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Abstract

Introduction: Prompt treatment of severe sepsis in the Emergency Department reduces deaths, but the role of
prehospital fluid resuscitation is unknown. We sought to determine the risk-adjusted association between prehospital
fluid administration and hospital mortality among emergency medical services (EMS) patients admitted with severe
sepsis.

Methods: We performed a prospective, observational study of patients hospitalized with severe sepsis on admission
among 45,394 adult EMS encounters taken to 15 hospitals from 11/2009 to 12/2010 by a two-tier EMS system in King
County, Washington. The region mandated recording of prehospital intravenous catheter and fluid administration in
prehospital records, along with detailed demographic, incident, physiologic, and hospital adjustment variables. We
determined the effect of prehospital intravenous catheter or fluid versus no catheter or fluid on all-cause mortality
using multivariable logistic regression.

Results: Of all encounters, 1,350 met criteria for severe sepsis on admission, of whom 205 (15%) died by hospital
discharge, 312 (23%) received prehospital intravenous fluid, 90 (7%) received a prehospital catheter alone and 948
(70%) did not receive catheter or fluid. EMS administered a median prehospital fluid volume of 500 mL (interquartile
range (IQR): 200, 1000 mL). In adjusted models, the administration of any prehospital fluid was associated with
reduced hospital mortality (Odds ratio =0.46; 95% Confidence interval: 0.23, 0.88; P =0.02) compared to no prehospital
fluid. The odds of hospital mortality were also lower among severe sepsis patients treated with prehospital intravenous

catheter alone (Odds ratio =0.3; 95% Confidence interval: 0.17 to 0.57; P <0.01).

Conclusions: In a population-based study, the administration of prehospital fluid and placement of intravenous
access were associated with decreased odds of hospital mortality compared with no prehospital catheter or fluid.

Introduction

Prompt recognition and treatment of severe sepsis and
septic shock are keystones of optimal care [1-4]. Such
early therapy reduces both absolute and relative hypo-
volemia and subsequent organ dysfunction. The current
focus of sepsis resuscitation trials is in the emergency
department [5], yet many septic patients receive prehos-
pital care from emergency medical services (EMS) [6].
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Although sepsis is commonly encountered by EMS [6],
the administration of prehospital intravenous fluid is
variable [7,8]. Prehospital fluid could alter sepsis outcomes
by directly improving organ perfusion or by altering the
process of care after arrival at the emergency department
(ED) [9]. The latter is noted in the care of ST elevation
myocardial infarction, where EMS electrocardiogram ac-
quisition is a key factor in improving the response after
ED arrival [10]. While prehospital resuscitation has been
rigorously tested in other time-sensitive syndromes, such
as trauma and cardiac arrest [11-13], no trial has explored
the benefit or harm of fluid resuscitation in prehospital
sepsis.
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We sought to examine if prehospital fluid administra-
tion is associated with hospital mortality in adults with
severe sepsis. We examined if either prehospital intraven-
ous catheter or fluid is associated with reduced mortality
compared to no intravenous catheter or fluid and tested
these associations among septic patients with prehospital
hypotension.

Materials and methods

Study design and participants

We examined prospectively collected, population-based
data from King County, WA, USA, EMS [14]. We studied
all eligible EMS patients 18 years old or older transported
to an acute care hospital in King County who were admit-
ted with severe sepsis diagnosed as ‘present on admission’
from 1 November 2009 to 31 December 2010. Eligible
EMS patients were those within the catchment of King
County Medic One — one of the five advanced life support
EMS agencies in King County, WA. We excluded prehos-
pital subjects with trauma or those suffering cardiac arrest.
We defined severe sepsis cases in the administrative hos-
pital record used the Angus International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD9-
CM) implementation (infection + organ dysfunction) as it
is the most accurate and sensitive algorithm compared to
structured manual chart review [15]. We also included
any subjects with explicit diagnoses of severe sepsis (ICD-
9-CM 995.92 and 785.52). We defined severe sepsis diag-
nosed on admission if both the ICD-9-CM code for infec-
tion and organ dysfunction, or explicit severe sepsis code
had ‘present on admission” indicator flags. We previously
validated this definition using manual review [6]. Repeat
EMS encounters for individual patients were included in
the cohort. The study was approved by the Institutional
Review Boards for the Washington State Department of
Health, King County Emergency Medical Services, and
the University of Washington with waiver of informed
consent and HIPAA authorization.

Study setting

King County Medic One serves a population of approxi-
mately 750,000 persons who reside in urban, suburban
and rural areas over approximately 600 square miles.
The EMS system responds to medical emergencies in
two tiers. The first tier is comprised of 14 EMS agencies,
which comprise firefighter emergency medical technicians
trained in basic life support (BLS). The second tier is com-
prised of a single paramedic agency, which is trained in
advanced life support including electrocardiogram rhythm
interpretation, intravenous and intraosseous line placement,
medication administration and endotracheal intubation.
The second tier is dispatched to patients with more severe
illness according to criteria-based dispatch assessment or
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first-tier EMS patient evaluation. Patients are transported
to one of 15 hospitals.

The triage and care of potential sepsis patients by
EMS is at the discretion of the responding personnel.
There is no formal sepsis protocol; rather the paramedic
discusses cases with an online medical control emer-
gency physician to determine treatment (including intra-
venous fluids) and disposition. Paramedics are required
to perform 35 intravenous catheter starts annually to re-
main eligible for certification. Only lactated ringers was
available for intravenous (IV) fluid during the study period
and BLS providers cannot start IV catheters or give IV
fluid. No antibiotics were administered by EMS.

