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Objective: To determine if prehospital identification of sepsis will affect time to Centers for Medicare and Medic-
aid services (CMS) sepsis core measures and improve clinical outcomes.

Methods: We conducted a retrospective cohort study among septic patients who were identified as “sepsis alerts”
in the emergency department (ED). Metrics including time from ED registration to fluid resuscitation, blood cul-
tures, serum lactate draws, and antibiotics administration were compared between those who had pre-arrival
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Ilffgwm Os;dist;l notification by EMS versus those that did not. Additionally, outcomes such as mortality and intensive care unit
Sepsis (ICU) admission were recorded.

End-tidal carbon dioxide Results: Of the 272 total patients, 162 had pre-arrival notification (prehospital sepsis alerts) and 110 did not. The
Antibiotics prehospital sepsis alert group had significantly lower times to intravenous fluid administration (6 min 95%CI

4-9 min vs 41 min 95%CI 24-58 min, p < 0.001), blood cultures drawn (12 min 95%CI 10-14 min vs 34 min
95%Cl 20-48 min, p = 0.003), lactate levels drawn (12 min 95%CI 10-15 min vs 34 min 95%CI 20-49 min, p =
0.003), and administration of antibiotics (33 min 95%CI 26-40 min vs 61 min 95%CI 44-78 min, p = 0.004). Pa-
tients with prehospital sepsis alerts also had a higher admission rate (100% vs 95%, p = 0.006), and a lower ICU
admission rate (33% vs 52%, p = 0.003). There was no difference in mortality (11% vs 14%, p = 0.565) between
groups.

Conclusions: Prehospital sepsis alert notification may decrease time to specific metrics shown to improve out-

comes in sepsis.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

Sepsis, defined by organ failure in response to severe infection, may
develop into septic shock and is responsible for significant morbidity
and mortality [1-3]. Early identification and aggressive treatment, in-
cluding fluid resuscitation, broad spectrum antibiotics, and close moni-
toring of perfusion, has been shown to improve survival [4-6]. Recently,
the Centers for Medicare and Medicaid Services (CMS) adopted a qual-
ity process aimed at standardizing the treatment of sepsis and septic
shock and encouraging protocols that stress early identification and
treatment strategies [7]. Although they remain controversial, these
core measures are tied to reimbursement and quality metrics. They in-
clude obtaining serum lactate and blood cultures, as well as administer-
ing antibiotics and intravenous fluids [7]. In response, many hospitals
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have established standing orders and alert processes to help identify
these patients and improve compliance.

Delays in first medical contact to antibiotic administration increase
mortality in septic patients [8]. Although sepsis is common among pa-
tients transported by emergency medical services (EMS) [9-11] and
outcomes improve with appropriate prehospital care [9,12-15], studies
suggest personnel are undertrained in recognition of the disorder [16].
Multiple screening tools have been studied to improve upon recogni-
tion, including the quick sequential organ failure assessment (qSOFA)
score [17]. Recently, we described a screening tool utilizing end-tidal
carbon dioxide (ETCO2) that was shown to be sensitive and specific in
the prehospital environment [18] and may outperform qSOFA in this
setting [19].

The current study compares the compliance with CMS sepsis core
measures between septic patients in the emergency room that were
identified by prehospital providers as “sepsis alerts” versus those that
were not. We hypothesized that patients identified by EMS providers
would have decreased times to initiation of fluid resuscitation and anti-
biotic administration, as well as lactate and blood culture draws.
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2. Methods
2.1. Design and setting

We conducted a retrospective cohort study among adult patients
(218 years old) diagnosed with sepsis who were identified as “sepsis
alerts” in the emergency department (ED) at Orlando Regional Medical
Center (ORMC) during a 3-year period from 4/13-4/16. Orange County,
Florida is an urban/suburban region with a population of approximately
1.2 million individuals. The OCEMS system consists of eight Advanced
Life Support EMS agencies utilizing the same medical protocols, provid-
ing over 100,000 transports annually. ORMCis a large, urban, tertiary re-
ceiving hospital with approximately 90,000 ED visits annually. Principle
diagnosis of sepsis was defined by International Classification of Disease
version 9 (ICD-9). The institutional review board at the participating
hospitals approved the study protocol.

