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The Importance of Vehicle Rollover as a Field Triage Criterion

Howard R. Champion, MD, Louis V. Lombardo, BS, and Ellen Kalin Shair, MA, ELS

Background: The objective of this article was to review the importance of
vehicle rollover as a field triage criterion. In 1987, field triage criteria were
developed by the American College of Surgeons Committee on Trauma that
have been propagated repeatedly over the subsequent 20+ years. The field
triage decision scheme is based on abnormal physiology, obvious abnormal
anatomy, mechanism of injury likely to result in severe injury, and other
factors (age, etc.) and was supported by available science at that time. In
2005, the triage scheme was revised by a committee, and vehicle rollover as
a crash scene triage criterion was dropped in 2006.

Methods: The medical literature and data from the Department of Trans-
portation/National Highway Traffic Safety Administration (NHTSA) Fatal
Accident Reporting System and the National Automotive Sampling System
were analyzed to determine the contribution of rollover to morbidity and
mortality.

Results: Vehicle rollovers represent a small but significant percentage of
crashes; of the almost 12 million vehicle crashes reported by NHTSA in
2004, only 2.4% were rollovers, but these accounted for one-third of all
crash-related occupant deaths and about 25,000 serious injuries every year.
Rollovers are associated with the second highest number of vehicle occupant
deaths by crash mode, three times the risk of injury when compared with
other impact directions (p < 0.0001), specific types of injury such as head
and spinal cord injuries, and a risk of death >15 times the risk in nonrollover
crashes.

Conclusion: The data and literature unequivocally show a strong and
disproportionate association between vehicle rollover and injury severity and
death. Because it is difficult to devise simple, accurate decision rules for
point of wounding and vehicle crash scene triage, simple, powerful relation-
ships should be used when possible. Thus, the exclusion of rollover as a
triage criterion seems to be ill advised.

Key Words: Field triage criteria, American College of Surgeons, Vehicle
rollover, Vehicle crash, Injury, Death.
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In trauma systems, emergency medical services (EMS) dis-
patchers and scene providers must identify the more than
200,000 people with serious to fatal injuries among the 27
million vehicles in crashes each year (~1%).! They typically
make their treatment and triage decisions with the aid of the
American College of Surgeons (ACS) field triage decision
scheme or modifications thereto. Designed to err on the side
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of patient safety by minimizing undertriage at the risk of
overtriage, it provides a sequence of four steps to ascertain
(1) whether vital signs are unstable and/or the patient is
unconscious, (2) whether certain critical injuries (e.g., crush
chest, amputations, proximal and multiple limb fractures,
etc.) evident at the scene are present, (3) which known
vehicle-related risk factors (e.g., high-delta velocity, ejection,
pedestrian struck, rollover, etc.) are present, and (4) which
other high-risk host factors (e.g., patient is a child, is preg-
nant, etc.) could be taken into account. This sequence enables
dispatchers and providers to stratify the need for transport to
a trauma center with some confidence.?

The ACS field triage decision scheme was a reflection
of factors that the ACS Committee on Trauma considered to
have associations with vehicle crash morbidity and mortality.
It has been partially or wholly adopted as operating policy by
EMS and healthcare systems; all levels of government
throughout the world; and insurance companies and other
payors.? It directly impacts how crash occupants are treated
and where and how they are transported, may affect hospital/
trauma center caseloads in some states, and affect reimburse-
ment by third-party payors, and ultimately, public policy.

