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Abstract

Objective: Recent clinical guidelines for sepsis management emphasize immediate
antibiotic initiation for suspected septic shock. Though hypotension is a high-risk
marker of sepsis severity, prior studies have not considered the precise timing of
hypotension in relation to antibiotic initiation and how clinical characteristics and
outcomes may differ. Our objective was to evaluate antibiotic initiation in relation
to hypotension to characterize differences in sepsis presentation and outcomes in
patients with suspected septic shock.

Methods: Adults presenting to the emergency department (ED) June 2012-December
2018 diagnosed with sepsis (Sepsis-Ill electronic health record [EHR] criteria) and
hypotension (non-resolving for >30 min, systolic blood pressure <90 mmHg) within
24 h. We categorized patients who received antibiotics before hypotension (“early”),
0-60 min after (“immediate”), and >60 min after (“late”) treatment.

Results: Among 2219 patients, 55% received early treatment, 13% immediate, and
32% late. The late subgroup often presented to the ED with hypotension (median O
min) but received antibiotics a median of 191 min post-ED presentation. Clinical char-
acteristics notable for this subgroup included higher prevalence of heart failure and
liver disease (p < 0.05) and later onset of systemic inflammatory response syndrome
(SIRS) criteria compared to early/immediate treatment subgroups (median 87 vs. 35
vs. 20 min, p < 0.0001). After adjustment, there was no difference in clinical outcomes
among treatment subgroups.

Conclusions: There was significant heterogeneity in presentation and timing of antibi-
otic initiation for suspected septic shock. Patients with later treatment commonly had

hypotension on presentation, had more hypotension-associated comorbidities, and
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sepsis outcomes.
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1 | INTRODUCTION

1.1 | Background

Appropriate recognition and treatment timing in sepsis has been a
focus of multiple studies, guideline development, and quality improve-
ment measures. In sepsis, delays in antibiotic administration are asso-
ciated with increased mortality, particularly after the development of
hypotension.! Every hour delay in antibiotics after onset of hypoten-
sion is associated with an estimated 4%-7% increase in mortality.1™*
Thus, current guidelines recommend clinicians administer antibiotics

within 1 h° of shock and/or recognition of sepsis.”

1.2 | Importance

Although studies have explored the relationship between treatment
timing and outcomes in patients with sepsis and septic shock,23¢:8-10
less is known about differences in clinical presentation between
patients receiving later versus early antibiotic treatment. A study
of patients with septic shock in the emergency department (ED)
found that those with less overt signs of infection on triage were
more likely to receive later administration in antibiotics and increased

3,11

mortality, yet it is unknown what other clinical characteristics are

associated with later treatment.12

1.3 | Goals of this investigation

The objective of our analysis was to consider antibiotic initiation in
relation to initial hypotension to characterize differences in sepsis pre-
sentation and outcomes among patients who presented to the ED with
suspected septic shock.

2 | METHODS

2.1 | Study design and setting

We conducted a retrospective cohort study of adults presenting to
the University of California, San Francisco (UCSF) Helen Diller Medi-
cal Center at Parnassus Heights ED with suspected septic shock within
24 h of ED presentation between June 1, 2012, and December 31,

developed overt markers of infection (eg, SIRS) later. While these factors likely con-

tribute to delays in clinician recognition of suspected septic shock, it may not impact

critical care, electronic health records, emergency medicine, organ dysfunction scores, sepsis,
systemic inflammatory response syndrome

2018. The study site is a 600-bed urban, academic teaching hospital
with ~30,000 ED encounters and 9000 inpatient admissions per year.
The study was approved with waiver of informed consent by the UCSF
Human Research Protection Program (IRB #16-20956). Since 2012,
our institution has used an Epic-based electronic health record (EHR)
platform (Epic Systems Corporation). All data elements were extracted
from Clarity, the relational database that stores Epic’s inpatient data,
using structured query language.

