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“After-hours” staffing of trauma centres 
and outcomes among patients presenting 
with acute traumatic coagulopathy

Abstract 
Objective: To examine the effect of the “after-hours” (18:00–07:00) model of 
trauma care on a high-risk subgroup — patients presenting with acute traumatic 
coagulopathy (ATC).

Design, participants and setting: Retrospective analysis of data from the Alfred 
Trauma Registry for patients with ATC presenting between 1 January 2006 and 
31 December 2011.

Main outcome measure: Mortality at hospital discharge, adjusted for potential 
confounders, describing the association between after-hours presentation and 
mortality.

Results: There were 398 patients with ATC identified during the study period, of 
whom 197 (49.5%) presented after hours. Mortality among patients presenting 
after hours was 43.1%, significantly higher than among those presenting in hours 
(33.1%; P = 0.04). Following adjustment for possible confounding variables 
of age, presenting Glasgow Coma Scale score, urgent surgery or angiography 
and initial base deficit, after-hours presentation was significantly associated 
with higher mortality at hospital discharge (adjusted odds ratio, 1.77; 95% CI, 
1.10–2.87).

Conclusion: The after-hours model of care was associated with worse 
outcomes among some of the most critically ill trauma patients. Standardising 
patient reception at major trauma centres to ensure a consistent level of care 
across all hours of the day may improve outcomes among patients who have 
had a severe injury.

D
eficiencies in trauma care “af-
ter hours” (18:00–07:00) have 
been well recognised.1 Such 

deficiencies may be caused by the 
differential availability of senior 
staff and resources for complex pro-
cedures, fatigue of personnel and/
or increased prehospital logistical 
difficulties (eg, flight restrictions for 
helicopters at night). Resource allo-
cation and staffing are substantially 
more expensive after hours, and a 
finding of an association between 
time of presentation and outcomes 
could be used to justify improved 
staffing in trauma centres outside 
“business” hours.

Compared with patients admit-
ted “in hours”, patients admitted 
after hours following injury may be 
intrinsically at higher risk of death 
by virtue of a different casemix or 
increased severity of illness. Crude 
mortality rates have been previously 
reported to be significantly higher 
among people admitted with trauma 
at night, compared with during the 
day, but no significant association has 
been shown after adjusting for injury 
severity.2-5

In recent years, mortality after 
trauma has been steadily decreasing, 
secondary to preventive strategies 
and improved trauma systems.6-8 
Accordingly, in advanced trauma 
systems, a smaller proportion of in-
hospital trauma deaths are now pre-
ventable. Potential changes to trauma 
care that could influence mortality 
therefore affect only a small propor-
tion of the overall trauma population.

Among the overall population of 
an advanced trauma system, where 
most deaths are not preventable, the 
adverse effect of an after-hours model 
of care may therefore be underestim-
ated. We hypothesise that the effect of 
any differences in trauma care could 
be emphasised if patient populations 
at higher risk of adverse outcomes 
are analysed.

Patients presenting to the emer-
gency department with acute 

traumatic coagulopathy (ATC) are 
at high risk of adverse outcome.9-11 
Mortality measured at hospital 
discharge remains high, with most 
deaths occurring in the first 24 
hours.12,13 Delayed or suboptimal 
resuscitation may result in rapid 
progression of patients to the “triad 
of death”, with worse outcomes.14 
Therefore, we chose to examine mor-
tality in this clearly defined group of 
patients with complex injuries, and to 
examine the effect of the after-hours 
model of trauma care among them. 

Methods

The state of Victoria, Australia, has 
one paediatric and two adult major 
trauma services located in metropol-
itan Melbourne. Major trauma triage 
guidelines direct about 85% of major 
trauma patients to a major trauma 
service for definitive treatment. The 
Alfred Trauma Registry prospectively 
records prehospital and hospital data 
on all major trauma patients, defined 
as those having an Injury Severity 
Score greater than 15, requiring 

urgent surgery or intensive care unit 
admission, or dying in hospital.

