Patients Hospitalized Through the
Emergency Department: An Exploratory Analysis

OBIJECTIVES: To characterize the signs and symptoms of sepsis, com-
pare them with those from simple infection and other emergent conditions
and evaluate their association with hospital outcomes.

DESIGN, SETTING, PARTICIPANTS, AND INTERVENTION: A multi-
center, retrospective cohort study of 408,377 patients hospitalized through
the emergency department from 2012 to 2017 with sepsis, suspected
infection, heart failure, or stroke. Infected patients were identified based
on Sepsis-3 criteria, whereas noninfected patients were identified through
diagnosis codes.

MEASUREMENTS AND MAIN RESULTS: Signs and symptoms were
identified within physician clinical documentation in the first 24 hours of
hospitalization using natural language processing. The time of sign and
symptom onset prior to presentation was quantified, and sign and symptom
prevalence was assessed. Using multivariable logistic regression, the as-
sociation of each sign and symptom with four outcomes was evaluated:
sepsis versus suspected infection diagnosis, hospital mortality, ICU ad-
mission, and time of first antibiotics (> 3 vs < 3hr from presentation). A
total of 10,825 signs and symptoms were identified in 6,148,348 clinical
documentation fragments. The most common symptoms overall were as fol-
lows: dyspnea (35.2%), weakness (27.2%), altered mental status (24.3%),
pain (23.9%), cough (19.7%), edema (17.8%), nausea (16.9%), hyperten-
sion (15.6%), fever (13.9%), and chest pain (12.1%). Compared with pre-
dominant signs and symptoms in heart failure and stroke, those present in
infection were heterogeneous. Signs and symptoms indicative of neurologic
dysfunction, significant respiratory conditions, and hypotension were strongly
associated with sepsis diagnosis, hospital mortality, and intensive care. Fever,
present in only a minority of patients, was associated with improved mortality
(odds ratio, 0.67, 95% CI, 0.64-0.70; p < 0.001). For common symptoms,
the peak time of symptom onset before sepsis was 2 days, except for altered
mental status, which peaked at 1 day prior to presentation.

CONCLUSIONS: The clinical presentation of sepsis was heterogeneous
and occurred with rapid onset prior to hospital presentation. These find-
ings have important implications for improving public education, clinical
treatment, and quality measures of sepsis care.
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sponse to severe infection (1, 2). Early identification and treatment of infec-

S epsis is a life-threatening syndrome resulting from a dysregulated host re-
tion in sepsis have been shown to improve mortality (3-7). Consequently,
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numerous global, national, and local healthcare pro-
grams now focus on accelerating the detection and
treatment of sepsis (8-12). Particular attention has
been paid to improving public education by highlight-
ing signs and symptoms that should prompt patients to
seek medical care (9, 13-16).

Despite this focus, little is actually known about the
signs and symptoms preceding sepsis (1, 17-27). For
example, how common are specific symptoms present
at sepsis onset (21)? How long are these symptoms
present before presentation (19)? Do symptoms dif-
fer between simple infection and sepsis? And, finally,
what signs and symptoms are associated with the worst
outcomes (17, 18, 20, 25)? Without this knowledge,
public education and early detection efforts may be
misdirected and hamper the identification of infected
patients at the highest risk of adverse outcomes.

We undertook this study to identify the most
common signs and symptoms present in sepsis and
suspected infection patients hospitalized from the
emergency department (ED). Comparing these signs
and symptoms against those of heart failure and stroke
patients, we also identified those which were most
strongly associated with adverse hospital outcomes.
Finally, we quantified symptom duration prior to pre-
sentation to understand the pace of prehospital pro-
gression from simple to severe infection.

METHODS

This study was approved by the Kaiser Permanente
Northern California (KPNC) Institutional Review
Board (number 1432052).

Using electronic health record data, we identified all
adult patients (age > 18 yr) presenting to the ED and
subsequently admitted to one of 21 hospitals within
the KPNC integrated healthcare delivery system with
sepsis or suspected infection between January 1, 2012,
and December 31, 2017. We included only hospitaliza-
tions that started at a KPNC hospital, included at least
one overnight stay, and were not for labor and delivery
(28, 29). We identified sepsis and suspected infection
patients using Sepsis-3 international consensus defini-
tions based on the timed dyad criteria of receiving anti-
biotics and cultures to establish “suspected infection” (1).
Among these suspected infection patients, we further
identified the mutually exclusive subset of sepsis patients
iftheyhad a Sequential Organ Failure Assessment (SOFA)
score of greater than or equal to 2 (without consideration
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for prehospital SOFA score values indicative of preex-
isting organ dysfunction) (2, 30). We also identified two
comparison cohorts: ED patients admitted with heart
failure and stroke who did not meet suspected infection
criteria (Supplement Table 1, Supplementary Digital
Content 1, http://links.lww.com/CCX/A506).

