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Abstract

Objectives: The objectives were to conduct a comprehensive, systematic review of the literature for risk
adjustment measures (RAMs) and outcome measures (OMs) for prehospital trauma research and to use
a structured expert panel process to recommend measures for use in future emergency medical services
(EMS) trauma outcomes research.

Methods: A systematic literature search and review was performed identifying the published studies
evaluating RAMs and OMs for prehospital injury research. An explicit structured review of all articles
pertaining to each measure was conducted using the previously established methodology developed by
the Canadian Physiotherapy Association (“Physical Rehabilitation Outcome Measures”).

Results: Among the 4,885 articles reviewed, 96 RAMs and/or OMs were identified from the existing lit-
erature (January 1958 to February 2010). Only one measure, the Glasgow Coma Scale (GCS), currently
meets Level 1 quality of evidence status and a Category 1 (strong) recommendation for use in EMS
trauma research. Twelve RAMs or OMs received Category 2 status (promising, but not sufficient current
evidence to strongly recommend), including the motor component of GCS, simplified motor score
(SMS), the simplified verbal score (SVS), the revised trauma score (RTS), the prehospital index (PHI),
EMS provider judgment, the revised trauma index (RTI), the rapid acute physiology score (RAPS), the
rapid emergency medicine score (REMS), the field trauma triage (FTT), the pediatric triage rule, and the
out-of-hospital decision rule for pediatrics.

Conclusions: Using a previously published process, a structured literature review, and consensus
expert panel opinion, only the GCS can currently be firmly recommended as a specific RAM or OM for
prehospital trauma research (along with core measures that have already been established and pub-
lished). This effort highlights the paucity of reliable, validated RAMs and OMs currently available for
outcomes research in the prehospital setting and hopefully will encourage additional, methodologically
sound evaluations of the promising, Category 2 RAMs and OMs, as well as the development of new
measures.
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hile emergency medical services (EMS) sys-

tems have developed widely in the United

States and much of the developed world, lit-
tle is known about the actual effect of prehospital inter-
ventions on patient outcomes. Identifying “what works”
in EMS has been significantly hampered by the absence
of validated scientific methodologies by which to reliably
evaluate the effect of prehospital care and the systems in
which it is deployed. The identification of this “vacuum”
led the National Highway Traffic Safety Association to
fund the Emergency Medical Services Outcomes Project
(EMSOP). The purpose of EMSOP is to develop a founda-
tion and framework for prehospital outcomes research.?
In prior work, the EMSOP team delineated the priority
conditions 2 for emphasis in future EMS outcomes
research, described conceptual models for carrying out
outcomes research in the prehospital environment,®*
suggested core risk adjustment (severity) measures
(RAMs) and outcome measures (OMs)® considered
essential for conducting meaningful EMS research, and
recommended specific RAMs and OMs for evaluating
the prehospital treatment of pain® and respiratory dis-
tress.” In this article, we continue the work of EMSOP
Project by reporting a comprehensive literature search
and recommending RAMs and OMs for use in prehospi-
tal outcomes research on patients presenting with
trauma.

The objectives of this effort were to 1) perform an
explicit literature search on current RAMs and OMs
that have been developed for trauma to determine
which ones can be reliably and reproducibly mea-
sured in the prehospital setting and 2) make recom-
mendations for RAMs/OMs to be used in EMS
outcomes research. The identification of valid, reliable
measures that can be obtained in the field will pro-
vide the basis for linkage to distal outcomes obtained
after arrival at the hospital and will aid in the devel-
opment of a solid foundation for evaluating the effec-
tiveness of EMS interventions in the care of trauma
patients.

METHODS

This study involved repeated literature searches using
an explicit search methodology for identifying pertinent
studies that reported on the development and/or vali-
dation of RAMs and OMs for use in EMS trauma out-
comes research. The studies that met inclusion criteria
were then evaluated by group consensus reviews using
an established process for determining the quality of
evidence and for making recommendations related to
the potential use of the identified RAMs and OMs in
prehospital outcomes research.? We did not evaluate
most of the measures that we have previously
described as core measures,” since these are considered
routine RAMs/OMs for all EMS conditions, including
trauma (Figure 1). However, we did include the studies
related to Glasgow Coma Score (GCS) and prehospital
provider judgment/impression in this review because
there is a significant literature specifically evaluating
the use of these measures in the setting of prehospital
trauma care. In addition, we did not evaluate measures
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related to pain or discomfort, since we have previously
reviewed these RAMs and OMs in detail, and made rec-
ommendations for their use in many EMS conditions,
including trauma.®

Definitions and Usage of Terms

As with previous EMSOP work, we sought to identify
measures that could be obtained during the prehospital
care interval. For clarity we use the following defini-
tions developed during previous work and based on
classical usages from the disciplines of EMS research
and outcomes research.”®

Outcome. The outcome is classically described as one
of the “Six Ds”: death, discomfort (pain), disability
(functional impairment), disease (physiological parame-
ters), destitution (cost), and dissatisfaction (satisfac-
tion)"™*%1° (Table 1).

EMS Condition. The EMS condition is an illness,
injury, or combination of signs and symptoms that
result in EMS system activation. A single EMS condi-
tion can encompass multiple diagnoses or diseases.
Conversely, a given disease entity may present as vari-
ous clinical conditions in the EMS setting.

Trauma. Multiple specific injuries and combinations of
injuries (in a nearly unlimited number of permutations)
are included in this definition. This search dealt exclu-
sively with injury cause by transfer of physical energy
(e.g., falls, motor vehicle crashes, and gunshot wounds,
but not chemical or thermal burns.)

