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‘‘One-way-street’’ streamlined admission of critically ill trauma
patients reduces emergency department length of stay
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Abstract Emergency department (ED) overcrowding

remains a significant problem in many hospitals, and

results in multiple negative effects on patient care out-

comes and operational metrics. We sought to test whether

implementing a quality improvement project could

decrease ED LOS for trauma patients requiring an ICU

admission from the ED, specifically by directly admitting

critically ill trauma patients from the ED CT scanner to an

ICU bed. This was a retrospective study comparing patients

during the intervention period (2013–2014) to historical

controls (2011–2013). Critically ill trauma patients

requiring a CT scan, but not the operating room (OR) or

Interventional Radiology (IR), were directly admitted from

the CT scanner to the ICU, termed the ‘‘One-way street

(OWS)’’. Controls from the 2011–2013 Trauma Registry

were matched 1:1 based on the following criteria: Injury

Severity Score; mechanism of injury; and age. Only

patients who required emergent trauma consult were

included. Our primary outcome was ED LOS, defined in

minutes. Our secondary outcomes were ICU LOS, hospital

LOS and mortality. Paired t test or Wilcoxon signed rank

test were used for continuous univariate analysis and Chi

square for categorical variables. Logistic regression and

linear regressions were used for categorical and continuous

multivariable analysis, respectively. 110 patients were

enrolled in this study, with 55 in the OWS group and 55

matched controls. Matched controls had lower APACHE II

score (12 vs. 15, p = 0.03) and a higher GCS (14 vs. 6,

p = 0.04). ED LOS was 229 min shorter in the OWS

group (82 vs. 311 min, p\ 0.0001). The time between CT

performed and ICU disposition decreased by 230 min in

the OWS arm (30 vs. 300 min, p\ 0.001). There was no

difference in ED arrival to CT time between groups. Fol-

lowing multivariable analysis, mortality was primarily

predicted by the APACHE II score (OR 1.29, p\ 0.001),

and not ISS, mechanism of injury, or age. After controlling

for APACHE II score, there was no difference in mortality

between the two cohorts (OR = 0.49, p = 0.28). Expe-

dited admission of critically ill trauma patients immedi-

ately following CT imaging significantly reduced ED LOS

by 3.82 h (229 min), without a change in ICU LOS, hos-

pital LOS, or mortality. Further studies are needed to assess

the impact of expedited admission on morbidity and

mortality.
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Introduction

Emergency department (ED) overcrowding is a major

problem in many hospitals [1], with multiple studies doc-

umenting that overcrowding results in delays in care and

increased mortality [2–5]. Last year in our ED we received

108, 436 ED visits and 486 trauma activations, the majority
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(63 %) being critical. 189 needed an ICU transfer, 103 an

operation and 16 died in the ED. Critically ill patients

requiring an intensive care unit (ICU) admission who board

in the ED have increased hospital length of stay (LOS). Our

median length of stay in the ED for admitted patients is

7.6 h (mean 9.7 h), and we have an estimated 55 boarder

patients per day, that board in the ED for an average of 5 h.

This delay in care or overcrowding has the potential to

worsen multi-organ failure, and increase mortality both in

the ICU and hospital [6–8].

This might be especially true for the trauma patients,

where a short delay in responding to their critical needs can

have instantaneous adverse effects [9].

To address this issue at our institution, our American

College of Surgeons level-one verified trauma center began

a quality improvement project to decrease ED LOS for

trauma patients requiring ICU admission. A multidisci-

plinary team with representation from multiple depart-

ments, including Emergency Medicine, Intensive Care,

Trauma Surgery and Radiology, created a new protocol

that would admit a critically ill trauma patient directly from

the ED Computed Tomography (CT) scanner to the ICU

(Fig. 1). The new protocol was called One-way street

(OWS). The primary goal of this study was to evaluate if

implementation of OWS reduced ED LOS when compared

to previous practice. Secondary outcomes included in-

hospital mortality, ICU LOS and hospital LOS.