After hours was defined as the 
period between 18:00 and 07:00, 7 
days a week. In the after-hours pe-
riod, the following specialties were 
off-site, but on call: emergency physi-
cian (02:00–07:00), trauma surgeon 
(18:00–07:00), intensive care physician 
(23:00–08:00), haematologist (17:00–
07:00) and radiologist (19:00–07:00). 
The number and seniority of nursing 
staff in the emergency department 
and intensive care unit in hours and 
after hours were similar, but extra 
staff on administrative duties were 
present during the day and available 
to be called on for clinical duties. 
Nursing staff levels in the operating 
theatre suite decreased at 18:00, and 
further at 21:00, to levels facilitating 
only urgent surgery until 24:00; staff 
were available on call to open extra 
theatre capacity, as needed, but with 
a short delay. The number of labora-
tory scientists in the haem atology 
laboratory decreased at 17:00 and 
again at 22:00 until 07:00; again, with 
potential for recall.
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Patients and definitions

All patients with ATC present-
ing between 1 January 2006 and 31 
December 2011 were included. ATC 
was defined as an international nor-
malised ratio (INR) greater than 1.5 
on the first sample of blood taken 
after presentation to hospital.11,15,16 
Patients receiving anticoagulation 
treatment were included. A massive 
transfusion was defined as � 5 units 
of red cells in the first 4 hours after 
injury.17 Patients who received blood 
or blood products before presenta-
tion were excluded. The shock index 
was defined as heart rate divided by 
systolic blood pressure, and the first 
measured value on presentation 
was used.18 Mortality, as recorded at 
hospital discharge, was the primary 
outcome measure.

This study was approved by the 
Alfred Hospital Research and Ethics 
Committee.

Statistical analysis

Normally distributed continuous 
variables are presented as mean 
(standard deviation), while ordinal or 
skewed data are presented as median 
(interquartile range). The Student t 
test was used to calculate statistical 
significance between two means, the 
Wilcoxon rank-sum test was used for 

difference between two medians and 
the χ 2 test was used for difference be-
tween two proportions.

Results from univariate analyses 
are reported as unadjusted odds 
ratios (ORs) with 95% confidence 
intervals. Variables exhibiting an 
association (P < 0.25) with the expo-
sure of interest (after hours) and the 
primary outcome (mortality) were 
entered into a multivariable logistic 
regression model to determine the 
effect of confounders on the associa-
tion between after-hours presentation 
and death.19 Significance for trends in 
mortality rates was determined using 
a Wilcoxon-type test for trend across 
ordered groups and is reported using 
z scores.20 Results from the multivari-
able regression model are reported as 
adjusted ORs with 95% confidence in-
tervals. All analyses were performed 
using Stata, version 11.0 (Statacorp). 

Results

During the study period, there were 
5915 major trauma presentations, 
of which 3147 patients (53.2%) pre-
sented after hours. Among all ma-
jor trauma presentations, inhospital 
mortality among patients presenting 
after hours was 9.1% compared with 
a mortality of 10.1% among patients 
presenting at other times (P = 0.18). 
There were 398 patients (6.7%) who 
presented with ATC. Among all ma-
jor trauma presentations, there was 
a significant trend in reduction of 
mortality over time (z score, − 3.44; 
P = 0.01), but the trend in mortality 
rates among patients with ATC was 
not statistically significant (z score, 
− 0.40; P = 0.69). Overall inhospital 
mortality rates are shown in Box 1.

A summary of demographics, vi-
tal signs at presentation and injury 
characteristics of patients with ATC is 
shown in Box 2. Of the patients with 
ATC, 197 presented after hours, 85 
(43.1%) of whom died in hospital; 
and 201 presented in hours, with 67 
deaths (33.3%). After-hours presenta-
tion was associated with significantly 
higher mortality (OR, 1.51; 95% CI, 
1.01–2.28).

A comparison of patients present-
ing in hours and after hours is shown 
in Box 3, showing similarly matched 
groups except for age (P < 0.01) and 
initial base deficit (P = 0.01). Variables 

exhibiting an association between 
time of presentation and outcome 
(age, Glasgow Coma Scale [GCS] 
score, urgent surgery or embolisation 
and initial base deficit) were entered 
into a logistic regression model. An 
independent association between 
presentation to hospital after hours 
and significantly higher mortality 
was observed (adjusted OR, 1.77; 
95% CI, 1.10–2.87). Age (adjusted OR, 
1.03; 95% CI, 1.02–1.04) and presenting 
GCS score (adjusted OR, 0.80; 95% CI, 
0.77–0.85) were also independently 
associated with mortality. There was 
no association between requirement 
for urgent surgery or embolisation 
(adjusted OR, 1.08; 95% CI, 0.64–1.84) 
or initial base deficit (adjusted OR, 
0.97; 95% CI, 0.94–1.01). 

After repeating the analysis by in-
cluding INR categorised into limits, 
as reported in Box 3, after-hours pres-
entation continued to be associated 
with higher mortality (adjusted OR, 
1.74; 95% CI, 1.07–2.83), along with age 
(adjusted OR, 1.03; 95% CI, 1.02–1.04), 
presenting GCS score (adjusted OR, 
0.80; 95% CI, 0.76–0.85) and INR � 3.0 
(adjusted OR, 2.05; 95% CI, 1.03–4.11).

