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in care for any of these patients, all of whom have 
severe illness, is instructive. 

We know of one other study that has examined the 
role of EMS care on patients with sepsis. Studnek 
et al.28 compared and examined the relationship 
between mode of arrival and process measures in ED 
sepsis care, finding shorter time to initiation of antibiot­
ics and EGDT for EMS patients. Our study differs in 
that we explored mortality as a primary outcome; how­
ever, our findings on time to treatment processes are 
consistent with those of Studnek and colleagues. 

There are multiple possible reasons underlying these 
findings. First, arrival by EMS often bypasses the wait­
ing room and may reduce the chance of critically ill 
patients being undertriaged in the ED waiting room. 
Second, EMS patients may, by the very nature of their 
arrival through the ambulance doors, trigger greater 
medical attention in the ED. Last, EMS arrival may have 
led to improved downstream care because the diagno­
ses of the patients' conditions were made in the field . 
This, in turn, may have lead to communication of the 
nature of the problem at the EMS-to-ED handoff or to 
the automatic continuation of out-of-hospital treatments 
(such as IVF) in the ED. 

Despite the improved process measures for EMS 
patients, we found that once severity is accounted for, 
there do not appear to be significant in-hospital mortal­
ity differences between EMS and non-EMS care. One 
possible explanation for this finding is that unmeasured 
differences in clinical severity between the groups nulli­
fied the positive benefit of improved ED processes for 
EMS patients. Another possible explanation is that 
reduced time to IVF or antibiotics, when it is on the 
order of minutes, does not affect the average mortality 
rate in this heterogeneous patient population with a 
median APACHE II score of 18. By comparison, Kumar 
et al.29 demonstrated a significant effect of time to anti­
biotics in a patient population with a median APACHE 
II score of 26. 

The implications of these results speak to multiple lev­
els of emergency care. Taken at face value, we might see 
that in this study population, patients who arrived by 
EMS receive needed care more rapidly than those who 
arrived by another mode of transportation. On a higher 
level, however, these findings address a potentially 
important aspect of out-of-hospital care that is not com­
monly considered in patients with sepsis: the ability of 
EMS care to influence downstream care of life-threaten­
ing infections. As ED crowding leads to inevitable delays 
in diagnosis and treatment of patients with sometimes 
subtle but serious conditions,3o--32 EMS may represent an 
effective part of efforts to rapidly diagnose and treat ED 
patients with critical, time-sensitive illnesses. 

LIMITATIONS 

These results may not be generalizable to other institu­
tions with different prehospital, triage, and treatment 
systems than ours. During the study period, ED proto­
cols designed to promote the early detection and treat­
ment of severe sepsis were in place and the results may 
have less external validity to other hospitals where 
similar protocols have not been initiated. 

Another limitation was the potential for bias due to 
misclassification of EMS and non-EMS patients. 
Because we were unable to always reliably confirm the 
method of arrival for patients who arrived by nonmu­
nicipal EMS transport, we determined that the most 
conservative approach would be to classify as EMS 
only those patients who could be confirmed as such 
using the prehospital records. To address the possibility 
of misclassification bias, a sensitivity analysis was per­
formed on these data. Our findings were robust to this 
analysis . Other potential sources of misclassification 
were the time to treatment outcome measures, which 
were abstracted from time-stamped medical charting 
and pharmacy records. At our institution, these chart­
ing processes do not differ by mode of arrival, nor does 
the way in which staff use these systems change 
depending on whether a patient arrives by private car 
or ambulance. Last, the chart abstraction methods used 
included rigorous published methods to minimize 
classification bias.24 

The possibility that initiation of IVF in the field artifi­
cially delayed the initiation of IVF in the ED exists. If 
saline was infused by the out-of-hospital providers, the 
ED team might wait until the field fluid was completed 
before initiating and recording ED IVF, even if the 
patient was actually receiving the recommended ther­
apy. While this limitation may have affected the mea­
surement of time to IVF, it should not affect the other 
process measures (e.g., antibiotics) used in this study. 
Also, this limitation would, if present, most likely bias 
the results toward the null hypothesis that EMS arrival 
does not improve time to ED IVF. There is the possibil­
ity that prehospital use of IVF may have also modified 
the effect of EMS care on sepsis outcomes. However, 
our group examined the role of prehospital IVF on a 
smaller cohort of patients arriving by advanced life sup­
port units, finding that prehospital fluid does not signif­
icantly improve the achievement of goal mean arterial 
pressure during EGDT.33 Ideally, a subgroup or interac­
tion analysis of EMS patients comparing patients who 
did and did not receive prehospital fluids could demon­
strate this effect. Nevertheless, in this study, we were 
unable to determine with accuracy or reliability of the 
quantity of prehospital fluid provided. In the real world, 
some patients with severe sepsis will receive prehospi­
tal IV fluids and others will not, and this study was 
designed to reflect this variation. 

Additional limitations of this study include the fact 
that this study did not possess enough statistical power 
to show a difference in outcomes within types of ambu­
lance transport. However, our primary goals were to 
demonstrate variations in care between ambulance and 
alternative modes of arrival. Also, this study did not 
measure time to other EGDT process measures beyond 
IVF and antibiotics. Because ideal sepsis care includes a 
complex series of interventions, it is possible that the 
earlier use of IVF and antibiotics were alone not able to 
contribute to mortality differences for these patients. 
Finally, although APACHE II scores are not validated 
as a measure of illness severity outside of the ICU, 
APACHE II is currently the best available marker of 
severity by which we can make comparisons between 
critically ill populations of patients in the ED.14
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CONCLUSIONS 

Transport of critically ill patients to the ED by munici­
pal EMS was not associated with adjusted differences 
in hospital mortality. However, out-of-hospital care was 
associated with improved in-hospital processes for the 
care of critically ill patients by shortening the elapsed 
time to initiation of antibiotics and intravenous fluids 
for patients with severe sepsis or septic shock. 
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