Risk Adjustment Measure (RAM). A RAM is a vari-
able that: 1) meaningfully reflects patient characteristics
and clinical attributes, 2) has the potential to affect
patient outcomes, and/or 3) has the potential to con-
found the results of outcomes evaluations. Since mea-
sures must be quickly obtainable to be feasible in the
prehospital setting, RAMs can often also serve as OMs.
An example is measurement of blood pressure before
(RAM), and after (OM), an intervention. Previous work
by the EMSOP group has described a conceptual
framework for risk adjustment and outcomes evaluation
in EMS research®® and has recommended a standard
set of “core” EMS RAMs (described in the Results sec-
tion).> Some RAMs will be similarly applied across a
wide variety of conditions (e.g., heart rate), while others
are specifically developed for particular conditions (e.g.,
revised trauma score [RTS] is used exclusively for
injury). RAMs are essential for evaluating the effective-
ness of health care interventions to help minimize the
effect of confounding factors.

Outcome Measure (OM). An OM is a variable that
meaningfully reflects one or more of the Six Ds
(Table 1). Some OMs may be applicable across condi-
tions, whereas others are specific to a particular condi-
tion. Ideal OMs for prehospital use are easily and
quickly applied, are applicable to all ages, and do not
require prolonged training or expensive, complicated,
or bulky equipment to acquire.’
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Risk Adjustment Measure Values Values

Age Ideal: date of birth. If date of birth is unavailable, record in
years unless an infant or toddler, whose age should be
recorded in months

Sex Male or female

Race and ethnicity (self-reported) White, non-Hispanic; white, Hispanic; black, non-Hispanic;
black, Hispanic; American Indian or Alaskan Native; or Asian or
Pacific Islander

Initial vital signs Systolic blood pressure; pulse rate; respiratory rate

Vital signs before and after a major intervention Systolic blood pressure; pulse rate; respiratory rate

Final vital signs (at time of transfer of care) Systolic blood pressure; pulse rate; respiratory rate

Initial level of responsiveness AVPU**

Level of responsiveness before and after an intervention AVPU**

Final level of responsiveness (at time of transfer of care) AVPU**

Initial GCS score (eye opening + motor response Eye opening: none (1); to pain (2); to verbal command (3);
spontaneous (4)

+ verbal response) Motor response: None (1); abnormal extension (decerebrate)

(2); abnormal flexion (decorticate) (3); withdrawal (normal
flexion) (4); localizes pain (5); obeys commands (6) Verbal
response: None (1); incomprehensible sounds (2);
inappropriate words (3); confused conversation (4); oriented (5)

GCS score before and after an intervention As above

Final GCS score (at time of transfer of care) As above

Event to treatment interval No. of minutes from time when incident reported to time of
arrival of EMS at the patient

Out-of-hospital treatment interval No. of minutes from the time of arrival of EMS at the patient to

the time of arrival at the transport destination

EMS provider impression of presenting condition Abdominal pain-problems; airway obstruction; allergic reaction;
altered level of consciousness; behavioral-psychiatric disorder;
cardiac arrest; cardiac rhythm disturbance; chest pain
discomfort; diabetic symptoms (hypoglycemia); electrocution;
hyperthermia; hypothermia; hypovolemia-shock; inhalation
injury (toxic gas); obvious death; poisoning-drug ingestion;
pregnancy-obstetric delivery; respiratory arrest; respiratory
distress; seizure; sexual assault-rape; smoke inhalation; stings
venomous bites; stroke-cerebrovascular; accident; syncope
fainting; traumatic injury (+ cause of injury code); vaginal
hemorrhage; other; unknown

Figure 1. Core EMS RAMs. Recommended patient factors measured or collected at the time of out-of-hospital care that should be
evaluated for use as a core RAMs in out-of-hospital research. **AVPU = alert, verbal response, painful response, or unresponsive.
GCS = Glasgow Coma Scale; RAMs = risk adjustment measures. Spaite DW, Beskind DL, Garrison HG, et al. Chapter 23, Evaluating
the effectiveness of EMS systems: utilizing outcomes research methods to identify the impact of prehospital care. In: Cone DC,
O’Connor RE, Fowler R (eds). EMS and Disaster Medicine: Clinical Practice and Systems Oversight, Vol 3. Lenexa, KS: National
Association of EMS Physicians, 2008. Used with permission. Garrison HG, Maio RF, Spaite DW, et al. Emergency Medical Services
Outcomes Project Il (EMSOP lll): the role of risk adjustment in out-of-hospital outcomes research. Ann Emerg Med. 2002; 40(1):
79-88. Copyright American College of Emergency Physicians—used with permission.

Table 1
The Six Ds of Outcomes

Outcome Category Definition Examples/Measures
Death Failure to survive the health event that Mortality
generated the EMS response
Disease Physiologic/anatomic abnormalities Vital signs, GCS, ISS, organ damage
Disability Failure to return to preevent health status Ability to return to work, ability to do activities
of daily living, Cerebral Performance Category, SF-36
Destitution Cost, cost benefit, cost utility, cost-effectiveness  Comparison of alternative treatments in terms of

cost and effect, personal and societal economic impact
of health event

Dissatisfaction Patient/family satisfaction Methods of assessing how satisfied patients/family
are with their care and with their other outcomes
Discomfort Uncomfortable sensations or physical suffering Pain, shortness of breath, visual analog scale for pain,

peak expiratory flow rate

Adapted from Spaite DW, Beskind DL, Garrison HG, et al. Chapter 23, Evaluating the effectiveness of EMS systems: utilizing out-
comes research methods to identify the impact of prehospital care. In: Cone DC, O’Connor RE, Fowler R (eds). EMS and Disaster
Medicine: Clinical Practice and Systems Oversight, Vol 3. Lenexa, KS: National Association of EMS Physicians, 2008; p. 238.
Used with permission.

GCS = Glasgow Coma Scale; ISS = Injury Severity Score.