Inclusion criteria consisted of any case where a “sepsis alert” was ac-
tivated by the ED. Sepsis alerts can be activated by ED staff at the time of
triage or clinician evaluation, as well as by arriving Orange County EMS
System (OCEMS) transport vehicles. Emergency Department “sepsis
alerts” are defined by physician discretion based on clinical presentation
or an internal nursing screening tool consisting of three or more of the
following criteria: RR > 30 breaths/min, oxygen saturation < 93%, new
altered mental status, systolic blood pressure < 100 mm Hg, ETCO
< 26 mm Hg, age > 65 years old, or immunocompromised patient.
These patients may arrive through ED triage or from a non-OCEMS
EMS agency that does not have sepsis alert protocols. Per OCEMS proto-
cols, a sepsis alert is called when an adult patient (218 years) has a
suspected infection, two or more of the following SIRS criteria
(temperature > 38 °Cor < 36 °C, heart rate > 90 beats/min, or respiratory
rate > 20 breaths/min) and an ETCO2 level < 25 mm Hg. Regardless of
whether it is activated by ED or prehospital staff, the sepsis alert at
ORMC brings additional physician, nursing, and phlebotomy staff to
the patient's bedside, allows for standing orders including intravenous
access, laboratory and radiographic tests, and notifies nursing adminis-
tration for potential ICU disposition.

Patients were excluded if they were not activated as a sepsis alert in
the ED. Exclusion criteria also included pediatric patients (<18 years
old), and patients without available prehospital or hospital records.

2.2. Data collection

Patient age, gender, mortality, admission to hospital or intensive
care unit (ICU), initial ED vital signs including ETCO2, and serum lactate
levels were obtained from the hospital chart. Time to blood culture
draw, serum lactate draw, initiation of intravenous fluids, and initiation
of antibiotics were calculated from the hospital chart utilizing patient
registration into the emergency department as time zero. Charting of
these tasks is performed by nursing staff and time-stamped by the elec-
tronic medical record (All Scripts/Sunrise®). Prehospital sepsis alerts
were verified by linking EMS and hospital data.

The primary outcomes were time to blood culture draw, time to
serum lactate draw, time to initiation of IVF, and time to initiation of an-
tibiotics. We also measured mortality and patient disposition described
as discharge, hospital admission, or ICU admission.

2.3. Analysis

Data were described using means and proportions with 95% confi-
dence intervals. Data were assessed for variance and distribution and
comparisons between groups were performed using Fisher's Exact test
and independent sample t-tests with pooled or separate variance as ap-
propriate. Significance was set at 0.05. Data were analyzed using STATA
(StataCorp, College Station, TX).

3. Results

Of the 272 total patients, 162 had pre-arrival notification
(prehospital sepsis alerts) and 110 did not. The average age was
67 years old (SD17), with the prehospital sepsis alert group being statis-
tically older (69 versus 64 years old, p = 0.024, see Table 1), and 49% of
patients were female. Ninety eight percent of all patients were admitted
to the hospital and 41% were admitted to the ICU. The average lactate
level was 3.3 mM/L (95%CI 2.9-3.6 mM/L), and there was an overall
mortality rate of 12% (see Table 1).