Data sources and quality control

The King County EMS electronic database is drawn
from written and electronic medical incident report
forms completed by EMS personnel. Prior to study start,
we prospectively modified the medical incident report
form such that any paramedic documenting an IV catheter
start during the study period is also required to record the
administration of prehospital fluid (yes/no) and total pre-
hospital volume (mL). The database was auto-populated
with prehospital time intervals and geospatial data from
the dispatch center. We linked EMS records to the
Washington State Comprehensive Hospital Abstract Re-
porting System (CHARS) database from 2009 to 2011.
CHARS is a state-wide database of all hospitalizations,
with accurate diagnostic, procedural and discharge data,
including present-on-admission indicators [16]. Prehos-
pital and CHARS data were linked using a manually val-
idated, hierarchical matching algorithm using direct
identifiers with more than 86% match success [14].

Study exposures and confounders

We defined prehospital resuscitation in three categories:
1) no IV catheter placed and no fluid administered; 2) IV
catheter placed but no fluid administered; and 3) IV
catheter placed and fluid administered. We evaluated
the placement of IV catheter as a separate category as
prior data suggest the procedure may impact patient
outcomes in the prehospital critically ill [17], perhaps
through modifying care processes in the ED [18]. We in-
cluded the placement of any type of prehospital IV cath-
eter, peripheral, central or intraosseous, as documented
by EMS in the medical incident report form. Data were
unavailable on catheter starts that were unsuccessful, or
other intravenous medications co-administered. We ab-
stracted multiple potential confounders based on clinical
relevance and prior literature [14,17]. These included
age (years), sex, and initial vital signs as documented by
first arriving EMS personnel - respiratory rate (RR,
breaths/minute), heart rate (HR, beats/minute), systolic
blood pressure (SBP, mmHg), pulse oximetry (SaO,,%),
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and Glasgow Coma Scale score (GCS) when available.
We abstracted an index of illness severity as determined
by EMS personnel: ‘life-threatening’, ‘urgent’, and ‘non-
urgent’. We defined prehospital location as home, nurs-
ing home or medical facility, and abstracted additional
prehospital procedures, such as electrocardiogram moni-
toring, delivery of supplemental oxygen, bag-valve mask
ventilation, or intubation. We defined primary prehospi-
tal diagnostic categories as respiratory, cardiovascular or
neurologic, and calculated a validated prehospital critical
illness severity score [14,19]. We defined mode of trans-
port from scene to hospital as advanced life support
(ALS) or BLS, and we abstracted standard prehospital
time intervals (minutes) [20], including call receipt to unit
notification, notification to unit responding, unit respond-
ing to arrival at scene, total scene time and scene to hos-
pital arrival.

Primary outcomes

The primary endpoint was hospital mortality, defined by
disposition in the hospital discharge data. We studied add-
itional a priori secondary outcomes including ICU admis-
sion and increasing organ failures during hospitalization
(for example, number of total hospital organ failures
at discharge minus number of organ failures defined
as present on admission). We used only organ failures as
defined by the Angus sepsis implementation [15].

Missing data

Missing data in the King County MedicOne database
was variable, for example, ranging from 0% for age to
45% for pulse oximetry [14,17]. We assumed missing data
were conditional on observed covariates, and we perfor-
med multiple imputation for all missing values using a
regression switching approach (multiple imputation by
chained equations) [21]. More detail is provided in
Additional file 1: Methods.

Statistical analyses
We compared prehospital characteristics and outcomes
of subjects with descriptive characteristics across three
treatment groups: 1) no IV catheter placed and no fluid
administered; 2) IV catheter placed but no fluid adminis-
tered; and 3) IV catheter placed and fluid administered.
We report continuous variables as mean (standard devi-
ation (SD)) or median (interquartile range (IQR)), as ap-
propriate; categorical variables are reported as frequencies
or percentages. To illustrate current practice, we plotted
the predicted volume of intravenous fluid administration
(with 95% confidence interval) across initial prehospital
SBP using crude linear regression models.

Our analysis had four steps: 1) primary regression
modelling of prehospital catheter and fluid on mortality;
2) a priori sensitivity analyses in restricted groups’ 3)
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simulation of unmeasured confounders; and 4) falsifica-
tion analyses to test for spurious results.

In the primary analysis to determine if prehospital
catheter and fluid was associated with a lower risk of
mortality (yes/no), we built a series of logistic regression
models with robust (Huber-White) standard errors for
regression coefficients, including unadjusted, adjusted
for selected variables and adjusted for all covariates. We
used a priori-determined confounders guided by past
literature and theory [14,17], including demographics
(age, sex), prehospital location (nursing home, medical fa-
cility, home), initial vital signs (HR, RR, SaO,, GCS, SBP),
EMS diagnostic category, EMS severity index, mode of
transport to receiving hospital, prehospital time intervals
(responding to scene, total scene, leave scene to hospital)
and additional EMS procedures (electrocardiographic mo-
nitoring, bag-valve mask ventilation, intubation, supple-
mental oxygen). We used a broad spectrum of measured
confounders, including clustering variables, to account for
treatment selection (for example, when paramedics might
select prehospital fluid for patients based upon a con-
founding variable, such as illness severity). We used inde-
pendent imputed datasets for all models and combined
estimates using Rubin’s rules [22]. We used generalized
estimating equations to account for the non-independence
of mortality across hospitals [23]. We then tested for the
association between prehospital fluid and/or catheter and
our secondary outcomes — increasing organ failures
during hospitalization (yes/no) and ICU admission at any
time during hospitalization (yes/no). We used the margins
command to determine the predictive margins for each
treatment group at observed covariate values [24].

