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Abstract

Introduction The relationship between trauma volumes and patient outcomes continues to be controversial, with limited
data available regarding the effect of month-to-month trauma volume variability on clinical results. This study examines the
relationship between monthly trauma volume variations and patient mortality at seven Level I Trauma Centers located in the
Eastern United States. We hypothesized that higher monthly trauma volumes may be associated with lower corresponding
mortality.

Methods Monthly patient volume data were collected from seven Level I Trauma Centers. Additional information retrieved
included monthly mortality, demographics, mean monthly injury severity (ISS), and trauma mechanism (blunt versus pen-
etrating). Mortality was utilized as the primary study outcome. Statistical corrections for mean age, gender distribution, ISS,
and mechanism of injury were made using analysis of co-variance (ANCOVA). Center-specific, annually-adjusted median
monthly volumes (CSAA-MMV) were calculated to standardize patient volume differences across participating institutions.
Statistical significance was set at a <0.05.

Results A total of 604 months of trauma admissions, encompassing 122,197 patients, were analyzed. Controlling for patient
age, gender, ISS, and mechanism of injury, aggregate data suggested that monthly trauma volumes < 100 were associated
with significantly greater mortality (3.9%) than months with volumes >400 (mortality 2.9%, p <0.01). To account for differ-
ences in monthly volumes between centers, as well as for temporal bias associated with potential differences over the entire
study duration period, data were normalized using CSAA-MMYV as a standardized reference point. Monthly volumes <33%
of the CSAA-MMYV were associated with adjusted mortality of 5.0% whereas monthly volumes > 134% CSAA-MMYV were
associated with adjusted mortality of 2.7% (p <0.01).

Conclusions This hypothesis-generating study suggests that greater monthly trauma volumes appear to be associated with
lower mortality. In addition, our data also suggest that across all participating centers mortality may be a function of relative
month-to-month volume variation. When normalized to institution-specific, annually-adjusted “median” monthly trauma con-
tacts, we show that months with patient volumes < 33% median may be associated with subtly but not negligibly (1.4-2.3%)
higher mortality than months with patient volumes > 134% median.

Keywords Care optimization - Mortality - Multi-center study - Population study - Trauma networks - Trauma outcomes -
Trauma volumes
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The relationship between trauma volumes and patient out-
comes continues to be controversial, with little available
information regarding the effect of month-to-month trauma
volume variability on clinical results. Evidence suggests
that trauma center (TC) volumes may indeed be associ-
ated with outcomes, and that multiply-injured patients with
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life-threatening injuries benefit most from being treated
at high-volume TCs [1]. However, this is not universally
supported. For example, some authors have suggested that
"Level I" versus "Level II" TC designation may be a more
important determinant of outcomes than actual volumes [2].
Others emphasize that institutional outcomes, as opposed to
volumes, should be used as primary determinants of TC care
quality [3]. The latter approach was supported by an analysis
of the National Trauma Databank looking at the relationship
between TC volume and outcomes, which failed to demon-
strate improved survival among higher volume TCs [4]. The
aim of the current project was to investigate the relationship
between monthly TC volumes and mortality across seven
regional Level I trauma centers, and to determine whether
center-specific volume fluctuations influence patient mortal-
ity. We hypothesized that higher monthly trauma volumes
will be associated with lower observed monthly mortality.

Methods

Monthly trauma volume data were collected from seven
Level I Trauma Centers between Jan 1998 and July 2016
(Fig. 1). Each participating TC utilized a similar three-tiered
system of trauma alerts (a.k.a., trauma team activations,
trauma responses, trauma “codes”, or trauma notifications).
Although the exact nomenclature regarding specific trauma
activation/acuity levels may vary between institutions, fun-
damental principles were common across all participating
TCs. Within this paradigm, highest level activations (16%
of total patient contacts in this study) involved major trauma
with evidence of life threatening injury and/or physiological
compromise; intermediate level activations (46% of patient
contacts) featured the presence of injury without significant
physiologic compromise; and trauma consultations/notifica-
tions (38% of patient contacts) were characterized by the
presence of injury requiring specialty trauma evaluation/
follow-up in a stable patient.

