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AbsTrACT
Introduction Trauma centre capacity and surge volume 
may affect decisions on where to transport a critically 
injured patient and whether to bypass the closest facility. 
Our hypothesis was that overcrowding and high patient 
acuity would contribute to increase the mortality risk for 
incoming admissions.
Methods For a 6- year period, we merged and cross- 
correlated our institutional trauma registry with a database 
on Trauma Resuscitation Unit (TRU) patient admissions, 
movement and discharges, with average capacity of 
12 trauma bays. The outcomes of overall hospital and 
24 hours mortality for new trauma admissions (NEW) 
were assessed by multivariate logistic regression.
results There were 42 003 (mean=7000/year) admis-
sions having complete data sets, with 36 354 (87%) 
patients who were primary trauma admissions, age ≥18 
and survival ≥15 min. In the logistic regression model for 
the entire cohort, NEW admission hospital mortality was 
only associated with NEW admission age and prehos-
pital Glasgow Coma Scale (GCS) and Shock Index (SI) 
(all p<0.05). When TRU occupancy reached ≥16 patients, 
the factors associated with increased NEW admission 
hospital mortality were existing patients (TRU >1 hour) 
with SI ≥0.9, recent admissions (TRU ≤1 hour) with age 
≥65, NEW admission age and prehospital GCS and SI (all 
p<0.05).
Conclusion The mortality of incoming patients is not 
impacted by routine trauma centre overcapacity. In condi-
tions of severe overcrowding, the number of admitted 
patients with shock physiology and a recent surge of 
elderly/debilitated patients may influence the mortality 
risk of a new trauma admission.

InTrOduCTIOn
Trauma care involves time- critical assessments and 
therapeutic actions. However, in combat or civilian 
mass casualty situations, resources may be limited 
and casualties may be transported with vehicles 
of opportunity such as passenger cars, trucks or 
military transport vehicles, rather than with emer-
gency ambulances or helicopters from the incident 
scene to the treatment area. Medical manpower 
availability at the initial treatment area, which can 
be limited due to social unrest or battlefield situa-
tions, influence the treatment of injuries. At times, 
primary assessment and initial treatment may be 
delayed until the casualty and medic are in the 
transport vehicle.

Ideally, casualties would have the best possible 
prediction of their needs based on initial injuries 

and initially obtainable physiologic information, 
to minimise undertriage and to deliver casualties 
expediently to the most appropriate echelon of 
care. Originally conceptualised based on a mili-
tary model, this study was undertaken to see if 
definitive treatment be delayed 10, 20, 30 min or 
more, to reach a facility with greater resources 
and manpower? Which treatment facility is best 
prepared to care for a specific casualty at a given 
time? These patient- acuity factors, combined with 
information about facility- resource factors, would 
allow an aeromedical evacuation team to best 
decide ‘Should I Land Now?’ at the closest hospital 
or proceed to the nearest functional trauma centre.

From a practical perspective, should aeromed-
ical transport flyover the closest trauma centre 
to another facility based on the volume/acuity of 
patient care ongoing? In a mature trauma system, 
trauma centre capacity and surge volume may affect 
decisions on where to transport a critically injured 
patient, and whether to bypass the closest facility. 
Interaction among the paradigms of trauma triage, 
access to emergency care and crowding, resource 
availability and utilisation, and ambulance diver-
sion must all be dynamically balanced for optimal 
patient outcomes.

The objective of this study was to evaluate the 
impact of admitting area occupancy rate, recent 
admissions, patient demographics and patient 

Key messages

 ⇒ Trauma care involves time- critical assessments 
and therapeutic actions.

 ⇒ Trauma systems strive to deliver the critically 
injured patient with minimal delay.

 ⇒ Trauma centre capacity and surge volume 
may affect decisions on where to transport a 
critically injured patient, and whether to bypass 
the closest facility.

 ⇒ New admission hospital and 24 hours mortality 
were only associated with new admission age, 
and prehospital Glasgow Coma Scale and Shock 
Index.

 ⇒ The mortality of incoming patients is not 
impacted by routine or daily trauma centre 
overcapacity and surge volume.