We sought to extract patients’ signs and symptoms
as recorded in physician clinical documentation cap-
tured within the first 24 hours of hospitalization, inclu-
sive of their time in the ED. We focused on four clinical
note types (“History and Physical,” “ED Provider;” “ED
Progress,” and “Consult History and Physical”) and
extracted unstructured text following five note header
types (“History of Present Illness,” “Patient Presents
With,” “HPI;” “HPI Comments,” and Summary”). We
used existing signs and symptoms ontologies gener-
ated by Systematized Nomenclature of Medicine and
National Cancer Institute to identify relevant terms,
based on their implementation within the I2E nat-
ural language processing software (Linguamatics I2E
5.4.1R13, Cambridge, UK) (31-36). We iteratively de-
veloped documentation queries to account for symptom
negation and common text patterns like comma-sepa-
rated lists. We retained terms from these existing ontolo-
gies that may not be commonly thought of as signs and
symptoms (e.g., sepsis, liver failure, respiratory failure)
because our data were derived from clinician notes (in
which signs and symptoms are often aggregated using
clinical terminology) rather than directly from patient
report. We included hospitalizations in which any signs
and symptoms were identified (97.8% of all 417,477 po-
tential hospitalizations).

We grouped the top 1,000 most frequent signs and
symptoms terms into 439 distinct groups based on
similarity. For example, “dyspnea” included the terms
“shortness of breath,” “dyspnea,” “labored breathing,’
and “winded.” Similarly, “peripheral edema” included
“edema limbs,” “peripheral edema,” “edema of foot,”
and “pedal edema” We quantified the proportion of
patients in the four cohorts exhibiting each sign and
symptom and identified the most frequent overall
signs and symptoms by taking the average prevalence
across all four cohorts. We also used I2E queries to
establish the time of symptom onset prior to ED ar-
rival, truncating pre-ED onset at 7 days for those with
longer intervals (e.g., dyspnea starting 2wk ago). To
compare the acuity of sign and symptom onset, we cat-
egorized the onset of symptoms as having occurred in
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less than 7 days (acute) versus greater than or equal
to 7 days (subacute), with day 0 indicating the date of
ED presentation. Pre-ED days of symptom onset data
were identified in a subset of all hospitalizations with
symptom data available (n = 106,416; 26.1%).

We characterized patients’ baseline hospitalization
characteristics, including measures of acute severity of
illness (Laboratory and Physiology Score, Version 2)
and chronic comorbid disease burden (Comorbidity
Point Score, Version 2) (28, 29, 37). We identified key
inpatient adverse outcomes (hospital mortality, the
need for ICU admission during hospitalization) to
assess their association with specific signs and symp-
toms (38, 39). We also quantified the time to first an-
tibiotic (grouped as < or >3 hr after ED presentation)
as a common sepsis process measure (3, 40). We used
multivariable logistic regression to estimate the associ-
ation between the presence of each symptom and each

TABLE 1.

Baseline Characteristics of Sepsis, Suspected Infection, Heart Failure, and Stroke Patients
Admitted to the Hospital From the Emergency Department

outcome, adjusting for the presence or absence of all
other signs and symptoms at a hospitalization level.

Data are presented as mean (sp), median (interquar-
tile range), or number (percent). To adjust for multiple
comparisons, we considered a p value less than or equal
to 0.001 significant. Adjusted odds ratios (ORs) are also
reported with 95% CIs. We used STATA/SE 14.2 (STATA
Corp, Cary, NC) and RStudio 1.2.5 (Boston, MA) for sta-
tistical analyses.

RESULTS

Baseline Cohort Characteristics

Our study included 408,367 patients admitted from
the ED with any sign and symptom identified in phy-
sician documentation. Overall, 166,953 (40.9%) had
suspected infection, whereas 198,016 (48.5%) had
sepsis. We also identified 24,318 patients (6.0%) with