2.2 | Selection of participants

We included adults (>18 years old) with suspected infection, defined
as having blood cultures ordered, receiving parenteral antibiotics,
and meeting EHR-based Sepsis-IlII criteria (Sequential Organ Failure
Assessment [SOFA] score > 2) within 24 h of ED presentation.!3
Additionally, patients met EHR-sepsis criteria with (1) at least 4 days
of sequential antibiotic therapy (or death or discharge to hospice
before 4 days of antibiotic therapy) or (2) a sepsis discharge billing
code,’* a method previously developed and validated by Rhee and
colleagues.'* The study was limited to patients with “suspected septic
shock,” defined as a systolic blood pressure (SBP) less than 90 mmHg
within 24 h of ED presentation, similar to a recently published article by
Pak et al.* We excluded those with resolution of hypotension within 30
min of its start to eliminate spurious hypotension. Repeat encounters
were treated independently.

To validate our EHR-based sepsis diagnosis, we reviewed 50 ran-
domly selected charts of patients without a sepsis discharge code (10
early, 10 immediate, and 30 late subgroups) to determine whether
patients had true sepsis and found that 68% of patients were confirmed
sepsis (n = 34) and 22% were likely sepsis (n = 11). Among patients ulti-
mately determined not to be sepsis on review (n = 5, 10%), treatment
with empiric antibiotics at presentation was almost always determined
to be appropriate (Table S1).

2.3 | Measurements

We collected components of SOFA and systemic inflammatory
response syndrome (SIRS) criteria with timestamps to assess timing
of multiple infectious and organ dysfunction measures.!® Missing
components of SOFA/SIRS did not contribute to the final score as per
convention.’® To calculate both SOFA and SIRS, all relevant clinical
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values were extracted along with their EHR chart timestamp. We
sorted the components values sequentially by timestamp, assigned
SIRS and/or SOFA points to each value, and then added points. Criteria
were met at the timestamp at which the SOFA or SIRS score equaled
>2.We considered meeting SOFA, SIRS, or our institution’s EHR sepsis
alert’® as timestamps at which physicians may suspect sepsis (“sep-
sis recognition criteria”). Timestamps of vasopressor and antibiotic
administration were obtained along with blood culture results.

Patient demographics were extracted including age, sex, ethnic-
ity, primary language, need for interpreter, insurance status, and
pre-admission housing location. All International Classification of
Diseases (ICD)-9/10 admission and discharge diagnosis codes were
extracted. We used comorbidity groupings of ICD-9/10 codes present
on admission to identify pre-existing comorbidities and underlying
organ dysfunction using the Elixhauser risk of mortality score.r” ED

and admission triage level were collected to assess severity of iliness.

24 | Outcomes

We calculated time from ED presentation to the following: meeting
sepsis recognition criteria (SIRS/SOFA/EHR Sepsis Alert), first elevated
lactate, first episode of hypotension, first IV antibiotic order, and first
1V antibiotic administration. Key outcomes extracted included need for
mechanical ventilation, need for vasopressors, incidence of bacteremia
based on discharge coding and/or presence of a positive blood culture,

length of stay (LOS), and discharge disposition.

2.5 | Analysis

While traditionally “time zero” for sepsis is the time of ED presenta-
tion, we used the time of initial hypotensive episode as “time zero”
a priori to define our antibiotic treatment subgroups. Categories of
treatment timing were motivated by the Surviving Sepsis Campaign
guidelines and included (1) “early treatment”—antibiotics adminis-
tered prior to hypotension, (2) “immediate treatment”—antibiotics
administered within 60 min of hypotension, and (3) “late treatment”—
antibiotics administered more than 60 min after hypotension onset.
Demographic and clinical characteristics were compared between the
treatment subgroups.

