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Background: Field sepsis alerts have the ability to expedite initial ED sepsis treatment. Our hypothesis is that in
patients that meet EMS sepsis alert criteria there is a strong relationship between prehospital end-tidal carbon
dioxide (ETCO2) readings and the outcome of diagnosed infection.
Methods: In 2014, our EMS service initiated a protocol requiring hospitals to receive notification of a “sepsis alert”
on all suspected sepsis patients. The EMS service transports 70,000 patients/year to a number of urban centers.
All patients transported to our major urban teaching hospital by our EMS service in one year in which a sepsis
alertwas announcedwere included in this study. The primary outcomevariablewas diagnosed infection and sec-
ondary outcomes were hospital admission, ICU admission and mortality. Positive lactate was defined as
N4.0 mmol/L. ROC curve analysis was used to define the best cutoff for ETCO2.
Results: 351 patients were announced as EMS sepsis alert patients and transported to our center over a one year
period. Positive outcomes were as follows: diagnosed infection in 28% of patients, hospital admission in 63% and
ICU admission in 11%. The correlation between lactate and ETCO2 was−0.45. A ROC curve analysis of ETCO2 vs.
lactate N4 found that the best cutoff to predict a high lactate was an ETCO2 of 25 or less, which was considered a
positive ETCO2 (AUC = 0.73). 27% of patients had a positive ETCO2 and 24% had a positive lactate. A positive
ETCO2 predicted a positive lactatewith 76% accuracy, 63% sensitivity and 80% specificity. 27% of thosewith a pos-
itive ETCO2 and 44% of thosewith a positive lactate had a diagnosed infection. 59% of thosewith a positive ETCO2
and 89% of thosewith a positive lactate had admission to the hospital. 15% of thosewith a positive ETCO2and 18%
of those with a positive lactate had admission to the ICU. Neither lactate nor ETCO2 were predictive of an in-
creased risk for diagnosed infection, hospital admission or ICU admission in this patient population.
Conclusion:While ETCO2predicted the initial ED lactate levels it did not predict diagnosed infection, admission to
the hospital or ICU admission in our patient population but did predict mortality.

© 2018 Elsevier Inc. All rights reserved.
1. Introduction

The initial evaluation of patients in the pre-hospital setting, requires
EMS to properly assess vital signs to determine initial patient manage-
ment and to communicate to emergency departments to prepare for re-
ceipt and treatment of transported patients. Development and
implementation of disease specificfield alerts, such as Field Sepsis Alerts
inwhich certain criteria are established to deem a patient “sepsis likely”
expedite initial ED sepsis treatment [1-4].

Of particular interest to our study of pre-hospital patient parameters
predicting in-hospital patient outcomeswas end tidal CO2 (ETCO2) and
how it compares to first hospital lactate [5-8]. ETCO2 is a noninvasive
method of providing another insight to patient status and patient man-
agement by EMS [9-16]. Devices that measure exhaled carbon dioxide
are a mature and easy to use technology already available to field
EMS. Currently, instantaneous capnography is utilized in the settings
of acute asthma exacerbations, return of efficacious cardiac output fol-
lowing cardiac arrest, aswell as a sign of a successful endotracheal intu-
bation. In relation to sepsis, pathologically speaking, is the common
development of a metabolic acidosis that is often accompanied by an
apparent increase in cardiovascular carbon dioxide content as well as
the production of water via carbonic anhydrase in an effort to buffer
the decrease of blood pH towards physiologic normal values. As a result
of this change in vascular carbon dioxide content, increased amounts
should be exhaled and thus lead to a measurable decrease in blood
CO2 via commonly available capnography assessment tools. Given the
immediacy and ease of use of ETCO2 monitor results, an association
with pre-hospital suspicion of sepsis and initiation of empiric treatment
prior to gold standard lactate levels in the hospital setting has the ability
to improve patient outcomes like prehospital interventions have for MI,
stroke and TBI [17-19]. The sepsis literature has begun to suggest that
earlier interventions are important in sepsis care [20-27].
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Table 1
Demographics.