Sensitivity analyses and unmeasured confounding

We performed several sensitivity analyses to test the
robustness of our results. First, we restricted to patients
in whom ALS participated in care. This analysis limited
confounding by severity [25]. Second, we repeated the
analysis only among those with prehospital hypotension
(initial SBP less than 110 mmHg) [26], as these patients
may be most likely to benefit from prehospital resuscita-
tion and have greater mortality. Finally, we determined
the magnitude of a hypothetical, unmeasured confounder
needed to account for the benefit of prehospital fluid
using quantitative bias analysis [27]. We varied the effect
of this hypothetical confounding variable on hospital mor-
tality and its prevalence among no catheter/no fluid pa-
tients, in order to determine how the association between
fluid resuscitation and mortality would change after ad-
justment. In these analyses, we assumed: 1) the prevalence
of the unmeasured confounder among patients receiving
prehospital intravenous access/fluid was 5.0%; 2) no modi-
fication of the effect of prehospital fluid by the unmeas-
ured confounder; and 3) the confounder was uncorrelated
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with other variables in the model. This approach reveals
how strong and common the unmeasured confounder
must be to abrogate the potential treatment effect of
prehospital catheter and fluid on hospital mortality.

Falsification analyses
We used pre-specified falsification analyses to strengthen
the validity of observational research and uncover spuri-
ous associations [28]. Our approach used two prevalent,
nonsensical outcomes: 1) admission month is prime
number; and 2) sum of age integers is even (that is, 24 year
old =6="‘even’). We then re-ran our identical primary
model on these two outcomes. Then, we replaced our pre-
hospital fluid exposure with nonsensical exposures (for
example, ‘admission month is prime number’ and ‘age is
even’) and repeated our identical primary model with the
outcome of hospital mortality. These models can help
support the validity of the primary models, but are not
intended to imply causality (14).

All analyses were performed with STATA 11.0 (Stata-
Corp, College Station, TX, USA). All tests of significance
used a two-sided P <0.05.

Results

Baseline characteristics

A total of 45,394 eligible EMS encounters were trans-
ported to a hospital during the study period (Figure 1),
of whom 1,350 were diagnosed with severe sepsis as
present on admission. Less than one third received pre-
hospital IV catheter and fluid (N =312, 23%), and fewer
had a catheter alone (N =90, 7%). Most had no catheter
placed or fluid administered (N =948, 70%). Severe sep-
sis patients receiving fluids were similar in age, sex and
prehospital location compared to other groups (Table 1).
However, severe sepsis patients administered prehospital
fluids more frequently had prehospital hypotension, a
lower GCS score and an assessment of ‘life-threatening
conditions’ by EMS. Subjects who received fluid were
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administered a median 500 mL (IQR: 200, 1000 mL) and
greater volumes for more severe prehospital hypotension
(Figure S1, Additional file 1). Subjects receiving an IV
catheter alone more often had a paramedic diagnosis of
a respiratory condition and prehospital tachypnea. Over-
all, sicker subjects received prehospital catheter or fluids,
as measured by mean prehospital critical illness scores,
the proportion transported by ALS, and longer scene
time (Table 1).

Primary analysis

In unadjusted regression models (Table 2), we found that
both prehospital catheter alone (OR =1.27, 95% CI: 0.71,
2.28) and prehospital catheter and fluid (OR =2.05, 95%
CL: 1.72, 2.46) were associated with hospital mortality.
Partial adjustment for demographics and selected phy-
siologic variables attenuated this association (Table 2),
and full adjustment uncovered that prehospital catheter
and fluid (OR =0.46, 95% CI: 0.23, 0.88) and prehospital
catheter alone (OR =0.31, 95% CIL: 0.17, 0.57) were
associated with a reduction in the odds of hospital mor-
tality compared to no prehospital fluid and no catheter.
After full adjustment, we also observed that prehospital
catheter and fluid was associated with reduced odds of
increasing organ failures during hospitalization (OR =0.58,
95% CI: 0.34, 0.98). The association of prehospital fluid
and catheter with ICU admission did not reach statistical
significance (OR =0.64, 95% CI: 0.37, 1.10). The predicted
risk of hospital mortality and increasing organ failures
from adjusted models are shown in Figure 2.

Sensitivity analyses

Among subjects with prehospital hypotension (N =554),
prehospital fluid and catheter (OR =0.26, 95% CI: 0.08,
0.86) was also associated with lower odds of hospital
mortality (Figure 2). When restricting to subjects cared
for by ALS (N =549), prehospital fluid and catheter
(OR =0.31, 95% CI: 0.15, 0.66) and catheter alone

EMS transports to King County acute care hospitals

~

N = 45,394
Trauma transport N = 8,990 20%
Age < 18 years N =2,143 5%
_____ Excluded | Cardiac arrest N =67 <1%
No severe sepsis on admission N = 32,844 72%

Eligible,EMS transports with severe sepsis on admission
N = 1,350

A4

\

No prehospital catheter,no prehospital fluid

N =948 (70%) N =90 (7%)

Prehospital catheter alone

Prehospital catheter, prehospital fluid
N =312 (23%)

Figure 1 Subject accrual.
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Table 1 Characteristics and outcomes of severe sepsis
patients (N =1,350) across three groups