To determine the relationship between sepsis treatment subgroup
and in-hospital mortality, in-hospital mortality or transfer to hospice,
and LOS for survivors, we performed a matched propensity score
analysis using variables known to be associated with treatment and in-
hospital mortality. We used optimal full matching on propensity score,
implemented using the “Matchlt” and “optmatch” R packages'®1? and
implemented the propensity score that achieved the best balance
as measured by the standardized mean differences (SMD) (Figures
S1-54). To estimate the average treatment effect in the treated (ATT),
we fit logistic and quasi-Poisson regression models that included treat-
ment subgroup, covariates with an SMD > 0.1, covariates thought to

be highly predictive of the outcome, the interaction of treatment and

The Bottom Line

Among 2,219 patients with sepsis and hypotension, antibi-
otic timing relative to hypotension was not associated with
differences in clinical outcomes; however, patients with
antibiotic administration >60 minutes after hypotension had
more chronic comorbidities and developed systemic inflam-

matory response syndrome (SIRS) criteria later.

these covariates, and matching weights. We performed g-computation
using the “marginaleffects” R package to estimate the ATT, expressed
as a rate ratio for the binary outcomes and a difference of mean days
for LOS? including cluster-robust standard errors. Associations were
considered statistically significant at p < 0.05 level. Analyses were
conducted using Stata 12.0 (StataCorp) and R 4.1.2 (R Core Team).
As a sensitivity analysis, we developed multivariable models for each
outcome using simple adjustment and also modeled time between

antibiotics and hypotension as a continuous variable.

3 | RESULTS

3.1 | Characteristics of study subjects

A total of 2219 patients were included (Figure 1). Overall, patients
received antibiotics a median of 2.2 h after ED admission (interquar-
tile range [IQR] 1.2-4.2 h) and developed hypotension at a median
of 3.9 h (IQR, 0.09-10.6 h). The median time from antibiotic receipt
to hypotension was —0.7 h (IQR: —6.9-1.5 h) (Figure S5). There were
1222 patients who received antibiotics before the onset of hypoten-
sion (55%, early treatment subgroup), 284 who received antibiotics
0-60 min after onset of hypotension (13%, immediate treatment sub-
group), and 713 who received antibiotics more than 60 min after
the onset of hypotension (32%, late treatment subgroup). Compared
to the early treatment subgroup, the late treatment subgroup had
a higher prevalence of pre-existing comorbidities, including chronic
renal failure, chronic liver disease, congestive heart failure, and cancer
(p-values < 0.05).

4 | MAIN RESULTS

4.1 | Presenting clinical data

There were significant differences in demographic and presenting clin-
ical characteristics between the groups (Table 1). The late treatment
subgroup was much less likely to present with SIRS. Fever on ED triage
was more prevalent in the early treatment (9.3% vs 23.9%, p < 0.001)
and immediate treatment subgroups (17.6%, p < 0.001). Similarly, the
late treatment subgroup was less likely to present with tachycardia
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FIGURE 1 Identification of the study population. All individuals
>18 years of age who presented to the University of California San
Francisco Emergency Department (ED) between June 1,2012, and
December 31, 2018, were included in the source population. We
excluded those who were not identified as sepsis by the Sequential
Organ Failure Assessment (SOFA) score, those who did not receive IV
antibiotics, and those who did not experience hypotension within 24 h
of ED presentation. Our final analytic cohort included 2219 patients
who had suspected septic shock.

(heart rate > 90 beats/min) (57.6% vs 71.8% [early], p < 0.001; vs
66.5% [immediate], p = 0.010) and tachypnea (respiratory rate > 20
breaths/min) (19.5% vs 32.7%, [early], p < 0.001; vs 38.4% [late],
p < 0.001). In contrast, the late treatment subgroup was much more
likely to have hypotension on ED presentation (SBP < 90 mmHg) com-
pared to both the early treatment (60.2% vs 0.1%, p < 0.001) and
immediate treatment subgroups (vs 49.6%, p = 0.002).