Study Phase | were evaluated by a method previously used to develop
RAMs and OMs were identified by a systematic litera- OMs in physical therapy by the Canadian Physiother-
ture search and a structured review of original research  apy Association!' and used in previous EMSOP study
articles pertaining to each potential measure. Measures methodologies.>” After evaluation, each measure (and
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each study evaluating that measure) was discussed by
the EMSOP investigators and a decision made about
the level of evidence and the category of recommenda-
tion (Figure 2).

Step 1: Literature Search Strategy. The initial phase
consisted of a systematic literature search and review
of the existing published studies evaluating RAMs and
OMs for potential use in prehospital injury research.
The following sources were searched: Medline/PubMed
(1950-January 2008), EMBASE (1980-January 2008),
CINAHL (1982-January 2008), the Cochrane Database
of Systematic Reviews, the Database of Abstracts of
Reviews of Effects (DARE), and the Cochrane Central

Category 1

Recommended

Category 2

Promising, but not sufficient evidence to recommend
currently. Additional studies required and
encouraged.

Category 3

Reasonably good to very good validity, reliability, and
feasibility for use in EMS. However, not appropriate
or relevant in the EMS setting (e.g., the "Mangled
Extremity Score").
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Register of Controlled Trials. Search results were lim-
ited to English language only, and all references con-
tained in the identified studies were subsequently
evaluated to see if they met inclusion criteria. The
broad search strategy used for OVID Medline/PubMed
and EMBASE is given in the next paragraph. Search
terms were taken from both the Medical Subject
(MeSH) Headings and EMBASE subject headings.
These often encompassed broad topical areas. To iden-
tify additional articles with a potential connection to
EMS RAMs and OMs, specific terms and keyword
search combinations were used when logically appro-
priate. The same approach was used for the other data-
bases and the search strategy was similarly amended to

Category 4

Not recommended (insufficient evidence and not very
promising for usefulness, validity, and/or feasibility).

Category 5
Not feasible in prehospital EMS.

Hierarchy of Evidence for Prehospital Risk Adjustment
Measures and Outcome Measures

Level 1

Measures that can be used in a wide variety of
prehospital settings with confidence, that can
effectively measure risk or outcomes, and change
healthcare professional behavior, improve patient
outcomes, and/or be used for research purposes.

Prospectively validated in at least two different
prehospital populations and in at least one impact
analysis, demonstrating probable feasibility and
change in healthcare professional behavior with
beneficial consequences or research analysis that
allows determination of clinical effectiveness of an
intervention.

Level 2

Measures that can be used in various prehospital
clinical or research settings with confidence in their
accuracy.

Validated by a demonstration of accuracy in either
one large prospective study, including a broad
spectrum of prehospital patients and healthcare
professionals or researchers, or in several smaller
settings that differ from one another. Likely to be
feasible for prehospital outcomes research.

Level 3

Measures that healthcare professionals or
researchers may consider using with caution if a
prehospital population being studied and setting of
the study is substantially similar to the setting in
which the measure was developed and validated.

Validated in only one narrow, prospective prehospital
sample.

Level 4

Measures that need further evaluation before they
can be applied clinically or with confidence when
asking prehospital research questions.

Derived, but not validated, or validated only in split
samples, large retrospective databases, or by
statistical techniques alone.

* Adapted from McGinn TG, Guyatt GH, Wyer PC, Naylor CD, Stiell IG, Richardson
WS. Users’ guides to the medical literature: XXII: how to use articles about clinical
decision rules. Evidence-Based Medicine Working Group. Jama 2000;284(1):79-84.

Figure 2. Categories and levels of EMSOP recommendations. EMSOP = Emergency Medical Services Outcomes Project. Adapted
from: McGinn TG, Guyatt GH, Wyer PC, Naylor CD, Steill IG, Richardson WS. User’s guides to the medical literature: XXII: how to
use articles about clinical decision rules. Evidence Based Writing Group. JAMA. 2000; 284(1):79-84.
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comply with search subject headings and syntax
requirements unique to each.

Broad Search Strategy

1. exp *injury scale/or exp *trauma severity indices/or
exp *illness Severity of Illness Index/or exp health
status indicators/or risk assessment or exp risk
assessment/or risk adjustment or exp risk adjust-
ment/or outcome* or exp ‘“outcome and process
assessment (health care)”/or exp treatment out-
come/or exp outcomes research/or patient
satisfaction/

2. “Out of hospital” or “out-of-hospital” or prehos-
pital or pre-hospital or exp emergency health
service/or exp emergency medical services

3. (exp *”wounds and injuries”/or exp *injury/) and
(emergency* or trauma®)

4. Evaluation or validation study or evaluation studies
or validation studies or comparative study or scien-
tific integrity review

5. #1 and (#2 or #3) and #4

Step 2: References Limited. An explicit process for
study inclusion was determined and agreed upon a pri-
ori and matched that of the previous EMSOP reports
identifying RAMs/OMs for other conditions.>” The
investigators reviewed the titles in a structured manner.
One author investigator (DB) performed the preliminary
title reviews. The sole criterion for inclusion at this step
was if the reviewer thought there might be any possi-
bility that the paper reported an evaluation, compari-
son, or development of, or otherwise looked at, the
validity, reliability, or feasibility of use of any tool or
scoring method with potential for use as a prehospital
RAM or OM for injury-related research. Studies that
simply used measures in clinical trials, but did not spe-
cifically develop and/or evaluate RAMs or OMs, were
not included.

Step 3: Abstracts Reviewed. The abstracts of the arti-
cles selected in Step 2 were reviewed independently by
three authors (DB, DS, SK). Studies that did not specifi-
cally report on the development, feasibility, reliability,
or validity of RAMs or OMs, or evaluate the perfor-
mance of RAMs or OMs, were excluded from the next
part of the process. However, to ensure that potentially
eligible studies were not inappropriately removed,
unanimous agreement was required to exclude an arti-
cle from advancing to the next step (i.e., if even one
investigator thought that the study might meet inclusion
criteria, the reference was advanced to Step 4).