Suspected Heart
Characteristics Sepsis Infection Failure
n 408,367 198,016 166,953 24,318 19,080
Age, yr 69 (17) 71 (16) 65 (19) 74 (14) 72 (14)
Male 192,916 (47.2) 101,218 (51.1) 68,832 (41.2) 13,197 (64.3) 9,669 (50.7)
Acute severity of illness 83 (39) 100 (39) 67 (31) 83 (28) 56 (29)
(Laboratory and Acute
Physiology Score, Version 2)
Comorbid disease burden 60 (53) 0 (56) 49 (48) 77 (50) 35 (35)
(Comorbidity Point Score,
Version 2)
First hospital unit
Ward 316,944 (776) 139,069 (70.2) 143,678 (86.1) 20,237 (83.2) 13,960 (73.2)
ICU 49,008 (12.0) 37450 (18.9) 7122 (4.3) 1,253 (5.2) 3,183 (16.7)
Stepdown 28,134 (6.9) 15,158 (7.7) 8,325 (5.0) 2793 (11.5) 1,858 (9.7)
Length of stay, d, median 3.0 347 2.7 2.6 1.9
(interquartile range) (1.8-5.3) (2.2-6.5) (1.7-4.5) (1.7-4.1) (1.1-3.8)
Hospital mortality 20,169 (4.9) 16,864 (8.5) 2,195 (1.3) 561 (2.3) 549 (2.9)
Time to first antibiotic after = 3.2 33 = =
emergency department entry, (1.8-6.9) (1.9-6.4)

hr, median (interquartile range)

Values represent either number (%) or mean (sp), except for length of stay (which is median). Time to antibiotic is not relevant for

overall, heart failure, and stroke, as indicated by dashes.
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Figure 1. Frequency of the top 30 most common presenting signs and symptoms among patients hospitalized from the emergency
department stratified by cohort: sepsis (left), suspected infection (left center), heart failure (right center), and stroke (right). Bars are
colored by the symptom frequency in the cohort, grouped as: greater than 15% (dark gray), 5—15% (light gray), and less than 5%
(white). Dyspnea was present in 81.4% of heart failure patients (rightward arrow). Sepsis and suspected infection were defined based

on Sepsis-3 specifications. AMS = altered mental status

heart failure and 19,080 (4.7%) with stroke who did not
meet suspected infection criteria. Table 1 displays the
baseline characteristics of infected and noninfected
patients in our study. Sepsis patients had the high-
est severity of illness and hospital mortality (8.5%).
Sepsis and stroke patients were most frequently di-
rectly admitted from the ED to the ICU (18.9% and
16.7%, respectively).

Signs and Symptoms Between Infected and
Noninfected Patients

In total, we evaluated 6,148,348 clinical documentation
fragments using natural language processing, identify-
ing a total of 10,825 unique nonnegated signs and symp-
toms. The median number of unique signs or symptoms
per hospitalization was 5 (interquartile range, 3-7).
Based on the average prevalence across all four cohorts,
the most common at ED presentation were as follows:
dyspnea (35.2%), weakness (27.2%), altered mental status
(24.3%), pain (23.9%), cough (19.7%), edema (17.8%),
nausea (16.9%), hypertension (15.6%), fever (13.9%),
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and chest pain (12.1%). However, symptom frequency
varied considerably among the four cohorts (Fig. 1).
Among patients without infection, a few signs and
symptoms were highly prevalent. In heart failure, these
were dyspnea (81.4%), edema (45.5%), cough (26.8%),
orthopnea (25.3%), and chest pain (22.9%). Among stroke
patients, they were weakness (56.1%), altered mental
status (38.5%), dysarthria (29.4%), facial droop (19.6%),
and hypertension (19.2%). In contrast, few signs and
symptoms among infected patients were highly prevalent,
and many showed similar distribution between sepsis and
suspected infection (Fig. 1). Overall, the most common
in infected patients were pain (35.3%), dyspnea (27.3%),
fever (24.9%), cough (24.3%), and nausea (24.3%).
Figure 2 and Supplemental Table 2 (Supplementary
Digital Content 1, http://links.lww.com/CCX/A506)
display common signs and symptoms (present in > 3%
of infection patients) that were most strongly associ-
ated with increased odds of meeting sepsis, rather than
only suspected infection, criteria. Those associated
with sepsis were indicative to neurologic dysfunction
(unconsciousness, altered mental status, weakness,

xxx 2021 * Volume 00 * Number 00


http://links.lww.com/CCX/A506

Original Clinical Report

©

2.5
1

2
1

AMS

Sleepi !
- eeplnessc.) - Respiratory failure

Fafigue e}

eakness

15

Tremors OHypoxia

Anorsxl Dyspnea

Chllls :

Wheezs) Pafn

[Te) Redness

Odds ratio for sepsis

1
|

Abdomlnal pain

Hypotension

Unconsciousness

1.41-1.59), sepsis (1.38; 1.29-1.48),
and altered mental status (1.25,
1.20-1.30). Similar types of symp-
toms associated with increased
mortality, although less common
(< 3% prevalence) included the follow-
ing: cardiovascular collapse (cardiac
arrest, shock); altered mentation (gur-
gling); liver disease (liver failure, jaun-
dice); and significant respiratory disease
(pneumothorax, hemoptysis). Signs
and symptoms associated with the low-
est odds of hospital mortality included
urinary symptoms (pyelonephritis, hes-
itancy, kidney stone, frequency) as well
as some localized forms of pain (wrist,
eye, pleuritic).