Methods

Patient selection

This was a retrospective, case–control, IRB-approved study

(IRB #2013P000382) comparing the intervention period

(2013–2014) to historical controls (2011–2013). Starting

April 2013 all critically ill trauma patients requiring a CT

scan, but not the operating room (OR) were directly

admitted from the CT scanner to the ICU. These patients

were prospectively followed by the quality improvement

area in the trauma division between 2013 and 2014. His-

torical controls (2011–2013) were identified using the

Trauma Registry. The matched controls had to be patients

who went from the ED to the CT scanner and then back to

the ED before their final transfer to the ICU. OWS patients

were matched 1:1 to historical controls based on the fol-

lowing criteria: Injury Severity Score (±5); mechanism of

injury (±5); and age (±5). Only patients who required an

emergent trauma consult (Trauma Activation) were inclu-

ded in the study (Fig. 2). Exclusion criteria included the

following: patients aged less than 16 years; who went

directly to the OR from the ED; who died in the ED, or

who required a delayed trauma consult that required an

ICU admission.

Data collection and definitions

General demographics, hospital and ICU LOS, ISS, transfer

from outside hospital status for both cohorts were retro-

spectively collected from the trauma registry. All other data

were collected from our electronic medical records and

nursing paper documentation. ED length of stay was defined

as time elapsed from ED arrival to arrival in ICU, and cal-

culated as time from ED arrival to CT plus time from CT

ICU arrival; data were obtained from the EMR and ICU

nursing flow sheets. Time from ED to CT was defined as ED

arrival to ED CT, and calculated from ED Nursing Docu-

mentation and radiology documentation. Similarly, time

from CT to ICU was then calculated from the first CT

completion time to the time of arrival to the ICU.

Outcomes

Our primary outcome was ED LOS, defined in minutes.

Our secondary outcomes were ICU LOS, hospital LOS and

mortality. Hospital and ICU LOS were defined in days.

Statistical analysis

The Shapiro–Wilk test was used to test the data for nor-

mality. Normally distributed, continuous variables were

reported as means and standard deviations. Non-normally

distributed data were reported as medians with interquartile

ranks. Categorical variables were reported as percentages.

For univariate analysis, we used either a paired t test or

Wilcoxon signed rank test for continuous variables and Chi

square for categorical variables. For multivariate analysis a

logistic regression was performed to identify independent

predictors of mortality. For continuous outcomes, a linear

regression was performed to identify the independent pre-

dictors of hospital LOS, ED LOS and ICU LOS. All
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Fig. 1 Admission pathways before and after the implementation of

the protocol
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analysis were performed using STATA software, version

13.1MP (StataCorp, College Station, TX).

Results

Study population

One hundred and ten patients were enrolled in this study,

with 55 in the OWS group and 55 matched controls. These

55 OWS patients represented 35 % of all SICU admissions

for trauma during the study time (55/155). The remaining

100 SICU trauma admissions either did not require trauma

team activation, or were directly admitted from the OR.

Patient demographics are summarized in Table 1. Matched

controls were overall healthier upon arrival in the ED as

noted by their lower APACHE II score (12 vs. 15,

p = 0.03) and a higher GCS (14 vs. 6, p = 0.04).

ED length of stay

Outcomes are summarized on Table 2. ED LOS was

229 min shorter in the OWS group (p\ 0.0001). This

difference is explained by a shorter time between CT and

ICU in the OWS arm (30 vs. 300 min, p\ 0.001). Time

spent in the ED before CT scan did not differ between

groups. After controlling for GCS, APACHE II score and

transfer status, ED LOS was still statistically significant

(Table 3).

Secondary outcomes

Univariate analysis of mortality finds that the mortality is

higher among the OWS group when compared to histor-

ical controls (25.5 vs. 10.9 %, p = 0.05). However, the

multivariate analysis finds that the mortality is primarily

predicted by the APACHE II score (OR 1.29, p\ 0.001)

and not ISS, mechanism of injury, nor age. After con-

trolling for APACHE II score, there is no difference in

the mortality between the two cohorts (OR = 0.49,

p = 0.28) (Table 4).

