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Abstract
Background Recent legislation repealing the
Sustainable Growth Rate mandates gradual replacement
of fee for service with alternative payment models
(APMs), which will include service bundling. We analyzed
the 2 years’ experience at our state-designated level I
trauma center to determine the feasibility of such an
approach for trauma care.
Methods De-identified data from all injured patients
treated by the trauma service during 2014 and
2015 were reviewed to determine individual patient
injury profiles. Using these injury profiles we created
the ’trauma bundle’ by concatenating the highest
Abbreviated Injury Scale score for each of the six body
regions to produce a single ’signature’ of injury by region
for every patient. These trauma bundles were analyzed by
frequency over 2 years and by each year. The impacts of
physiology and resource consumption were evaluated by
determination of the correlation of the mean and SD of
calculated survival probability (Ps) and intensive care unit
length of stay (ICU LOS) for each profile group occurring
more than 12 times in 2 years.
Results The 5813 patients treated over 2 years
produced 858 distinct injury profiles, only 8% (71)
of which occurred more than 12 times in 2 years.
Comparison of 2014 and 2015 profiles demonstrated
high frequency variation among profiles between the
2 years. Analysis of injury patterns occurring >12 times in
2 years demonstrated an inverse correlation between the
mean and SD for Ps (R2=0.68) and a direct correlation
for ICU LOS (R2=0.84).
Discussion These data indicate that the disease of
injury is too inconsistent a mix of injury pattern and
physiologic response to be predictably bundled for an
APM. The inverse correlation of increasing SD with
increasing ICU LOS and decreasing Ps suggests an
opportunity for measurable process improvement.
Level of evidence Economic and value-based
evaluations, level IV.
Study type Economic/decision.
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On March 23, 2010 President Obama signed
the Patient Protection and Affordable Care Act
(PPACA-PL 111–148), which began the largest
overhaul of American healthcare delivery in the
history of the country. The basic strategy of the
legislation was the extension of coverage to the
uninsured, improvement of quality with associated
cost containment, and enhancement of population health. PPACA did not address the continued
problem of recurring threat to professional

reimbursement codified in the Balanced Budget
Act of 1997 as the Sustainable Growth Rate
(SGR). On April 15, 2015 the SGR was replaced
by the Medicare Access and Children’s healthcare Reauthorization Act (MACRA-PL 114–10),
which reiterated the commitment to link payment
with quality, and to replace the traditional fee for
service process of reimbursement with alternative
payment models (APMs) that include bundled care
and shared financial risk.1–5 MACRA will begin to
overhaul Medicare physician payments beginning
in 2019,6 with the goal of achieving at least 75%
APM by 2025, and as of the end of the first quarter
of 2016 the process of transition was ahead of
schedule.
The Bundled Payments for Care Improvement
(BCPI) was begun in 2013 with the intent of
lowering costs and improving quality.7 The BCPI is
a 3-year experiment designed to test the applicability of the model on 48 different episodes of care.
The concept is meant to provide a comprehensive
care model redesign which is based on team care
to provide the optimum outcome, and coordinated,
patient connected care. The key drivers for cost
savings would be reductions in the cost of acute
care, appropriate utilization of postacute care, and
reduction of hospital readmissions. Providers who
achieve these cost reductions and quality improvements would be subsequently rewarded for such
improvements.
Trauma is a highly variable disease that may not
enable cost savings by ‘service bundling’. It is not
currently included on the list of diseases for the
BCPI experiment.7 In light of the emerging mandate
to assess APMs and in consideration of the growing
majority of surgeons who are now employed by
hospitals and health systems, we analyzed our
level I trauma center’s experience to determine if
comprehensive care of the injured patient could be
bundled. Our hypothesis was that the combination
of injuries encountered in the majority of patients
would follow a common pattern with predictable severity and need for resources. Processes for
bundling trauma care could then be predicated on
common injury patterns with expected costs potentially mitigated by severity as defined by the probability of survival. As APM bundling will almost
certainly include both parts A and B in Medicare
reimbursement, and most trauma surgeons are in
an employed status, defining cost of care and determination of reimbursement allocation will be essential to assure physician influence and advocacy in
the development of future health delivery systems.
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Methods