Step 4: Articles Reviewed and Sorted. Examination
then occurred of the full-length papers that reported on
the development or evaluation of a RAM or OM. The
articles were sorted based on the measure addressed
(e.g., trauma scores, GCS, pediatric trauma). A single
investigator using the established guidelines from the
“Physical Rehabilitation Outcome Measures” methodol-
ogy conducted an explicit structured review of each
group of articles pertaining to each measure.!? Studies
were included if they contained original data evaluating
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the development and/or performance characteristics
(feasibility, reliability, and/or validity) of a RAM and/or
OM. The characteristics evaluated for each measure
included time taken to collect or complete the measure,
cost and training, scaling, reliability, and validity. These
were used to determine the level of evidence (Figure 2:
Hierarchy of Evidence). The “Physical Rehabilitation
Outcome Measures” guidelines were modified to also
include feasibility of use in the prehospital setting. This
was a key factor in the authors” deliberations. The mea-
sure had to be feasible to use in the prehospital care
interval to be considered. For example, Abbreviated
Injury Score (AIS) was excluded because it cannot be
determined in the prehospital setting.

Published literature reviews were also included if
they pertained to the development and/or performance
characteristics of a measure. Critical appraisals by the
investigators were conducted independently and docu-
mented in a standardized fashion. The quality of evi-
dence was classified by accepted standards for
outcomes or prognosis investigations established by
the Oxford Centre for Evidence Based Medicine.?

Step 5: Group Presentations and Consensus. The
written individual reviews were presented to the entire
group of investigators. Each investigator orally pre-
sented the results of his or her review following the
modified Canadian Physiotherapy Association guide-
lines and made recommendations regarding the appro-
priateness of the measure for EMS trauma outcomes
research (Figure 2: Categories of Recommendations).
This did not necessarily require the reviewer to present
every paper in detail (e.g., unanimous consensus was
often reached after the reviewer gave only a brief over-
view for RAMs/OMs that are inherently not feasible for
use as prehospital research tools). After each group of
papers (representing a RAM/OM) was presented, a dis-
cussion resulted in a decision regarding the level of evi-
dence and a recommendation category for the
measure. As with previous EMSOP reports, discussion
continued until unanimous agreement existed both for
the level of evidence for a RAM/OM and for the cate-
gory of recommendation. The exception to this was
that, with Category 5 measures that were quickly iden-
tified as nonfeasible in EMS, the level of evidence was
not deliberated upon extensively since this became
moot once nonfeasibility was established.

Study Phase II: Repeat Search and Review

Following the identification of each measure, another
structured literature search was performed. A MED-
LINE/PubMed search using the Ovid search engine was
performed of English-language articles from 1959 to
February 2010 inclusive. The specific name of each mea-
sure was used as a search term and the title, abstract,
and body of each article was searched to find all manu-
scripts containing the measures. A single investigator
(DB) reviewed the title list generated from this search
and any title that represented the potential for dealing
with the development or evaluation of the targeted
measure was selected. Three investigators (DB, DS, SK)
reviewed the abstracts of these articles and, if any
reviewer felt that the paper might be appropriate for
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inclusion, a review of the full-length article was per-
formed. In addition, a careful review of the reference
lists for all articles chosen for full review was per-
formed to identify any other potential articles. The
results of this review were then discussed with all
investigators in the same process with a written and
oral presentation to the entire team and a consensus
reached on measures to recommend.

RESULTS

Search and Selection

The initial search resulted in a set of 4,885 references.
The preliminary review (Step 2) of these titles was con-
ducted by DB and yielded a total of 200 articles that
were kept for further review. Step 3 was a review of
the abstracts of these articles by three investigators
(DB, DS, SK). Twenty-six of the 200 articles were
excluded at this step, requiring unanimous agreement
that they did not report on the development and/or
evaluation of a RAM or OM. Thus, Step 3 resulted in a
total of 174 studies selected for full-length article
review. Examination of the full papers in Step 4 yielded
162 studies that, after full review, were determined to
actually report on the development/evaluation of a
RAM or OM (12 were excluded). These underwent criti-
cal appraisal via the structured review and consensus
process described for Step 5 (Figure 3).

In parallel with the ongoing consensus reviews of the
162 papers (Step 5), a second search was conducted to
minimize the likelihood of missing any measures (Phase
ID). Using the list of identified RAMs and OMs that had
been generated from Steps 1-5, a second search using
the specific names of the measures (e.g., “Revised
Trauma Score”) was conducted to identify additional
potential articles that might have been missed with the
previous searches (Phase II, Figure 3). This second
search resulted in the identification of 2,171 new refer-
ences. Then, the relevant steps from Phase I were
repeated for these newly identified studies. A single
investigator review (Step 2, DB) resulted in 26 titles
being selected for abstract review. Three investigators
(DB, DS, SK) reviewed these 26 abstracts and 12 were
unanimously excluded (Step 3). The remaining 14 were
then critically appraised (Step 4) and added to the first
cohort of standardized reviews. After consensus discus-
sion (Step 5), five newly discovered trauma RAMs and
OMs were identified (Rapid Acute Physiology Score
[RAPS]; rapid emergency medicine score [REMS]; alert,
confused, drowsy, unresponsive [ACDU]J; alert, verbal
response, painful response, or unresponsive [AVPU]J;
and Trauma Score [TS] plus mechanism of injury
[MOI]). For clarity, the repeat of Steps 2 through 5 in
Phase 2 are shown as Step 6 in Figure 3. The final, com-
prehensive list of RAMs and OMs identified from the
entire search/review is shown in Figure 4.

