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Introduction: Due to hospital crowding, mechanically ventilated patients are increasingly
spending hours boarding in emergency departments (ED) before intensive care unit (ICU)
admission. This study aims to evaluate the association between time ventilated in the ED and in-
hospital mortality, duration of mechanical ventilation, ICU and hospital length of stay (LOS).

Methods: This was a multi-center, prospective, observational study of patients ventilated in the
ED, conducted at three academic Level | Trauma Centers from July 2011 to March 2013. All
consecutive adult patients on invasive mechanical ventilation were eligible for enroliment. We
performed a Cox regression to assess for a mortality effect for mechanically ventilated patients
with each hour of increasing LOS in the ED and multivariable regression analyses to assess
for independently significant contributors to in-hospital mortality. Our primary outcome was in-
hospital mortality, with secondary outcomes of ventilator days, ICU LOS and hospital LOS. We
further commented on use of lung protective ventilation and frequency of ventilator changes
made in this cohort.

Results: We enrolled 535 patients, of whom 525 met all inclusion criteria. Altered mental status
without respiratory pathology was the most common reason for intubation, followed by trauma
and respiratory failure. Using iterated Cox regression, a mortality effect occurred at ED time of
mechanical ventilation > 7 hours, and the longer ED stay was also associated with a longer total
duration of intubation. However, adjusted multivariable regression analysis demonstrated only
older age and admission to the neurosciences ICU as independently associated with increased
mortality. Of interest, only 23.8% of patients ventilated in the ED for over seven hours had
changes made to their ventilator.

Conclusion: In a prospective observational study of patients mechanically ventilated in the ED,
there was a significant mortality benefit to expedited transfer of patients into an appropriate ICU
setting. [West J Emerg Med. 2017;18(5)972-979.]
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INTRODUCTION

Hospital crowding, leading to boarding patients in the
emergency department (ED), is a common problem nationwide
with crowding reported in 90% of EDs, 40% of which report
crowding on a daily basis.! Boarding is a particular problem for
patients awaiting intensive care unit (ICU) beds; the American
Hospital Association (AHA) reports an average ED boarding
time of six hours for critically ill patients in crowded EDs.?
Multiple studies worldwide have illuminated the detrimental
effect of ED crowding on patient outcomes and mortality.®
Delay in transfer of mechanically ventilated patients from
the ED to the ICU has been associated with higher in-patient
mortality and longer hospital length of stay (LOS).%%°

With the aging population and advances in care of
chronic medical conditions, ED crowding and the need
to manage critically ill patients in the ED will continue to
increase. Previously, urban EDs have been shown to provide
up to 150 days of critical care time per year, and this trend
is increasing.!° One prior retrospective review of a national
database of ED visits found ED LOS for critically ill patients
has been increasing by 7% per year.!! ED staffing and
organization are generally not conducive to delivering the
personalized care critically ill patients require. Emergency
physicians (EP) have limited time for ongoing management
of critically ill patients, and ED nurses are rarely staffed at
the 1:1 or 1:2 nurse-to-patient ratio common in most ICU
settings. Additionally, the population of patients needing
prolonged acute mechanical ventilation (defined as >96 hours)
is projected to grow at a rate of 5.5% per year. 1

Although the first hours of management in a critically
ill patient can be pivotal in terms of outcome,'*-'® many
patients in the ED, including those with acute respiratory
distress syndrome (ARDS), are not ventilated with lung-
protective ventilation,'”!” and the majority of patients have
no changes made to their ventilators while in the ED.!%1°
Every hour of additional mechanical ventilation in the ED
has been associated with a 20% increased risk of developing
pneumonia in blunt trauma patients.?’ Therefore, we
performed a prospective, observational study of mechanically
ventilated patients boarding in the ED, awaiting admission to
an ICU bed. We hypothesized that those patients with a longer
duration of mechanical ventilation in the ED would have
increased in-hospital mortality, longer duration of mechanical
ventilation, and longer ICU and hospital LOS.