N (%)

N 351
Age 52 ± 23
Gender (%males) 185/330(56%)

(21 unknown)
Race
White 122 (35%)
Hispanic 140 (40%)
American Indian 35 (10%)
African American 13 (4%)
Other/unknown 42 (11%)

Source of infection found 101 (29%)
Dispositions
Admitted to hospital 180 (51%)
Admitted to ICU 40 (11%)
Discharged 104 (30%)
Unknown 27 (8%)

EMS urgency codes
Level 1 70 (20%)
Level 2 18 (5%)
Level 3 108 (31%)
Level 4 151 (43%)
Level 5 4 (1%)

EMS Priority codes
Code 1 209 (60%)
Code 2 80 (23%)
Code 3 63 (1%)

LOS –overall (Median, IQR) 4(2,8)
LOC-discharged (Median, IQR) 1 (1,1)
LOS-Admitted to floor (Median, IQR) 4 (2,7)
LOS-Admitted to ICU (Median, IQR) 8 (2,18)
Source found (%age) 100 (28%)
Floor admit (%age) 180 (51%)
ICU admit (%age) 41 (12%)
All admits (%age) 221 (63%)
Deaths (%age) 28 (8%)
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The purpose of our study was to further assess the possible role and
scope of ETCO2measurement to drive the commencement of evidence-
proven effective early therapy, thereby maximizing treatment's ability
to decrease sepsis mortality. It is essential to establish the efficacy of ef-
fective, readily available, non-invasive, and inexpensive tests that equip
EMS providers and receiving emergency department health care profes-
sionals to aid suspected sepsis patients to the best of their ability. Given
that EMS providers are already capable of delivering research supported
early therapy, which include large volume fluid resuscitation, allowing
them to carry out this care with confidence is paramount to escalating
provider response to the serious threat of sepsis.

Our hypothesis was that in patients that meet EMS sepsis alert
criteria there is a strong relationship between prehospital ETCO2 read-
ings and the outcome of diagnosed infection. The secondary hypothesis
was that ETCO2 also predicted hospital admission, ICU admission and
death.

2. Methods

2.1. Design and setting

As of 2014, our local EMS services that deliver patients to the our
hospital emergency department, the only level one trauma center in
the state, as well as other local emergency departments, began to em-
ploy a Field Sepsis Alert Protocol. This EMS service transports about
70,000 patients per year to area health care centers. The Field Sepsis
Alerts were to be triggered if there was a suspicion of infection plus 2
or more of the following: temperature N 38.3 C or b36 C, heart rate
greater than the age adjusted expectation, and respiratory rate greater
than age adjusted expectation in addition to the presence of any one
of the following: hypotension, respiratory distress, or lactate
N4 mmol/L (if available).

The structure of this study was a retrospective cohort study
encompassing EMS run reports from Albuquerque Ambulance Service
from 2014 to 2015 and subsequent Patient care reports (PCRs) from
UNMH. The UNM Human Research Protections Office approved the
study protocol.

All run reports that indicated that ETCO2 deviceswere used and data
recorded, over a two year period during 2014 and 2015, were included
in this study. Inclusion criteria further included delivery to our ED, a
minimum of one set of lab values attained at the hospital that included
a lactate value and white blood cell count as well as a minimum of one
set of vital signs. Exclusion criteria was incomplete EMS run reports and
hospital PCRs that did not include the minimum criteria previously
mentioned. The eventual outcome variable was whether the patient
was eventually diagnosed with sepsis upon admission to the hospital.