Category 1 RAMs/OMs: Recommended for Use

in EMS Outcomes Research

Glasgow Coma Scale (GCS). The GCS is a neurologic
scale that assesses the level of consciousness of an indi-
vidual. The scale measures a patient’s best eye response
(1-4), best verbal response (1-5), and best motor
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response (1-6). The three values are summed together
to give a score ranging from 3 (deep coma) to 15 (fully
awake and verbal). The scale was published in 1974 by
Teasdale and Jennett.'? The use of the GCS to assess
trauma patients in both the in-hospital and prehospital
settings has been studied extensively.'®2* The GCS has
been validated in multiple studies and has performed
well in predicting four clinically relevant traumatic
brain injury (TBI) outcomes (emergency intubation,
neurosurgical intervention, brain injury, and mortal-
ity).® GCS measured 6 hours postinjury has been
shown to be predictive of outcome in patients with
head injury, and it is a reliable physiologic parameter
for predicting hospital admission after motor vehicle
crashes.??%°

Category 2 RAMs and OMs: Promising for Prehospi-
tal Trauma Research, but Further Study and Valida-

tion Are Needed Before They Can Be Recommended

for Use

Motor Score of the GCS. The MGCS is the 6-point
subscale of the GCS that measures a patient’s best
motor response and ranges from 1 (no movement) to 6
(obeys commands). Multiple studies indicate that MGCS
may be as accurate as the total GCS for predicting sur-
vival and the need for admission to an intensive care
unit (ICU),?® for predicting mortality,?”?® and for pre-
hospital triage.?® However, it did not reach Category 1
(recommended) status because the volume of the litera-
ture supporting it was substantially smaller than that of
the GCS.

Revised Trauma Score. The RTS was derived by
Champion in 1989.2° It consists of a score from 0 to 12,
where the GCS score, respiratory rate, and systolic
blood pressure (sBP) are given scores from 0 to 4 and
then summed. The RTS is a revision of the Trauma
Score (TS), which has two other components: capillary
refill and respiratory expansion. The TS has been essen-
tially replaced by RTS because these two components
are often difficult to assess. The RTS has been validated
in a few studies and has generally performed well in
predicting survival. It was previously recommended for
use in evaluating trauma care by the American College
of Surgeons, Committee on Trauma.?>?>31=3% However,
after reviewing the studies and the practicality of RTS
as a triage criterion, the National Expert Panel on field
triage determined that RTS is not useful and deleted it
from the 2006 Decision Scheme.*® The Panel noted that
the complexity of the formula used to calculate RTS
makes doing so in the field unwieldy and time-consum-
ing. In addition, the RTS has not been validated for pre-
dicting any outcome other than mortality, and the
difficulty in collecting the components of the RTS cre-
ates issues for data completeness and validity.®®
Although the weighted RTS has been developed to
improve its predictive capacity, studies reporting its use
are rare, and there is debate regarding the applicability
of the published coefficients for broad use.*’

Rapid Acute Physiology Score (RAPS). RAPS consists
of four variables: pulse, mean arterial pressure, respira-
tory rate, and GCS. The scores range from 0 (normal)
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Phase One - Step 1: MEDLINE/PubMed, CINAHL,
EMBASE, DARE, and Cochrane Database of
Systematic Reviews and the Cochrane Register
of controlled trials literature review

Trauma Terms RAM and OM Terms

Wounds and injuries Injury scale

Injury Trauma severity indices
Emergency Health status indicators
Trauma Risk assessment

Out of hospital Risk adjustment

Pre hospital Outcome "outcome and
Prehospital process assessment

Emergency Medical Service
Emergency Health Service

(health care)" treatment
outcome

Outcomes research
patient satisfaction

Step 3: Abstracts Reviewed

200
Selected for Further Evaluation

Step 5: Group Presentations and Consensus

162 references for written and oral presentations

Written and Oral Presentations to the Investigator/
Consultant Group

Group Discussion

Consensus Recommendation or Rejection of RAM
or OM

Step 6: Abstracts Reviewed

26 references selected for abstract review

14 References selected for Modified CPA Structured
Review

Consensus Recommendation or Rejection of RAM
or OM

5 new RAMs/OMs identified: RAPS, REMS, ACDU,
AVPU, TS plus Mechanism of Injury
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Step 2: References Limited

4,885 References
|
Titles included: Development of
Evaluation of RAMs / OMs

|
200
Titles Selected for Further Review

Step 4: References Reviewed and Sorted

174 References
focusing on Development
or Evaluation of RAMs or OMs

4

Modified CPA Structured Review
of each Measure

(12 excluded)

Phase Two - Secondary Review: Second
MEDLINE/PubMed search

Secondary search specific to each
measure with Severity of lliness Index
RAM and Trauma Terms yielding an
additional 2171 references

26 Titles selected for further review

Figure 3. Methodology for identifying trauma RAMs and OMs. ACDU = alert, confused, drowsy, unresponsive; AVPU = alert,
verbal response, painful response, or Unresponsive; OMs = outcome measures; RAMs = risk adjustment measures; RAPS = rapid
acute physiology score; REMS = rapid emergency medicine score; TS = trauma score.

to 16 (very severely ill). It is generally reliable and pre-
dictive of a patient’s severity/physiologic stability
before and after transport to critical care.3%3°

Rapid Emergency Medicine Score (REMS). REMS
was adapted from the RAPS score in an attempt to
improve its predictive ability.*>*! REMS includes the
four data elements of the RAPS and adds pulse oxime-
try (SpO,; 0-4 points) and patient age (0-6 points).
REMS has been shown to have an equivalent predictive
power to the APACHE II score for in-hospital mortal-
ity.* A single study has shown that the REMS is

more accurate than RAPS in predicting mortality
and length of hospital stay.>® However, it has not been
evaluated for use in trauma patients. The need for
an accurate patient age and pulse oximetry creates
additional challenges for its utility in the prehospital
setting.