 ⇒ In severe overcrowding, the number of 
patients in shock and a recent surge of elderly/
debilitated patients may affect the mortality risk 
of new admissions.
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acuity on the mortality of incoming patients in an academic 
state referral centre for trauma. Our hypothesis was that over-
crowding, a surge of admissions and high patient acuity would 
contribute to increase the mortality risk for incoming new 
admissions. The ultimate goal was to identify recent, existing 
and incoming patient and facility factors that would contribute 
to a predictive model facilitating optimum trauma triage by 
prehospital and emergency medical evacuation providers, and 
also to better inform trauma centre bypass decisions.

MeThOds
The chosen location for this study was the R Adams Cowley 
Shock Trauma Center (STC) in Baltimore, Maryland USA. The 
STC is the primary adult resuscitation centre for the Maryland 
Institute for emergency medical services (EMS) Systems.1 The 
geography and topography of the state of Maryland is unique 
in that from essentially any location in the state a patient could 
be transported to the STC within a 60 min helicopter trans-
port, the parameter used by essentially all military and civilian 
trauma centres to initiate primary trauma surgical care.1 2 The 
Maryland Medical Protocols for EMS Providers are approved 
by the Governor- appointed state EMS Board, and the Trauma 
Decision Tree has been adapted from national guidelines for 
on- scene triage (figure 1).2 For the 6- year period from 2006 to 
2011, we merged and cross- correlated our institutional trauma 
registry with a database on the STC Trauma Resuscitation Unit 
(TRU) patient admissions, movement and discharges. The TRU 
serves as the admitting area for all trauma patients arriving from 
the incident scene and from interhospital transfers. During the 
study period, the TRU underwent unit expansion from 10 to 13 
trauma resuscitation bays, with an average capacity of 12 bays 
during the study period. The theoretical surge capacity was esti-
mated at 24 total patients (when bed burden is two patients per 
trauma bay). The medical personnel to patient ratio was highly 
variable during the study period because of the unpredictable 
timing and pattern of trauma admissions. All data used in the 
development of this project were from randomised computer 
identification protocols which compiled patient data.

Critical Index viewer
A computerised programme (Facility/Patient Critical Index 
Viewer) was created to allow review and analysis of TRU status 
at any point in time throughout the 6 year study period, using 
the following three facility factors:
1. Number of patients present in the TRU (EXIST).
2. Number of new patients who have arrived in the previous 

1 hour (RECENT).
3. Individual, median and mean admission vital signs of all 

EXIST patients.
For any given point in time, and all points in time, the programme 
calculates the total number of patients in the TRU, the number 
of new admissions in the past hour, the mean admission vital 
signs and Shock Index (SI=heart rate/systolic blood pressure) 
and TRU length- of- stay of all patients.

Predictive model
The outcomes of overall in- hospital mortality (death from any 
cause during inpatient admission) and mortality within 24 hours 
for new trauma admissions (NEW) were assessed by multivariate 
logistic regression, statistical modelling, and receiver operating 
characteristic (ROC) analysis using four groups of variables: 
NEW admissions, recent admissions (TRU <1 hour, RECENT), 
existing patients (TRU >1 hour, EXIST) and facility factors 

(table 1). We also examined hospital mortality and 24 hours 
mortality for TRU occupancy level intervals from 6 to 18 
patients.

resulTs
entire 6-year cohort
There were 42 003 (mean=7000/y) admissions having complete 
data sets, with 36 354 (87%) patients who were primary trauma 
admissions, age ≥18 and survival ≥15 min (figure 2). The overall 
demographic analysis included: mean age was 43 years, 70% 
male, 26% air transport, hospital mortality was 1485 (4.08%), 
24 hours mortality was 808 (2.22%) (table 2). In patients with 
both age ≥65 and SI ≥0.9, hospital mortality was 23.8% and 
24 hours mortality was 11.4% (table 3).

In the logistic regression model for the entire cohort, NEW 
admission hospital mortality and 24 hours mortality were only 
associated with NEW admission age, prehospital Glasgow Coma 
Scale (GCS), and prehospital SI (all p<0.05) (table 4). NEW 
admission mortality was not influenced by the number, status, or 
injury severity of EXIST patients, RECENT admissions or any 
of the facility factors.