Variable No catheter Catheter Catheter
or fluid alone and fluid
Number (%) 948 (70) 90 (7) 312 (23)
Age, mean (SD) years 71 (15) 73 (13) 68 (16)
Male, number (%) 409 (43) 45 (51) 145 (47)
Prehospital location, number (%)
Nursing home 65 (7) 4 (4) 17 (5)
Medical facility 143 (15) 16 (18) 59 (19)
Home 676 (71) 67 (74) 212 (68)
Paramedic diagnostic category,
number (%)
Cardiovascular 53 (5 23 (26)  65(21)
Respiratory 194 (20) 46 (51) 104 (33)
Neurological 131 (14) 6 (7) 29 (9)
EMS severity index, number (%)
Life-threatening 3(2) 24 (27) 108 (35)
Urgent 49 (33) 57 (64) 173 (56)
Non-urgent 95 (64) 8(9) 30 (10)
Prehospital critical illness score, 1.72 (093) 3.1 (0.89) 3.2 (0.90)
mean (SD)
Prehospital intervals, mean (SD)
minutes
Response to scene 6.3 (32 70(43) 6334
Arrived at scene to cleared 258 (11.3) 429 454
scene (18.6) (18.8)
Cleared scene to hospital 140 (102) 9242 106 (6.6
Prehospital vital signs
Systolic blood pressure 288 (30) 15 (16) 155 (50)
<110 mmHg, number (%)
Systolic blood pressure, 124 (34) 147 (43) 117 (48)
mmHg mean (SD)
Respiratory rate, breaths per 21 (7) 29 (11) 25 (12)
min, mean (SD)
Heart rate, beats per minute, 93 (22) 103 (30) 103 31)
mean (SD)
Glasgow Coma Scale score, 136 (28 12442 11.1 (45
mean (SD)
Prehospital interventions,
number (%)
Intubation 1(<1) 34 (38) 117 (38)
Bag valve mask ventilation 4 (<) 33 (37) 104 (33)
EKG monitoring 147 (16) 88 (98) 307 (98)
Supplemental oxygen 394 (42) 90 (100) 311 (100)
Transport from scene, number (%)
Advanced life support 30 (3) 83(92) 262 (86)
Basic life support 80 (9) 0(0) 4(1)
Private ambulance 799 (88) 78 39 (13)

Qutcomes, number (%)
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Table 1 Characteristics and outcomes of severe sepsis
patients (N =1,350) across three groups (Continued)

Organ failures present, 1.4 (0.9) 180112 2104
mean (SD)

ICU admission 405 (43) 64 (71) 243 (78)
Hospital mortality 120 (13) 14 (16) 71 (23)

®EMS Severity index determined by first arriving EMS clinician, as part of routine
assessment with vital signs. EKG, electrocardiogram; EMS, emergency medical
services; ICU, intensive care unit; IQR, interquartile range; SD, standard deviation.

(OR =0.24, 95% CI: 0.14, 0.39) similarly reduced the
odds of hospital mortality. In quantitative bias analysis
(Table 3), we observed that a hypothetical confounder must
be at least four times as prevalent among those without
catheter or fluid (compared to those who received both),
and the odds of hospital mortality among subjects with the
confounder must be more than 2.0 for the adjusted risk of
mortality to appear equivalent between patients who
received prehospital fluid versus no catheter or fluid.
Finally, we performed multiple pre-specified falsifica-
tion analyses (Table 4). These revealed that our model
structure and exposures did not uncover erroneous asso-
ciations with nonsensical outcomes such as ‘admission
month is a prime number’ (OR =0.93, 95% CI: 0.60,
1.45). We similarly found no association in our models
between nonsensical exposures and hospital mortality.

Discussion
In this population-based, observational cohort study of
prehospital medical patients admitted with severe sepsis,
we found that prehospital fluid administration is associ-
ated with a reduced odds of hospital mortality compared
to no prehospital fluid, after multivariable adjustment.
Similar to prior studies [17], the placement of a prehospi-
tal intravenous catheter alone was also associated with a
reduction in the odds of hospital mortality. These results
were robust to several sensitivity analyses that restricted
the cohort, simulated the effect of various unmeasured
confounders and tested a priori falsification endpoints.
Extending prior work in the ED [1,4], we found an
association between prehospital fluid administration and
patient outcomes in sepsis. This is consistent with prior
hypothesis-generating data (without adjustment for treat-
ment selection) that suggest prehospital fluid in sepsis
may reduce time to goal mean arterial pressure after
hospital arrival [18]. One mechanism for the treatment
effect could be direct improvement in organ perfusion
as average fluid volumes were 500 mL; our subgroup ana-
lysis among patients with prehospital hypotension sup-
ports this hypothesis, yet we could not assess relative
changes in hemodynamic parameters after ED arrival.
Notably, patients receiving prehospital fluids had re-
duced odds of developing new organ failures during
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Table 2 Odds ratio (95% CI) for hospital mortality across treatment groups derived from unadjusted, partial and fully
adjusted logistic regression models

Number (%) with outcome

Model

All
patients

Catheter
only

No catheter
or fluid

(Number = 1350) (Number = 948) (Number = 90)

Catheter
and fluid
(Number = 312) catheter alone?