4.2 | Time to sepsis recognition and treatment
from ED presentation

Patterns and timing of sepsis recognition criteria varied based on the
treatment subgroup (Figure 2). The early treatment subgroup met

SIRS (median 35 min, IQR 0-154 min), SOFA (median 111 min, IQR
43-268 min), and received an EHR sepsis alert (median 83 min, IQR
36-287 min) relatively early during the ED admission (Table 2) but
did not develop hypotension until several hours later (median 558
min, IQR 304-912 min). In comparison, the immediate treatment
subgroup met SIRS (median 20 min, IQR 0-90 min), SOFA (median 52
min, IQR 10-98 min), and received an EHR sepsis alert (median 42 min,
IQR 19-91) more rapidly after ED admission, developed hypotension
soon after ED admission (median 7 min, IQR 0-73 min), and received
antibiotics quickly after initial ED presentation (median 51 min,
IQR 37-102 min). Finally, the late treatment subgroup developed
hypotension very close to ED presentation (median O min, IQR 0-64
min) but met SIRS (median 87 min, IQR 16-277 min), SOFA (median
87 min, IQR 37-173 min), and received an EHR sepsis alert (median
81 min, IQR 38-192 min) later in the ED course. The median time
to antibiotic administration following ED presentation in the late
treatment subgroup was 191 min (IQR 103-381 min), and median
time from hypotension to antibiotic administration was 152 min
(IQR 93-273 min).

4.3 | Hospital course and outcomes

There were several differences in hospital course and outcomes across
the three treatment subgroups (Table 2). Compared to the late treat-
ment subgroup, the early treatment subgroup was less likely to receive
vasopressors and more likely to receive mechanical ventilation (vaso-
pressors: 33.4% vs. 28.1%, p = 0.014; mechanical ventilation: 15.6%
vs. 19.9%, p = 0.018), whereas the immediate treatment subgroup had
increased vasopressor requirement (46.8%, p < 0.001). The late treat-
ment subgroup was less likely to have a positive blood culture or sepsis
discharge code compared to the immediate treatment group (p val-
ues < 0.05) but not significantly different from the early treatment
subgroup. There were no significant differences in LOS or inpatient
mortality across treatment subgroups.

4.4 | Multivariable analysis

When comparing the early treatment subgroup to the late treatment
subgroup, there was no significant difference in ATT for in-hospital
mortality (ATT 1.25, 95% confidence interval [CI] 0.86-1.83), in-
hospital mortality or transfer to hospice (ATT 1.18, 95% C10.83-1.67),
or LOS among the survivors (ATT 1.75, 95% Cl —0.45 to 3.94)
(Figure 3). When comparing the immediate treatment subgroup to
the late treatment subgroup, there was no significant difference in
ATT for in-hospital mortality (ATT 1.00, 95% Cl 0.79-1.27), in-hospital
mortality or transfer to hospice (ATT 1.08, 95% CI 0.88-1.34), or
LOS among survivors (ATT 1.75, 95% Cl —0.87 to 2.07). There was no
difference in the results when we used simple adjustment methods
(Table S2). In addition, we found no difference in results when modeling
time from antibiotics to hypotension as a continuous variable (data not
shown).
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TABLE 1 Baseline characteristics of 2219 patients with suspected septic shock, stratified by timing of hypotension in relation to antibiotic
administration.

