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Abstract

Background: Sepsis remains the leading cause of in-hospital death and one of the
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costliest inpatient conditions in the United States, while treatment delays worsen
outcomes. We sought to determine factors and outcomes associated with a missed

emergency physician (EP) diagnosis of sepsis.
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Methods: We conducted a secondary analysis of a prospective single-center observa-
tional cohort of undifferentiated, critically ill medical patients (September 2020-May
2022). EP gestalt of suspicion for sepsis was measured using a visual analog scale
(VAS; 0%-100%) at 15 and 60min post-patient arrival. The primary outcome was an
explicit hospital discharge diagnosis of sepsis that was present on arrival. We cal-
culated test characteristics for clinically relevant subgroups and examined factors
associated with initial and persistent missed diagnoses. Associations with process (an-
tibiotics) and clinical (mortality) outcomes were assessed after adjusting for severity.
Results: Among 2484 eligible patients, 275 (11%) met the primary outcome. A VAS
score of 250 (more likely than not of being septic) at 15 min demonstrated sensitivity
0.83 (95% confidence interval [Cl] 0.78-0.87) and specificity 0.85 (95% Cl 0.83-0.86).
Older age, hypoxia, hypotension, renal insufficiency, leukocytosis, and both high and
low temperature were significantly associated with lower accuracy due to reduced
specificity, but maintained sensitivity. Of 48 (17%) and 23 (8%) missed cases at 15 and
60min, elevated lactate, leukocytosis, bandemia, and positive urinalysis were more
common in the missed sepsis compared to nonsepsis cases. Missed diagnoses were
associated with median (interquartile range) delay of 48 (27-64) min in antibiotic ad-

ministration but were not independently associated with inpatient mortality as risk

ratios remained close to 1 across VAS scores.
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INTRODUCTION

Sepsis is a life-threatening, heterogeneous syndrome with a sig-
nificant medical burden. As the third leading cause of death in
U.S. hospitals, sepsis impacts around 1.7 million people annually.
Hospitalizations for sepsis are alarmingly common and deadly,
with incidences ranging from 28.9 to 121.3 per 1000 hospitaliza-
tions? and an estimated mortality rate of 26.7%.>* As the most
expensive inpatient condition in the United States, sepsis not only
affects patients but also places a substantial burden on health care
resources.’

The diagnosis of sepsis is challenging due to its complex and
often nonspecific clinical presentation. Certain groups experience
disparities in sepsis management and outcomes.®” Furthermore,
sepsis misdiagnosis may be influenced by various clinical charac-
teristics.81° Diagnostic errors in sepsis, including both under- and
overdiagnosis, can lead to delayed treatment or unnecessary in-
terventions, adversely affecting patient outcomes. Timely rec-
ognition and accurate diagnosis of sepsis are crucial, as studies
show a substantial increase in mortality with each hour of delay in
administration of antibiotics, potentially as high as 7% per hour,'!
starting as soon as 1h after recognizing sepsis.u’18 Practically,
however, “sepsis recognition” remains a loose and poorly defined
term, often defined retrospectively based on the decision to order
blood cultures or antibiotics.'?2! The lack of a clear definition
impedes progress toward improving time to antibiotic administra-
tion in the patients who need it most.??2 The risks of diagnostic
delays, however, must be weighed against both antibiotic stew-

2425 \which have been incom-

ardship and logistic considerations,
pletely addressed to date.
Understanding the factors associated with diagnostic errors in
sepsis is essential for improving patient care. Certain demographic
and clinical characteristics may increase the risk of missed or de-
layed diagnosis or overdiagnosis. Our recent study demonstrated
physician gestalt at <15 and 60min after emergency department
(ED) arrival outperformed other common screening methods includ-
ing qSOFA, SIRS, MEWS, SOFA, and a machine learning algorithm
in diagnosing sepsis among critically ill, undifferentiated medical
patients.26 Despite significantly outperforming other methods of

screening, nine patients were assigned a 0% chance of sepsis who

Conclusions: This prospective single-academic center study identified patient sub-
groups at risk of impaired diagnostic accuracy of sepsis, with clinicians often over-
diagnosing rather than underdiagnosing these groups. Prompt abnormal laboratory
test results can “rescue” initial missed diagnoses, serving as potential clinician- and
systems-level intervention points to reduce missed diagnoses. Missed diagnoses

delayed antibiotics, but not mortality after controlling for severity of illness.

diagnosis, gestalt, misdiagnosis, sepsis

ended up with an explicit sepsis diagnosis. Of these, four had an in-
creased probability at 60 min, prompting us to examine the factors
that might aid clinicians from missing cases in a time frame in which
timely interventions could still be undertaken.