Simplified Motor Score (SMS). The SMS is an easily
remembered three-point scale (2 = obeys commands,
1 =localizes pain, 0= withdraws to pain or less
response) that has been shown to be as accurate as
GCS in the assessment of patients with altered level of
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Category 1

Recommended Level
GCS (Glasgow Coma Scale) 1

Category 2

Measures: Promising, but not sufficient evidence to
recommend currently. Additional studies required and
encouraged: Level

EMT/PM judgement 3

Field trauma triage (derived from PHI

(pre-hospital index) with mechanism of injury)

Motor score of the GCS

PHI (Pre-hospital Index)

PHI plus Mechanism of Injury

RAPS (Rapid Acute Physiology Score)

REMS ( Rapid Emergency Medicine Score)

RTI (Revised Trauma Index)

RTS (Revised Trauma Score)

Out of hospital Decision Rule (Pediatric)

GCS plus heart rate for helicopter use (pediatric)

Simplified Motor Score

Simplified Verbal Score

WWANNAENNAENN S

Category 3
Measures: Reasonably good to very good validity, reliability,
and feasibility for use in EMS. However, not appropriate or

relevant in the EMS setting. Level
CHORP infant coma scale. 4
Lower extremity injury scores ( LS|, PSI) 4
Mangled Extremity Severity Score (MESS) 4

Category 4

Measures: Not recommended (insufficient evidence and not
very promising for usefulness, validity, and/or feasibility.)

ACS COT (American College of Surgeons Committee on
Trauma)

ASCOT ISS derived tool

ACDU

AVPU

Airway assessment score for intubation success

BAXT Trauma Triage Rule

BMI (Body Mass Index)

Childrens Orthopedic Hospital Medical Center Coma Scale
(COHMC)

CHOP infant coma scale or Infant Face Scale

CRAMS score (Circulation, Respiration, Abdomen, Motor,
Speech)

CRAMS plus TRTS (Triage Revised Trauma Score)

Field Triage of the pulseless patient

Florida Trauma Triage Scorecard

Gabbe pre-hospital tool to predict ICU stay and mortality

Madigan Score

Modified Pediatric Trauma Triage Rule based on Simons pts

Old age as criteria to activate a trauma team

Orange County Trauma Triage

Pediatric GCS

Pediatric Trauma Score (PTS)

Pediatric Trauma score for liver or spleen injuries

Pediatric Trauma Team Activation (TTA)

Pediatric Trauma Team Triage Criteria
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Pediatric Trauma Triage Checklist (PTTC)

Physician Triage

Physiologic criteria , anatomic injury

Pre-hospital End Tidal CO2

Pre-hospital Pediatric Trauma Classification (PHPTC)

Pre-hospital Time Interval

Pre-hospital Triage Tool

Respiratory rate (c/w full physiologic severity score as a triage
tool)

Trauma Index

Trauma Score

Trauma score plus GCS

Trauma Score plus Mechanism of Injury

Trauma Triage Rule

Trauma triage mechanism criteria-old age

Vital sign score

Category 5

Not Feasible in Pre-hospital Setting
AARHUS
AIS 90
AIS 98
APACHE (Acute Physiology and Chronic Health Evaluation)
APACHE Il (Acute Physiology and Chronic Health Evaluation
ASCOT (A SEVERITY CHARACTERIZATION of TRAUMA

(which is different from ACS COT-see below)

Case severity and status change
Cervical Spine Clearance Protocol Fresno
Crash characteristics that increase injury risk
Crash scene photos
Crash scene variables
Charleston Comorbidity Index
Field Triage Protocol
Glascow Outcome Score
Hanover Score
Head injury/mortality score
ICD-9
ICD-9/AIS/IMAP
Indices of Severity
ISS (Injury Severity Score)
ISS with modification
Lung Severity Scoring
Mandible ISS
MCI triage algorithms
Medical priority dispatch to OOH pt acuity score
New ISS (New Injury Severity Score)
Old age as criteria for trauma team activation
Physiologic Trauma Triage
Relative Head Injury Severity Scale (RHISS)
Revised Estimated Survival Probability Index
Revised TRISS
Revised TRISS (pediatrics)
Secondary Triage
Selective Spine Immobilization protocol Maine
START triage
Tiered Trauma Response
TRISS (Trauma and Injury Severity Score)
TRISS (peds)
TRISS with NTDB
The Utility of physiologic status and mechanism of injury
Validation of urgency algorithm for near side crashes

Figure 4. Current designation of trauma RAMs and OMs. ACDU = alert, confused, drowsy, unresponsive; AIS = Abbreviated Injury

Score; AVPU = alert, verbal response, painful response,

or

unresponsive; CHOP = Children’s Hospital of Philadelphia;

EMT/PM = emergency medical technician/paramedic; ICU = intensive care unit; MCI| = mass casualty incident; NTDB = National
Trauma Data Bank; OMs = outcome measures; OOH = out-of-hospital; RAMs = risk adjustment measures.

consciousness from both nontraumatic and traumatic
causes in a few studies.'®19434* In one validation study,
the SMS demonstrated similar test performance when
compared with GCS and its components for the predic-
tion of four clinically important TBI outcomes.**