Tru OverCAPACITy
The estimated average capacity of the TRU is 12 patients. There 
was no significant effect on NEW admission hospital mortality 
or 24 hours mortality for any TRU occupancy level from 6 to 
14 patients. However, when TRU occupancy reached ≥16 
patients (capacity ≈ 133%, n=1905, 5.24% admissions), the 
factors independently associated with increased NEW admission 
hospital mortality were EXIST patients with SI ≥0.9, RECENT 
admissions with age ≥65, NEW admission age, prehospital GCS 
and prehospital SI (all p<0.05).

Increased NEW admission 24 hours mortality was associated 
with NEW admission prehospital GCS and RECENT admissions 
with age ≥65 (both p<0.05). For the condition when TRU occu-
pancy reached ≥16 patients, our statistical model of 18 demo-
graphic, physiologic, occupancy and surge variables resulted in 
a prediction power for NEW patient mortality of area under the 
ROC curve=0.92 (p<0.0001).

dIsCussIOn
This study explores the complex relationship and interaction 
between initial emergency triage protocols and trauma centre 
capacity on the dynamics of best destination decision making 
and impact on patient outcome, highlighting the importance 
of time- critical assessments and therapeutic actions. The results 
suggest that in a mature level I trauma centre, routine or daily 
overcapacity does not impact trauma admission survival, but 
there is a capacity threshold in which patient characteristics and 
facility factors become important considerations that may affect 
new admission outcome. The admitting area existing patient 
factors that proved to be most relevant are patient age and shock 
physiology.

Brown et al conducted a National Trauma Data Bank (NTDB) 
analysis on whether the triage guidelines could predict which 
patients would benefit from helicopter transport, as trauma 
centres strive to deliver the critically injured patient to defini-
tive care with minimal delay.3 Out of 258 387 patients, logistic 
regression identified helicopter transport as an independent 
predictor of survival in patients with penetrating injury, GCS 
score <14, abnormal respiratory rate and age >55 years. They 
recommended considering these specific criteria when evalu-
ating the decision scheme for helicopter transport.
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Figure 1 Trauma Decision Tree. BP, blood pressure; EMS, emergency medical service; GCS, Glasgow Coma Scale.
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Table 1 Multivariate logistic regression statistical modelling 
variables

neW admissions
reCenT patients 
(≤1 hour)

eXIsT patients 
(>1 hour) FACIlITy factors

Age Age ≥65 Age ≥65 Day/night shift

Prehospital GCS 
score

Admission GCS <8 Admission GCS <8 Weekday/weekend

Prehospital SI (HR/
SBP)

Admission SI ≥0.9 Admission SI ≥0.9 TRU occupancy ≥12

Prehospital HR # of RECENT 
patients

# of EXIST patients TRU occupancy ≥14

Prehospital SBP     TRU occupancy ≥16

EXIST, existing patients; GCS, Glasgow Coma Scale score; HR, heart rate; NEW, new 
trauma admissions; RECENT, recent admissions; SBP, systolic blood pressure; SI, 
Shock Index; TRU, Trauma Resuscitation Unit.

Figure 2 Patient enrolment and analysis flow diagram. ADT, 
Admissions- Discharges- Transfers; STC, Shock Trauma Center; TRU, 
Trauma Resuscitation Unit.

Table 2 Demographics of primary trauma admissions, 2006–2011 
(n=36 354)

Age Gender Mechanism Transport

Mean=43.0 Male=69.5% Blunt=81.6 % Ground=73.5%

Median=40 Female=30.5% Penetrating=11.2% Air=26.4%

SD=19.5   Crush=0.3%   

    Other=6.3%   

The utility of helicopter EMS, compared with ground EMS, has 
been the subject of great debate.4 The reduction in transit time 
must be balanced with the expense of the resource. Galvagno 
et al conducted a large cohort study of 223 475 NTDB patients 
transported to a trauma centre.4 They found that patients trans-
ported by helicopter had higher Injury Severity Scores (ISS), but 
also improved odds of survival compared with those transported 
by ground. Because of the retrospective design and multiple 
covariates, it could not be speculated which aspect of helicopter 
transport is responsible for the mortality benefit.