BACKGROUND

The ACS field triage decision scheme incorporated
mechanisms of injury deemed likely to result in severe injury
to the body in an effort to more completely identify patients
at risk of serious injury not immediately apparent postinci-
dent who thus could require transport to a trauma center.*
Early work determined which threshold velocities, change in
velocity (delta velocity) and impact reconfigurations, and
directions might best augment the physiologic variables to
cumulatively predict injury® and identified factors (e.g., steer-
ing wheel deformation, 20+ inches of vehicle crush) sugges-
tive of occult torso injury.®7 Preventable death rates in the
range 7% to 21%8-!! fueled additional research to facilitate
more timely and effective use of crash severity information from
the scene to improve the care of crash victims.!?> An important
development stemming from this work was the URGENCY
triage algorithm,'3-18 released as a software program in 1997 to
improve computer-aided dispatch of rescue personnel using
crash recorder data.'> URGENCY comprised variables related
to the vehicle, impact, and occupant characteristics. Several
of these variables, including delta velocity, age, safety belt
use and type, ejection, entrapment, intrusion, and rollover,
were shown to have especially strong associations with prob-
ability of death and serious (Maximum Abbreviated Injury
Scale =3) injury.'?
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Since its development by one of us (HRC) in the late
1980s, the basic construct of the ACS field triage decision
scheme has stood the test of time but the content has been
valuably refined and updated several times. The most recent
revision, published in 2006, contained major changes from its
predecessors, with the most notable being the removal of
rollover from the vehicle-related risk factors. The purpose of this
article is to determine whether the literature and data support
exclusion of vehicle rollover as a field triage criterion.

Originally published in 1987,'° the ACS field triage
decision scheme was updated in 1990, 1993, 1999, and 2006.
The most recent undertaking was rationalized because of
changes that had taken place in trauma and EMS systems,
disparities between rural and urban systems, economic con-
cerns about overtriage and undertriage, concerns about surge
capacity and resource utilization, and the potential impacts of
the criteria upon industry and governmental entities.3

Reevaluation of the 1999 criteria by a multidisciplinary
team resulted in substantial changes in the 2006 version.2?
Fine-tuning the thresholds for triage in the absence of deci-
sion thresholds being met in steps 1 and 2 has always been a
challenge. Changes in the 2006 revision occurred primarily in
steps 3 and 4. In step 3, three vehicle-related factors were
deleted: (1) initial speed >40 mph (also related to rollover),
(2) extrication time >20 minutes (extrication is often needed
in rollover crashes), and (3) rollover (Fig. 1). In step 4,
changes included deletion of several factors (cardiac and
respiratory disease, diabetes, etc.) and addition of others
(time-sensitive extremity injury, EMS provider judgment,
etc.). Although each change and the quality of the supporting
evidence could be examined here at length, it is the rollover
component that we focus on here because of its historical and
growing relationship with severe injury, long-term disability,
economic impact, and death. Indeed, the deaths associated
with rollover have risen so spectacularly that the National
Highway Traffic Safety Administration (NHTSA) has, for the
past several years, been engaged in a process of creating
standards that will strengthen vehicle A and B pillars to
prevent roof collapse and the consequent head and neck
injuries.?!

Rationale for removal of rollover from the triage crite-
ria was given by Wang? and more recently in a Morbidity and
Mortality Weekly Report issued by the Centers for Disease
Control and Prevention.22The process focused on a minority
of studies that showed minimal impact of rollover and
avoided the preponderance of evidence to the contrary. Sev-
eral primary assumptions upon which this effort was based,
i.e., that rollover is only associated with increased injury
severity when the occupant is partially or fully ejected?? and that
rollover-related injuries will be detected in steps 1 and 2,23 can
be seriously questioned and will be discussed here.

METHODS

The work represented here involved a review of both
the medical literature on vehicle rollover and of national data
published by the US Department of Transportation. A
PubMed search using the search terms “vehicle” plus “roll-
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over” yielded 146 studies between August 1978 and April
2009. The sole inclusion criterion for consideration was that
the study examines the contribution of rollover to vehicle
crash-related outcomes. Of the 146 studies, 118 were ex-
cluded because they dealt with biomechanics unrelated to
rollover outcome (33), farm vehicles (29), or all-terrain ve-
hicles (10); 9 were case reports (9); or were otherwise not
applicable (37, e.g., dealt with stress/strain, safety belt use,
general crash prevention, etc.). This left a total of 28 studies
between 1989 and 2009 that were considered here.