In addition to monthly trauma volumes, abstracted regis-
try information included monthly mortality, demographics,

Years Reported
[T 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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X X

Fig. 1 Data reporting grid for each participating institution. Within
the grid, black boxes marked with “x” indicate the presence of data
from each respective institution for the corresponding year. Green
background areas indicate absence of data
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mean monthly injury severity (ISS), and mechanism of
injury (blunt versus penetrating). Mortality was utilized as
the primary study outcome. Statistical corrections for mean
age, ISS, mechanism of injury, and patient gender were
made to determine adjusted mortality rate. For the purposes
of end-point determination, mortality was defined as death
documented and defined within each institution’s trauma
registry.

Each TC’s reported monthly volumes were standardized
to the corresponding median volume for the available data
during the respective study interval. Furthermore, to avoid
temporal bias over the study duration, the baseline “median”
monthly volume was re-set on annual basis for each report-
ing institution (e.g., for TC A in Fig. 1, “median” volume
was calculated as “baseline” value for each of the reporting
years from 1998 to 2015). This was termed “center-specific,
annually-adjusted median monthly volume” (CSAA-MMV).
Mortality determinations were then stratified according to
the corresponding “standardized volume” categories. Analy-
sis of co-variance (ANCOVA) was performed, controlling
for mean age, gender distribution, ISS, and mechanism of
injury. Statistical significance was set at @ < 0.05. At all par-
ticipating institutions, IRB approval was obtained prior to
conducting study-related activities.

Results

A total of 604 months of trauma admissions, reported
variably by all seven contributing institutions (Fig. 1) and
encompassing 122,197 patient encounters, were analyzed.
Mean patient age was 47.3 +5.24 years, with 37.2% of the
sample being female. Blunt injury mechanism was present
in 89.7% of cases, with a mean ISS of 9.01 + 1.64, mean
initial GCS of 14.1 + 1.58, and average monthly mortality of
3.27% for all reported study periods. Trauma center-specific
data, injury mechanism, patient demographics, and outcome
characteristics are shown in Table 1.

In terms of seasonal differences, we noted that winter
months were associated with lower volumes and greater
mortality, while summer months were characterized by
higher volumes and mortality levels closer to “baseline”
values (Fig. 2a, b). Average patient age fluctuated seasonally
(Fig. 2¢) with winter months being associated with signifi-
cantly older mean patient ages compared to summer months.
The percentage of male patients was greater during summer
and early fall months (Fig. 2d). No significant differences
were seen within the yearly cycle in terms of composite ISS
or blunt versus penetrating trauma (Fig. 2e, f).

Controlling for patient age, ISS, gender, and mecha-
nism of injury, we found that months with <100 trauma
encounters were associated with significantly greater
adjusted mortality (3.9%) than months with volumes > 400
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Table 1 Characteristics of reported data, grouped by participating center
Institution Months Average Male patients Blunt Average Raw mortality ~ Adjusted Average
reported () monthly volume (%) mechanism  monthly ISS (%) mortality (%)  age (years)
(%)

A 208 153.1 60.4 94.40 8.91 322 3.20 46.2

B 84 199.6 60.5 85.80 7.38 2.82 3.60 442

C 56 150.0 55.2 93.40 10.04 3.22 2.00 56.6

D 39 166.1 66.3 89.95 6.95 2.13 2.90 475

E 72 4304 67.0 91.05 9.50 3.17 4.30 46.2

F 72 204.6 69.8 77.94 8.81 4.59 4.50 44.6

G 72 180.2 64.9 88.20 11.25 4.37 3.00 50.6

Adjusted mortality results are controlled for patient’s age, gender, ISS, injury mechanism (blunt versus penetrating) and monthly volume charac-

teristics

patients (mortality 2.9%, p <0.01, Fig. 3). However, due to
differences between contributing TCs in terms of average
monthly volume ranges, we normalized data using CSAA-
MMV as a standardized point of reference. The intent of
CSAA-MMV was to offset the effect of volume differences
between participating TCs and to reduce any temporal or
other purely volume-related biases within each reporting
TC. Using CSAA-MMYV, monthly volumes <33% of the
“median center-specific, annually-adjusted volume” were
associated with adjusted mortality of 5.0% while monthly
volumes > 134% of the “median” were associated with
adjusted mortality of 2.7% (p <0.01, Fig. 4). There was also
a weak, but significant negative correlation between CSAA-
MMYV and monthy mortality quantized in 0.5% increments
(r=-20.16,p < 0.01).