As shown on Table 2, ICU LOS is similar in both

groups and hospital LOS is shorter in the OWS cohort (8

vs. 11 days, p = 0.03). Further subgroup analysis of only

survivors finds that hospital LOS is the same between the

two groups (10 vs. 8 days, p = 0.46) (Table 5).

Fig. 2 Trauma activation

criteria at Massachusetts

General Hospital
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Discussion

Our study finds that a protocol for expedited admission of

critically ill trauma patients to the ICU significantly redu-

ces ED LOS by 3.82 h (229 min), without a change in ICU

LOS, hospital LOS and mortality. There are multiple

potential explanations for this result, but this study

demonstrates that it is both feasible and effective to pri-

oritize expedited admissions, and that focusing on a pro-

cess improvement intervention that reduces waste and

delays can pay significant dividends. In addition, while

non-value added delays in the original process likely con-

tributed to the effect size of our intervention, this study

further highlights the importance of focusing on efficiency

in the admission process, reducing and eliminating process

steps and waits, and effectively utilizing limited resources

(e.g., ICU and ED bed capacity).

Table 1 Patients demographics
Characteristics One-way street Matched control p value

Age (years) 0.74

Median (IQR) 47 (29–70) 43 (28–68)

Race (%) 0.61

White 51 58

Unknown 33 25

Others 16 16

Gender (%) 0.64

Male 75 73

Mechanism of injury (%)

Fall 12 (22) 16 (29) 0.89

MVC 16 (29) 17 (31)

Motorcycle crash 5 (9) 4 (7)

Pedestrian struck 9 (16) 6 (10)

Assault 4 (7) 5 (9)

Others 9 (16) 7(13)

ISS 0.24

Median (IQR) 26 (18–38) 27 (17–38)

APACHE II 0.03

Median (IQR) 15 (11–21) 12 (8–17)

GCS 0.04

Median (IQR) 6 (3–15) 14 (3–15)

Transfer from outside hospital (%) 21 (38) 25 (45) 0.44

Intubation in ED (%) 36 (65) 24 (44) 0.02

Table 2 Univariate analysis for primary and secondary outcomes

Outcome OWS Matched control p value

ED LOS (min) \0.001

Median 82 (65–116) 311 (229–474)

Time ED-CT (min) 0.41

Median (IQR) 56 (41–85) 60 (46–87)

Time CT-SICU (min) \0.001

Median (IQR) 30 (11–46) 300 (180–540)

ICU LOS (days) 0.56

Median (IQR) 4 (2–8) 4 (3–10)

Hospital LOS (days) 0.03

Median (IQR) 8 (3–16) 11 (7–20)

Mortality n (%) 14 (25.5 %) 6 (10.9 %) 0.05

Table 3 Multivariate analysis for ED LOS

Variable Coef. p value

GCS 0.35 (-5.53 to 6.23) 0.91

APACHE 2 3.16 (-3.29 to 9.62) 0.33

Transfer status -27.46 (-83.33 to 28.40) 0.33

OWS 239.57 (184.89–294.24) \0.001

Table 4 Multivariate analysis for mortality

Variable OR p value

GCS 1.03 (0.87–1.21) 0.76

APACHE 2 1.29 (1.10–1.50) 0.001

Transfer status 0.42 (0.12–1.48) 0.18

OWS 0.49 (0.13–1.80) 0.28
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However, the obvious risk in more rapidly admitting a

cohort of critically ill trauma patients is that eliminating

their post-CT ED stay may be associated with worsening,

rather than improved, patient outcomes. We find that while

unadjusted mortality is higher among our intervention

group, this is fully accounted for by APACHE II, and

despite adjustment for ISS, mechanism of injury, and age.