Odds ratio
(95% Cl) for

Odds ratio
(95% Cl) for

catheter and fluid®

Hospital mortality number (%)

Unadjusted 205 (15) 120 (13) 4 (16) 1(23) 1.27 (0.71, 2.28) 205 (1.72, 246)
Adjusted for select variables® 0.98 (051, 1.86) 1.26 (0.98, 1.63)
Adjusted for all covariates® 0.31(0.17,0.57) 046 (0.23, 0.88)
Increasing organ failures
during hospitalization
Unadjusted 485 (36) 265 (28) 7 (52) 173 (55) 272 (1.90, 3.90) 3.05 (267, 349)
Adjusted for select variables® 1.34 (049, 3.67) 1.66 (0.87,3.17)
Adjusted for all covariates® 043 (0.21, 0.90) 0.58 (0.34, 0.98)
ICU admission
Unadjusted 712 (53) 405 (42) 64 (71) 243 (78) 3.35(2.03, 5.58) 4.50 (3.63, 5.59)

Adjusted for select variables®

1.81 (1.03, 3.17)

450 (3.63, 5.59)

Adjusted for all covariates®

041 (0.24, 0.70) 0.64 (0.37, 1.10)

“Compared to referent group: no intravenous catheter or fluid; Ppartial adjustment variables include age, gender, and initial prehospital heart rate, respiratory rate,
Glasgow Coma Scale score, pulse oximetry, systolic blood pleasure; “full adjustment includes partial adjustment variables, transport mode from scene, total scene

time, transport time to hospital, prehospital procedures (for example, intubation, EKG monitoring, supplemental oxygen, bag-valve mask ventilation), EMS disease

category (for example, cardiac, neurologic, respiratory), EMS call urgency (for example, life threatening, urgent, non-urgent). All estimates used imputed data after
Rubin’s rules, including generalized estimating equations to account for within hospital clustering. Models shown for primary and secondary outcomes. Cl, confidence

interval; EKG, electrocardiogram; EMS, emergency medical services.

hospitalization compared to those without prehospital
fluid administration.

In addition, prehospital patients with severe sepsis who
received intravenous access alone were also found to have
lower odds of hospital mortality. This treatment effect
may result from faster triage and initiation of care in the
ED. Others report that arrival by EMS reduces time to

antibiotics and fluids in the ED compared to sepsis pa-
tients who arrive by non-EMS [9]. A similar priming of
the ED to deliver faster care is seen in EMS patients with
suspected ST-elevation myocardial infarction or stroke
[10,29]. It is also possible that the association of prehospi-
tal fluid or catheter with mortality could be an artefact of
unmeasured factors, such as paramedic judgment and
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Figure 2 Predicted hospital mortality from fully adjusted models. (A) Predicted hospital mortality from fully adjusted models for subjects
with severe sepsis (grey bars, N =1,350) and those with prehospital hypotension (<=110 mmHg, hashed bars, N =554), (B) predicted rate of
increasing organ failures during hospitalization (empty bars, N =1,350). Bars represent estimates at observed covariates values for each exposure
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Table 3 Quantitative bias analysis illustrating the odds of mortality under varying assumptions
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0Odds ratio of

Prevalence of unmeasured confounder among patients not receiving prehospital catheter or fluid

hypothetical confounder®

0.075 0.1 0.2 0.3
1.25 046 (0.23,0.88) 046 (0.23, 0.89) 047 (0.24, 0.92) 048 (0.24, 0.94)
1.50 046 (0.23, 0.89) 046 (0.23, 0.90) 0.48 (0.24, 0.95) 0.50 (0.26, 0.99)
1.75 046 (0.23, 0.90) 047 (0.64, 0.92) 0.50 (0.25, 0.98) 0.53 (0.27, 1.04)
2.00 046 (0.23, 0.90) 047 (0.24, 0.93) 0.51 (0.26, 1.01) 0.56 (0.28, 1.09)
225 0.46 (0.24, 0.91) 048 (0.24, 0.94) 0.53 (0.27, 1.04) 0.58 (0.30, 1.14)
250 047 (0.24,0.91) 048 (0.24, 0.95) 0.54 (0.28, 1.07) 0.61 (0.31, 1.19)

#Assumptions: 1) prevalence of unmeasured confounder among patients receiving prehospital fluid = 0.05; 2) no modification of the effect of prehospital fluid by
the unmeasured confounder; 3) confounder uncorrelated with other variables in the model. The upper most left-hand corner is the observed odds ratio and
bolded cells are conditions in which the observed odds ratio is no longer significant.

skill. Survey data suggest that paramedics’ knowledge and
awareness of sepsis is widely variable [30].

These data have important methodological and research
implications. First, large treatment effects uncovered in
observational studies may not always be confirmed in sub-
sequent randomized trials [31]. Despite multiple steps to
account for biases in our design, a randomized experimen-
tal design would better elicit the true causal relationship
between prehospital fluids, intravenous access and out-
comes in sepsis. Such a step led to important findings
about prehospital resuscitation in traumatic shock [13],
but faces regulatory, ethical and logistical barriers. Our
data are also not robust enough to understand how the
dose of prehospital fluid changes outcomes, nor the
choice of fluid or chloride content [32]. Finally, the ideal
rate of infusion and potential for later complications in-
cluding pulmonary edema or need for renal replacement
therapy are key next targets for future study [11,32].

For clinicians, the findings do not mandate that EMS
begin aggressively resuscitating septic patients. Rather,
the data suggest that the prehospital phase of care may
be the target of future intervention trials in sepsis; such
trials would be improved if there were consistent oper-
ational criteria to identifying sepsis cases. Given the

variable knowledge and awareness of sepsis among emer-
gency care providers [30], clinicians should be urged to
focus on sepsis education, developing protocolized alerts,
decision aids, or coordinating recognition of sepsis across
EMS, the ED, and the ICU. Because sepsis awareness is so
poor among the general public [33], the burden is on
frontline providers to suspect sepsis.