To better understand the interplay of a missed or overdiag-
nosed sepsis case with clinical presentation, physician decision
making, and outcomes, we conducted a secondary analysis of
prospectively collected data set to determine factors associated
with reduced accuracy of very early assessment of sepsis. By fo-
cusing on the clinical and demographic characteristics of patients
who were under- or overdiagnosed, we aimed to assist clinicians
by identifying groups at high risk of misdiagnosis and strategies to
mitigate that risk. We hypothesized that certain demographic and
clinical characteristics would increase the risk of diagnostic errors.
In the subset of patients ultimately diagnosed with sepsis, we hy-
pothesized that certain factors might mitigate the risk of a per-
sistently missed diagnosis after an initially incorrect assessment.
Finally, we hypothesized that an early missed diagnosis would be
associated with both decreased propensity to administer antibiot-

ics and increased risk of death.

METHODS
Study setting

This was a secondary analysis of a single-center prospective study
conducted from September 2020 through May 2022 at an urban
academic safety net hospital with over 100,000 ED visits annually.
This study aimed to assess physicians' clinical judgment in iden-
tifying sepsis among patients presenting to an ED resuscitation
area. This resuscitation area is a dedicated four-bed unit designed
to care for patients with critical illness requiring immediate and ag-
gressive resuscitation due to life-threatening conditions. Patients
are triaged to this area based on predefined criteria indicating high
acuity. Non-critically ill patients are generally not triaged to this
area. However, there may be exceptional cases where critically
ill patients are triaged elsewhere due to capacity constraints or
operational considerations, though this is uncommon. Based on

historical controls from our institution related to the number of
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sepsis patients meeting explicit sepsis criteria, we believe this
study captured the vast majority of eligible patients.?” The study
enrolled critically ill patients presenting to the ED resuscitation
area and recorded the treating physician's real-time gestalt, or
clinical judgment, of whether or not the patient had sepsis. The
study protocol received approval from the local institutional re-
view board (IRB #20_4848). Owing to the time-sensitive nature
and the associated low risk of data collection, the study proceeded

under a waiver of informed consent.

Patient population

Consecutive patients aged 18years and older who were directly
triaged to the four-bed ED resuscitation area upon arrival were
screened for the study. Exclusion criteria included (1) patients
younger than 18years; (2) patients with nonsepsis diagnoses
present on arrival (POA), including trauma, stroke activation,
cardiac arrest, active myocardial infarction, or active labor; (3)
patients transferred from other hospitals; (4) patients initially
assessed in other areas of the ED; (5) patients assessed by
nonphysician primary providers; (6) patients in alternate treatment
areas; and (7) cases where no research staff were available.
Patients evaluated in a clinic and subsequently referred to the
ED were eligible if they were triaged directly to the resuscitation
area. This approach ensured the accurate capture of early clinical

impressions.

Data collection

Treating physicians assessed the likelihood of sepsis in patients using
a visual analog scale (VAS) ranging from O to 100 in response to the
question “What is the likelihood that this patient has sepsis?” The
question was presented by trained independent observers through a
REDCap survey on an iPad. Assessments were made within 15min of
patient arrival and again at 60 (+15) min after patient arrival. Both sen-
ior resident and faculty assessments were captured independently.
To adequately capture the urgency of these high-acuity cases,
observers collected critical variables such as vital signs and clini-
cal interventions in real time including timing of initial antibiotics.
Nondynamic measures were captured from the electronic medical
record by trained abstractors including demographics, including age,
gender, ethnicity, race, and laboratory results such as white blood
cell count, hemoglobin, creatinine, lactate, and urinalysis. ICD-10 di-
agnostic codes at hospital discharge marked as POA were extracted
from medical records. If vital signs and intervention times were miss-
ing, supplemental medical record review was utilized to capture this
information. Automated abstraction of hospital mortality from the
electronic medical record was performed by linkage of unique en-
counter numbers. Abstractors were blinded to VAS scores and study
hypotheses. Study data were collected and managed using REDCap

electronic data capture tools.?%2?