Figure 3 and Supplemental Table 3
(Supplementary Digital Content 1,

1 1.5 2
Qdds ratio for mortality

http://links.lww.com/CCX/A506)  dis-
play adjusted odds ratios for each com-
mon sepsis sign and symptom with
ICU admission and first antibiotics

2.5

Figure 2. Bubble plot of adjusted odds ratios for sepsis versus suspected infection
(y-axis) and hospital mortality (x-axis) among common signs and symptoms (sepsis
frequency = 3%) in infected patients. Bubble size is indicative of frequency, ranging
from tremor and hypotension (3.0%) to pain (30.2%). Only symptoms with a p < 0.001
for at least one outcome are included. Red dashed lines indicate odds ratios of 1

for both axes. AMS = altered mental status.

sleepiness, tremors, confusion); significant respira-
tory disease (respiratory failure, hypoxia, dyspnea);
and hypotension. Signs and symptoms associated
with decreased odds of sepsis included milder respi-
ratory symptoms (viral upper respiratory tract infec-
tion symptoms, cough, sputum production); certain
types of pain (generalized, abdominal, chest); and skin
changes (wound, redness).

Sepsis Symptoms Associated With Adverse
Outcomes

Many signs and symptoms associated with greater
odds of sepsis were also associated with increased
hospital mortality (Fig. 2) (Supplemental Table 3,
Supplementary Digital Content 1, http://links.Iww.
com/CCX/A506). These included unconsciousness
(adjusted OR, 2.33, 95% CI, 2.18-2.50), hypoten-
sion (1.80; 1.67-1.94), hypoxia (1.66; 1.55-1.77),
dyspnea (1.56; 1.50-1.62), respiratory failure (1.50;

Critical Care Explorations

given more than 3 hours after presen-
tation. Many symptoms associated with
increased sepsis diagnosis and mortality
were also associated with increased ICU
admission. Fever, identified in clinical
documentation among 23.9% of sepsis
patients, was associated with decreased odds of mor-
tality (adjusted OR, 0.67;95% CI, 0.64-0.70; p <0.001) as
were chills (13.9% of patients; 0.63;0.59-0.67; p < 0.001).
Fever, based on the first temperature recording in the
ED, rather than on clinical documentation, was present
in 14.9% of sepsis patients (when defined as > 100.4°F)
and 29.2% of sepsis patients (defined as > 99.0°F). Fever
and chills were both associated with receiving earlier
antibiotics, as were other symptoms more clearly in-
dicative of infection (e.g., redness, cough, sputum pro-
duction, dysuria). Common symptoms associated with
later antibiotics included dizziness (1.36; 1.31-1.42),
chest pain (1.32; 1.28-1.37), generalized pain (1.23;
1.20-1.26), headache (1.22; 1.16-1.29), and constipa-
tion (1.19; 1.13-1.25).

Duration of Symptoms

In sepsis, the mean time of sign and symptom onset
prior to hospitalization was 4.1 + 1.8 days; however,

www.ccejournal.org 5
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Figure 3. Bubble plots of adjusted odds ratios for ICU admission (y-axis) and
time to first antibiotic greater than 3hr (x-axis) in sepsis for common signs and
symptoms (sepsis frequency = 3%). Bubble size is indicative of frequency, ranging
from hypotension (2.9%) to pain (30.3%). Only symptoms with a p < 0.001 for at
least one outcome are included. Red dashed lines indicate odds ratios of 1 for

both axes. AMS = altered mental status.

onset time showed a bimodal distribution. For ex-
ample, a substantial proportion of patients presenting
with pain, dyspnea, weakness, cough, and hyperten-
sion reported a subacute onset (Fig. 4). In contrast,
symptoms with a higher proportion of patients re-
porting acute onset (< 7 d) included altered mental
status (82.8%), fever (85.3%), nausea (84.4%), vom-
iting (86.8%), and chills (85.8%). Among the top 12
most frequent symptoms, acute symptom onset peaked
at 2 days prior to ED presentation, except for altered
mental status which peaked at 1 day.

DISCUSSION

Sepsis is the single most expensive cause of hospitaliza-
tion in the United States and contributes to one in every
two to three hospital deaths (41, 42). It contributes to as
many as 11 million deaths worldwide each year (10, 43).
Despite this staggering impact, the profile of sepsis
presentation—its ~ associated  signs,  symptoms,

6 www.ccejournal.org

nonspecific. Our data confirm that symp-
toms not typically considered strongly
indicative of infection were actually
some of the most prevalent symptoms
in sepsis: pain, altered mental status, and
weakness. Common symptoms in sepsis
also overlapped with predominant symp-
toms in other conditions like heart failure and stroke.
For example, dyspnea, present in 81.4% of heart failure
patients, and cough were also common in infection as
was weakness, present in 56.1% of stroke patients.