Antibiotics 0-60

Antibiotics before min after
hypotension hypotension Antibiotics >60 min
Early Immediate after hypotension Early vs Immediate
Treatment treatment Late late vs. late
Factor (n=1222) (n=284) treatment (n=713) p-Value p-value
Patient demographics
Age at ED admission (years), mean (SD) 64.0 (18.4) 66.1(16.3) 61.8(16.5) 0.007 <0.001
Female 596 (48.8%) 125 (44.0%) 345 (48.4%) 0.870 0.210
White 513 (42.0%) 108 (38.0%) 344 (48.2%) 0.007 0.003
Limited English proficiency 269 (22.0%) 62(21.8%) 110 (15.4%) <0.001 0.016
Medi-Cal payer 310(25.4%) 58(20.4%) 176 (24.7%) 0.740 0.150
Admission from skilled nursing facility 102 (8.3%) 48 (16.9%) 64 (9.0%) 0.630 <0.001
Elixhauser risk of mortality score, mean (SD) 14.2(12.0) 16.5(12.8) 17.0(12.5) <0.001 0.520
Chronic renal failure 270(22.1%) 68(23.9%) 208 (29.2%) <0.001 0.096
Chronic liver disease 201 (16.4%) 66 (23.2%) 183 (25.7%) <0.001 0.420
Congestive heart failure 248 (20.3%) 45 (15.8%) 154 (21.6%) 0.500 0.040
Cancer 292 (23.9%) 68 (23.9%) 199 (27.9%) 0.050 0.200
Year of admission 0.512 0.001
2012 29 (3.3%) 16 (6.8%) 23(4.5%)
2013 100 (11.5%) 47 (19.9%) 54 (10.6%)
2014 122(14.1%) 29(12.3%) 78(15.3%)
2015 141(16.3%) 44 (18.6%) 70(13.7%)
2016 161(18.6%) 31(13.1%) 83(16.2%)
2017 150(17.3%) 41(17.4%) 100 (19.6%)
2018 164 (18.9%) 28(11.9%) 103 (20.2%)
Presenting clinical data
First qualifying SOFA within the first 24 h, 6.9(3.5) 8.2(3.7) 7.4(3.5) 0.001 0.002
mean (SD)
First temperature >38.3°C 292 (23.9%) 50(17.6%) 66(9.3%) <0.001 <0.001
First temperature <36.0°C 63(5.2%) 46(16.2%) 48 (6.7%) 0.150 <0.001
First systolic blood pressure < 90 mmHg 1(0.1%) 141 (49.6%) 429 (60.2%) <0.001 0.002
First heart rate > 90 beats per minute 878(71.8%) 189 (66.5%) 411 (57.6%) <0.001 0.010
First respiratory rate > 20 breaths per 400 (32.7%) 109 (38.4%) 139 (19.5%) <0.001 <0.001
minute
First WBC count > 12,000 or < 4000 per 682 (55.8%) 167 (58.8%) 407 (57.1%) 0.590 0.620
microliter
First lactate > 2 mg/dL 713 (58.3%) 204 (71.8%) 410(57.5%) 0.720 <0.001
>2 SIRS criteria within the first 24 h 1186 (97.1%) 276(97.2%) 671(94.1%) 0.003 0.045
>2 SIRS criteria on triage 509 (41.7%) 129 (45.4%) 159 (22.3%) <0.001 <0.001
EHR sepsis alert triggered in ED 945 (77.3%) 251 (88.4%) 556 (78.0%) 0.740 <0.001

Abbreviations: ED, emergency department; EHR, electronic health record; SIRS, systemic inflammatory response syndrome; SOFA, Sequential Organ Failure
Assessment.
P-Values that achieved statistical significance (p<0.05) appear in bold font.
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FIGURE 2 Timeline of hypotension, sepsis presentation, and treatment for each category of sepsis treatment timing. Frequency of each
timepoint being met can be found in Tables 1 and 2; median time to each event is displayed in this figure and median and interquartile range can
also be found in Table 2. Abbreviations: ED, emergency department; EHR, electronic health record; Abx, antibiotics; SIRS, systemic inflammatory

response syndrome; SOFA, Sequential Organ Failure Assessment.

5 | LIMITATIONS

This was a single-center retrospective study of EHR data; however,
EHR data can reveal moment-to-moment timestamps for treatment
administration and vital signs observation, which are critical for timely
sepsis identification. While EHR-based sepsis identification may never
reach the “gold standard” of chart review or prospective identification
and our study may have been impacted by misclassification, it is
increasingly utilized as the measure of sepsis outcomes for quality,
safety, and multicenter research studies.?! We conducted manual
chart review on 50 patients without a sepsis discharge code and
found that a large majority had confirmed sepsis on presentation or
received antibiotics appropriately. These findings reflect the inevitable
diagnostic uncertainty that clinicians commonly face early during
critical and acute illness.?2 It also highlights the necessary minority of
patients requiring sepsis “overtreatment,” particularly among those
at high risk of mortality. It is possible that our definition of hypoten-
sion as “time zero” for when antibiotics should be administered for
patients with suspected septic shock could be flawed and that there
are other more appropriate triggers for antibiotic treatment; how-
ever, finding those triggers may be difficult if they are not charted
in the EHR. Finally, our multivariable analysis did not control for
time-varying covariates, which could have impacted our outcome

analysis.