Among patients requiring urgent 
surgery or embolisation, mean time 
to theatre or radiology in hours was 
3.9 (SD, 3.5), and was not significant-
ly different to the time for patients 
who underwent urgent surgery or 
embolisation after hours (mean, 3.7 
[SD, 3.7]; P = 0.73). Among patients 
who received a massive transfusion, 
the mean ratio of red blood cells to 
fresh frozen plasma administered in 
4 hours was 0.54 (SD, 0.31) after hours 
and not significantly different to the 
mean ratio of 0.55 (SD, 0.28) in hours 
(P = 0.85). Cryoprecipitate was admin-
istered to 0.5% of patients after hours, 
compared with 1.5% in hours (P = 0.32).

Discussion

This study of 398 major trauma pa-
tients with ATC shows that a high 
proportion of such patients present 
to hospital after hours, when immedi-
ately available senior specialist exper-
tise is substantially less. Compared 
with patients who present in hours, 
these patients were shown to have 
significantly higher odds of death 
when injury severity and demograph-
ics were adjusted for. Some aspects of 

1  Overall annual inhospital mortality 
rates (95% confi dence intervals) 
among patients presenting after 
major trauma, Alfred Trauma 
Registry, January 2006 to 
December 2011 
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management, such as blood product 
administration and time to access 
the operating theatre or radiology 
ser vices, were similar between the 
groups.

In major trauma centres, equip-
ment and tangible resource avail-
ability remains the same regardless 
of time of day. However, staffing 
levels vary, and there has been sub-
stantial debate about the importance 
of fully staffed trauma centres at all 
hours — including emergency physi-
cians, trauma surgeons, anaesthetists, 
intensive care physicians, radiolo-
gists and broader support staff.2,21-24 
Despite controversy, most major 
trauma centres in the United States 
have developed a uniform 24-hour 
model of staffing, which is perceived 
as the ideal model of care.25 Analyses 
of the effect of after-hours presen-
tations from these centres have the 
limitations of examining for a small 
effect in the overall population with 
a small event rate. A statistically sig-
nificant effect of after-hours presenta-
tion on mortality has not been found 
in previous studies in fully staffed 
trauma systems.25 However, study-
ing subgroups of trauma patients 
at high risk of preventable death is 

more likely to demonstrate an after-
hours effect. A recent multivariable 
regression analysis of 191 patients 
with pelvic fractures and haemor-
rhage requiring angioembolisation at 
a large US trauma centre showed an 
almost 100% increase in mortality for 
patients treated after hours.26

The subgroup of patients with 
ATC differs from those with critical 
bleeding or those requiring mas-
sive transfusion.27 Among patients 
presenting with ATC, a substantial 
proportion of deaths will be unpre-
ventable. In the remaining patients, 
haemostatic resuscitation and dam-
age control surgery, if applicable, 
need to be optimised to achieve a 
favourable outcome. Rather than 
delivery of protocols, factors such 
as consistent levels of timely, coor-
dinated care may be lacking after 
hours, and such details are beyond 
the scope of currently measured trau-
ma quality indicators. However, if a 
demonstrated absolute difference of 
10% improvement in outcomes could 
be achieved, this would equate to at 
least three lives saved per year, per 
trauma centre. Improved after-hours 
staffing could also be beneficial to 
other complex subgroups with high 

mortality rates, such as those pre-
senting after traumatic cardiac ar-
rest or those requiring massive blood 
transfusions.28,29 Equally, more senior 
clinical decision-making capacity on-
site would support other key aspects 
of hospital performance and manage-
ment of clinical risk.

The challenge for health policy-
makers is therefore to determine the 
cost-effectiveness of improved staffing 
in major trauma centres. Affecting a 
higher proportion of younger patients, 
the years of potential life lost because 
of injury far exceed those of cancer, 
heart disease, or stroke. Any such 
change should be accompanied by 
thorough vigilance to monitor its ef-
fect on staff fatigue and potential loss 
in popularity of critical care special-
ties. Such adverse effects, if observed, 
should be weighed against any bene-
fits. In addition, to optimise outcomes, 
after-hours resources should be en-
hanced throughout the patients’ jour-
neys, from prehospital to the wards 
or intensive care unit, and not just 
sporadically in isolated departments.