METHODS

This was a multi-center, prospective, observational cohort
study of patients ventilated in the ED, conducted at three
academic emergency departments in the United States from
July 2011 to March 2013. All three EDs are Level I Trauma
Centers with over 100,000 ED visits a year, staffed with
board-certified EPs and emergency medicine residents. All
consecutive adult patients on invasive mechanical ventilation

Population Health Research Capsule

What do we already know about this issue?
Extended boarding in the emergency
department (ED) has been associated with
increased morbidity and mortality.

What was the research question?

Is there an association between duration
of ventilation in mechanically ventilated
patients boarding in the ED with mortality?

What was the major finding of the study?
Older patient age and intubation for
neurologic issues were independently
associated with increased mortality.

How does this improve population health?
Triaging high-risk patients for transfer
to the ICU and increased attention to
ventilator management in the ED may
improve patient outcomes.

via an endotracheal tube or tracheostomy tube were eligible
for enrollment. Exclusion criteria included death upon arrival
or during ED course, or direct transfer to the operating room
(OR) from the ED. We also excluded patients who did not
have complete documentation regarding the duration of time
ventilated in the ED and ED LOS.

Patients were screened and enrolled upon presentation to
the ED while receiving invasive mechanical ventilation or after
intubation in the ED. Patients were prospectively screened by
trained research assistants (RAs) seeking patients receiving
invasive mechanical ventilation on presentation to the ED or
after intubation in the ED at each of the three study sites. RAs
then enrolled the patients presenting during the hours of RA
presence in the ED, collecting all data regarding demographics,
indication for intubation and ventilation, initial ventilator
settings, any changes made to ventilator settings, and blood
gas data. RAs also collected data from the remainder of the
hospitalization for each enrolled patient, including ventilator
days, ICU LOS, hospital LOS, and mortality. RAs worked
closely with respiratory therapists at each center to collect
all ventilator settings and changes. Data monitoring was
performed by each site’s local primary investigator. This study
was funded in part by a university development grant, and the
study duration and sample size was determined by convenience
sampling during the grant funding period.
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To assess the effects of duration of mechanical ventilation
in the ED, rather than entire ED LOS, we defined the time
ventilated in the ED as the time of presentation to the ED
for those initiated on ventilation prior to arrival, or the time
of intubation, for the remainder of patients, until the time
of ICU admission. Patients were classified by the indication
for intubation including altered mental status with no overt
respiratory pathology, trauma, cardiac arrest, respiratory
failure, neurologic events, and other causes. We defined
subgroups of interest by the most common indications for
intubation, including altered mental status, trauma, and
respiratory failure. We included any recorded modification
of ventilator settings as a change in settings, from changing
the mode to decreasing the fraction of inspired oxygen. Lung
protective ventilation was defined as a tidal volume of 8mL/
kg or less of predicted body weight, with full details published
previously."” (See Appendix A.)

The time of intubation, time of transfer to an ICU,
admitting ICU, duration of mechanical ventilation, ICU LOS,
hospital LOS, and in-hospital mortality were recorded. Our
primary outcome was in-hospital mortality, with secondary
outcomes of ventilator days, ICU and hospital LOS. To reduce
the risk of survivor bias, we excluded patients who died from
the secondary outcome analyses.

Institutional review boards for all participating institutions
approved the study protocols with waiver for informed consent.

Data were input into Microsoft Excel (Microsoft Corp.,
Redmond, WA) and then transferred to SPSS (version 21.0,
IBM Corp, Armonk, NY) for statistical analysis. We visually
inspected data and excluded missing data on a case-by-case
basis. The effect of duration of mechanical ventilation in the
ED on in-hospital mortality was analyzed by univariate Cox
regression analysis. Specifically, we assessed a significant
effect of duration of mechanical ventilation in the ED on
mortality via iterative analyses using hour-based time points,
such as <4 hours, <5 hours, in a stepwise fashion.

We performed descriptive analyses of relevant clinical
outcomes for the entire cohort, as well as for patients ventilated
in the ED for less than and more than seven hours. Continuous
variables are reported as means and standard deviations (SD), and
categorical variables are reported as numbers and percentages.
The frequency of ventilator changes made among subgroups
classified by indication for intubation was compared by chi-
squared analyses. We assessed differences between continuous
variables using single-factor ANOVA, while categorical variables
were determined by chi-square testing or two-sided Student’s T
test with unequal variance as appropriate. Two-tailed Pearson’s
correlations were performed to assess for simple associations
between clinical parameters and outcomes of interest. We
performed multivariable regression analyses to assess for
independent associations between clinical and patient parameters
and mortality. An alpha of less than 0.05 was considered
statistically significant for all analyses.