The heterogeneity of sepsis presentation also im-
pacted the timing of clinical treatments. Despite being
the most common symptom present in sepsis patients,
pain was associated with significantly later antibiotic
administration. On the other hand, traditional symp-
toms indicative of infection like fevers, chills, respi-
ratory symptoms, and redness were associated with
earlier antibiotics as well as lower hospital mortality.
Prior smaller studies have found that diffuse, nonspe-
cific symptoms in sepsis are associated with decreased
recognition of sepsis as well as later treatment with
antibiotics (17, 21). In some cases, these symptoms
were also associated with worsened outcomes which
could have resulted from poor early identification of
sepsis (17).
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Figure 4. Histogram of reported time of symptom onset prior to sepsis presentation for the top 12 most common signs and symptoms
in sepsis. Time of symptom onset is defined as acute (< 7 d) or subacute (= 7 d, truncated at 7 d), with day O representing the day of
emergency department (ED) presentation. The frequency of subacute hypertension was 78.3%. The peak duration of acute symptom
onset was 2 d for all symptoms, except altered mental status which had peak symptoms onset of 1 d before ED presentation.

The incongruity between the diversity of symptoms
actually present in sepsis and current guidelines for
sepsis definition and treatment highlight significant
gaps (27). Although the Sepsis-3 international con-
sensus definitions note that sepsis can present with
“a constellation of clinical signs and symptoms” that
make “diagnosis difficult, even for experienced clini-
cians,” no specific recommendations guide clinicians’
early sepsis recognition prior to initiating actions like
ordering cultures or administering antibiotics (1).
Current publicly reported metrics like the Center for
Medicare and Medicaid Services SEP-1 program also
fail to account for the clear impact that heterogeneity
in clinical presentation has on timed quality metrics
of treatment (11). The Surviving Sepsis Guidelines
enumerate a broader range of diagnostic criteria that
moderately improve the concordance between what is
publicized and what is actually prevalent in sepsis (8).

Critical Care Explorations

Thus, our data provide a novel findings that can
help drive improved sepsis recognition by highlighting
the common, but underrecognized, symptoms seen in
sepsis (pain, neurologic, and abdominal symptoms).
Sepsis quality metrics should also consider the im-
pact that heterogeneous patient presentation has on
what is currently a single rigid approach to quantifying
guideline-adherent care. Finally, the diversity seen in
sepsis presentation continues to reinforce the need for
objective biomarker criteria for sepsis that can identify
and risk-stratify patients with life-threatening disease,
even when a clinical diagnosis of sepsis remains un-
certain (46).

Second, the heterogeneity of sepsis’ clinical presen-
tation also makes public education challenging. Early
identification and treatment of sepsis is key to improv-
ing outcomes; however, public awareness of sepsis has
been poor, resulting in delays in care (14-16). Public
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awareness programs like The Sepsis Alliance’s “It’s
About TIME” campaign focus on improving symptom
recognition (47). The TIME acronym highlights
Temperature, Infectious symptoms, Mental decline, and
teelings of being Extremely ill (severe pain or discom-
fort). Similar symptoms are represented in Center for
Disease Control and Prevention sepsis materials (48).
However, numerous online medical resources con-
tinue to incorrectly educate patients that sepsis repre-
sents “blood poisoning,” which could mislead patients
seeking to identify worrisome symptoms (27).

Our data strongly support the public education cam-
paign use of mental decline symptoms as a potent risk
factor for poor hospital outcomes and one which dis-
played the shortest time of onset prior to ED presenta-
tion. However, in what may be surprising for patients,
abnormal temperature was present in only a minority
of patients. And, in this case, both fevers and chills as-
sociated with lower hospital mortality and ICU admis-
sion (8, 17, 18, 21, 49). Thus, careful attention should be
paid to how fevers and chills, as well as other symptoms
typically thought of as indicative of infection, are com-
municated in educating the public about sepsis.

Our data also support including significant respira-
tory symptoms like dyspnea in public education cam-
paigns for sepsis because they were common, and they
were strongly associated with increased odds of sepsis,
mortality, and ICU admission. Beyond neurologic
and respiratory dysfunction, less common symptom
groups, including cardiovascular collapse and liver
disease, were also strongly associated with adverse
outcomes and could improve early recognition by
the public. Overall, these findings align well with the
three-criteria quick SOFA score, which identify high-
risk sepsis inpatients based on hypotension, respira-
tory failure, and altered mentation (2).