The prehospital sepsis alert group had significantly lower times to
intravenous fluid administration (6 min 95%CI 4-9 min vs 41 min 95%
CI 24-58 min, p < 0.001), blood cultures drawn (12 min 95%CI
10-14 min vs 34 min 95%Cl 20-48 min, p = 0.003), lactate levels
drawn (12 min 95%CI 10-15 min vs 34 min 95%CI 20-49 min, p =
0.003), and administration of antibiotics (33 min 95%ClI 26-40 min vs
61 min 95%Cl 44-78 min, p = 0.004, see Fig. 1). Patients with
prehospital sepsis alerts also had a higher admission rate (100% vs
95%, p = 0.006), and a lower ICU admission rate (33% vs 52%, p =
0.003, see Table 1). The prehospital sepsis alert group had a slightly
higher RR (27 bpm 95%CI 25-28 bpm vs 24 bpm 23-26 bpm, p =
0.044) and pulse (112 bpm 95%CI 108-116 bpm vs 102 bpm 95%CI
97-106 bpm, p = 0.001, see Table 1). The prehospital sepsis alert
group also had a lower mean DBP (67 mm Hg 95%CI 64-71 mm Hg vs
82 mm Hg 95%CI 79-85 mm Hg, p < 0.001, see Table 1). ETCO2 levels
were lower in the prehospital sepsis alert group (22 mm Hg 95%CI
20-23 mm Hg vs 32 mm Hg 95%CI 28-35 mm Hg, p < 0.001). However,
there was no difference in mortality (11% vs 14%, p = 0.565) or lactate
levels (3.4 mM/L 95%CI 2.9-3.8 mM/L vs 3.1 mM/L 95%CI 2.7-3.6 mM/L,
p = 0.528), see Table 1) between groups.

4. Discussion

This study suggests that a prehospital sepsis alert screening tool de-
creases time to workup and subsequent CMS sepsis bundle compliance.
However, in this cohort there was no change in mortality. Prehospital
sepsis alerts were associated with a higher overall hospital admission
rate but a lower ICU admission rate, which may reflect upon successful
early resuscitative efforts. Both groups had similar mortality and lactate
levels, suggesting that a differing disease severity was not the cause for
these findings.

Sepsis care has evolved over the last decade, with a current focus on
early identification and aggressive therapy. Large trials have shown ag-
gressive fluid resuscitation, frequent monitoring of perfusion status, and
early antibiotic administration improves outcomes [5]. As incentive to
standardize best practices, CMS initiated timed sepsis bundles to en-
courage compliance with core measures [7]. Within the first 3 h of pre-
sentation, hospitals must obtain lactate levels and blood cultures, and
administer antibiotics. For patients with septic shock, they must also
complete a 30 mL/kg resuscitation with crystalloid fluids prior to perfu-
sion reassessment. Sepsis bundles require reassessment of perfusion
status within 6 h of presentation. Compliance with such measures re-
quires early identification and significant resources for patient registra-
tion, phlebotomy, and drug administration. Prehospital sepsis alerts
may improve upon these metrics by providing pre-arrival notification,
allowing the facility to prepare for immediate offload, gathering of
staff and equipment, and physician assessment. By encouraging recog-
nition of septic patients in the field, the current protocol also directed
EMS providers to obtain IV access and begin crystalloid resuscitation.
These processes - pre-arrival notification, IV access, and immediate
fluid administration - were likely responsible for improvement of the
CMS bundle compliance. While the CMS core measures were designed
with best practices in mind, it is currently unknown if compliance im-
proves survival in septic patients.

Several prior studies have noted an association between prehospital
identification of sepsis and improved outcomes [12-15]. In the current
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Table 1
Comparison of characteristics of patients with no prehospital sepsis alert versus prehospital sepsis alert.
No prehospital sepsis alert Prehospital sepsis alert Total p-Value
N = 110 [95%CI] N = 162 [95%CI] N = 272 [95%CI]
Age 64 (SD18) 69 (SD16) 67 (SD17) 0.024
Gender (% female) 56 (51%) 78 (48%) 134 (49%) 0.347
Admission (n = 255) 104 (95%) 145 (100%) 249 (98%) 0.006
ICU admission (n = 254) 57 (52%) 48 (33%) 105 (41%) 0.003
Mortality (n = 255) 15 (14%) 16 (11%) 31 (12%) 0.565
Time to IV fluids (min) (n = 248) 41 [24-58] 6 [4-9] 19 [13-26] <0.001
Time to blood cultures (min) (n = 241) 34[20-48] 12[10-14] 21[15-28] 0.003
Time to antibiotics (min) (n = 240) 61 [44-78] 33 [26-40] 45 [37-54] 0.004
Time to lactate (min) (n = 241) 34 [20-49] 12 [10-15] 22[15-28] 0.003
Lactate levels (n = 246) 3.1[2.7-3.6] 3.4[2.9-3.38] 3.3[2.9-3.6] 0.528
ETCO2 (n = 206) 32 [28-35] 22 [20—23] 24 [22-25] <0.001
ED temp (n = 228) 100.4 [99.9-100.9] 100.5 [100.1-100.8] 100.5 [100.2-100.8] 0.889
ED respiratory rate (n = 235) 24 [23-26] 27 [25-28] 25 [24-27] 0.044
ED BP systolic (n = 236) 128 [123—-133] 122[117-127] 125[121-128] 0.114
ED BP diastolic (n = 235) 82[79-85] 67 [64-71] 74 [72-77] <0.001
ED pulse (n = 237) 102 [97-106] 112[108-116] 107 [104-110] 0.001
ED 02 saturation (n = 234) 94 [91-96] 95 [94-96] 94 [93-95] 0.254