6 | DISCUSSION

In this study of patients who presented to the ED with suspected septic
shock, we found that most patients received antibiotics before (55%)
or within 60 min (13%) of incident hypotension but receipt of antibi-
otics more than 60 min after hypotension was common (32%). Our
study exposed important differences in sepsis presentation, treatment
timing, and evolution of illness within these three distinct antibiotic
treatment subgroups. Patients in the early and immediate treatment
subgroups both had SIRS criteria and EHR alert triggers for treatment
shortly after ED presentation. The late treatment subgroup frequently
had hypotension early in presentation, often before other inflamma-
tory measures of sepsis, and was more likely to have comorbidities
that may have confounded clinician interpretation of hypotension.
Finally, while we employed rigorous propensity score matching meth-
ods, we found no significant difference in outcomes when comparing
the late treatment subgroup to either the early orimmediate treatment
subgroup.

Our study highlights that sepsis presentation is not “one size fits
all” and not all patients follow a classic sepsis trajectory from infec-
tion to multi-system organ failure. In our cohort, a significant number
of patients had hypotension as their only presenting symptom of sep-
sis, which is most frequently anticipated later in the sepsis trajectory.

By only focusing on the most common sepsis presentations, we may
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TABLE 2 Hospital course of 2219 patients with suspected septic shock, stratified by timing of hypotension in relation to antibiotic

administration.

Antibiotics before
hypotension

Early

Factor (n=1222)

Emergency department course and treatments

Time in minutes from ED admission to?
SIRS > 2° 35(0,154)
SOFA > 2° 111 (43,286)
EHR sepsis alert” 83(36,287)
First episode of hypotension 558 (304, 912)
Fluid administration® 90 (46,214)
Blood culture order 38(13,123)
Antibiotic order 82(37,163)

129(75,223)
606 (286, 1092)

Antibiotics administered
Vasopressors administered?

Hospital course and outcomes

ICU admission 412 (33.7%)
Vasopressor administration 343(28.1%)
Mechanical ventilation in first 72 h 243(19.9%)
Blood culture positive 210(17.2%)
Inpatient mortality 192 (15.7%)
Hospital length of stay in days among 6.0(4.0,10.0)
survivors®
Sepsis discharge code 867 (70.9%)

aTime in minutes data summarized using median and interquartile range.

Antibiotics
0-60 min after Antibiotics > 60 min
hypotension after hypotension Early Immediate
Immediate Late vs. late vs. late
(n=284) (n=713) p-Value p-Value
20 (0, 90) 87(16,277) <0.001 <0.001
52(10,98) 87(37,173) <0.001 <0.001
42(19,91) 81(38,192) 0.18 <0.001
7(-3,73) 0(0, 64) <0.001 <0.001
36(18,89) 68 (36, 165) <0.001 <0.001
19(9,53) 44(17,177) 0.005 <0.001
29(16,63) 132 (58, 305) <0.001 <0.001
51(37,102) 191(103, 381) <0.001 <0.001
124 (60, 356) 384 (135,755) <0.001 <0.001
158 (55.6%) 242 (33.9%) 0.92 <0.001
133 (46.8%) 238 (33.4%) 0.014 <0.001
7(20.1%) 111(15.6%) 0.018 0.086
56(19.7%) 102 (14.3%) 0.097 0.035
60(21.1%) 125 (17.5%) 0.30 0.19
6.1(3.8,10.1) .0(3.8,10.8) 0.93 0.96
236 (83.1%) 511(71.7%) 0.74 <0.001

bA total of 2133 patients met SIRS criteria, all patients met SOFA criteria, and 1711 patients had an electronic health record (EHR) sepsis alert triggered in

the emergency department (ED).