RESULTS

We enrolled 535 patients. Ten were excluded as their
times in the ED were not fully documented, leaving 525
patients for final analysis (n=525). Sixty percent of patients
were male and the average age was 55.6 years (range 18 to 96
years) (Table 1). Sixty-one percent of patients were intubated
in the ED, with the remaining 39% intubated prior to arrival.
Altered mental status without respiratory pathology was the
most common reason for intubation (38.3%), followed by
trauma (23.2%) and respiratory failure (17.1%). The primary
disposition for patients was a medical ICU (52.7%), with
23.7% being admitted to a surgical/trauma ICU (STICU),
and 16.3% to a neurosciences ICU. The mean duration of
mechanical ventilation in the ED in this cohort was 4 hours
and 28 minutes, with SD of 4 hours and 18 minutes.

Univariate Cox regression analysis demonstrated a
significant increase in mortality with duration of mechanical
ventilation for all time points of more than seven hours of
mechanical ventilation in the ED. The hazard ratio (HR) for
mortality for >7 hours of mechanical ventilation in the ED was
1.31 (95% confidence intervals [CI] [1.03-1.70], P <0.001),
and the HR remained significant for all time points greater
than seven hours (Figure).

Of the 525 patients enrolled, 461 were ventilated in the
ED for less than seven hours, and 64 were ventilated in the
ED for greater than seven hours (Table 1). The cohort of
patients ventilated for less than seven hours was younger
and more likely to be ventilated for cardiac arrest or airway
edema, although the numbers of patients intubated for these
indications were small, with 34 total for cardiac arrest and 12
with airway edema (Table 1).

Patients in the greater-than-seven-hour group were more
likely to receive initial lung protective ventilation, yet they
were less likely to have any changes made to their ventilator
during their time in the ED. More patients in the less-than-
seven-hour group were admitted to the STICU, and more
patients in the greater-than-seven-hour group were admitted to
the neuro ICU.

Patients who remained ventilated in the ED greater than
seven hours had significantly higher in-hospital mortality at
45.9% versus 29.4% (p=0.018) for those who were ventilated
in the ED for less than seven hours (Table 2).

The greater-than-seven-hour group also had a longer
duration of mechanical ventilation, at 4.8 days compared to
2.5 days, (p=0.011). ICU LOS and hospital LOS did not differ
significantly between the two groups.

The frequency of lung protective ventilation was not
significantly different between any of the subgroups, including
patients intubated for altered mental status vs. respiratory
failure (P=0.22), trauma vs. respiratory failure (P=0.14), or
altered mental status vs. trauma (P=0.66). Both the subgroups
of patients intubated for altered mental status and those
intubated for trauma had a higher rate of ventilator changes
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Figure. The study sample size and distribution of duration of mechanical ventilation in the ED were insufficiently powered to perform
Cox regression for time points of less than four hours.

Table 1. Demographics of patients enrolled in a study of the association between duration of mechanical ventilation in the emergency
department and in-hospital mortality.

Variable Total (n=525) Less than 7 hours (n=461) More than 7 hours (n=64) p value
Male patients n (%) 313 (59.6) 308 (66.9) 36 (56.3) 0.922
Mean age (years [IQR]) 55.6 [41.7-69.2] 54.6 [41.5-67.8] 63.5 [50.2-78.4] <0.001
Patients intubated in the ED n (%) 320 (60.9) 281 (61.0) 37 (57.8) 0.646
Indication for intubation n (%)
AMS 201 (38.3) 179 (38.8) 22 (34.4) 0.480
Trauma 122 (23.2) 104 (22.6) 18 (28.1) 0.360
Respiratory failure 90 (17.1) 79 (17.1) 11 (17.2) 0.998
ICH or seizure 51(9.7) 41 (8.9) 10 (15.6) 0.163
Cardiac arrest 34 (6.5) 33(7.2) 1(1.6) 0.005
Airway edema 12 (2.3) 12 (2.6) 0 (0) <0.001
Other 15 (2.9) 13 (2.8) 2(3.1) 0.824
Management of ventilation in the ED
Lung protective ventilation n (%) 345(65.8) 296 (64.3) 49 (76.2) 0.047
Any ventilator changes while in ED n (%) 115 (21.9) 107 (23.2) 8 (12.5) 0.022
Disposition n (%)
Medical ICU 277 (52.7) 245 (53.2) 31(49.2) 0.559
Surgical trauma ICU 124 (23.7) 115 (24.9) 9(14.3) 0.032
Neuro ICU 86 (16.3) 66 (14.4) 19 (30.2) 0.011
Cardiovascular ICU 38 (7.3) 34 (7.4) 4 (6.3) 0.744