Out findings should be interpreted in the context of
several potential limitations. First, our study did not ran-
domly assign patients to specific prehospital resuscita-
tion interventions. Thus, our results may be biased from
a variety of measured and unmeasured confounders,
such as the clinical acumen or skill of EMS with sepsis
care. We determined through bias analysis that unmeas-
ured confounders must be highly different between groups
and strongly associated with hospital mortality for our
findings to be rejected. We did not use propensity scores
as they suffer the same limitations from unmeasured
confounding, while instrumental variable analysis was
considered but rejected due to the absence of a suitable
instrument. We also acknowledge that different discharge
practices across hospitals could bias the primary outcome
of hospital mortality [34] and, thus, included hospital level
clustering in our models. Fixed time point mortality at

Table 4 Falsification analyses with identical model structure and adjustment variables as primary model®

Pre-specified falsification analyses

Odds ratio (95% Cl) for catheter alone

0Odds ratio (95% Cl) for catheter and fluid

Nonsensical outcomes with identical
exposures and model®

Sum of age integers is an even number
Admission month is a prime number

Nonsensical exposures with identical
model and outcome®

Age is even number

Admission month is a prime number

0.75 (0.51, 1.10)
1.11 (0.76, 1.60)

1.02 (0.82, 1.29)
0.93 (0.60, 145)
Odds ratio (95% ClI)

0.92 (0.66, 1.27)
0.90 (0.67, 1.20)

2|dentical models as above except intravenous catheter and fluid indicator variables removed and replaced with non-sensical exposures; all estimates use imputed data
after Rubin’s rules, including generalized estimating equations to account for within hospital clustering. Referent category for odds ratios in nonsensical outcomes
analysis was patients who received no catheter and no fluid. We tested both nonsensical outcomes and nonsensical exposures in separate analyses. Cl, confidence

interval.
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90-days may be a more patient-centered outcome for
future studies of prehospital resuscitation [35]. Because
we identified severe sepsis cases on admission, we may
have excluded some if prehospital fluid fully treated
organ failure prior to ED arrival. Such misclassification
would likely bias towards the null if these patients were
included, as reduced organ failures are in the causal
pathway of the proposed treatment benefit. We used
administrative data for case finding, but chose the most
valid ICD-9-CM algorithm for severe sepsis [15]. Al-
though unsuccessful prehospital catheter placement is
uncommon [36], we could not measure whether EMS
intended to resuscitate but were unable. Our data also
derive from a US EMS agency without specific sepsis
protocols and instead uses online medical control, and
so may not generalize to other EMS systems where phy-
sicians participate directly in care, transport times are
different, or where prehospital sepsis protocols exist.
Finally, data unavailable on the care delivered in the ED
could help uncover potentially causal pathways for the
associations we observed.

Conclusions

In summary, we observed that prehospital fluid ad-
ministration and intravenous catheter placement were
associated with decreased odds of hospital mortality
in medical patients with severe sepsis. Given the adverse
consequences of time delays in sepsis, these data suggest
that the prehospital phase of care may be an important
opportunity for early resuscitation.

Key messages

e DPrehospital fluid administration and
intravenous access were uncommon among
EMS patients hospitalized with community
severe sepsis

e Mean prehospital fluid administration in severe
sepsis was 500 mL

e Placement of intravenous access and administration
of fluid was associated with a significant reduction
in the odds of hospital mortality compared to no
fluid or intravenous access among severe sepsis
patients

e The prehospital phase of care may be an important
opportunity to test early fluid administration
strategies in severe sepsis

Additional file

Additional file 1: Methods. Description of multiple imputation
methods. Figure S1. Predicted volume of intravenous fluid across range
of prehospital systolic blood pressure.

Page 8 of 9

Abbreviations

ALS: advanced life support; CHARS: comprehensive hospital abstract
reporting system; Cl: confidence interval; ED: emergency department;

EMS: emergency medical services; GCS: Glasgow Coma Scale; HR: heart rate;
ICU: intensive care unit; IQR: interquartile range; IV: intravenous;

RR: respiratory rate; SBP: systolic blood pressure; SD: standard deviation.

Competing interests
Dr. Seymour provides consultation to Beckman Coulter on sepsis biomarkers
(<$5,000). The other authors declare they have no competing interests.

Authors’ contributions

CWS: Designed the study, acquired data, delineated the hypothesis, analyzed
the data, drafted and revised the manuscript. CRC: Involved in conception,
design of the study, data analysis, hypothesis delineation, substantial revision
of manuscript. SRH: Involved in conception, design of the study, substantial
revision of manuscript. TDR: Involved in conception, acquisition of the data,
substantial revision of manuscript. DMY: Involved in conception, design of
the study, substantial revision of manuscript. JAS: Involved in conception,
design of the study, substantial revision of manuscript. DCA: Involved in
conception, design of the study, substantial revision of manuscript.

CWC: Involved in conception, design of the study, substantial revision of
manuscript. CMG: Involved in conception, design of the study, substantial
revision of manuscript. All authors read and approved the final manuscript.

Acknowledgments

We would like to acknowledge the assistance of Mr. William O'Brien for
linking data between EMS records and hospital discharge data. This work
was supported by a grant from the American Heart Association (Seymour,
11CRP5050017). Dr. Seymour is also supported in part by a grant from the
National Institutes of Health (1K23GM104022-01). These funding sources had
no role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; and preparation, review, decision to
submit, or approval of the manuscript.