Finally, in an attempt to further reduce the effect of tem-
poral bias and changes in therapeutic approaches over time,
all pre-2008 data from institution A were excluded and
repeat subset analyses were performed using the truncated
dataset. Utilizing the previously employed statistical pro-
cedure, our data once again showed that monthly volumes
correlated with mortality, mirroring the original results
(Table 2).

Discussion

This hypothesis-generating study suggests that monthly
trauma volume variations may correlate with mortality.
These findings have not been described in the past, neither
within a similar context nor with the same level of granular-
ity. More specifically, regardless of how busy a given TC
was at baseline, periods of relatively slower activity were
associated with higher mortality and increased activity was
associated with lower mortality across all participating insti-
tutions. Standardized to CSAA-MMYV, mortality was signifi-
cantly higher for normalized volumes of <33% of median

when compared to normalized volumes of > 134% of median
(Fig. 4). These results become even more profound when one
considers that most significant differences between reporting
centers, up to and including monthly volume characteris-
tics, as well as adjustments for median volume differences
between consecutive years, were taken into consideration
during final analyses. It is not certain whether the relative
lack of published evidence in this area may have been a
consequence of “lack of interest” in the topic, the potentially
“political” nature of the subject, or whether studies on the
topic simply have not been published in sufficiently large
numbers to provide a meaningful “baseline understanding”
of the issue.

Literature in this general area is inconsistent, showing
conflicting results. In a study by Smith, et al. [5], TC vol-
ume of “significantly injured” patients did correlate with
outcomes, with low-volume centers being considered to
see < 140 such patients per year while high-volume TCs
treating > 200 “significantly injured” trauma contacts per
year. Although important differences exist between our
trauma sample and the population described by Smith and
colleagues [5], certain generalizations can be made. For
example, our data show that the average monthly volume
for each individual TC did not necessarily correlate with
patient outcomes. Rather, we noted that “slower” months
(e.g., <200 traumas) had higher mortality than “busier”
months (e.g., >200) largely independent of the reporting
institution. It is interesting to note that although monthly
trauma volumes of <200 may be associated with higher
mortality, no currently available evidence points to an
“upper” inflection point, at which mortality could theo-
retically increase due to limited availability of resources
and logistics at “extremely high” TC volumes. In fact,
neither of our two models (e.g., those based on absolute
or median volumes) demonstrated any substantial evi-
dence of such an “upper” inflection point. It is possible
that the current study, looking at aggregate numbers from
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Fig.2 a Mean composite monthly volumes for all seven participat-
ing centers (x-axis shows month of the year; y-axis shows average
number of trauma contacts; vertical bars represent standard error).
b Mean composite monthly mortality for all seven reporting centers
(x-axis shows month of the year; y-axis shows average trauma mortal-
ity; vertical bars represent standard error). ¢ Mean composite monthly
patient age for all seven reporting centers (x-axis shows month of the
year; y-axis shows average patient age; vertical bars represent stand-
ard error). d Mean composite monthly percentage of male patients for

seven institutions, is insufficient to detect subtle differ-
ences or effectively illustrate resource-specific patient
care demands that may indeed be associated with clinical
outcomes (e.g., emergency room or intensive care under-
staffing, competing systemic priorities such as concurrent
acute care surgery responsibilities, weekday versus week-
end occurrences, the effect of trauma transfers on diagnos-
tic and therapeutic delays, etc.) [6—10]. Beyond our stated
findings that higher monthly volumes may be associated
with lower mortality, we are unable to determine whether
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standard error). e Mean composite monthly percentage of blunt inju-
ries for all seven reporting centers (x-axis shows month of the year;
y-axis shows average percentage of blunt injuries; vertical bars repre-
sent standard error). f Mean composite monthly injury severity score
(ISS) for all seven reporting centers (x-axis shows month of the year;
y-axis shows average ISS; vertical bars represent standard error)