Prehospital Index (PHI). The PHI is a triage-oriented
trauma severity scoring system that consists of four
components: sBP, pulse rate, respiratory status, and
level of consciousness. Each component is scored from
0 to 5, with 0 indicating normal function and 5 indicat-
ing maximum physiologic dysfunction. An additional
four points are added for the presence of penetrating

abdominal or thoracic trauma. The PHI ranges between
0 and 24, with 0 to 3 indicating minor injury, 4 to 7
moderate injury, and >7 severe injury. Retrospective
evaluation has shown a negative predictive value (NPV)
of 99.7% for those patients categorized as minor injury
for needing general surgery. The PHI had a positive
predictive value (PPV) of 45.9% for predicting mortality
or the need for general surgery.*> A prospective study
revealed a NPV of 99.4% and PPV of 52.1% for emer-
gency surgery.*® In this study, among the 3,120 patients
scored as “minor trauma” in the field (PHI = 0-3), there
was a 0% mortality rate and only a 0.6% emergency
operative rate.*®
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Simplified Verbal Score (SVS). The SVS is a three-point
scoring system (2 =oriented, 1= confused conversation,
0 = inappropriate words or less response). In one small
prospective study, despite its simplicity, it demonstrated
similar test performance to the total GCS score for the
prediction of four clinically relevant TBI outcomes
(emergency intubation, neurosurgical intervention,
brain injury, and mortality).*®

EMS Provider Judgment/Impression. Multiple stud-
ies have evaluated EMS provider judgment in predict-
ing the “need” for triage to a trauma center.*’
Ornato et al.*® found that EMTs were better at identi-
fying critical patients who needed to go to the oper-
ating room than the TS or the CRAMS score
(circulation, respiration, abdomen, motor, speech).
Hedges et al.**®* initially identified that paramedics
could recognize serious injury and determine the need
for triage to a trauma center. However, on further
study, he was concerned about an inadequate sensi-
tivity for this purpose. EMS provider judgment was
not sufficiently sensitive to be used for determining
trauma team activation for pediatric patients.’! In
addition, Mulholland et al.>® found no clear evidence
supporting EMS provider judgment as an accurate
trauma triage method. Lavoie and colleagues®® com-
pared a PHI > 4, high-velocity impact, and EMT judg-
ment and found that combining these three criteria
had a sensitivity of 74.2% for making proper triage
decisions. However, this sensitivity was associated
with a trauma center overtriage rate of 85.1%. While
EMT judgment had the highest single-measure sensi-
tivity, it was inferior to the accuracy of combining
the measures.

Out-of-hospital Decision Rule for Pediatrics. This
rule combines GCS, intrusion into passenger space > 5
inches, and restraint use (yes/no). The rule had a sensi-
tivity of 92% and a specificity of 73% for determining
an injury severity score (ISS) >16.%* The small prospec-
tive validation of the decision rule by Newgard et al.>®
had a sensitivity and specificity of 100 and 73%, respec-
tively, for an ISS > 15 or the need for emergent intuba-
tion, major nonorthopedic operative intervention, death
within 24 hours, or pediatric ICU stay >24 hours.
Unfortunately, 20% of the patients were excluded from
the analysis due to insufficient data.

Revised Trauma Index (RTI). RTI is a derived triage
tool calculated by determining the body region, type of
injury, cardiovascular response, respiratory effort, and
neurologic status. Summing the values of each cate-
gory from 1 to 6 gives a total score ranging from 3
(minor injury) to >20 (critical).’® Smith and Bartholo-
mew®® showed that an RTI of >15 resulted in an
“acceptable” undertriage rate, while obtaining a better
rate for overtriage than the TS, CRAMS, PHI, or MOI
scales.

Field Trauma Triage (FTT). The FTT combines the
PHI with criteria related to MOI in an attempt to
increase the accuracy of trauma triage. A combined
PHI/MOI score had a sensitivity of 78% with a similar
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specificity to the PHI alone for
patients with an ISS of >16.57

identifying those

A Pediatric Triage Rule Combining GCS and Heart
Rate. This rule was determined retrospectively by
combining a GCS < 12 with a heart rate >160 beats/-
min in children. It had a sensitivity of 98.9% and a
specificity of 90.1% measuring morbidity, survival, and
hospital charges.®® While this may be promising, there
is insufficient evidence to know whether it will be an
effective measure when tested prospectively in varying
settings.

DISCUSSION

We conducted a systematic literature search for all
studies evaluating RAMs and OMs that could poten-
tially be utilized in EMS trauma outcomes research. The
studies that met inclusion criteria were then included in
a validated review process carried out by the EMSOP
investigators using the process that has been developed
and used for previous reports for other measures (core
measures, pain, respiratory distress).*” While a large
number of potential measures were identified in the lit-
erature, nearly all of them fell short of the necessary
validity, reliability, and feasibility for use in prehospital
trauma research.

One of the challenges in the development and valida-
tion of useful prehospital RAMs/OMs is that, in classi-
cal outcomes and effectiveness research, these
measures are developed in a setting where patient pop-
ulations have specific medical diagnoses. However, in
the field, patients present with symptoms, complaints,
and/or conditions (e.g., multisystem injury with altered
level of consciousness) rather than diagnoses. Thus, any
attempt to overlay a research typology that is diagno-
sis-driven would be artificial, since EMS providers are
trained to make and act on assessments of presenting
conditions, while diagnoses are established after the
fact. It has been recognized that the mixing of multiple
diagnoses into a condition may introduce substantial
heterogeneity among patients assigned to a specific
group. While this creates a significant challenge in the
evaluation of EMS, it has not prevented meaningful
outcomes research when care has been taken to
develop sound methodologies and proper attention is
paid to this limitation.>%°

Based on the quality of studies and supporting evi-
dence, GCS is the only measure that can currently be
given a strong recommendation for use. GCS was also
recommended in EMSOP III as one of the core mea-
sures to be used broadly, across conditions, in prehos-
pital research (Figure 1).° In this effort, we did not
specifically examine the core measures even though
many of them (e.g., BP) are applicable to trauma. How-
ever, the reasons for including GCS (and provider judg-
ment) in this search/analysis were discussed above.