Author details

'Departments of Critical Care Medicine and Emergency Medicine, University of
Pittsburgh School of Medicine, 3550 Terrace Street, 15261 Pittsburgh, PA, USA.
“Clinical Research, Investigation, and Systems Modeling of Acute Iliness
(CRISMA) Center, 3550 Terrace Street, 15261 Pittsburgh, PA, USA. *Division of
Pulmonary and Critical Care Medicine, University of Michigan, Ann Arbor, MI,
USA. “Center for Healthcare Outcomes & Policy, University of Michigan, Ann
Arbor, MI, USA. *Department of Epidemiology, University of Washington School
of Public Health, Seattle, WA, USA. ®Saint Luke’s Mid America Heart Institute,
University of Missouri-Kansas City School of Medicine, Kansas City, USA.
’Department of Emergency Medicine, University of Pittsburgh School of
Medicine, Pittsburgh, PA, USA. ®king County MedicOne, King County
Emergency Medical Services, Seattle, WA, USA. “Department of Medicine,
Division of General Internal Medicine, University of Washington School of
Medicine, Seattle, WA, USA. ®Department of Critical Care Medicine, University of
Pittsburgh School of Medicine, Pittsburgh, PA, USA.

Received: 25 June 2014 Accepted: 4 September 2014
Published online: 27 September 2014

References

1. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E,
Tomlanovich M: Early goal-directed therapy in the treatment of severe
sepsis and septic shock. N Engl J Med 2001, 345:1368-1377.

2. Jones AE, Shapiro NI, Trzeciak S, Arnold RC, Claremont HA, Kline JA: Lactate
clearance vs central venous oxygen saturation as goals of early sepsis
therapy: a randomized clinical trial. JAMA 2010, 303:739-746.

3. Lilly CM: The ProCESS trial - a new era of sepsis management.

N Engl J Med 2014, 370:1750-1751.

4. Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld LA, Pike F,
Terndrup T, Wang HE, Hou PC, LoVecchio F, Filbin MR, Shapiro NI, Angus
DC: A randomized trial of protocol-based care for early septic shock.
N Engl J Med 2014, 370:1683-1693.

5. Huang DT, Angus DC, Barnato A, Gunn SR, Kellum JA, Stapleton DK,
Weissfeld LA, Yealy DM, Peake SL, Delaney A, Bellomo R, Cameron P,
Higgins A, Holdgate A, Howe B, Webb SA, Williams P, Osborn TM,


http://ccforum.com/content/supplementary/s13054-014-0533-x-s1.docx

Seymour et al. Critical Care 2014, 18:533
http://ccforum.com/content/18/5/533

20.

21.

22.

23.

24.

Mouncey PR, Harrison DA, Harvey SE, Rowan KM: Harmonizing
international trials of early goal-directed resuscitation for severe sepsis
and septic shock: methodology of ProCESS, ARISE, and ProMiSe.
Intensive Care Med 2013, 39:1760-1775.

Seymour CW, Rea TD, Kahn JM, Walkey AJ, Yealy DM, Angus DC: Severe
sepsis in pre-hospital emergency care: analysis of incidence, care, and
outcome. Am J Resp Crit Care Med 2012, 186:1264-1271.

Wang HE, Shapiro NI, Yealy DM: Characteristics of out-of-hospital shock
care. Crit Care Med 2011, 39:2431-2439.

Seymour CW, Band RA, Cooke CR, Mikkelsen ME, Hylton J, Rea TD, Goss CH,
Gaieski DF: Out-of-hospital characteristics and care of patients with
severe sepsis: a cohort study. J Crit Care 2010, 25:553-562.

Band RA, Gaieski DF, Hylton JH, Shofer FS, Goyal M, Meisel ZF: Arriving by
emergency medical services improves time to treatment endpoints for
patients with severe sepsis or septic shock. Acad Emerg Med 2011,
18:934-940.

Nam J, Caners K, Bowen JM, Welsford M, O'Reilly D: Systematic review and
meta-analysis of the benefits of out-of-hospital 12-lead ECG and advance
notification in ST-segment elevation myocardial infarction patients.

Ann Emerg Med 2013, 64:176-186.

Kim F, Nichol G, Maynard C, Hallstrom A, Kudenchuk PJ, Rea T, Copass MK,
Carlbom D, Deem S, Longstreth WT Jr, Olsufka M, Cobb LA: Effect of
prehospital induction of mild hypothermia on survival and neurological
status among adults with cardiac arrest: a randomized clinical trial.
JAMA 2014, 311:45-52.

Bulger EM, May S, Kerby JD, Emerson S, Stiell IG, Schreiber MA, Brasel KJ,
Tisherman SA, Coimbra R, Rizoli S, Minei JP, Hata JS, Sopko G, Evans DC,
Hoyt DB: Out-of-hospital hypertonic resuscitation after traumatic
hypovolemic shock: a randomized, placebo controlled trial.

Ann Surg 2011, 253:431-441.

Bulger EM, May S, Brasel KJ, Schreiber M, Kerby JD, Tisherman SA,

Newgard C, Slutsky A, Coimbra R, Emerson S, Minei JP, Bardarson B,
Kudenchuk P, Baker A, Christenson J, Idris A, Davis D, Fabian TC,
Aufderheide TP, Callaway C, Williams C, Banek J, Vaillancourt C, van Heest R,
Sopko G, Hata JS, Hoyt DB: Out-of-hospital hypertonic resuscitation
following severe traumatic brain injury: a randomized controlled trial.
JAMA 2010, 304:1455-1464.