This was a retrospective review of de-identified data from all
injured patients treated by the trauma service during 2014 and
2015. We compiled the highest Abbreviated Injury Scale (AIS)
score for each of the six body regions recorded in the trauma
registry. Once we had the AIS scores for each body region, we
used the process of concatenation to create individual patient
injury profiles based on those AIS scores. Concatenation is the
process of linking individual items together to produce a chain
or series. For this study we concatenated the highest AIS score
from each body region together in a series to produce a single
number or ‘profile’. After concatenation of the AIS scores into
the injury profiles, we created the ‘trauma bundle’ of injury
for every patient. These trauma profiles were then analyzed
by frequency over the 2-year study period and by each year of
the study to determine the variability of incidence of the injury
profiles identified. The impact of the various injury profiles on
physiology and resource consumption was evaluated by determination of the correlation of the mean and SD of calculated
survival probability (Ps) ventilator days (VD) and the intensive care unit length of stay (ICU LOS) for each profile group
occurring more than 12 times in 2 years. This low frequency
rate of approximately one every other month was intended
to capture both high volume and the less common but usually
severe injuries that tend to be referred to trauma centers and
whose outcome are often influenced by volume experience of
the treatment team. The derivation of the three variables is as
described below.

Injury profile

Since its introduction over 50 years ago, the AIS has been considered one of the standards of measurement of injury severity.
Because each of the six body regions can be scaled from 0 (no
injury) to 6 (immediately fatal), every patient’s injury complex
can be described as the sequence of AIS proceeding from head
through external. Thus, a patient with a subdural hematoma
(AIS 3 head), zygoma fracture (AIS 1 face), no thoracic injury
(AIS 0 thorax), grade II splenic laceration (AIS 2 abdominal),
closed tibia fracture (AIS 2 extremities), and scalp abrasion (AIS
1 external) would have a concatenated profile of 3, 1, 0, 2, 2 and
1. The AIS is most commonly associated with the Injury Severity
Score (ISS), introduced by Baker et al in 1974.8 The ISS is
derived as the sum of the squares of the highest three AIS scores
from discrete body regions. Because the ISS reflects the highest
AIS score in a specific region, there may be other related injuries
that are present and may not be considered by computation of
the ISS. For this analysis the AIS profile is intended to serve as a
map of injury patterns rather than a comprehensive assessment
of mortality risk.

Figure 1 Injury Severity Score (ISS) of the cohort.

Resource consumption

Determination of cost varies widely among regions and hospital
within regions. Since a major determinant of cost of care is ICU
LOS and need for mechanical ventilation (VD), these were used
in concert with hospital length of stay as surrogates for system
cost. Because hospital length of stay can be skewed by additional time awaiting placement, and trauma centers are designed
to care for the most severely injured, the primary focus of cost
assessment was on injuries requiring intensive care.

Results

The 5813 patients treated over 2 years produced 858 distinct
injury profiles, only 8% (71 injury profiles) of which occurred
more than 12 times in 2 years. These were defined as ‘high
frequency’ (HF) injury profiles because their occurrence was
theoretically at a volume that would assure optimal management
experience for the trauma service. Of the patients, 4235 (73%)
fell within these 71 HF profiles. In contrast, 92% (786) of the
profiles occurred less than 12 times per year, with some only
occurring once. Because 65 patients were treated more than once
over the study period, the actual number of encounters for analysis was 6553. Analysis of the study cohort indicates a typical
level I trauma center population with 22% of patients presenting
with injury severity greater than ISS 16 (figure 1). Age distribution is demonstrated in figure 2. The male to female ratio was
67:33. Table 1 demonstrates the 10 most common immediate
postresuscitation dispositions. Because the intent of this analysis was determination of feasibility of bundling of trauma care,
the injury profiles of all patients, regardless of disposition, were
evaluated. The absence of a reliable source of cost encountered
in the management of patients who were not admitted required