This study included all patients 
who presented with ATC to a level 
1 adult trauma centre, but is limited 
in being a retrospective study from 
a single centre. However, it is worth 
noting that the after-hours effect size 
was of substantial magnitude, and 
higher when adjusted for age, injury 
severity, GCS score and base deficit. 
Several confounders were accounted 
for, but we may have inadequately 
controlled for casemix or injury se-
verity. Similarly, variables measur-
ing detailed patient management, 
for example, volumes of fluid and 
times, ventilator strategies and sur-
gical techniques, were not measured, 
and are potential confounders. The 
Trauma and Injury Severity Score30 
method of severity adjustment was 
not used, as a large proportion of val-
ues for respiratory rates were missing 
or artificial due to the high frequen-
cy of intubated patients. The Injury 
Severity Score and shock index were 
used, both of which have been previ-
ously validated for use after trauma.31 

There may be other differences 
among in-hours trauma patients 
compared with after-hours, includ-
ing higher drug and alcohol use or 
mechanism of injury. Wide varia-
tions in the definition of ATC have 

2  Characteristics of patients with acute traumatic coagulopathy, Alfred Trauma Registry, January 2006 to 
December 2011, and univariate associations with mortality at hospital discharge

Variable Summary OR (95% CI) of death P

Age in years, mean (SD) 51.8 (24.8) 1.01 (0.99–1.02) 0.15

Men, no. (%) 280 (70.4%) 1.00 (0.64–1.56) 0.99

Penetrating mechanism, no. (%) 20 (5.0%) 2.55 (1.01–6.39) 0.05

ISS, median (IQR) 34 (25–48) 1.02 (1.01–1.04) < 0.01

GCS score, median (IQR) 3 (3–14) 0.85 (0.81–0.88) < 0.01

GCS score < 9, no. (%) 218 (54.8%) 5.87 (3.61–9.54) < 0.01

Shock index in beats per min/mmHg, mean (SD) 1.87 (4.11) 1.04 (0.99–1.09) 0.11

Shock index � 1, no. (%) 165 (41.5%) 1.38 (0.91–2.09) 0.12

Positive FAST, no. (%) 120 (30.1%) 0.67 (0.42–1.05) 0.97

Haemoglobin in g/L, mean (SD) 106.8 (26.9) 0.99 (0.98–1.01) 0.09

INR, mean (SD) 2.4 (1.0) 1.49 (1.21–1.84) < 0.01

INR category, no. (%)

> 1.5–2.0 198 (49.7%) — —

> 2.0–2.5 94 (23.6%) 1.2 (0.7–2.0) 0.52

> 2.5–3.0 44 (11.1%) 1.4 (0.7–2.8) 0.28

> 3.0 62 (15.6%) 2.9 (1.6–5.2) < 0.01

Base defi cit in mEq/L, mean (SD) − 5.8 (7.0) 0.95 (0.92–0.97) < 0.01

Urgent surgery or angiogram, no. (%) 222 (55.8%) 1.69 (1.12–2.56) 0.01

Red cell units in 4 hours, median (IQR) 0 (0–6) 0.99 (0.97–1.01) 0.28

Massive transfusion, no. (%) 113 (28.4%) 0.99 (0.63–1.55) 0.97

After-hours presentation 197 (49.5%) 1.51 (1.01–2.28) 0.04

FAST = focused assessment with sonography in trauma. GCS = Glasgow Coma Scale. INR = international normalised ratio. 
IQR = interquartile range. ISS = Injury Severity Score. OR = odds ratio. 



Research

591MJA 201 (10)  ·  17 November 2014

been previously highlighted,11,32 and 
it should be noted that repeating this 
analysis using definitions of lower 
specificity may dilute the sample 
with less severely injured patients, 
limiting validity. Finally, our centre 
is serviced by a mature prehospital 
system and is a busy level 1 trauma 
centre, receiving more than 1200 ma-
jor trauma patients per year, most of 
whom are injured by blunt trauma. 
These results may not be applicable 
to smaller centres or those with dif-
ferent patient demographics.

Our findings suggest that differ-
ence in outcomes observed among 
patients who presented after-hours 
was not associated with particular 
routine processes or timely access to 
interventions. This generates the hy-
pothesis that such differences could 
be associated with access to effective 
coordination by senior decisionmak-
ers during complex resuscitations. 
Our findings may be applicable to 
other specialties, and further research 
is required focused on patients at high 
risk of adverse outcomes. The decision 
to prepare for time-critical conditions 
at all times of day requires quality 
of outcomes be balanced against the 
high cost of such care. The feasibility 
and effectiveness of such change is 
yet to be determined.
Competing interests: No relevant disclosures.
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