Also considered were NHTSA reports containing na-
tional statistics. For these data, we predominantly relied upon
the March 2007 NHTSA report, An Analysis of Motor Vehicle
Rollover Crashes and Injury Outcomes,?* and the Notice of
Proposed Rulemaking (NPRM) for the federal motor vehicle
safety standard (FMVSS), 216-Roof Crush Resistance.?!
Mortality data were culled from the NHTSA Fatality Analy-
sis Reporting System (FARS) database (1978-2006), which
contains more than 1.3 million US motor vehicle fatality
records with ~100 data elements in each record that charac-
terize the crash, the vehicle, and occupants.?> Morbidity data
were culled from NHTSA’s Crash Injury Research and
Engineering Network and National Automotive Sampling
System (NASS), a repository of crash data composed of
Crashworthiness Data and General Estimates Systems (CDS
and GES) data used for vehicle crash and injury analyses.
Both CDS and GES are based on representative random crash
data that include a spectrum of crash-related factors and
severity of injury. Data used by NHTSA in FMVSS 216 and
surrounding documentation were from FARS and CDS
(1997-2002) for occupant fatalities and injuries (AIS 3-5)
sustained in towaway crashes.

Definition of Vehicle Rollover

Rollover is defined as a vehicle overturned by at least
one quarter turn, i.e., on its side (Fig. 2). Some rollovers
involve many quarter turns and the final resting position may
be on the vehicle’s side, roof, or back on its wheels. Factors
that cause a vehicle to roll over include trajectory (i.e.,
turning vs. straight), vehicle type, and speed (precrash veloc-
ity may be the most predictive factor).2¢

RESULTS

Risk of Death

NHTSA data on crash fatalities (FARS), available from
1978 to 2006, reveal that during this 28-year-period,
1,275,932 people died from crash injuries, of whom 297,212
(23%) died in rollover crashes. In 2004, 31,693 occupant
crash deaths occurred in the United States, of which 10,553
(33%) involved vehicle rollover (Table 1).24 Rollovers are
associated with the second highest number of vehicle occu-
pant deaths by crash mode when compared with other impact
directions (p < 0.0001).2! NASS GES data (1994-2004)
showed an average probability of death in a rollover crash of
2.58% compared with 0.15% in a nonrollover crash (Fig. 3,
A)—approximately 15 times the risk—and a 17.5% increase
in rollover crash deaths compared with a 3.6% decrease in
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Figure 2. Rollover crash photo.

TABLE 1. Rollover vs. Nonrollover Crash Injury and Death,
200424
Rollover Nonrollover
No. Percent No. Percent
All involved occupants* 393,000 100.0 13,700,000 100.00
Injured* 232,000 59.0 2,685,000 19.60
Killedt 10,553 2.7 21,140 0.15

* Data source: GES (sample of 50,000 police/accident reports).
 Data source: FARS (census and HS 810 741).

nonrollover crash deaths.2* Rollover is an easily discernable
and known factor that increases the risk of fatal outcome and
severe injury in a motor vehicle crash.27-30

If the increased propensity for rollover of sport
utility vehicles (SUVs)31:32 is taken into account, the
associated frequency and fatality rate increases substan-
tially. SUV rollover frequency is approximately twice that
of passenger cars, and the SUV rollover injury and fatality
rates are 2 to 3 times that of passenger cars33:3* SUVs had
a rollover involvement rate of 34% in fatal crashes and of
10% in injury crashes, compared with 17% and 4% for
passenger cars.?> This is significant because almost 12% of
the US vehicles in operation as of November 2008 were
SUVs.3¢

Injury Severity

In the NPRM leading up to promulgation of the Roof
Crush Resistance standard,?! NHTSA estimated that 23,793
(8.7%) serious (AIS 3-5) injuries and 9,942 (3.6%) deaths
occur in 272,925 rollover vehicle crashes each year—using
1997-2002 data on nonconvertible vehicles.?! In their study
of the serious injuries and deaths associated with rollover
crashes reported in the NPRM, NHTSA concluded that roll-
over crashes present three times the risk of injury of other
types of impacts (frontal, side, and rear).2! Other NHTSA
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Figure 3. Rollover versus nonrollover occupant crashes,
1994-2004. (A) Fatalities per year. (B). Incapacitating inju-
ries per year.24

data show the consistent disparity in rollover and nonrollover
injury data through time (Fig. 3, B).2*

The medical literature shows that rollover crashes are
associated with increased injury severity compared with non-
rollovers,?” and rollover has been associated with specific
types of injuries including severe whiplash3® and injuries to
the torso,3 spleen,*® and especially spinal cord.*!~43 With the
exception of one early study that showed no additional
contribution of rollover to spinal cord injury in 30 cases,** the
predominant current view is that there is a clear correlation.
Data from a state (Utah) spinal cord injury registry indicate
that almost half (49%) of spinal cord injuries result from
motor vehicle crashes, of which 70% involve vehicle roll-
over.*> Most recently, among the 2% of 17,208 patients in the
Canadian C-Spine Rule study with cervical spine fracture,
rollover was definitively demonstrated to be a significant risk
factor among those whose injuries were sustained during
motor vehicle collisions.*?