When Mackenzie et al analysed mortality data, they found 
that both in- hospital and 1- year mortality rates were signifi-
cantly lower at trauma centres than at non- trauma centres 
(7.6% vs 9.5% and 10.4% vs 13.8%, respectively), highlighting 
trauma centre capability and capacity may affect decisions on 
where to transport a critically injured patient and whether to 
bypass a closer medical care facility.5 They also found that the 
incremental cost for treatment at a trauma centre, compared 
with a non- trauma centre was US$36 319 per life- year gained 
and US$36 961 per quality- adjusted life years gained. While the 
value of a year of life is not easily quantified, commonly used 
benchmarks range from US$50 000 to US$200 000.6

A competing predicament is the global crisis of emergency 
department (ED) crowding, in which a considerable amount of 
evidence and attention has been directed.7 Population growth, 
increasing uninsured patients, poor access to preventive and 
primary care, the Emergency Medical Treatment and Active 
Labor Act in the USA, and hospital financial constraints have all 
contributed to the problem. Four general themes result from ED 
crowding—adverse outcomes, reduced quality, impaired access 
and resource loss.8

In a recent systematic review by Hoot and Aronsky, it was 
reported that commonly studied causes of crowding included 
non- urgent visits, ‘frequent- flyer’ patients, inadequate staffing, 
inpatient boarding, and hospital bed shortages.9 Within the 
themes resulting from ED crowding (adverse outcomes, reduced 
quality, impaired access, resource loss), ambulance diversion is 
the most commonly studied in the category of impaired access. 
One point prevalence pilot study of a random sample of EDs in 
an American College of Emergency Physicians database, from 
Schneider et al, reported that more than 30% of institutions had 
been on ambulance diversion status on a given week.10 They 
suggested that the nation’s EDs even lack adequate resources to 
see patients on an average Monday evening.

Burt et al analysed the National Hospital Ambulatory Medical 
Care Survey from 2003, data provided by 405 participating EDs 

on 40 253 visits.11 They reported that an estimated 501 000 
ambulances were diverted, or approximately one ambulance 
per minute. Moreover, large EDs represented 47% of all hours 
spent in diversion status and 70% of all ambulances diverted to 
another ED.
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Table 3 Mortality rates for age and SI categories (n=29 077)

Category

Age ≥65
and
sI ≥0.9

Age ≥65
and
sI ≤0.9

Age ≤65
and
sI ≥0.9

Age ≤65
and
sI ≤0.9

Patients (n) 273 4293 3468 21 043

24 hours
deaths (n)

31 113 117 141

24 hours
mortality (%)

11.4 2.6 3.4 0.7

In- hospital
deaths (n)

65 342 197 348

In- hospital
mortality (%)

23.8 8.0 5.7 1.7

SI, Shock Index.

Table 4 Independent predictors of mortality for new trauma 
admissions*

Tru occupancy level 24 hours mortality In- hospital mortality

All occupancy levels NEW admission age NEW admission age

Prehospital GCS score Prehospital GCS Score

Prehospital SI (HR/SBP) Prehospital SI (HR/SBP)

Over- capacity:
TRU occupancy ≥16

NEW admission age

Prehospital GCS Score Prehospital GCS score

Prehospital SI (HR/SBP)

EXIST patients
Admission SI ≥0.9

RECENT admissions
Age ≥65

RECENT admissions
Age ≥65

*All p<0.05; patient factors.
EXIST, existing patients; GCS, Glasgow Coma Scale score; HR, heart rate; NEW, new 
trauma admissions; RECENT, recent admissions; SBP, systolic blood pressure; SI, 
Shock Index; TRU, Trauma Resuscitation Unit.