ED, emergency department; /CU, intensive care unit; IQR, interquartile range; AMS, altered mental status; /CH, intracranial hemorrhage.
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Table 2. Outcomes for patients mechanically ventilated in the ED
for greater or less than seven hours.

Time ventilated in the ED <7hours >7hours pvalue
Mortality (%) 29.4 45.9 0.018
Dusenslgee 25 4s oor
ICU length of stay (days) 52 7.2 0.227
Hospital length of stay (days) 14.0 14.9 0.831

ED, emergency department; /ICU, intensive care unit.

in the ED compared to those intubated for respiratory failure
(28.4% versus 13.3%, P=0.002 and 25.4% versus 13.3%,
P=0.03, respectively). There was no statistically significant
difference between altered mental status and trauma patients
(P=0.56).

For the subgroup of patients intubated for altered mental
status, those patients ventilated in the ED > 7 hours were
associated with an overall longer duration of ventilation, at
5.81 to 1.5 days, (p=0.05) (Table 3).

The extended duration of ventilation in the ED of over
seven hours was also associated with significantly increased

Table 3. Outcome sub-group analyses.

mortality in trauma patients (43.8% vs. 15.2%, P=0.046)
and patients with respiratory failure (72.7% vs. 32.9%, P=0.02).
Age, use of lung protective ventilation, changes
made to ventilator settings in the ED, admission to the
neurosciences ICU, admission to the STICU, and duration
of mechanical ventilation were assessed as independent
variables for their effect on in-hospital mortality. As the
intubation for cardiac arrest group had only one patient
in the greater-than-seven-hour cohort, and there were no
patients who remained in the ED for greater than seven
hours for airway edema, these factors were excluded from
further analysis. Multivariate analysis demonstrated that
age and admission to the neurosciences ICU, with an
odds ratio of 2.210 (95% CI 1.286-3.800, P=0.004) were
independently associated with mortality (Table 4).
Bivariate two-tailed Pearson correlations demonstrated
moderate positive correlation for death and age (p = 0.33,
P<0.001) and weak correlation for death and admission
to the neurosciences ICU (p = 0.18, P<0.001). Weak but
significant negative correlations were determined for death
and admission to the STICU (p =-0.14, P =0.002) and
mechanical ventilation of >7 hours in the ED (p =-0.12, P
= 0.009). All other correlations were not significant.

Subgroup variables <7 hours > 7 hours p value
Altered mental status
Lung protective ventilation (%) 62.6 90.9 <0.001
Any ventilator changes while in ED (%) 30.7 9.1 0.005
Mortality (%) 26.0 30.0 0.711
Mechanical ventilation duration (days) 1.5 5.81 0.050
ICU length of stay (days) 3.79 7.40 0.442
Hospital length of stay (days) 10.65 13.58 0.431
Trauma
Lung protective ventilation (%) 68.3 66.7 0.898
Any ventilator changes while in ED (%) 26.0 22.2 0.736
Mortality (%) 15.2 43.8 0.046
Mechanical ventilation duration (days) 3.01 4.52 0.714
ICU length of stay (days) 6.98 6.77 0.972
Hospital length of stay (days) 16.0 8.7 0.039
Respiratory failure
Lung protective ventilation (%) 55.8 72.7 0.286
Any ventilator changes while in ED (%) 13.9 9.1 0.633
Mortality (%) 32.9 72.7 0.020
Mechanical ventilation duration (days) 3.29 2.70 0.880
ICU length of stay (days) 5.22 1.1 0.104
Hospital length of stay (days) 15.5 26.8 0.305
ED, emergency department; /ICU, intensive care unit.
Western Journal of Emergency Medicine 976 Volume 18, No. 5: August 2017
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Table 4. Multivariable regression analysis demonstrating association between age and admission to the neurosciences ICU.