2.2. Data collection

Data collection consisted of the development of a standardized Data
Collection Form for both EMS run report and ED PCR data extraction. Pa-
tients were de-identified and givenmatched identification numbers for
the purposes of data matching of records and eventual analysis. Re-
searchers were trained on the study protocol and method of data ex-
traction. One researcher used run reports and mined them for patient
age, pulse, respiration rate (RR), systolic blood pressure (SBP), diastolic
blood pressure (DBP), temperature, primary impression, and call prior-
ity. Additionally, we investigated whether IV access was established,
supplemental oxygen was employed, intraosseous access was initiated,
and the ETCO2 recorded. Another pair of researchers used Cerner
PowerChart patient care records and investigated them for the parame-
ters of date, patient age, gender, ethnicity, ED Diagnosis, first set of vital
signs, WBC, first lactate, disposition (AMA/LWBS, Admit, Discharge, Ob-
servation), and outcome if available.

The outcome variables measured included diagnosed infection, ad-
mission to the hospital and admission to the ICU. We defined
“diagnosed infections” as finding the patient's final diagnosis of an in-
fectious source, not necessarily based on a positive culture. This could
be any oneof thefinal charted diagnoses for the patient or a positive cul-
ture if done. We defined positive lactate to be N4.0 mmol/L.

2.3. Analysis

Data was analyzed through the utilization of stratification into live
and deceased groups and means of the parameters mentioned previ-
ously with an established confidence interval of 95% throughout. Re-
ceiver Operator Characteristic Curve analysis was used to define the
best cut-off value for ETCO2. This study was powered to show a differ-
ence of 15% between groups with 350 total patients. The study was ap-
proved by our IRB as expedited.

3. Results

Of all run reports for the 2014–2015 year, 351 patients were an-
nounced as Field Sepsis Alerts and transported to UNMH. On retrospec-
tive review, all patients that were included met the protocol criteria to
be announced as a sepsis alert. Outcomes for these patients were as fol-
lows: 28% had an identified source of infection, 63% were admitted to
the hospital, 12% were admitted to the ICU, and 8% of patients died.
The mean age was 52 and 56% of the included patients were male. Per
EMS all patients met at least 2 SIRS criteria; in the ED with the first set
of vital signs 62% of patients met at least 2 SIRS criteria. Enroute to the
hospital, 68 patients received supplemental oxygen and 55 had IV ac-
cess established (see Table 1).

Upon Admission, patients stayed amean of 5.9 days and, if admitted
to ICU, stayed amean of 11 days. Nine percent of floor admitted patients
and 29% of ICU admitted patients died during their hospital stay.



Table 3
Univariate odds using discrete cutoffs for ETCO2, lactate and SIRS criteria in predicting a
positive source of infection, admission to the hospital, admission to an ICU and death.

Cutoff positive Source of
infection
found

Admitted
to the
hospital

Admitted
to the ICU

Death

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

ETCO2 (≤25) 0.9 0.5,1.5 0.8 0.5,1.3 1.5 0.8,3.0 2.8 1.3,6.2
Lactate (≥4) 1 0.6,2.1 1.9 0.7,5.3 1.6 0.6,4.0 7.7 3.0,19.9
SIRS (≥2) 3.5 2.1,6.0 3.9 2.5,6.2 1.8 0.9,3.6 3.8 1.4,10.2

Bolded values are significant at p b 0.05.
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The comparison of the groups based on the outcome of whether a
source of infection was found is shown it Table 2. As can be seen,
many of the individual variables were significantly different between
the two groups. However, only prehospital SIRS criteria were signifi-
cantly related to any of the outcome variables (Table 3). When we
looked the patients who died using ETCO2, first lactate and Sirs criteria,
only the first lactate was significantly related to death (Table 4).