study, mortality was unchanged by those with prehospital sepsis alerts,
despite decreased time to important benchmarks. Mortality is a difficult
primary outcome to interpret in early sepsis intervention considering
many septic patients are older, have multiple co-morbidities, and may
have advanced directives for end of life care. There was a decrease in
ICU admission in the patients identified by prehospital providers,
which may reflect that successful early resuscitative efforts stabilized
these patients. However, the decision for ICU admission is multifactorial
and may not necessarily reflect upon initial patient care.

The most important intervention for septic patients is early antibi-
otic administration [20,21]. Highly sensitive and specific sepsis screen-
ing tools may allow for out of hospital antibiotic administration.
However, austere prehospital conditions limit laboratory access and
the multitudes of sepsis screening tools described in the literature
have varying sensitivity and specificity [19,22,23]. Overall, none of
these tools are as accurate as necessary, and further study is required
to improve upon them. Regardless, there are reports demonstrating
prehospital antibiotics may be given safely for suspected sepsis, but
none have shown survival benefit [24,25]. Larger studies will be re-
quired to determine if EMS sepsis alert protocols or antibiotic adminis-
tration decrease overall inpatient mortality or improve upon other
functional outcomes.

Limitations included the observational nature of the study which
may introduce selection bias. To avoid potential bias, patients were
only included if they were had both a principal (ICD-9) diagnosis of sep-
sis and a documented sepsis alert from the ED. This was done to exclude

IVF Blood Cultures

those initially considered sepsis alerts that were found not to have an
appropriate diagnosis to continue with the CMS sepsis bundle treat-
ments (for example, intoxication or metabolic encephalopathy), as
well as those who were not initially identified as potentially being septic
in the ED. Data was collected from chart review, and we cannot confirm
the veracity of these time logs. It is possible that the reduced times were
due solely to EMS transport versus walk ins, however, patient character-
istics were largely the same suggesting a relatively equivalent level of
disease severity at presentation. A prospective comparison consisting
of only EMS transported patients may further elucidate the effect of
the sepsis alert protocol among that group. The study was performed
at a single site using a single set of protocols and may not be generaliz-
able to a broader population. This study was performed as a quality im-
provement initiative to promote compliance with CMS sepsis bundles,
and therefore the primary outcome measures were time to intervention
metrics rather than patient centered. While secondary outcomes for
clinical disposition showed potential for improvement with prehospital
sepsis alerts (decreased ICU admission), mortality was unchanged.

5. Conclusion

Creating systems that link prehospital and ED standards of care have
drastically improved upon trauma, ST segment elevation myocardial in-
farction, and stroke. Extending the reach of sepsis alerts to EMS may im-
prove the flow of patient care and decrease time to life saving
interventions. In this study, we show decreased time to clinical
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Fig. 1. Changes in core measures following institution of prehospital sepsis alert.
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interventions that improve outcomes when EMS providers activate a
sepsis alert from the field. Improved training for prehospital providers,
validated sepsis screening tools, and further integration of prehospital
and in-hospital care may improve outcomes for septic patients in the
future.
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