Finally, our data reveal a narrow presepsis time
window during which infectious symptoms present
and progress toward sepsis. For those with acute symp-
toms, the peak period of reported symptom onset was
between 2 and 3 days prior to ED presentation (22, 26).
Given that sepsis represents a progression from a sim-
pler, localized infection into a systemic, life-threaten-
ing severe infection, identifying high-risk symptom
profiles could offer an opportunity to predict sepsis
onset and provide presepsis screening or treatment. As
many as 50% of sepsis patients are seen by physicians in
the 7 days leading up to hospitalization, with increases

8 www.ccejournal.org

in infectious diagnosis and antibiotic use over that pe-
riod (50). Together, these findings highlight potential
opportunities to mitigate the progression from simple
infection into sepsis even before hospital presentation.
What is not known, however, is true denominator of
patient with similar symptoms who never progress on
to sepsis admission.

The major strength of this study is its use of detailed
clinical documentation in a large, multicenter popu-
lation to empirically identify the signs and symptoms
present in sepsis and infection and compare them with
those in other common conditions. By further evaluat-
ing the association between these signs and symptoms
and outcomes, this study provides a unique data-
driven approach to highlight opportunities to improve
public and clinician awareness of sepsis.

The major limitation of the study arises from poten-
tial limitations in using natural language processing
and existing ontologies which could be vulnerable to
mislabeled or miscoded data. Although the natural
language processing (NLP) software we used has been
widely applied to diverse types of clinical and med-
ical text, our NLP approach was iterative and lacks an
overall validation metric in the current study. Thus,
further validation of our findings is needed. However,
in the example of fever, we found strong concord-
ance between the frequency of reported symptoms
and actual temperature readings. Outside of tem-
perature, our findings were also largely consistent
with data reported in prior studies of smaller scale
(17, 19, 21-26). We also identified certain terms that
may not be considered traditional signs and symptoms
(e.g., sepsis, liver failure, respiratory failure, pneu-
mothorax) because we used clinician notes rather
than patient report. In addition, our approach fails
to account for the subjectivity present in clinical de-
cision making and documentation, particularly in the
ED. Finally, these data were also drawn from a single
integrated healthcare delivery system from the United
States which could impact generalizability of our find-
ings, particularly when compared with low- and mid-
dle-income settings (12).

CONCLUSIONS

In conclusion, using clinical documentation from
a large, multicenter cohort of patients hospitalized
through the ED, we identified key signs and symptoms
in infection and sepsis and quantified their association
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with adverse hospital outcomes. Our data provide
unique insights about patients’ clinical presentation
that can inform public health campaigns, acute care
treatments, quality measures, and risk stratification
strategies to mitigate the devastating impact of sepsis.

Division of Research, Kaiser Permanente, Oakland, CA.
The Permanente Medical Group, Oakland, CA.

3 University of California Davis School of Medicine, Davis,
CA.

4 Unlearn.Ai, San Francisco, CA.

Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are provided in the
HTML and PDF versions of this article on the journal’s website
(http://journals.lww.com/ccxjournal).

Supported, in part, by The Permanente Medical Group and NIH
R35GM128672 (to Dr. Liu).

Presented, in part, at the American Thoracic Society 2020
International Conference, Philadelphia, PA, May 21, 2020.

Dr. Liu's and Dr. Escobar’s institution received funding from
National Institutes of Health/National Institute for General
Medlical Sciences grant R35128672. Mr. Manickam disclosed
work for hire. The remaining authors have disclosed that there are
no potential conflicts of interest.

For information regarding this article, E-mail: Vincent.x.liu@kp.org

REFERENCES

1. Singer M, Deutschman CS, Seymour CW, et al: The third in-
ternational consensus definitions for sepsis and septic shock
(sepsis-3). JAMA 2016; 315:801-810

2. Seymour CW, Liu VX, Iwashyna TJ, et al: Assessment of clinical
criteria for sepsis: For the third international consensus defi-
nitions for sepsis and septic shock (Sepsis-3). JAMA 2016;
315:762-774

3. Liu VX Fielding-Singh V, Greene JD, et al: The timing of early
antibiotics and hospital mortality in sepsis. Am J Respir Crit
Care Med 2017; 196:856-863

4. Seymour CW, Gesten F, Prescott HC, et al: Time to treatment
and mortality during mandated emergency care for sepsis. N
Engl J Med 2017, 376:2235-2244

5. Ferrer R, Martin-Loeches |, Phillips G, et al: Empiric antibi-
otic treatment reduces mortality in severe sepsis and septic
shock from the first hour: Results from a guideline-based
performance improvement program. Crit Care Med 2014;
42:1749-1755

6. Kahn JM, Davis BS, Yabes JG, et al: Association between
state-mandated protocolized sepsis care and in-hospital mor-
tality among adults with sepsis. JAMA 2019; 322:240-250