Variable QOdds ratio for mortality (95% confidence intervals) p value
Age 0.962 (0.950-0.974) <0.001
Use of lung protective ventilation 0.860 (0.554-1.334) 0.500
Ventilator changes in the ED 1.036 (0.608-1.765) 0.896
Admission to Neuro ICU 2.210 (1.286-3.800) 0.004
Admission to the STICU 0.837 (0.475-1.476) 0.539
Duration of mechanical ventilation (>7 hours or <7 hours) 1.463 (0.796-2.690) 0.221

ED, emergency department; /ICU, intensive care unit.

DISCUSSION

This study is the first prospective, multi-center,
observational study assessing outcomes associated with
duration of mechanical ventilation in the ED. The increased
mortality correlated with a duration of mechanical ventilation
in the ED of over seven hours in this cohort is consistent
with prior retrospective studies?' and recommended quality
benchmarks,® including those focused on critically ill or
ventilated patients, finding that an ED LOS over six hours
is associated with worse outcomes. A retrospective cross-
sectional analysis of the IMPACT database conducted by
Chalfin et al., found both increased mortality and increased
hospital LOS in critically ill ED patients whose transfer to
the ICU was delayed over six hours.? Similarly, Hung and
colleagues found that a greater-than-four-hour ED LOS
for mechanically ventilated patients increased the 21-day
mortality in their single center, retrospective cohort.® The
importance of these findings is put into perspective when
considering that the AHA reports a mean wait of six hours
for an ICU bed in crowded EDs,? and this is supported by
other studies.” The ED LOS in this study was similar to these
reports, over five hours, with a mean duration of ventilation of
over 4.5 hours. A minority of patients, approximately one in
eight, were ventilated for over seven hours in the ED.

The two groups in this study were not equivalent, as
patients waiting in the ED for over seven hours were older
and were more likely to be admitted to the neurosciences
ICU, while the less-than-seven-hour group included more
patients admitted to the STICUs. In multivariate analysis,
only older age and admission to the neurosciences ICU were
independently associated with increased mortality. These
results demonstrate that while increased ED boarding time is a
confounder for mortality, boarding time was not independently
significantly associated with mortality in this cohort. Increased
ED boarding time may have effects in a broader population,
however, and future studies assessing the role of boarding time
as a contributor to or confounder of mortality are necessary.

However, the observation that patients with neurologic
emergencies and those who were older were more likely to
board in the ED while ventilated, while younger patients and

those admitted to the STICU had shorter ED ventilation times,
is an important finding. Patients with neurologic injuries
require close monitoring of mechanical ventilation and
hemodynamics, and multiple studies have shown that these
patients have a significantly lower mortality rate when cared
for in a dedicated neurocritical care unit.”*** Additionally,
older age has been independently associated with increased
mortality in the ICU.??¢ Therefore, the findings of this
investigation support the importance of transferring ventilated
patients with neurologic injury and older patients to the ICU
as soon as possible.

We previously reported that despite prolonged duration of
ventilation in the ED, only 22.2% of patients in a subgroup of
this cohort had any ventilator changes made in the ED, with the
majority of those changes being adjustments to the respiratory
rate and FiO2." Of patients initially ventilated without lung
protective ventilation, only 7% were changed to lung protective
settings in the ED. These results, consistent with prior studies of
ventilation in the ED,'® suggest that once ventilator settings are
selected in the ED, adjustments to the ventilator are infrequent
and often trivial. One may anticipate that those patients who
board the longest would be more likely to have changes made
to their ventilator while waiting in the ED, but our findings
were the converse. Twice as many patients in the less-than-
seven-hour group had ventilator changes as compared to the
greater-than-seven-hour group, despite the prolonged ED
boarding time. Interestingly, the subgroups intubated for altered
mental status and trauma were also more likely to have changes
made to their ventilators as compared to those intubated for
respiratory failure. Yet in our cohort, patients intubated with
respiratory failure who ventilated in the ED for over seven
hours had a mortality rate of approximately 73%, compared to
33% for those ventilated less than seven hours.