increases in trauma volumes beyond the highest monthly
volume range in this study would continue to be associated
with lower mortality or whether an increase in mortal-
ity would eventually be seen at the so-called “resource
saturation” point. Until appropriate multivariate analyses
with sufficient data granularity can be conducted, it will
be impossible to identify any points of “resource satura-
tion” with certainty. Also, given the aggregate nature of
our data, based on monthly reporting (and thus relatively
poor granularity), it is impossible to make any conclusive
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y-axis represents adjusted mortality

statements regarding our observations until independent
verification of these results is performed.

Based on the current analysis of multi-center data, our
research indicates that larger absolute monthly volumes
do correlate with better patient outcomes. Although the
observed absolute 1% difference in mortality between
months with <100 trauma contacts and > 400 trauma
contacts does not appear to be clinically profound, when

translated to a national or global level, it could potentially
translate into many thousands of lives saved each year. Bor-
rowing from a high prevalence example in cardiology, both
30-day and one-year mortality differences of 1% between
patients with coronary artery occlusion receiving acceler-
ated tissue plasminogen activator and those treated with
other regimens translate into roughly 10 lives saved per
1,000 patients treated [11].

Similar to Smith, et al. [5], we postulate that the rela-
tionship between TC volume and mortality provides strong
support for configuring our trauma systems in a fashion that
supports trauma patient volume optimization, careful review
of existing trauma networks in this context, and ensuring
that the most seriously injured individuals are treated at the
busiest regional centers. Most importantly, our current data
also suggest that within each TC studied, there is a slight
but noticeable difference in mortality between “low-volume”
and “high-volume” periods. If independently confirmed, our
results would potentially lend support for initiatives aimed
at trauma volume flow optimization and/or maintenance of
readiness among TCs, regardless of baseline volume charac-
teristics, similar to the way firefighting or military organiza-
tions perform “readiness drills” during periods of relative
calm. Such maintenance of readiness may be facilitated
by modern, high fidelity virtual reality simulation models
[12—-14]. In the era of electronic patient tracking, hypotheti-
cally speaking, real-time volume dashboards could be used
to trigger a simulation.

We also observed important seasonal differences in a
number of key trauma outcome parameters. For example,
the proportion of male patients as the subset of overall
study sample was substantially greater between May and
September (63.8-65.6%) than it was between December
and March (59.0-61.2%). The mean age of patients dem-
onstrated an inverse behavior during the corresponding
periods (45.6—46.3 versus 48.3—49.4 years). Of interest, no
significant differences were seen in blunt versus penetrating
mechanism of injury or in overall trauma severity across the
seasonal progression.

Looking at seasonal differences in trauma volume and
mortality, we noted that mortality tended to be higher during
the winter months, which also corresponded to periods of

Table 2 Key study analyses using the truncated dataset (Institution A’s pre-2008 data were removed)

Volume range (non-normalized) <100
Monthly mortality, p <0.01 (mean = std. error) 5.30+1.30%
CSAA-MMYV ranges <33%
Monthly mortality, p <0.04 (mean = std. error) 3.77+0.81%

100-200 200-300 300-400 400
3.50+0.80% 3.20+0.10% 3.10+0.10% 2.70+0.30%
34-66% 67-100% 101-133% > 134%
3.65+0.41% 3.33+0.13% 3.08+0.10% 2.34+0.21%

Note that the observed trends, both for normalized and non-normalized volume data, are similar to those reported for the complete original data-

set (again controlling for age, gender, ISS, and mechanism in both cases)
CSAA-MMYV Center-specific, annually-adjusted median monthly volume
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significantly lower volumes. The exact nature of the rela-
tionship remains difficult to define. However, the two phe-
nomena may well be linked, especially when one considers
that the average age of patients during the winter months
was significantly greater as compared to summer months.
A number of important characteristics associated with sea-
sonal trauma patterns and outcomes have been proposed,
including geographic, gender-based, anatomic considera-
tions, as well as injury mechanism and severity [15-19].
Our attempt at correcting for these subtle—yet potentially
significant seasonal differences—involved the inclusion of
gender, age, blunt versus penetrating trauma mechanism, and
ISS as covariates in our overall model.