Outcomes

The primary diagnostic outcome was an “explicit sepsis diagnosis
present on arrival,” indicated by the presence of an ICD-10 code,
as defined by Centers for Medicare & Medicaid Services (CMS),
for sepsis assigned at hospital discharge and marked as POA in
the medical record.?”®° These diagnostic codes represent the first
step of identifying cases potentially eligible for abstraction for the
CMS SEP-1 core measure and are consistent with prior methods of
identifying explicit sepsis. For all analyses, we conducted sensitivity
analyses replacing the primary outcome with a secondary outcome
of implicit sepsis. In this approach, implicit sepsis was defined using
previously validated ICD-10 combinations of 49 diagnostic codes
for infection, complemented by 28 codes to define organ failure,
establishing the presence of severe sepsis or septic shock. This
sensitivity analysis is akin to the method used and validated by
Angus et al.®! for ICD-9 diagnostic codes, subsequently adapted to
correspond with ICD-10 codes.

The primary clinical outcome was in-hospital mortality. To un-
derstand the relationship of gestalt with clinical decisions, we fo-
cused on administration of antibiotics, specifically administration
of intravenous (IV) antibiotics within 3h from ED arrival and time
to first antibiotic dose in minutes recorded in real time, based on
data demonstrating an association of this action with mortality.3?
Associations between fluid administration and mortality are not

nearly so robust and were not considered in this analysis.%?

Definition of missed sepsis diagnosis

To examine the association of early missed sepsis diagnosis with
process and clinical outcomes, we first needed to define what
constitutes a missed diagnosis as it lacks a consensus definition.
We defined an initial missed diagnosis of sepsis as a situation
where the treating physician's gestalt assessment at 15min was
less than 50 (less likely than not) in accordance with optimized test
characteristics. We additionally defined a “persistently missed”
diagnosis as an initial missed diagnosis with a 60-min VAS score
of <50, while a “rescue diagnosis” as an initial missed diagnosis
with a subsequent VAS score of >50 at 60min. For this analysis,
we chose to focus on the 1-h time point, as the Surviving Sepsis
Campaign recommends administering antibiotics ideally within 1h

of diagnosis.>®

Statistical analysis

We first assessed test characteristics of different VAS cutoffs
to predict the primary diagnostic outcome (explicit sepsis) at pre-
defined cutoffs of every 10units of VAS at both <15 and 60min
(Figure S1). Based on this analysis, we selected a VAS 50 for sub-
sequent analysis based on a combination of nearly optimal Youden
index (optimal cutoff, 44) and clinical face validity (sepsis more likely
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than not). Test characteristics and area under the receiver operator
characteristics curves were then calculated in predefined clinically
relevant subgroups and cutoffs, determined by literature review and
author consensus. Descriptive statistics were used to summarize the
groups described in the methods.

Univariate and multivariate logistic models were used to ex-
amine the association between the VAS score and the likelihood
to administer antibiotics in the subgroup of patients with sepsis.
We constructed multivariate logistic regression models for mor-
tality, using a priori covariates, specifically age, SOFA score, and
lactate. Less than 2% of all variables were missing with the excep-
tion of total bilirubin. For the purposes of multivariate mortality
analyses, normal values were imputed for missing values. We did
not include factors that differed between groups in Table 1 such
as blood pressure or hypoxia, as they are already included in the
SOFA score.

Because assigning a low probability of sepsis to a patient who
turned out to have sepsis could arguably result in decreased ED
clinical interventions and worse outcomes, we determined the as-
sociation of the VAS and subsequent mortality among patients with
sepsis diagnosis. We fit a generalized linear mixed-effects model
using a logit link function with mortality as the dependent variable
and fixed effects of VAS, age, initial lactate, and total SOFA score.
The VAS was modeled with a nonlinear relationship to the outcome
using restricted cubic splines with 3 or 4 knots. We then plotted VAS
against estimated mortality. Plots were generated for patients with
implicit and explicit sepsis. We also generated identical plots for the
outcome of receipt of antibiotics.

Sensitivity analyses were conducted to validate the robust-
ness of the results using the alternative implicit definition of sepsis
based on ICD-10 codes. Statistical analyses were performed using
R Statistical Software (Version 4.3.1, R Foundation for Statistical
Computing)®*~37 and STATA (Version 15.1, StataCorp LLC). All tests
were two-sided and p-values of less than 0.05 were considered sta-
tistically significant.