Emergency medicine residents?” and EPs?® have expressed
relative discomfort with management of mechanical ventilation,
and the majority surveyed cede responsibility for ventilator
management to respiratory therapists.?”?® Whether these factors,
especially in patients with respiratory failure or neurocritical
care patients who require close monitoring, account for the
observed increase in mortality is unknown.

Volume 18, No. 5: August 2017
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Numerous hospital and healthcare system factors may
impact ED LOS,* and these factors may also impact the care
provided to patients boarding in the ED. Although EDs have
seen consistent increases in volume and patient acuity,**** the
number of ED beds and acute-care hospital beds have declined
over the last two decades,?>* leading to more boarding of ever
higher acuity patients. Intensivist and ICU nursing shortages
hinder efficient transfer of patients to ICUs and prohibit early
intensivist involvement in the care of critically ill patients. A
recent study found that ICU crowding, with ICUs functioning
at greater than 20% above the average annual census, was
associated with an increased ED LOS.” With these dual factors
of increasing acuity with worsening crowding, the incidence
of mechanically ventilated patients in the ED is growing®’
and their LOS in the ED is increasing.? EPs, therefore,
may be primarily responsible for prolonged management of
mechanically ventilated patients.??*>* Future efforts should
jointly focus on increasing EPs’ knowledge of and comfort with
managing ventilated patients, while simultaneously working to
remove barriers for expeditious ICU admission.

The creation of an ED-based ventilator care bundle, as
proposed by Easter and colleagues,” may impact mortality and
morbidity in this cohort with widespread implementation. A
ventilator care bundle could be automated after intubation in
the ED and could include such measures as elevation of head
of bed, an arterial blood gas within 30 minutes of intubation
and post-intubation chest radiography. A randomized trial
comparing implementation of standardized post-intubation care
to routine care in the ED would be of great interest. Notably,
Fuller and colleagues recently published results of a quasi-
experimental trial using an ED ventilator protocol for patients
with ARDS finding their protocol to be feasible and associated
with increased ventilator-free days and decreased mortality.*®

LIMITATIONS

As an observational study, our findings have several
limitations. Additionally, only correlative associations could
be made while causal relationships could not be determined.
Multiple confounding factors may have significantly impacted
the results, and the effect of confounders could not be
determined based on the available data. We did not have ASA
scoring or APACHE scores for this cohort to compare severity
of illness between the groups. Triage decisions may have
impacted the outcomes, as patients with potentially reversible
causes of critical illness may have been dispositioned more
rapidly to receive definitive care. Our data reflect a greater
proportion of patients with neurologic conditions in the > 7 hour
group, possibly signifying a perceived unfavorable prognosis
at the onset. Nearly 40% of our patients were intubated prior
to ED arrival. Although ED transport time is minimal in urban
settings,* this may have confounded our data set. Due to
limitations in funding, these patients represent a convenience
sample, and this sampling may have impacted the results.

CONCLUSION

In this cohort, there was a significant reduction in
mortality and the total duration of mechanical ventilation
associated with duration of mechanical ventilation in the ED
of less than seven hours, although there were no differences
in ICU or hospital LOS. Older age and admission to the
neurosciences ICU were independently associated with
increased mortality. Few patients had changes to their
ventilator settings while boarding in the ED, and those who
waited the longest were actually least likely to have any changes
made. Although these patients may benefit most from prompt
transfer to an ICU, crowding and limited resources currently limit
this option. Therefore, the creation of a ventilator care bundle in
the ED, with increased attention to ventilator management, may
be a feasible way to impact patient outcomes.

Address for Correspondence: Lauren B. Angotti, MD, Medical
University of South Carolina, Department of Pulmonary and Critical
Care, 96 Jonathan Lucas Street, Suite 816-CSB, Charleston, SC
29425-6300. Email: angottilb@gmail.com.