Seymour CW, Kahn JM, Cooke CR, Watkins TR, Heckbert SR, Rea TD:
Prediction of critical illness during out-of-hospital emergency care.
JAMA 2010, 304:747-754.

Iwashyna TJ, Odden A, Rohde J, Bonham C, Kuhn L, Malani P, Chen L,
Flanders S: Identifying patients with severe sepsis using administrative
claims: patient-level validation of the angus implementation of the inter-
national consensus conference definition of severe sepsis. Med Care
2014, 52:39-e43.

Tirschwell DL, Longstreth WT Jr: Validating administrative data in stroke
research. Stroke 2002, 33:2465-2470.

Seymour CW, Cooke CR, Hebert PL, Rea TD: Intravenous access during
out-of-hospital emergency care of noninjured patients: a population-
based outcome study. Ann Emerg Med 2012, 59:296-303.

Seymour CW, Cooke CR, Mikkelsen ME, Hylton J, Rea TD, Goss CH,

Gaieski DF, Band RA: Out-of-hospital fluid in severe sepsis: effect on early
resuscitation in the emergency department. Prehosp Emerg Care 2010,
14:145-152.

Tobias AZ, Guyette FX, Seymour CW, Suffoletto BP, Martin-Gill C, Quintero J,
Kristan J, Callaway CW, Yealy DM: Pre-resuscitation lactate and hospital
mortality in prehospital patients. Prehosp Emerge Med 2014,

18:321-327.

Carr BG, Caplan JM, Pryor JP, Branas CC: A meta-analysis of prehospital
care times for trauma. Prehosp Emerg Care 2006, 10:198-206.

Royston P: Multiple imputation of missing values. Stata J 2004,
4:227-241.

Rubin DB: Multiple Imputation for Nonresponse in Surveys. New York: Wiley;
2004.

McCrum ML, Joynt KE, Orav EJ, Gawande AA, Jha AK: Mortality for publicly
reported conditions and overall hospital mortality rates. JAMA Intern Med
2013, 173:1351-1357.

Williams R: Using the margins command to estimate and interpret
adjusted predictions and marginal effects. Stata J 2012, 12:308-331.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 9 of 9

Psaty BM, Koepsell TD, Lin D, Weiss NS, Siscovick DS, Rosendaal FR, Pahor M,
Furberg CD: Assessment and control for confounding by indication in
observational studies. J Am Geriatr Soc 1999, 47:749-754.

Seymour CW, Cooke CR, Heckbert SR, Copass MK, Yealy DM, Spertus JA,

Rea TD: Prehospital systolic blood pressure thresholds: a
community-based outcomes study. Acad Emerg Med 2013, 20:597-604.
Lash TL, Fox MP, Fink AK: Applying Quantitative Bias Analysis to Epidemiologic
Data. New York: Springer; 2009.

Prasad V, Jena AB: Prespecified falsification end points: can they validate
true observational associations? JAMA 2013, 309:241-242.

Abdullah AR, Smith EE, Biddinger PD, Kalenderian D, Schwamm LH:
Advance hospital notification by EMS in acute stroke is associated with
shorter door-to-computed tomography time and increased likelihood of
administration of tissue-plasminogen activator. Prehosp Emerg Care 2008,
12:426-431.

Seymour CW, Carlbom D, Engelberg RA, Larsen J, Bulger EM, Copass MK,
Rea TD: Understanding of sepsis among emergency medical services: a
survey study. J Emerg Med 2011, 42:666-677.

loannidis JP, Haidich AB, Pappa M, Pantazis N, Kokori S, Tektonidou MG,
Contopoulos-loannidis DG, Lau J: Comparison of evidence of treatment
effects in randomized and nonrandomized studies. JAMA 2001,
286:821-830.

Yunos NM, Bellomo R, Hegarty C, Story D, Ho L, Bailey M: Association
between a chloride-liberal vs chloride-restrictive intravenous fluid
administration strategy and kidney injury in critically ill adults.

JAMA 2012, 308:1566—1572.

Rubulotta FM, Ramsay G, Parker MM, Dellinger RP, Levy MM, Poeze M:

An international survey: public awareness and perception of sepsis.

Crit Care Med 2009, 37:167-170.

Reineck LA, Pike F, Le TQ, Cicero BD, Iwashyna TJ, Kahn JM: Hospital factors
associated with discharge bias in ICU performance measurement.

Crit Care Med 2014, 42:1055-1064.

Vincent JL, Angus D, Annane D, Bernard G, Faist E, Giroir B, Reinhart K:
Clinical expert round table discussion (session 5) at the Margaux
Conference on Critical lliness: outcomes of clinical trials in sepsis: lessons
learned. Crit Care Med 2001, 29:5136-5S137.

Frisch A, Cammarata S, Mosesso VN Jr, Martin-Gill C: Multivariate analysis of
successful intravenous line placement in the prehospital setting.

Prehosp Emerg Care 2013, 17:46-50.

doi:10.1186/513054-014-0533-x

Cite this article as: Seymour et al.: Prehospital intravenous access and
fluid resuscitation in severe sepsis: an observational cohort study. Critical
Care 2014 18:533.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J




	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Study design and participants
	Study setting
	Data sources and quality control
	Study exposures and confounders
	Primary outcomes
	Missing data
	Statistical analyses
	Sensitivity analyses and unmeasured confounding
	Falsification analyses

	Results
	Baseline characteristics
	Primary analysis
	Sensitivity analyses

	Discussion
	Conclusions
	Key messages
	Additional file
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