Analysis of severely injured motor vehicle crash occu-
pants has shown that rollovers are associated with a statisti-
cally significant increased risk of spinal cord injury over
nonrollover crashes that varies by vehicle type.#' Analysis of
Australian Spinal Cord Injury Register data indicated that the
age-adjusted rate of spinal cord injury in Australia was 14.5
per million people, of which 43% were due to motor vehicle
crashes that primarily involved rollover.4® Aggregated case
reports from this database indicated that the likelihood of
spinal cord injury was especially high in non-sedan-type cars
involved in rollover crashes.*’
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In children, risk of injury and death associated with
rollover has also been shown to be greater than that for
nonrollover crashes.*3—% A 1993—-1998 study of CDS data on
the US children under the age of 16 showed an adjusted
relative risk of rollover-associated injury and death of 2.1
(95% CI, 1.1-3.8) and 1.8 (95% CI, 1.1-2.8), respectively,
compared with nonrollover.>! NASS GES and FARS data for
two centers in Canada showed a rollover frequency of 2.2%
that was associated with 28% of child passenger deaths.5?
Rollover also raises the index of suspicion for injuries in the
unborn. According to a survey of clinical directors of emer-
gency medicine teaching programs, fetal monitoring in pa-
tients with a viable fetus and no abdominal pain is routinely
used 46% of the time after falls and 92% of the time after a
strike to the abdomen or vehicle rollover.53

Ejection

Factors that impact injury severity in a rollover crash
include roof crush, entrapment, ejection, intrusion (especially
that of the roof rail or B-pillar), seat belt use/failure, and low
vehicle stability factors.>>455 Ejection increases the risk of
death by a factor of five’® and has been associated with
approximately two-thirds of rollover crash deaths.>7-58 The
notion (propagated by those responsible for removal of roll-
over from the triage criteria) that rollover only increases risk
of injury and death when ejection is a factor, however, is not
supported by data and is directly contradicted by recent
federal initiatives. These include the recent proposal of fed-
eral roof crush standards?!-*° and enactment of FMVSS No.
126 mandating use of Electronic Stability Control systems on
most US vehicles® by 2012 “as part of a comprehensive plan
for reducing the serious risk of rollover crashes and the risk
of death and serious injury in those crashes”®® primarily
related to roof collapse. In the NPRM published in the
Federal Register in August 2005, only nonejected occupants
were considered in the analysis, which concluded that a
sufficient risk of injury and death existed to move forward
with promulgation of the roof crush resistance standards.?!

As described by Eigen,°!-%2 unejected occupants com-
prise the majority (93%) of those injured in rollover colli-
sions, and 58% of those with severe (defined as Maximum
AIS [MAIS] 3+) injuries. Additionally, acknowledgment
that “the need for extrication is caused most often by intru-
sion into the passenger compartment?? is further evidence of
the risks faced by nonejected occupants in rollover crashes,
whose “most severe injury was associated with roof con-
tact.”2! Matchboxing, and header and pillar collapse are some
forms of roof crush that are associated with injuries that
include brain injuries, as well as spinal injuries (most fre-
quently, paralysis) from neck fractures, axial neck compres-
sion, and hyperextension in nonejected occupants in rollover
crashes.®3

Costs

Because they are disproportionately deadly and inca-
pacitating, the costs of rollover injuries are substantial. In
2005, crash fatalities resulted in an estimated comprehensive
cost of about $36 billion.** Adding costs for serious but
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nonfatal injuries (e.g., paralysis, brain injury) brings esti-
mates to about $50 billion incurred each year.**