Injury severity

For the reasons described above the ISS may not reflect all
aspects of true mortality risk. For example fatal exsanguination
may more likely occur from an AIS 3 liver laceration than an AIS
5 splenic injury. Moreover, the combination of both generates
a greater risk than either alone.9 Probability of survival (Ps) is
calculated using logit probe that includes raising the natural log
to power determined by constants that are derived from extensive population analysis of mortality from injury.10 Because determination of these constants includes consideration of the ISS and
presenting physiology, it serves as a more objective assessment
of mortality risk and was used to define ranges of injury severity
within specific injury pattern profiles.
2

Figure 2 Age distribution of the cohort.
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Table 1

Postresuscitation disposition of the cohort

Disposition

n

Percentage

Surgical floor

2090

35.9

ICU

1243

21.3

OR

777

13.3

Home

754

12.9

Pediatric ICU

295

5.1

Unknown

184

3.2

Burn center

96

1.6

Dead on arrival

84

1.4

Labor and delivery

80

1.4

Death in trauma bay

43

0.7

ICU, intensive care unit; OR, operating room.

that the analysis of Ps and resource consumption be focused on
inpatients only.
Comparison of calendar years 2014 and 2015 profiles demonstrated a frequency variation between the 2 years. Within the 71
HF profiles 45% varied by >±10% frequency between 2014
and 2015. From the perspective of the feasibility of developing
a process of bundling of trauma care, the frequency variation of
the HF profiles between study years along with the 786 specific
profiles of injury that occurred less that 12 times in 2 years indicates that there is far too much variability among injury patterns
to define adequate commonality to anticipate cost of care.
Analysis of the 4235 patients that represent 73% of the trauma
population and fell within the 71 HF injury patterns reinforces
this observation. We calculated the mean and SD of the Ps, VD,
and ICU LOS for each of the HF profiles that occurred in this
study cohort; figures 3–5 provide a visual assessment of the variability among these HF profiles. Figure 3 illustrates the mean
and SD of Ps for each profile, the volume of which is listed on
the x axis. The variability among the mean Ps and SD illustrates
that within each injury profile, the threat to patient survival and
presumed intensity of required care are essentially unpredictable.

For additional clarity, figures 4 and 5, which depict the mean and
SD for VD and ICU LOS, respectively, have the respective SDs
placed on the negative axis. Again, variability between the mean
and SD for both VD and ICU LOS defies predictability of injury
profiles regardless of volume of the injury profile.

Discussion
As the most significant change in healthcare in the history of this
country continues to evolve, the impact of MACRA, the legislation that repealed the SGR, is not well understood by most
providers.6 11 Like their participating clinicians, many healthcare
delivery systems are nowhere near prepared to deal with planned
changes in documentation, accountability, and reimbursement. A
merit incentive payment system will determine provider incentives or penalties based on a composite score predicated on
quality, resource consumption, clinical practice improvement
efforts, and advancement of clinical information. The legislation
calls for the staged replacement of fee for service by APM with
the intent to eventually have less than 25% of clinical care paid
by a fee for service model by 2025.
What is certain is that the intent of MACRA is optimal quality
and increasing cost containment, both of which have for decades
been espoused as operating principles of trauma systems. A major
component of the MACRA strategy is avoidance of unnecessary
expense and use of clinical pathways reflecting best practice that
can minimize inappropriate variation in care.12 13 This too has
been a well-articulated principle of management of trauma care.
From the perspective of trauma system planning, many of these
goals have been embedded in the operating principles of trauma
care for decades. The questions that must be addressed regarding
delivery of trauma care therefore relate to whether there is
enough predictability to enable application of some method of
injury-based bundling of care. Because accountable care organizations must be capable and willing to assume significant downside revenue risk to be eligible to share in upside savings, it is
essential that, in addition to determining whether trauma care
can be bundled, the actual costs of this care in whatever system is