As with all of the measures that can be quickly
obtained in the prehospital setting, GCS can be used as
both a RAM and an OM. That is, a baseline measure-
ment can be obtained to establish the pretreatment
score (thus being used as a risk adjuster) and then be
used as an OM to assess the effect of an intervention.
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The way that this is applied in prehospital outcomes
research has been described in previous EMSOP
publications.®>*”

It should be noted that the GCS has several limita-
tions including issues with interrater reliability and
inaccuralcy.lg'm'21 In addition, different combinations
that add up to a given total GCS do not necessarily
reflect the same risk and can lead to significantly differ-
ent outcomes. For example, there are three permuta-
tions that give a total GCS of 4. However, the survival
rates vary significantly (m/v/e of 2/1/1 has a survival
rate of 52%, 1/2/1 has a rate of 73%, and1/1/2 a rate of
81%).2” There have also been concerns with the inaccu-
racies of the GCS in intubated and chemically paralyzed
patients. Because of these limitations, simplified neuro-
logic scales have been recommended for use in the pre-
hospital setting. These include the motor score of the
GCS, the SVS, and the SMS.'®1926:27.434% Thege mea-
sures show promise, but require additional prospective
validation before they can be recommended.

Recommendation Category 2 was reached when the
consensus was that a measure was promising, but had
not yet been shown to be valid, reliable, precise, or fea-
sible enough for merit recommendation (Figure 4). One
Category 2 measure deserves discussion (RTS), because
it is used extensively to determine the effectiveness of
trauma care. No doubt, some will question our giving
the RTS a Category 2 recommendation rather than Cat-
egory 1. However, pervasiveness of use was not a crite-
rion considered in our deliberations. Thus, the clearly
identified shortcomings of the RTS prevented it from
being a Category 1 recommendation for EMS use.

We did not consider anatomic scoring measures
(e.g., AIS, ISS, TRISS) that have been used extensively
in trauma research because our objective was to inden-
tify RAMs and OMs that can be obtained and used in
the field. However, it is important to highlight the fact
that these kinds of measures can be linked to the mea-
sures that are obtained in the field. Linking to anatomic
scores and other distal risk adjusters and outcomes will
be essential in the future evaluation of the EMS trauma
care.

It is encouraging that recent investigations conducted
as part of the Ontario Prehospital Advanced Life Sup-
port (OPALS) Study have linked intermediate and distal
outcomes to advanced life support interventions per-
formed in the field.**%¢%° These have included several
measures related to disability (functional measures) and
discomfort: the SF-36, the Cerebral Performance Cate-
gory (CPC), the Health Utility Index Mark III (HUI-III),
the Functional Independence Measure (FIM), and self-
reported symptom relief.5%’® The SF-36 has become a
widely used tool. It is a 36-item survey that was con-
structed to evaluate health status in the Medical Out-
comes Study.”’ The OPALS investigators also published
their methods of determining costs.”>”® They have
reported cost-effectiveness in terms of dollars per life
saved,”* and dollars per quality-adjusted life-year.”
Since EMSOP evaluated the actual feasibility, reliability,
and validity of the measures for prehospital use, these
measures obviously do not apply. However, there are a
growing number of EMS studies that are beginning to
link EMS measures to these intermediate and long-term
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outcomes with the intent of identifying the effects of
prehospital care. Hopefully future studies will add much
to our knowledge of the potential linkage of prehospital
RAMs/OMs to these more complex and robust distal
OMs.

This article underscores a number of important
research issues that need to be addressed in the future:
1) the paucity of RAMs and OMs that have been
clearly shown to be valid, reliable, and feasible in EMS
trauma outcomes research; 2) the absence of any identi-
fied RAMs or OMs for disability, satisfaction, or cost;
and 3) the encouraging fact that there are multiple
measures (Category 2) that show promise for future
research.

LIMITATIONS

First, while the search parameters were very broad, we
cannot be absolutely sure that we have identified all
potentially meaningful measures. We believe that
including full article and reference list review followed
by conducting the entire search again, with the addition
of the RAMs/OMs identified in Phase I, maximized the
likelihood of identifying all pertinent studies. For exam-
ple, the RAPS score did not show up in our initial
review because we did not include the MeSH term
“Severity of Illness Index” originally. However, this
omission was discovered by our secondary review. This
MeSH term was then added, along with other key-
words that corresponded to known trauma scoring sys-
tems, and this resulted in an additional 313 references.
Each of these then underwent the entire structured
review process. The second limitation is that the EM-
SOP methodology depends on the validity of the use of
an expert panel. Such methodologies always raise the
possibility of bias or other attributes that can compro-
mise the validity of the recommendations. However,
both the literature search and the review strategy
followed currently accepted and validated models for
accomplishing such a task and this specific methodol-
ogy has previously successfully undergone the rigors of
peer review.

CONCLUSIONS

Using an explicit, systematic literature search, a previ-
ously published process for structured review of stud-
ies, and consensus expert panel opinion, we
recommend the use of the Glasgow Coma Scale, along
with core measures, as risk adjustment and outcome
measures for prehospital trauma outcomes research.
Our findings highlight the paucity of reliable, validated
risk adjustment measures and outcome measures for
trauma outcomes research in the prehospital setting.
Thus, there is much work to be done in the future in
the exceptionally important endeavor to create a solid
foundation for identifying “what works” in EMS and in
what settings.
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Peer-reviewed Lectures (PeRLs) Are Coming!

Academic Emergency Medicine will be publishing a series of videos of lectures on topics in emergency
medicine. These are intended to represent the state-of-the-art in emergency medicine education.
Residents, practicing physicians, and medical students may use them for didactic education. The videos
will contain both the presented audiovisual materials for the lectures (such as PowerPoint slides) and live

video of the presenter.

STAY TUNED FOR MORE INFORMATION!