Evidence is lacking on whether ED crowding is associated 
with delays in resuscitation effort and/or increased mortality. 
Research from the Republic of Korea (South Korea) suggests 
that both of these outcomes are affected by crowding. Hong et 
al reported a retrospective study on 1296 ED admissions into 
their resuscitation room.12 Delayed resuscitative efforts (DRE) 
were noted in 17% and the incidence of DRE was significantly 
higher on crowded days (OR=2.0). Moreover, ED mortality and 
in- hospital mortality were both significantly higher in the DRE 
group (OR=3.4 and OR=4.0, respectively) compared with the 
non- DRE group.

Managing the daily volume and throughput of patients in 
an ED or a trauma centre is a substantial challenge. The ED 
crowding epidemic has given rise and increased awareness to 
the study of surge capacity and volume in hospitals and health-
care systems.13 There is discussion over the transition, overlap 
and relationship between daily surge and extraordinary surge 
volume, as a multiple casualty incident (MCI) would bring. 
More debate concerns the distinctions between surge capacity, 
surge response capacity and surge capability; although our study 
appears to indicate the mortality of patients is not impacted by 
routine or daily trauma centre overcapacity or surge volume.

There is a paucity of research on the impact of ED daily surge 
volume on outcome of trauma patients. Ball et al retrospec-
tively reviewed 861 severely injured trauma patients (ISS ≥12) 
presenting to their regional trauma centre.14 They defined MCI 
as three or more trauma admissions within 3 hours. In this study, 
10% of all trauma patients were treated in an MCI setting. MCI 

patients had a significantly greater time to first surgical proce-
dure, time to emergency laparotomy, and ED and hospital 
lengths of stay. MCI and non- MCI patients did not differ in 
intensive care unit length of stay or mortality. In our study, new 
admission hospital and 24 hours mortality were only associated 
with new admission age, prehospital GCS and SI. These find-
ings would support our contention that in severe overcrowding, 
the number of patients and a recent surge of elderly/debilitated 
patients may affect the mortality risk of new admissions.

One limitation of this study is the 6- year retrospective design 
and the use of two large databases. The Admissions- Discharges- 
Transfers (ADT) database was merged and cross- correlated with 
our trauma registry of vital signs and outcomes. As shown in 
our patient enrolment and analysis flow diagram, 479 patients 
were excluded from analysis because of ADT records mismatch. 
Another limitation of analysis is that the TRU capacity was 
somewhat variable because the facility underwent construction 
and expansion during the study period. Although the capacity 
ranged from 10 to 13 trauma resuscitation bays, the exact tran-
sition dates and daily variance were not defined. Finally, our 
Facility/Patient Critical Index Viewer was created using retro-
spective data. Therefore, analyses on facility acuity were based 
on patient demographics and admission vital signs. Exact real- 
time facility acuity could only be prospectively evaluated using 
continuous vital signs monitoring and recording of all existing 
patients in the admitting area.

In summary, this study analysed the dynamic relationship and 
interaction between trauma centre capacity and volume on the 
mortality risk of incoming new admissions in a mature trauma 
system. Our results show that the mortality of incoming patients 
is not impacted by routine or daily trauma centre overcapacity 
and surge volume, indicating transport to the nearest functional 
trauma centre would be generally recommended. In conditions 
of severe overcrowding, the number of admitting area or ED 
patients with shock physiology and a recent surge of elderly/
debilitated patients are the most relevant considerations affecting 
the mortality risk of new admissions.

Prehospital scoring systems and algorithms currently inform 
our decisions on which patients should be brought to a trauma 
centre. Integrating contemporaneous information about facility 
acuity and capacity status would enhance real- time best destina-
tion decision making. We had created a Facility/Patient Critical 
Index Viewer specifically for this project, allowing comprehen-
sive review and analysis of admitting area status (patient volume, 
recent admissions, admission vital signs) at any point, and at all 
points in time throughout the study period. Future development 
and monitoring of a real- time continuous prospective Facility/
Patient Critical Index Viewer will allow EMS providers, EMS 
systems and trauma centres to collaboratively improve best 
destination decision making. This methodology can be used to 
further study trauma centre capacity, resource utilisation and 
bypass decisions in addition to the obvious military applications 
as they relate to remote, forward deployed operating locations 
and access to more robust surgical facilities elsewhere in the 
theatre of operations.
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