The correlation between lactate levels in hospital and ETCO2 levels
per EMSwas−0.43.When analyzed utilizing receiver operating charac-
teristic curve of ETCO2 vs a lactate N4 mmol/L we found that the best
cutoff to predict a lactate N4 was an ETCO2 level of b25 (what we
term a “positive” ETCO2). Area under curve for this ROC analysis was
0.73. Given this cut-off value, 27% of included patients had an ETCO2
b25 and 24% of patients had a lactate N4 mmol/L. Overall, our
established cutoff value for ETCO2 (b25) predicted a positive lactate
(N4.0 mmol/L) with 76% accuracy, 63% specificity, and 80% sensitivity
(OR = 26). (see ROC curve in Fig. 1).

Primary outcome of source of infection found, was not related to ei-
ther positive lactate or positive ETCO2. Twenty-seven percent of pa-
tients with a positive ETCO2 and 29% of patients with negative ETCO2
had a positive primary outcome of source of infection found. For lactate,
44% of patients with a positive lactate and 42% of patients with a nega-
tive lactate had a positive primary outcome of source of infection found.

Admission to the hospital for those with positive ETCO2 and Lactate
was 15% and 18% respectively. For, those with negative ETCO and lac-
tate, admission to the ICU was 10% and 12% respectively.

Twenty seven patients (8%) died during this hospital stay. This was
the only outcome inwhichwe found significant predictive value for lac-
tate, SIRS criteria and ETCO2. Using continuous values, ETCO2, lactate
and SIRS criteria were all significant single predictors of mortality.
When the values of these three variables were dichotomized the same
pattern remained. Percent differences and 95% confidence intervals for
continuous variables are shown in Table 2.

4. Discussion

Our study demonstrated and reinforced findings suggesting imple-
mentation of ETCO2 as a part of initial patient parameters to be attained
by EMS in lieu of the ability to quickly attain a lactate level. While this
study was conducted at the largest academic hospital center in the
Table 2
Comparison of caseswith outcome of infection foundvs thosewithout any infection found on ad
95% CIs, lower part is dichotomous variables with odds ratios and 95% CIs.

Cases with no source of infection found Case

N 251 100
Age 51 ± 23 58 ±
Gender
EMS vitals

Pulse 114 ± 23 120
Resp rate 30 ± 10 31 ±
Temperature (deg C) 36.9 ± 1.0 37.3
EtCO2 32 ± 10 31 ±

ED vitals
Pulse 102 ± 23 112
Resp rate 23 ± 8 26 ±
Temp (deg C) 36.7 ± 0.7 37.0
Sys BP 134 ± 35 128
Dias BP 76 ± 16 73 ±

EMS Sirs 1.9 ± 0.7 2.2 ±
WBC count 11 ± 5 13 ±
First ED lactate 3.3 ± 3.9 3.5 ±
ED sirs 1.4 ± 1.0 2.0 ±
Length of stay median (IQR) 3(1,7) 5(2,

Cases with no source of infection found Cases with

Floor admit 99(39%) 81(80%)
ICU admit 31(12%) 10(10%)
All admit 130(52%) 91(90%)
state, it should not go without mentioning that the overall sample for
Field Sepsis Alerts was relatively small compared to that of similar stud-
ies. If EMS is better equipped to use the information that is available to
them through the utilization of equipment that is already standard, they
can work more efficiently without any increased cost. It follows that
using ETCO2 with a suggested cut off value of b25 in the context of a
field sepsis alert, the optimal course of action may be early therapy in-
cluding the initiation of empiric antibiotic treatment.

Wewere able to show the samemortality benefit of ETCO2 that was
seen in other studies. However, when we looked closer at whether that
mortality was associated with sepsis, we did not find a benefit in sepsis
patients having a diagnosed infection, being admitted to the hospital or
being admitted to an ICU. These were not evaluated in other studies.

Only two other studies looked at EtCO2 in the pre-hospital environ-
ment. Hunter et al. [26] looked at EtCO2 levels in all patients who had
one recorded so their patients were undifferentiated and thus very dif-
ferent from the patient population in our study. A second paper by
Hunter et al. [27] focused on patients who were screened for sepsis in
the prehospital setting but found that almost half of them really did
not meet the critical criteria to be in the study. We only included
those who had protocol positive results and thus our population was
also very different from those in that study. This study adds information
about protocol positive patients in a prehospital environment different
from the two previous studies and also looks at the outcomes of infec-
tion found, hospital and ICU admission that the other studies did not as-
sess in this type of setting.