Power and sample size

This study is an exploratory secondary analysis not initially powered
to detect differences between subgroups, so in lieu of a post hoc
power analysis we describe the original study design. The initial
study was designed as follows. Given an unknown distribution of
VAS scores and desire to include sufficient numbers of clinically
occult cases of sepsis, we initially planned to enroll approximately
2500 patients, anticipating a sepsis prevalence of around 10%
to capture approximately 250 patients with sepsis. Based on the
observed standard deviation in VAS scores of 30.5, and 275 versus
2209 patients meeting versus not meeting the primary outcome, at
an alpha of 0.05, our study had >99%, 95%, and 74% power to detect
differences in VAS scores of 10, 7, and 5 between patients with and

without explicit sepsis.

RESULTS

A total of 7240 patient encounters were screened from September
2020 through May 2022, and 2484 met eligibility (Figure 1). Explicit
sepsis was present in 275 cases (11%), with 48 (17%) initially and 23
(8%) persistently missed cases, with 213 overdiagnosed cases (10%).
The demographics and clinical characteristics of the included cohort
are summarized in Table 1. Test characteristics at each VAS cutoff for
the primary outcome from 10% to 90% at the <15- and 60-min time
points are illustrated in Figure S1. A VAS of 50 used for subsequent
analyses demonstrated a sensitivity of 0.83 (95% confidence interval
[CI] 0.78-0.87) and specificity of 0.85 (95% Cl 0.83-0.86). At an
alternative cutpoint of 10%, sensitivity increased substantially (0.96,
95% Cl 0.93-0.98) but specificity dropped to 0.52 (95% CI 0.50—
0.54), demonstrating excellent rule-out characteristics.

The sensitivity and specificity of VAS by clinical subgroups for
the primary outcome are illustrated in the forest plots in Figures 2
and 3 at VAS score of >50. Forest plots of other performance met-
rics are included in Figures S2-S4. Point estimates of sensitivity
(indicating missed diagnosis) do not differ significantly by any sub-
group. However, overdiagnosis was prevalent in specific subgroups,
namely, older patients and those with hypo- and hyperthermia, hy-
potension, hypoxia, renal insufficiency, and both leukopenia and leu-
kocytosis. Sensitivity analyses using the implicit outcome of sepsis
did not substantively change the findings (Figure S11). While overall
accuracy of VAS for implicit was modestly lower than explicit sep-
sis, it was not confined to any specific subgroup, and subgroup pat-
terns were similar to results found with an explicit definition. None
of the diagnostic test characteristics differed significantly by sex
assigned at birth or self-reported race or ethnicity. Forest plots of
performance metrics of VAS by clinical subgroups at 60-min VAS are
included in Figures S5-510.

As shown in Table 1, certain findings are more common in both
initial and persistently missed cases of sepsis. Lactate, leukocyto-
sis, bandemia, and positive urinalysis, as well as abdominal and
skin examinations, are more common among missed sepsis cases.
Compared to rescue diagnoses (Table 2), persistently missed diagno-
ses tended to have lower WBC counts and were less likely to have a
positive urinalysis.

We observed a significant, nearly linear association of both initial
and 60-min VAS with likelihood to administer antibiotics within 3h
(p<0.0001) in the entire cohort. In the subgroup of patients with
initially missed explicit sepsis, 88% received antibiotics within 3h.
Median (interquartile range [IQR]) time to antibiotic administration
was 48 (27-64) min in the misdiagnosis group and 38 (23-58) min in
the correctly identified group. In the sensitivity analysis of implicit
sepsis, results were similar.

To assess the potential effect of an early (60 min) missed diagno-
sis on the clinical outcomes in the subgroup of patients with sepsis,
unadjusted analyses demonstrated that higher clinical suspicion of
sepsis was associated with increased mortality and that a missed di-

agnosis was protective. These results are attributable to a strong
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TABLE 1 Demographics and clinical characteristics of the cohort, stratified by presence or absence of explicit sepsis diagnosis and 15-

min diagnostic accuracy.