Figure 3 Probability of survival (Ps), mean and SD.
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Figure 4 Ventilator (vent) days, mean and SD.
applied must be objectively defined. Moreover, regardless of the
payment system that will be required to support trauma care into
the future, a process of monitoring cost and its association with
severity and outcome must be devised. Accordingly, we sought to
assess the feasibility of bundling trauma patient care by specific
injury patterns, and, by analyzing the variation of resource use
within common injury patterns, to determine whether financial
risk within these profiles was predictable.
The AIS system of injury14 description has been in use for over
50 years. It was initially devised by engineers to assist in the safe

design of highways. The system has been incorporated into the
ISS8 and into various mortality prediction models devised over
the last four decades. Although the AIS has many shortcomings
and has been revised multiple times, it does present a description of injured body regions. The convention of the ISS of using
just the highest AIS score from the three most severely injured
regions limits the accuracy of the ISS in defining the true extent
of injury within a body region. Assessment of almost 6000
patients treated over 2 years clearly shows that the variation of
regions alone is far too great to define a predictable pattern or

Figure 5 Intensive care unit length of stay (LOSICU), mean and SD.
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patterns of injury that could be expected to define a reliable range
of anticipated cost of care. Any attempt to construct a process
for predicting cost of care as part of an alternative payment
system will obviously need to adjust for many more variables
associated with each injured region and every damaged organ.
Moreover, the effect of comorbid conditions will also require
consideration. Such a predictive model will probably be based
on injury inventory rather than a global assessment of cost of
care as stratified by the profile of the highest AIS score of injured
body regions. From the perspectives of resource consumption
and mortality risk, the wide variation within the vast majority of
identified patterns further undermines the predictive accuracy
of this concatenated body region injury profile, especially when
considering unknown and undiagnosed patient comorbid conditions that may also be present.
So, if our model cannot define adequate similarities between
our selected patient groupings, is this analysis unlikely to define
strategies for preparation for MACRA? From the perspective of
defining common profiles of injury, or specific profiles that may
be associated with unique needs, monitoring of the association
among incidence, severity, and cost of specific injury patterns
will inform planners, providers, and payers as to the expense
associated with treatment of the disease of injury. This will be
especially valuable for population assessment and for global
accountability of trauma system function. Theoretically, the
dissemination of best practice protocols should be reflected by
a narrowing of the variation of cost for high incidence injury
patterns. Similarly, determination of drivers of variation of Ps for
specific injury patterns will help define best practice. Comparison of these relationship among states or regions may help
define more effective prevention and public education strategies.
This study does have some limitations. The major limitation
of this analysis is that it represents the experience of a single
institution over 2 years. Using only inpatients for that analysis
of severity and cost may exclude significant additional findings
associated with the process of care of injured patients who do
not require admission. It is well known that the per minute cost
of care in the resuscitation room of a designated trauma center is
among the highest along the continuum of care, so specific findings associated with these types of injuries are not apparent in
this data set. This is especially so when considering the impact of
‘trauma activation’ fees, which have been reported to be as high
as $27 000 at some for-profit institutions. Because this has not
been validated elsewhere, interpretation of these results may be
limited. Nevertheless, the primary message of significant injury
variability and limited predictability of cost clearly indicates that
additional research focused on these issues will be essential for
effective and equitable implementation of the proposed tenets
of MACRA.
Additionally, this study only examines one proposed model
for developing an APM for trauma. It does not consider other
factors such as the mechanism of injury, age, sex, race, or insurance status. Perhaps some combination of these factors coupled
with some, or all, of the highest AIS scores would produce a
model that could be used as an APM for trauma care.

Conclusion

The unsustainable cost of healthcare mandates that alternative
payment systems provide a manageable and equitable process
for reimbursement of comprehensive care of the injured patient.

This includes the entire continuum of support that is required to
achieve optimal societal reintegration. Currently the cost of this
goal is unknown, and the concept of bundling, which is being
considered for so many aspects of healthcare delivery, does not
reflect the consistent inconsistency of injury patterns treated
so effectively by our nation’s trauma systems. Of even greater
concern is that absence of objective data regarding predictable
costs associated with this care will almost certainly undermine
the financial survival of these trauma systems. Trauma surgeons
should understand APMs and be actively engaged in the process
of trying to develop the appropriate APM for trauma care.
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