The number of isolated time periods when trauma volume
drops below a certain critical threshold warrants evaluation
as a potential metric of care quality, especially for high vol-
ume TCs that see large volumes of patients on seasonal or
episodic basis. In theory, this is not much different from
“readiness assessment” or “practice drills” that firefighters
or the military personnel conduct in order to ensure contin-
ued competency, both in terms of cognitive and physical
skills [20-22]. Lack of readiness can be a major source of
stress among emergency providers [22, 23]. It is also well
documented that stress can adversely affect both mental and
skills-based tasks [22, 24]. More information is required to
“connect the dots” in our current, very limited understanding
of operational readiness in the context of fluctuating clini-
cal, cognitive, and physical demands. Experiences with for-
malized video reviews of trauma resuscitations and virtual
reality simulations suggest that individual performance can
improve in a number of domains pertaining to readiness
and maintenance of both cognitive and non-cognitive skills
[25-28].

There are important limitations of this study, making
it largely a preliminary, hypothesis-generating exercise.
First, its retrospective nature predisposes our data to biases.
Second, our data reflect aggregate monthly reporting and
lack sufficient granularity to warrant any conclusions until
independently confirmed. Further assessment of the rela-
tionship between period-specific trauma volume variations
and mortality (as well as other outcomes) will require much
more sophisticated statistical methodology, including risk
adjustment at the level of individual cases or closer scru-
tiny of time scales using much greater data granularity (e.g.,
daily or weekly intervals). Third, the current results do not
reflect the full spectrum of TCs (e.g., only Level I centers
were included) and volume ranges. In fact, many centers
see volumes both lower and higher than our reported vol-
ume ranges. Consequently, it is still possible that extremely
high trauma volumes may be associated with an upward
inflection in mortality beyond the range described in this
report. It is also possible that unforeseen biases within the
current data preclude generalizability of our results. Also
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within this context, Institution A contributed significantly
more data than others. While this could potentially intro-
duce temporal bias, mortality data normalization for insti-
tution-specific, annually-adjusted volume characteristics
provides some degree of assurance that our final results are
not disproportionately skewed by undue biases. Moreover,
data analyses using a truncated dataset from Institution A
produced results generally consistent with analyses using
global dataset. Fourth, although our data were standardized
and corrections were made for key differences in trauma
volume, injury severity score and patient characteristics, it
is possible that additional considerations in this complex
overall model could further modify our final results. Finally,
we do not know the exact resources available at each trauma
center on daily basis (e.g., the number of attending trauma
surgeons, fellows, residents, advance practitioners, nurses).
Emergency department volumes, intensive care bed avail-
ability, and staffing levels were not available for analysis,
either. All of the above variables may have additionally con-
tributed to trauma outcomes.

Conclusion

In addition to demonstrating a subtle inverse association
between trauma volumes and mortality, this hypothesis-
generating study provides preliminary evidence that across
all participating centers mortality may also be a function
of relative month-to-month volume variations. When nor-
malized to CSAA-MMYV, our data suggest that monthly
volumes <33% may be associated with subtle increase in
mortality when compared to monthly volumes > 134%. This
finding, in turn, lends support to the hypothesis that month-
to-month TC efficiency may increase with greater period-
specific patient volumes. However, lack of data granularity
precludes any definitive conclusions based on the current
investigation and further studies are warranted to indepen-
dently validate our observations, assess whether the nega-
tive effect of monthly volumes below 33% of center-specific
“median” can be overcome with case-based simulation or
other forms of ongoing preparedness training, and whether
volumes in excess of 134% are associated with an institu-
tional “saturation point” beyond which the volume-mortality
relationship results in less favorable outcomes. The trauma
community must continue to carefully, systematically, and
critically review its performance and any factors potentially
associated with patient outcomes. This is especially impor-
tant in the era where an impasse in further improvement of
already excellent outcomes requires a more global examina-
tion of “when, where, and how we do things”.
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