€A total of 1810 patients received IV fluids.

dA total of 714 patients received vasopressors.

P-Values that achieved statistical significance (p<0.05) appear in bold font.

miss important subgroups of patients who are just as clinically ill,
who experience similar outcomes, and who could benefit from the
same swift sepsis treatment offered to those with more classic sep-
sis presentations.23-2¢ Qur results also suggest that the late treatment
subgroup is more likely to have comorbidities that may confound the
diagnosis of sepsis. For patients who present with lone hypotension,
along with a history of heart failure or liver disease, physicians may not
recognize the presence of sepsis, even though these conditions war-
rant an elevated level of clinical suspicion given increased risk of poor
outcomes.?”-28 |n addition, it is well recognized that patients receiving
cancer treatment are more likely to have a blunted immune response to
sepsis and may not present with SIRS physiology.2-3% While clinical tri-
als often exclude these patients, real-world data like those presented
in our study are critical for determining treatment and management
strategies.

By using hypotension as sepsis “time zero” for treatment groups,
we were able to identify different sepsis presentation patterns. Among

those in the late treatment subgroup, 60% had hypotension on triage,

compared to <1% among those who were in the early treatment sub-
group. A high proportion of patients already had hypotension on ED
presentation, ruling out the possibility that more expedient treatment
in the early treatment subgroup was the sole reason for later hypoten-
sion onset. In contrast, the immediate treatment subgroup presented
with hypotension shortly after ED arrival, but also met SIRS and SOFA
criteria soon after ED arrival. Given that the immediate subgroup
received timely antibiotics less than 60 min after incident hypoten-
sion, this may offer further evidence that frontline clinicians are heavily
reliant on these sepsis recognition criteria to identify sepsis.

Antibiotic treatment timing was not associated with mortality in our
cohort of patients with suspected septic shock, even after propensity
score adjustment. The Immediate treatment subgroup was enriched
for patients who were most acutely ill and overtly sick on presen-
tation. These patients were most likely to present to the ED from
a skilled nursing facility. Though clinicians treated sepsis readily in
relation to both ED presentation and hypotension (within 60 min of

hypotension), this group was most likely to require ICU level care and
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FIGURE 3 Average treatment effect in the treated (ATT) for the outcomes of death (A), death or hospice (A), and length of stay (B). The ATT
was calculated comparing those in the immediate versus late treatment subgroups and comparing those in the early versus late treatment

subgroups.

had the worst clinical outcomes, although these differences were fully
attenuated on adjusted analyses. While antibiotic delays have been
associated with worse clinical outcomes in sepsis in prior studies, par-
ticularly among patients with hypotension and shock,* our findings are
similar to those presented by Filbin et al.,!* where those presenting
without fever and with delays in antibiotic administration had several
other underlying factors that explained increased mortality. Another
block-randomized controlled trial assessing the impact of pre-hospital
antibiotic administration in patients that met SIRS criteria was unable
to show a difference in outcomes based on antibiotic timing. In addi-
tion, when conducting observational studies using clinical data, the
association between antibiotic timing and outcomes can be signifi-
cantly impacted by time windows, variables, and definitions used to
model the relationship, as a recent study by Pak et al. has shown.*

Our study demonstrated that, by evaluating suspected septic shock
based on antibiotic timing in relation to hypotension onset (instead

of ED presentation time), there was significant heterogeneity in sep-

sis presentation and treatment timing. Patients commonly received
antibiotics more than 60 min after initial hypotension (32%), which is
beyond the current Surviving Sepsis Campaign recommendation for
patients with suspected shock. These patients notably presented with
less overt signs of classic sepsis (e.g., SIRS) and more comorbid condi-
tions that could impair clinician recognition of hypotension (e.g., heart
failure, liver disease, and cancer diagnosis) as a harbinger of sepsis.
However, while these findings suggest that lone hypotension may be
an early warning sign of sepsis in the ED, larger prospective studies
are needed to determine if earlier treatment for these patients could

improve clinical outcomes.
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