7. Levy MM, Gesten FC, Phillips GS, et al: Mortality changes as-
sociated with mandated public reporting for sepsis. The results

Critical Care Explorations

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

of the New York State initiative. Am J Respir Crit Care Med
2018; 198:1406-1412

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; 45:486-552

Reinhart K, Daniels R, Kissoon N, et al: Recognizing sepsis
as a global health priority - a WHO resolution. N Engl J Med
2017, 377:414-417

Fleischmann C, Scherag A, Adhikari NK; et al; International
Forum of Acute Care Trialists: Assessment of global incidence
and mortality of hospital-treated sepsis. Current estimates and
limitations. Am J Respir Crit Care Med 2016; 193:259-272

Pepper DJ, Jaswal D, Sun J, et al: Evidence underpinning the
Centers for Medicare & Medicaid Services’ severe sepsis and
septic shock management bundle (SEP-1): A systematic re-
view. Ann Intern Med 2018; 168:558-568

Rudd KE, Kissoon N, Limmathurotsakul D, et al: The global
burden of sepsis: Barriers and potential solutions. Crit Care
2018; 22:232

Kerrigan SW, Martin-Loeches I: Public awareness of sepsis
is still poor: We need to do more. Intensive Care Med 2018;
44:1771-1773

Dantes RB, Epstein L: Combatting sepsis: A public health per-
spective. Clin Infect Dis 2018; 67:1300-1302

Jabaley CS, Blum JM, Groff RF, et al: Global trends in the
awareness of sepsis: Insights from search engine data be-
tween 2012 and 2017, Crit Care 2018; 22:7

Rubulotta FM, Ramsay G, Parker MM, et al; Surviving Sepsis
Campaign Steering Committee; European Society of Intensive
Care Medicine; Society of Critical Care Medicine: An interna-
tional survey: Public awareness and perception of sepsis. Crit
Care Med 2009; 37:167-170

Filbin MR, Lynch J, Gillingham TD, et al: Presenting symptoms
independently predict mortality in septic shock: Importance
of a previously unmeasured confounder. Crit Care Med 2018;
46:15692-1599

Chamberlain DJ, Willis E, Clark R, et al: Identification of the
severe sepsis patient at triage: A prospective analysis of the
Australasian triage scale. Emerg Med J 2015; 32:690-697
Latten GHP, Claassen L, Jonk M, et al: Characteristics of the
prehospital phase of adult emergency department patients
with an infection: A prospective pilot study. PLoS One 2019;
14:0212181

Alam N, Doerga KB, Hussain T, et al: Epidemiology, recogni-
tion and documentation of sepsis in the pre-hospital setting
and associated clinical outcomes: A prospective multicenter
study. Acute Med 2016; 15:168-175

Wallgren UM, Bohm KEM, Kurland L: Presentations of adult
septic patients in the prehospital setting as recorded by emer-
gency medical services: A mixed methods analysis. Scand J
Trauma Resusc Emerg Med 2017; 25:23

Uittenbogaard AJ, de Deckere ER, Sandel MH, et al:
Impact of the diagnostic process on the accuracy of source

www.ccejournal.org 9


http://journals.lww.com/ccxjournal
mailto:Vincent.x.liu@kp.org

Liu et al

23.

24,

25.

26.

7.

28.

29.

30.

31.

32.

33.

34.

35.

36.

10

identification and time to antibiotics in septic emergency de-
partment patients. Eur J Emerg Med 2014; 21:212-219

Olander A, Andersson H, Sundler AJ, et al: Prehospital char-
acteristics among patients with sepsis: A comparison between
patients with or without adverse outcome. BMC Emerg Med
2019;19:43

Edman-Wallér J, Ljungstrém L, Jacobsson G, et al: Systemic
symptoms predict presence or development of severe sepsis
and septic shock. Infect Dis (Lond) 2016; 48:209-214

Suffoletto B, Frisch A, Prabhu A, et al: Prediction of serious
infection during prehospital emergency care. Prehosp Emerg
Care 2011; 156:3256-330

Wallgren UM, Castrén M, Svensson AE, et al: Identification of
adult septic patients in the prehospital setting: A comparison
of two screening tools and clinical judgment. Eur J Emerg Med
2014;21:260-265

Angus DC, van der Poll T: Severe sepsis and septic shock. N
Engl J Med 2013; 369:2063

Escobar GJ, Fireman BH, Palen TE, et al: Risk adjusting com-
munity-acquired pneumonia hospital outcomes using auto-
mated databases. Am J Manag Care 2008; 14:158-166

Escobar GJ, Gardner MN, Greene JD, et al: Risk-adjusting hos-
pital mortality using a comprehensive electronic record in an inte-
grated health care delivery system. Med Care 2013; 51:446-453