Presence of explicit sepsis diagnosis

Absence of explicit sepsis diagnosis

Correct sepsis diagnosis

Missed sepsis diagnosis

Correct sepsis

Sepsis overdiagnosis nondiagnosis (initial

Demographics (initial VAS +), n=227 (initial VAS -) n=48 (initial VAS +) n=333 VAS -)n=1876
Age (years) 65 (52-76) 66 (57-71) 62 (50-71) 48 (32-63)
Male sex 128 (56) 30 (63) 196 (59) 1124 (60)
Race
Asian 6(3) 0(0) 11(3) 34 (2)
Black or African American 59 (26) 13 (27) 118 (35) 692 (37)
Caucasian 123 (54) 25 (52) 143 (43) 721 (38)
Hispanic 8(4) 2(4) 12 (4) 119 (6)
Native American or Native 19 (8) 3(6) 17 (5) 94 (5)
Alaskan
Pacific Islander and Native 0(0) 0(0) 1(0) 1(0)
Hawaiian
Other/unknown 12 (5) 5(10) 31(9) 215 (11)
Ethnicity
Hispanic or Latino 9 (4) 2 (4) 12 (4) 127 (7)
Not Hispanic or Latino 204 (90) 40 (83) 287 (86) 1524 (81)
Other 11 (5) 5(10) 30(9) 206 (11)

Initial vital signs
Systolic blood pressure (mmHg)
Heart rate (beats/min)
Oxygen saturation
Temperature (°C)
Laboratory tests
Creatinine
Lactate
White blood cells
Bands
Urinalysis
Large/moderate leukocytes
Small/trace/none
Clinical signs
Abdomen tenderness

Skin findings®

115(95-138)
115 (97-131)
95(91-97)

37.7 (36.4-38.7)

1.5(1.0-2.4)
3.3(2.1-5.3)
13.1(9.2-17.6)
10.1 (6.4-15.0)

80 (40)
119 (60)

19 (8)
53(23)

130 (99-143)
110 (100-129)
96 (92-97)

36.9 (35.8-38.2)

127 (106-147)
100 (85-116)
96 (92-98)

36.7 (36.3-37.3)

137 (121-154)
100 (84-11¢)
97 (95-99)

36.7 (36.4-36.9)

1.7 (1.0-3.1) 1.2 (0.9-1.9) 1.0(0.8-1.3)
3.6 (2.2-5.0) 2.5(1.5-4.3) 2.4 (1.6-4.1)
14.6 (11.1-21.0) 9.7 (6.9-13.7) 8.5 (6.5-11.4)
11.2 (8.0-17.5) 6.5 (4.0-10.7) 4.8 (3.2-7.3)
9 (21) 26 (11) 55 (8)

34(79) 203 (89) 647 (92)
5(10) 20 (6) 57 (3)

9(19) 38(11) 176 (9)

Note: Data are reported as median (IQR) or n (%).

?Positive skin findings include tender abdomen, skin ulcer presence, or any other skin findings.

association between clinician suspicion and severity of illness. This
can also be observed in Table 2, where the persistent missed diagno-
sis demonstrated a very low mortality rate. After controlling for con-
founding, an early missed diagnosis of sepsis was not significantly
associated with inpatient mortality (as illustrated by point estimates
of the risk ratio approaching 1 at all levels of VAS and all 95% Cls
of the point estimates crossing 1 [Figure 4]). Sensitivity analyses of
implicit sepsis did not substantively affect the findings (Figure S12).
Of note, while a missed diagnosis was no longer protective in the
adjusted analysis, neither was it associated with increased mortality.

In other words, in this analysis and contrary to our study hypothesis,
the risk of death was disproportionately attributable to severity of

iliness rather than an early or persistent missed diagnosis.

DISCUSSION

In this prospective, observational study of nearly 2500 physician-
patient encounters involving undifferentiated, critically ill, medical
patients triaged to our ED's high-acuity area, we examined the



PANDEY ET AL.

209

Total Patients Screened

n=7,240
Ineligibility Reasons (*)
n =4,694

Trauma = 1,931
v Initial Assessment Elsewhere = 1,720

Excluded

Met Eligibility Criteria

Stroke Activation = 600

Minor <18 = 263

Cardiac Arrest = 249

Active Myocardial Infarction = 102
No Research Staff = 84

n = 2,546

n=62

Alternate Treatment Area = 61
Non-Physician Primary Provider = 31

No Initial VAS Score = 46

Laboring Mother =13

Ineligible After Review = 16

Final Inclusion

Unknown =12

(*) Subjects may have multiple reasons

Persistent Missed Sepsis

Diagnosis
n=23

Rescue Sepsis Diagnosis
n=25

n=2484 for ineligibility
Correct Sepsis Diagnosis I l Sepsis Overdiagnosis
n =227 n=333
Explicit Sepsis Diagnosis No Explicit Sepsis
n=275 n=2,209
Early Missed Sepsis Correct Sepsis
Diagnosis Non-Diagnosis
n=48 n=1,876