Conflicts of Interest. By the WestJEM article submission
agreement, all authors are required to disclose all affiliations,
funding sources and financial or management relationships that
could be perceived as potential sources of bias. This study was
funded in part by a university development grant. Dr. Sankoff is a
section editor/decision editor/editorial board member of the Western
Journal of Emergency Medicine. He had no role in the peer review
process for this paper.

Copyright. © 2017 Angotti et al. This is an open access article
distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 4.0) License. See: http://creativecommons.org/

licenses/by/4.0/

REFERENCES

1. Cowan RM, Trzeciak S. Clinical review: Emergency department
overcrowding and the potential impact on the critically ill. Crit Care.
2005;9(3):291-5.

2. Chalfin DB, Trzeciak S, Likourezos A, et al. Impact of delayed
transfer of critically ill patients from the emergency department to the
intensive care unit. Crit Care Med. 2007;35(6):1477-83.

3. Derlet RW, Richards JR. Overcrowding in the nation’s emergency
departments: complex causes and disturbing effects. Ann Emerg
Med. 2000;35(1):63-8.

4. Derlet RW, Richards JR. Emergency department overcrowding in
Florida, New York, and Texas. South Med J. 2002;95(8):846-9.

5. Liew D, Liew D, Kennedy MP. Emergency department length of stay
independently predicts excess inpatient length of stay. Med J Aust.

Western Journal of Emergency Medicine

978

Volume 18, No. 5: August 2017



Angotti et al.

Duration of Mechanical Ventilation in the ED

2003;179(10):524-6.

study. Scand J Trauma Resusc Emerg Med. 2012;20:30.

6. Richardson DB. Increase in patient mortality at 10 days associated with 23. Kurtz P, Fitts V, Sumer Z, et al. How does care differ for neurological
emergency department overcrowding. Med J Aust. 2006;184(5)213-6. patients admitted to a neurocritical care unit versus a general ICU?

7. Richardson JD, Franklin G, Santos A, et al. Effective triage can Neurocrit Care. 2011;15(3):477-80.
ameliorate the deleterious effects of delayed transfer of trauma 24. Kramer AH, Zygun DA. Neurocritical care: why does it make a
patients from the emergency department to the ICU. J Am Coll Surg. difference? Curr Opin Crit Care. 2014;20(2):174-81.
2009;208(5)671-8; discussion 678-81. 25. Santana-Cabrera L, Lorenzo-Torrent R, Sanchez-Palacios M, et al.

8. Hung SC, Kung CT, Hung CW, et al. Determining delayed admission Influence of age in the duration of the stay and mortality of patients
to intensive care unit for mechanically ventilated patients in the who remain in an Intensive Care Unit for a prolonged time. Rev Clin
emergency department. Crit Care. 2014;18(4)485. Esp (Barc). 2014;214(2):74-8.

9. Easter BD, Fischer C, Fisher J. The use of mechanical ventilation in 26. Seethala RR, Blackney K, Hou P, et al. The association of age with
the ED. Am J Emerg Med. 2012;30(7):1183-8. short-term and long-term mortality in adults admitted to the intensive

10. Fromm RE Jr, Gibbs LR, McCallum WG, et al. Critical care in care unit. J Intensive Care Med. 2016. [Epub ahead of print].
the emergency department: a time-based study. Crit Care Med. 27. Wilcox SR, Seigel TA, Strout TD, et al. Emergency medicine residents’
1993;21(7)970-6. knowledge of mechanical ventilation. J Emerg Med. 2015;48(4):481-91.

11. Herring A, Wilper A, Himmelstein DU, et al. Increasing length of stay 28. Wilcox SR, Strout TD, Schneider JI, et al. Academic emergency
among adult visits to U.S. Emergency departments, 2001-2005. Acad medicine physicians’ knowledge of mechanical ventilation. West J
Emerg Med. 2009;16(7):609-16. Emerg Med. 2016;17(3):271-9.

12. Zilberberg MD, de Wit M, Pirone JR, et al. Growth in adult prolonged 29. Rose L, Scales DC, Atzema C, et al. Emergency department length of
acute mechanical ventilation: implications for healthcare delivery. Crit stay for critical care admissions: a population-based study. Ann Am
Care Med. 2008;36(5):1451-5. Thorac Soc. 2016;13(8):1324-32.