DISCUSSION

On average, >450,000 occupants are involved in a
rollover crash each year and 59% of the time there will be
injured occupants.?! What is not immediately known is which
of the injured will be among the 14% with serious to fatal
injuries such as asphyxiation, brain, and spinal cord injuries,
limb amputations, and burns, and which may require extri-
cation rescue teams. What is known, as shown by the data and
literature, is that occupants of vehicles involved in rollover
crashes are much more likely to be injured or killed than if
their vehicle does not roll. The rollover criterion helps dis-
patchers expedite EMS and extrication resources to the scene
to provide timely optimal care to the people involved in these
relatively rare, but dangerous crashes. Further, it has impli-
cations for EMS notification, resource allocation, transport,
and hospital choice and readiness. A significant shortcoming
of the current revision process was failure to consider the fact
that 911 dispatchers also rely upon the criteria.

Overtriage

As noted in the most recent edition of Prehospital
Trauma Care: Resources for Optimal Care of the Injured
Patient,?® in which the revised field triage decision scheme
appears, “Prehospital personnel should be trained to recog-
nize mechanisms of energy transfer that could lead to severe
injury. The successful management of patients requires the
identification of specific injuries or mechanisms likely to
cause severe injury to allow correct triage to an appropriate
facility.” Point-of-wounding triage in close temporal proxim-
ity to the time of injury, particularly in diffuse blunt trauma
such as automobile crashes, inevitably results in inaccuracies
in matching patient need with timely available healthcare
resources. In recognition of this fact, the ACS deemed that an
undertriage rate of 5% to 10% was necessary despite being
associated with a 30% to 50% overtriage rate because the
patient population affected, i.e., the most severely injured,
was quite small (~1% of all crash-related injuries).¢>-6¢

The purpose of the triage guideline is to accumulate a
variety of observable data points that have an established
relationship with injury severity, resource requirements, or
outcome and create a decision scheme within which there is
a threshold for determining trauma center need. Ideally, such
a decision scheme should involve trend analysis or sequential
observations on the pathophysiological consequences of in-
juries that are not anatomically obvious at the scene. Such
deterministic relationships necessarily produce a probabilistic
tool when used to predict outcomes of individual patients.
One consequence of a probabilistic decision scheme is a
significant error in selection. However, the scheme must be
founded to err on the side of patient safety, and, thus,
sensitivity/specificity assessments and tradeoffs are not nec-
essarily the best tools for judging appropriateness of field
triage decision schemes.
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Use of Mechanism of Injury in Triage

Injury, in its essence, is about energy coupling to
human tissue. Mechanism of injury (MOI) was added to the
triage criteria to provide a guide to high-energy transfer,
particularly to the torso and axial skeleton in patients without
obvious anatomic derangement or abnormal vital signs at the
scene but who are at risk of liver, lung, spleen, or other
internal injury. The study of MOI in triage has produced a
variety of results (e.g., not predictive,®” not very predictive,®®
less predictive than physiologic variables in children,®® MOI
alone not indicative of abdominal injury,’® variously predic-
tive of injury depending on specific mechanism?’!-73). Other
studies show positive associations,’’5 including the role of
MOI in identifying patients who have normal physiology in
conjunction with anatomic injuries that may rapidly deterio-
rate.> Most recently, a relationship between MOI—including
rollover—and elevated risk of cervical spine fracture was
quantitatively demonstrated.*?

The predictive value of the MOI component of the ACS
field triage criteria is currently being examined in a study of
15,000 patients admitted to three Level I trauma centers. The
goal of the study is to gain more information about the use of
MOI as a guide to triage decisions when the physiologic/
anatomic criteria are not met.’® A recent attempt to refine the
criteria, in which 10 prehospital variables seen in 4,326
injured persons across the United States and Canada were
examined, yielded a simplified decision rule that included
field intubation, Glasgow Coma Scale score <8, age =70
years, and MOL.77 Although the rule was lacking in specific-
ity, the ongoing research demonstrates that MOI is still
widely held to be of value in identifying patients at risk of
serious but not immediately apparent injury.

CONCLUSION

The data and review of the literature show that vehicle
rollover is a clear contributor to injury and death that is easily
discernable at the scene. Because it is difficult to devise
straightforward, accurate decision rules for point of wound-
ing and vehicle crash scene triage, simple, powerful relation-
ships should be used when possible. Thus, the exclusion of
rollover as a triage criterion seems to be ill advised.
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