FIGURE 1 Study flow diagram illustrating the flow of participants into this observational research study.

real-time diagnostic accuracy of early physician gestalt and
diagnostic decision making. We hypothesized certain subgroups
would be more likely to suffer from a missed diagnosis. Contrary
to our initial hypothesis, we found relatively stable sensitivity and
rates of missed diagnoses across all studied subgroups, though
we did observe several cohorts that were more likely to be over-
rather than underdiagnosed with sepsis. We do not advocate for
decreased vigor in pursuing a sepsis diagnosis in these groups,
however, as they tend to also represent the groups most likely to
exhibit poor outcomes if a sepsis diagnosis is missed. As such, we
instead would caution clinicians to try to avoid early diagnostic
closure when arriving as a diagnosis of sepsis, particularly in
groups like the elderly or those with abnormal vital signs, as we
found these groups were the most likely to have a nonsepsis
diagnosis on hospital discharge.

We did, however, identify certain characteristics associated
with a missed diagnosis of sepsis, namely, higher white blood
counts, bands, lactate, and abnormal urinalysis. We interpret
these results to indicate that this might be a point of intervention

both for individual clinicians and for systems looking to avoid
missed sepsis diagnoses. Based on these findings, we would sug-
gest that missed diagnoses may be decreased by prioritization
of (a) obtaining these tests as early in the treatment course as
feasible and (b) developing methods to alert clinicians as to their
results so they are not missed. We also describe, for the first time
we are aware, the phenomenon of a “rescue diagnosis” where an
initially faulty clinical impression changes from incorrect to cor-
rect and demonstrate the clinical findings associated with this
change (Table 2). We observe that persistently missed diagnoses
tended to have less abnormal lab abnormalities compared to res-
cue diagnoses, consistent with prior observations regarding the
complexity of “vague” presentations, suggesting in some cases
that earlier lab values or alerts may be less helpful in preventing
missed diagnoses.*®

We finally examined the association of a missed diagnosis with
both clinical actions (administration of IV antibiotics) and outcomes
(mortality). Interestingly, while we found that missed diagnoses
were associated with delays in antibiotics, contrary to our study
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Sensitivity

0.4 0.5 0.6 0.7 0.8 0.9 1

Demographics
Age

18-42 (896)

43-66 (962)

67-90 (626)

Sex
Female (1005)
Male (1478)

Ethnicity

Hispanic or Latino (150)

Not Hispanic or Latino (2055)
Other (252)

Race

Asian (51)

Black or African American (882)
Caucasian (1012)

Hispanic (141)

Native American or Native Alaskan (133)
Other/Unknown (263)

Initital Vitals
Heart Rate
<100 (1154)
>=100 (1328)

Temperature
<=35 (135)
>35-38.5 (2087)
>=38.5 (127)

Systolic Blood Pressure
<90 (164)
90-110 (302)
>=110 (1963)

Oxygen Saturation
<95 (718)
>=95 (1738)

Laboratory Tests
Creatinine

<1.2 (1465)

1.2-2.0 (638)

>=2.0 (358)

Lactate
<2.0 (879)
2.0-4.0 (908)
>4.0 (659)

White Blood Cells
<4.0(78)

4.0-12.0 (1696)
12.0-15.0 (326)

>=15.0 (352)

Bands
<10.0 (1998)
>=10.0 (445)
Urinalysis
Small/Trace/No Leukocytes (1003)
Large/Moderate Leukocytes (170)

Clinical Signs

Abdomen Tenderness
No (2354)
Yes (101)

Skin Findings

No (2208)
Yes (276)

Assessment & Experience
Attending Years Experience
N/A - Resident (2341)
0-2 (324)
3-9 (688)
10-35 (1337)

Overall
Cohort (2484)

FIGURE 2 Forest plot of the sensitivity of a VAS of 50 (more likely than not) to identify explicit sepsis <15 min from ED arrival within
variously defined a priori clinically relevant subgroups. VAS, visual analog scale.