13. Slutsky AS, Ranieri VM. Ventilator-induced lung injury. N Engl J Med. 30. Herring AA, Ginde AA, Fahimi J, et al. Increasing critical care
2013;369(22):2126-36. admissions from U.S. emergency departments, 2001-2009. Crit Care

14. Ramnath VR, Hess DR, Thompson BT. Conventional mechanical Med. 2013;41(5):1197-204.
ventilation in acute lung injury and acute respiratory distress 31. Mullins PM, Goyal M, Pines JM. National growth in intensive care unit
syndrome. Clin Chest Med. 2006;27(4):601-13; abstract viii. admissions from emergency departments in the United States from

15. Walder B, Fontao E, Totsch M, et al. Time and tidal volume- 2002 to 2009. Acad Emerg Med. 2013;20(5):479-86.
dependent ventilator-induced lung injury in healthy rats. Eur J 32. Lambe S, Washington DL, Fink A, et al. Trends in the use and
Anaesthesiol. 2005;22(10):785-94. capacity of California’s emergency departments, 1990-1999. Ann

16. Hoegl S, Boost KA, Flondor M, et al. Short-term exposure to high- Emerg Med. 2002;39(4):389-96.
pressure ventilation leads to pulmonary biotrauma and systemic 33. Lambe S, Washington DL, Fink A, et al. Waiting times in California’s
inflammation in the rat. Int J Mol Med. 2008;21(4):513-19. emergency departments. Ann Emerg Med. 2003;41(1):35-44.

17. Fuller BM, Mohr NM, Dettmer M, et al. Mechanical ventilation and 34. Nawar EW, Niska RW, Xu J. National Hospital Ambulatory Medical
acute lung injury in emergency department patients with severe Care Survey: 2005 emergency department summary. Adv Data. 2007,
sepsis and septic shock: an observational study. Acad Emerg Med. (386):1-32.
2013;20(7):659-69. 35. Sun BC, Mohanty SA, Weiss R, et al. Effects of hospital closures and

18. Fuller BM, Mohr NM, Miller CN, et al. Mechanical Ventilation and hospital characteristics on emergency department ambulance
ARDS in the ED: A Multicenter, Observational, Prospective, Cross- diversion, Los Angeles County, 1998 to 2004. Ann Emerg Med.
sectional Study. Chest. 2015;148(2):365-74. 2006;47(4):309-16.

19. Wilcox SR, Richards JB, Fisher DF, et al. Initial mechanical ventilator ~ 36. Pate DC, Puffe M. Special report: quality of care survey. Improving
settings and lung protective ventilation in the ED. Am J Emerg Med. patient flow. Physician Exec. 2007;33(3):32-6.
2016;34(8):1446-51. 37. Rose L, Gerdtz MF. Use of invasive mechanical ventilation in Australian

20. Carr BG, Kaye AJ, Wiebe DJ, et al. Emergency department length emergency departments. Emerg Med Australas. 2009;21(2):108-16.
of stay: a major risk factor for pneumonia in intubated blunt trauma 38. Fuller BM, Ferguson IT, Mohr NM, et al. A quasi-experimental, before-
patients. J Trauma. 2007;63(1):9-12. after trial examining the impact of an emergency department mechanical

21. Singer AJ, Thode HC Jr, Viccellio P, et al. The association between ventilator protocol on clinical outcomes and lung-protective ventilation in
length of emergency department boarding and mortality. Acad Emerg acute respiratory distress syndrome. Crit Care Med. 2017;45(4):645-52.
Med. 2011;18(12):1324-9. 39. Neeki MM, MacNeil C, Toy J, et al. Accuracy of perceived estimated

22. Rosel, Gray S, Burns K, et al. Emergency department length of stay travel time by EMS to a trauma center in San Bernardino County,
for patients requiring mechanical ventilation: a prospective observational California. West J Emerg Med. 2016;17(4):418-26.

Volume 18, No. 5: August 2017 979 Western Journal of Emergency Medicine