These increased acuity in the intervention group is well

documented in not only higher APACHE II scores, but also

need for endotracheal intubation. This could be potentially

explained by a few reasons. First, our cohort of trauma

patients were different from the original studies that vali-

dated ISS [10, 11] in trauma, and as a result a physiologic

or comorbidity index might be a better predictor of mor-

tality than ISS [12]. Second, patients who would have

otherwise died in the ED were more rapidly transferred to

the ICU faster in the OWS group, and thus more frequently

died in the ICU instead of the ED. Clearly, this patient

population would be included in the OWS cohort but not in

the matched controls. Third, there could be epiphenomenon

with improving health care that changed our trauma pop-

ulation. For example, despite matching for age, the newer

trauma population might have more comorbidities and

physiologic derangements at baseline that predisposes

them to increased mortality. Lastly, Richardson et al. also

show that experienced emergency physicians are able to

efficiently triage sicker trauma patients and have them

admitted faster [13]; so it could be that once the OWS

protocol was implemented, physicians more effectively

triaged sicker patients towards the streamlined ICU path-

way, thus creating a selection bias. Regardless, OWS

patients were sicker, and after controlling for APACHE 2

score, mortality was not found to be different between the

two groups.

Multiple previous studies report that boarding of

patients in the ED results in worse patient outcomes. In a

recent study by Singer et al. examining over 40,000

patients admitted to the ED, ED boarding is associated with

an increased mortality, need for ICU admission and hos-

pital LOS [14]. Similarly Hung et al. show an increase in

mortality and an increase in resource expenditure for

patients who spend greater than 4 h in the ED while on

mechanical ventilation [8]. Contrary to their findings, our

study does not find a different in mortality ICU LOS, and

hospital LOS; however, our study was not powered to

examine these specific outcomes. Even without significant

findings in mortality and LOS, we believe that reducing ED

LOS has the potential for improving patient outcomes for

not just the specific patient in question, but also for all the

other patients in the ED. There are many unmeasured

downstream benefits to reducing ED overcrowding. As

ICU patients are extremely resource intensive, decom-

pressing the ED of ICU patients would make resources that

were previously tied up now available.

Limitations

There are potential limitations to this study. First, this was a

retrospective study, and therefore we were not able to

prospectively control for confounding variables, and relied

on the accuracy of the medical records to obtain information

retrospectively. In addition, as with any before–after study,

while the outcomes measured may have demonstrated a

change, they do not prove causality. The observed changes

may have in part been due to some other contributing factor

that occurred over the study period that cannot be fully

excluded; however, given the effect size and intervention

type this is less likely. Furthermore, given the retrospective

nature of the manuscript we were not able to document the

negative impact an early transfer to the ICU could potentially

have. For instance should a patient require further diagnostic

tests that are more easily accessible in the ED than the

ICU, wewould be unable to account for this negative impact

of early transfer to the ICU. This is certainly a very inter-

esting topic that should be investigated in the future; how-

ever, at our institution this would be less likely as trauma

patients typically have already received their pan-CT scan

immediately before ICU admission.

In addition, our intervention arm was by definition

aimed at the most critically ill trauma patients, requiring

both a trauma activation and immediate transfer to the ICU,

and therefore a selection bias is possible, reflected in the

higher APACHE II score in the intervention arm. Unfor-

tunately, our sample size was also not adequately powered

to detect differences in our secondary outcomes and avoid

a Type II error. Finally, given this study was performed at a

single, academic, quaternary care, level-one trauma center,

our results might not be fully generalizable to hospitals in

other settings.

Conclusion

In our hospital, streamlined OWS admission of critically ill

trauma patients to the ICU reduces ED LOS without

measurable negative patient care consequences.

Table 5 Survivors-only analysis: primary and secondary outcomes

Outcome OWS Control p value

ED LOS min 80 (62–116) 294 (229–474) \0.001

ICU LOS 4 (3–7) 3 (2–6) 0.25

H LOS 10 (4–20) 8 (6–18) 0.46
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