hypothesis these patients did not exhibit higher mortality even after diagnostic ambiguity, likely due to a lower severity of iliness. These
controlling for the observation that missed patients tended to have data suggest that, at least in this single-center experience, institu-
a lower severity of illness. We interpret these findings to suggest tional sepsis mortality is unlikely to be markedly affected by focusing

that the major driver of persistently missed diagnosis tends to be on early missed sepsis diagnosis.
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0.2

Demographics
Age

18-42 (896)

43-66 (962)

67-90 (626)

Sex
Female (1005)
Male (1478)

Ethnicity

Hispanic or Latino (150)

Not Hispanic or Latino (2055)
Other (252)

Race

Asian (51)

Black or African American (882)
Caucasian (1012)

Hispanic (141)

Native American or Native Alaskan (133)
Other/Unknown (263)

Initital Vitals
Heart Rate
<100 (1154)
>=100 (1328)

Temperature
<=35 (135)
>35-38.,5 (2087)
>=38.5 (127)

Systolic Blood Pressure
<90 (164)

90-110 (302)

>=110 (1963)

Oxygen Saturation
<95 (718)
>=95 (1738)

Laboratory Tests
Creatinine

<1.2 (1465)

1.2-2.0 (638)

>=2.0 (358)

Lactate
<2.0 (879)
2.0-4.0 (908)
>4.0 (659)

White Blood Cells
<4.0(78)

4.0-12.0 (1696)
12.0-15.0 (326)

>=15.0 (352)

Bands
<10.0 (1998)
>=10.0 (445)
Urinalysis
Small/Trace/No Leukocytes (1003)
Large/Moderate Leukocytes (170)

Clinical Signs

Abdomen Tenderness
No (2354)
Yes (101)

Skin Findings

No (2208)
Yes (276)

Assessment & Experience
Attending Years Experience
N/A - Resident (2341)
0-2 (324)
3-9 (688)
10-35 (1337)

Overall
Cohort (2484)

Specificity

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

FIGURE 3 Forest plot of the specificity of a VAS of 50 (more likely than not) to identify explicit sepsis <15 min from ED arrival within
variously defined a priori clinically relevant subgroups. VAS, visual analog scale.

As mentioned previously, we did not identify any subgroups where be hypothesized these disparities are driven by diagnostic errors. Like
clinicians are more likely to miss sepsis. It is worth addressing in light any diagnostic approach based on limited data, early sepsis diagno-
of this observation that racial disparities in sepsis outcomes are well sis is vulnerable to racial and gender bias®” and may be further exac-
documented,®*? and given the time sensitivity of treatment, it might erbated by task switching.*® While not a specific focus of our study,
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TABLE 2 Characteristics of explicit sepsis patients by diagnosis status.

Early correct diagnosis
(initial VAS score 250),

Rescue diagnosis (initial VAS
score <50, VAS score at 60 min

Persistent missed diagnosis (initial and

n=227 >50),n=25 60-min VAS score <50), n=23
Initial VAS score 85 (73-100) 24 (16-47) 24 (4-37)
VAS at 60min 100 (78-100) 82 (65-100) 23 (9-33)
Change in VAS 0(0-9) 63 (37-72) 0(-7.5-2.5)
Laboratory tests
Creatinine 1.5(1.0-2.4) 1.9 (1.2-3.1) 1.5(1.0-3.0)
Lactate 3.3(2.1-5.3) 3.3(1.9-5.5) 3.7 (2.8-4.9)
% resulted at 15min 18 36 35
% resulted at 60 min 93 96 100
White blood cells 13.1(9.2-17.6) 18.9 (11.3-24.6) 13.0(10.9-17.1)
Bands 10.1 (6.4-15.0) 14.8 (8.5-20.8) 11.0(6.5-14.8)
% resulted at 15min 7 8 4
% resulted at 60 min 47 40 48
Urinalysis
Large/moderate leukocytes 80 (35) 7 (28) 2(9)
Small/trace/none 119 (52) 17 (68) 17 (74)
% resulted at 15min 0 0 0
% resulted at 60 min 37 20 17
Antibiotic administration
Antibiotics within 60min 164 (72) 19 (76) 12 (52)
Antibiotics within 3h 212 (93) 24 (96) 18(78)
Time to antibiotics (min) 38 (23-58) 42 (26-53) 53 (32-136)
Outcome
Fluid administration 196 (86) 20 (80) 19 (83)
Fluid volume (mL) 2001 (1500-3020) 2004 (1500-2655) 2000 (1000-2444)
Vasopressor administration 77 (34) 8(32) 7 (30)
Mortality 40 (18) 5(20) 2(9)

Note: Data are reported as median (IQR) or n (%).
Abbreviation: VAS, visual analog scale.

test characteristics of gestalt did not differ significantly by sex, race, or
ethnicity. These data do not support the hypothesis that differences
in early diagnostic accuracy are responsible for observed disparities in
sepsis outcomes. While diagnostic accuracy did differ by age, this may
be attributable to diagnostic complexity as opposed to age-related
bias, though we did not specifically examine this possibility.