Schuler A, Wulf DA, Lu Y, et al: The impact of acute organ dys-
function on long-term survival in sepsis. Crit Care Med 2018;
46:843-849

Hartmann J, Van Keuren L: Text mining for clinical support. J
Med Libr Assoc 2019; 107:603—-605

Liu V, Clark MP, Mendoza M, et al: Automated identification of
pneumonia in chest radiograph reports in critically ill patients.
BMC Med Inform Decis Mak 2013; 13:90

Escobar GJ, Gardner MN, O’Sulleabhain L, et al: Use of
natural language processing to support prevention of non-
elective hospitalization. Washington, DC, AcademyHealth
Dissemination and Implementation Conference, December 14,
2016

Ly T, Pamer C, Dang O, et al: Evaluation of natural language
processing (NLP) systems to annotate drug product labeling
with MedDRA terminology. J Biomed Inform 2018; 83:73-86

Lee JK, Jensen CD, Levin TR, et al: Long-term risk of colo-
rectal cancer and related death after adenoma removal in a
large, community-based population. Gastroenterology 2020;
158:884-894.eb

Harrow |, Balakrishnan R, Jimenez-Ruiz E, et al: Ontology map-
ping for semantically enabled applications. Drug Discov Today
2019; 24:2068-2075

www.ccejournal.org

37.

38.

39.

40.

41.

492,

43.

44,

45,

46.

47.

48.

49,

50.

Escobar GJ, LaGuardia JC, Turk BJ, et al: Early detection of
impending physiologic deterioration among patients who are
not in intensive care: Development of predictive models using
data from an automated electronic medical record. J Hosp
Med 2012; 7:388-395

Escobar GJ, Greene JD, Gardner MN, et al: Intra-hospital
transfers to a higher level of care: Contribution to total hos-
pital and intensive care unit (ICU) mortality and length of stay
(LOS). J Hosp Med 2011; 6:74-80

Liu V, Kipnis P, Rizk NW, et al: Adverse outcomes associated
with delayed intensive care unit transfers in an integrated
healthcare system. J Hosp Med 2012; 7:224-230

Fohner AE, Greene JD, Lawson BL, et al: Assessing clinical
heterogeneity in sepsis through treatment patterns and ma-
chine learning. J Am Med Inform Assoc 2019; 26:1466—1477
Elixhauser A, Friedman B, Stranges E: Septicemia in U.S.
Hospitals, 2009. HCUP Statistical Brief #122. Rockville,
MD, Agency for Healthcare Research and Quality, 2011.
Available at: http://www.hcup-us.ahrg.gov/reports/stat-
briefs/sb122.pdf. Accessed May 15,2019

Liu V, Escobar GJ, Greene JD, et al: Hospital deaths in
patients with sepsis from 2 independent cohorts. JAMA 2014;
312:90-92

Rudd KE, Johnson SC, Agesa KM, et al: Global, regional,
and national sepsis incidence and mortality, 1990-2017:
Analysis for the global burden of disease study. Lancet 2020;
3956:200-211

Huerta LE, Rice TW: Pathologic difference between sepsis
and bloodstream infections. J App/ Lab Med 2019; 3:654-663
Marik PE, Farkas JD: The changing paradigm of sepsis: Early
diagnosis, early antibiotics, early pressors, and early adjuvant
treatment. Crit Care Med 2018; 46:1690—-1692

Cohen J, Vincent JL, Adhikari NK; et al: Sepsis: A roadmap for
future research. Lancet Infect Dis 2015; 15:581-614

Sepsis Alliance: It's About TIME. Available at: https://www.
sepsis.org/about/its-about-time/. Accessed May 15, 2019
Centers for Disease Control and Prevention: What Is Sepsis?
Available at: https://www.cdc.gov/sepsis/what-is-sepsis.html.
Accessed May 15,2019

Park S, Jeon K, Oh DK, et al; Korean Sepsis Alliance (KSA)
Study Group: Normothermia in patients with sepsis who pre-
sent to emergency departments is associated with low com-
pliance with sepsis bundles and increased in-hospital mortality
rate. Crit Care Med 2020; 48:1462—-1470

Liu VX, Escobar GJ, Chaudhary R, et al: Healthcare utilization
and infection in the week prior to sepsis hospitalization. Crit
Care Med 2018; 46:5613-516

xxx 2021 ¢ Volume 00 * Number 00


http://www.hcup-us.ahrq.gov/reports/statbriefs/sb122.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb122.pdf
https://www.sepsis.org/about/its-about-time/
https://www.sepsis.org/about/its-about-time/
https://www.cdc.gov/sepsis/what-is-sepsis.html