We were unable to show any predictive value to ETCO2 for the var-
iables of infection found, admission to the floors and admission to the
mission to the hospital. Upper part of the table is continuous variableswith differences and

s with source of infection found p-Value Difference 95%CI

22 0.02 7 1,12

± 22 0.03 6 0.8,11.0
10 NS – –
± 1.6 0.01 0.04 0.1,0.7
11 NS

± 22 b0.01 10 5,16
10 0.01 3.0 1.0,5.0
± 1/3 0.002 0.3 0.1,0.6
± 27 NS
16 NS
0.6 0.002 0.3 0.1,0.4
9 0.001 3.0 1.1,4.2
4.0 NS
0.9 b0.001 0.7 0.5,0.9

10) 0.007 3 –

source of infection found p-Value OR 95%CI

b0.01 6.2 3.6,10.8
NS NS NS
b0.01 8.4 4.2,17.0



Table 4
Absolute values of the predictors of mortality. Table shows actual continuous results for
each variable for those patients whowere alive at discharge vs those that died during hos-
pital admission.

Alive (mean ± SD) Deceased (mean ± SD) Diff (95% CI)

ETCO2 31.6 ± 9.3 26.9 ± 14.4 4.7(0.9,8.6)
First Lactate 2.9 ± 2.4 7.6 ± 8.4 4.7(3.1,6.3)⁎
SIRS Criteria 1.5 ± 1.0 2.1 ± 0.9 0.6(0.2,1.0)

⁎ p b 0.5.
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ICU. Patients with and without both positive ETCO2 values and lactate
values were equally likely to be infected and equally likely to be admit-
ted to either the floor or the ICU. Only SIRS criteria predicted infection,
hospitalization and death.

The impact of EMS on sepsis care is still uncertain. We found that
neither lactate nor end tidal CO2 are helpful in directing sepsis care.
Grover et al. summarized the state of the EMS literature in 2016 on
the issue of the impact of EMS on sepsis management [28]. They
noted that of the severe sepsis patients, N40% arrived by EMS, that the
ESM patients were sicker than walk-ins, that every hour from the
onset of sepsis dropped survival 7.6% and that the odds of mortality
dropped to 0.3 just by having EMS start an IV catheter. They concluded
that EMS sepsis care significantly reduced overall mortality and that the
addition of End tidal CO2 and/or lactate measures would be an even
greater improvement. Not all of the literature has been this positive as
was pointed out by Smyth et al. in an exhaustive review of published ar-
ticles in the same year [29], who found that robust evidence of EMS role
in sepsis care is still lacking. Because end tidal CO2 is so easily accessible
to EMSproviders, its addition to EMSmanagement is significantly easier
than point of care lactate. However, we were not able to determine that
either lactate or end tidal CO2 improved EMS sepsis care significantly
beyond the value of SIRS criteria alone.

5. Conclusions

Among our patient population, ETCO2 was effective at predicting
first hospital lactate levels but it did not reliably predictfinding an infec-
tion source or admission to either the floor or ICU. Lactate, given our
established cutoffs, had the ability to predict in hospital mortality. SIRS
criteria alone predicted source of infection found and hospital
Fig. 1. ROC curve based on positive lactate looking at values of ETCO2. Based on Youden
criteria, an ETCO2 b 25 represented the best cutoff when compared to a positive lactate.
admission. Earlier establishment of metrics to assess patient status at
earlier time points will only serve to improve patient outcomes in
hopes of decreasing patient mortality in the setting of suspected sepsis.
Appendix A. Data collection form
Appendix B.M-13 sepsis/septic shock
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