Importantly from a methodologic perspective, we examined an
alternative outcome of implicit rather than explicit sepsis.?’*4?
While the primary outcome of explicit sepsis is relevant to emer-
gency physicians and health care administrators as it is utilized
by the CMS to identify patients potentially eligible for the SEP-1
core measure now part of value based purchasing, patients with an
implicit diagnosis of sepsis may also benefit from early interven-
tion. However, test characteristics were only modestly reduced
for implicit sepsis with a similar pattern observed among various
subgroups, suggesting that our data are robust regardless of the
definition.

Relatedly, while the sepsis-3 (and prior) consensus definitions

43-45 require a suspicion of infection, what a “suspicion of

of sepsis
sepsis” means has been poorly defined in research contexts, and
surrogates such as collecting blood cultures or administration of IV
antibiotics have often served as proxies. Our findings actually sup-
port this surrogate approach, at least in the case of antibiotics. We
believe this observation brings the field one step closer to defining
a clinical suspicion of sepsis quantitatively, which may be useful in
future work.

Finally, it is worth discussing the association of a missed di-
agnosis with mortality. In the unadjusted analysis, mortality was
positively associated with accurate clinical diagnosis—in other
words, a missed diagnosis was protective against death. However,
this observation stems from the fact that physicians were more
likely to diagnose sepsis in more critically ill patients. After con-
trolling for age, SOFA, and lactate, there was no significant asso-
ciation between early sepsis missed diagnosis and mortality, and
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we observed a nearly linear risk ratio of 1 across the entire range
of VAS. This could be interpreted to suggest that delays in an-
tibiotics are more common in less severely ill patients and that
a very early (<60min) accurate diagnosis is less critical and less
likely to provide clinical benefit in this cohort. Alternatively, it re-
mains possible that a negative association between diagnosis and
outcomes exists, though we were unable to detect it due to sam-
ple size. Finally, it remains likely that a missed diagnosis in the first
hour does not adversely affect outcomes only in the event that
the correct diagnosis is still made in an as yet undefined period of
follow-up, which we did not assess. We cannot differentiate these
possibilities given our study design, and this remains an area for

future investigation.

LIMITATIONS

These findings were generated in a single academic medical
center in a resuscitation area with a high physician-to-patient
staffing ratio, and the results may not be generalizable to other
practice settings or groups. Relatedly, this study observed an
11% prevalence of the primary diagnostic outcome and would be
expected to differ in other clinical settings. From a practicality
standpoint, and to minimize interruptions in clinical care and
potential Hawthorne effects, we only assessed only a single
question leading to a point measurement of physician gestalt,
and we can only hypothesize regarding the true in situ decision-
making process. While we utilized two separate definitions of
sepsis in this study, it is conceivable alternative definitions would
yield different results. It is also possible that patients excluded
due to conditions such as stroke, myocardial infarction, or trauma
could have concomitant sepsis as a primary condition, which might

influence the prevalence and outcomes observed in this study.

VAS score

While we focused our analysis on a VAS score of 50, it is plausible
an alternative cutpoint, such as 10%, which demonstrated very
strong rule-out characteristics, would be a better threshold to
utilize to quantify diagnosis. This would require a quantification of
risk/benefit assessment and other approaches that remain outside
the scope of this study and methodology, however. Finally, as
discussed above, given the observed association of gestalt with
process but not clinical outcomes, there remain several alternative
plausible explanations for why we did not observe an association
of very early missed diagnosis with outcomes.

CONCLUSIONS

Depending on the threshold selected, gestalt may serve as an excel-
lent rule-in or rule-out test for sepsis. Misattribution is more com-
mon in patients with increased age and severity, but tends toward
over rather than underdiagnosis. An early missed diagnosis is associ-
ated with longer time to antibiotics but not mortality after control-

ling for severity of illness.
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