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he Committee on Trauma (COT) of the American Col-
ege of Surgeons has been dedicated to improving the quality
f care provided to the injured for more than eight decades. Its
ccomplishments include the Advanced Trauma Life Sup-
ort program, trauma center verification program, trauma
ystems development, performance improvement, and the
ational Trauma Data Bank (NTDB). In October 2006,

he COT embarked upon the Trauma Quality Improve-
ent Program (TQIP) as the next paradigm in improving

he quality of care in trauma. The TQIP group was charged
ith the mandate to “design and test a trauma quality

mprovement program that is validated, risk-adjusted, and
utcomes based, to measure and improve the quality of
rauma care.” In the following sections, we summarize the
urrent status of the program and its future plans for na-
ional rollout.

volution of performance improvement in trauma
he COT has been on the leading edge of performance

mprovement since its inception.Trauma was the first med-
cal specialty to develop regionalized systems of care by
stablishing dedicated trauma centers and to systematically
easure health care outcomes at those centers.1 Recogniz-

ng the limitations of traditionally used peer-review forums
o improve care quality in the complex field of trauma care,
he COT promotes a “systems approach” to improving
uality of care. This approach is based on classical princi-
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les of quality improvement described by Donebedian,
hich define quality in terms of structures, processes of

are, and outcomes.2 Recently, this approach has been ad-
ocated by the Institute of Medicine in a series of landmark
eports on errors in medical care.3,4 Many of the important
ecommendations of these reports are already firmly en-
renched in the trauma performance improvement culture,
ncluding redesigning care processes based on best prac-
ices, using information technology to support clinical de-
ision making, improving knowledge and skills manage-
ent, developing effective teams, coordinating care, and

ncorporating performance and outcomes measures for
uality improvement and accountability.

In 1979, the COT published its first resource document,
itled, “Optimal Resources for the Care of the Injured,” in
hich it emphasized a systems approach to the care of the

njured by listing specific structures and processes that an
cute care hospital must have in place to provide optimal
are to injured patients.5 A critical component of the re-
uired resources is a multidisciplinary performance im-
rovement (PI) process to monitor care and adverse out-
omes and improve compliance with quality of care
ndicators. The resource document has evolved to include
tandards and clinical indicators considered important in
he management of injured patients.

In 1987, this resource document formed the basis for
stablishing the trauma center verification review process,6

hose objective is to improve the quality of care delivered
o injured patients by verifying that the hospitals caring for
uch patients are able to provide resources that are essential
or their optimal care. State (or regional) authorities desig-
ate a hospital as a trauma center based either on COT
erification or on state-specific requirements that are
losely aligned with the COT criteria. The underlying
remise of trauma center designation and verification is
hat standardization of structures and processes of care in
rauma centers will lead to high quality care, improve out-
omes, and minimize institutional variations in quality of
are.

The verification program has identified gaps in trauma

enter resources and helped those centers to correct their

ISSN 1072-7515/09/$36.00
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eficiencies. In the first 5 years of the program, 54 of 124
eviewed hospitals had criteria deficiencies, most com-
only related to their PI programs.7 Most hospitals cor-

ected their deficiencies, underwent a second review, and
ere verified as trauma centers. It has been clearly docu-
ented that patients treated at designated trauma centers

ave lower mortality rates than those treated at undesig-
ated hospitals.8 Because the quality of the PI program
ends to parallel patient outcomes, the COT focuses on
mproving PI program development in trauma centers. To
upport these activities, a PI manual was published in 2002
y the COT Performance Improvement and Patient Safety
PIPS) committee.9

The COT has also been instrumental in outcomes mea-
urement and benchmarking. In 1982, the COT coordi-
ated the Major Trauma Outcome Study to establish na-
ional norms for trauma care which could be used to
enchmark trauma centers.10 The Major Trauma Outcome
tudy database was used to develop the Trauma Injury
everity Score methodology to predict the probability of
urvival of individual trauma patients based on indices of
hysiologic derangement, anatomic injury severity, and
ge, allowing trauma centers to compare their observed
utcomes with those predicted by patients’ clinical status.
ecause of improvements in trauma systems and clinical
are since 1982, Trauma Injury Severity Score parameters
ave become outdated.
In 1989, the COT initiated the NTDB, which aggre-

ates clinical data from individual trauma center registries
n a standardized fashion annually.11 Since 2008, participa-
ion in the NTDB has been mandatory for hospitals seek-
ng American College of Surgeons COT verification. The

TDB has recently developed annual benchmark reports
hat are distributed to participating centers. Although these
eports compare in-hospital mortality and other patient
haracteristics, they do not address differences in case-mix
cross centers, limiting their utility for directing perfor-
ance improvement efforts. But the NTDB contains clin-

cal data elements that allow for adequate risk adjustment

Abbreviations and Acronyms

AIS � Abbreviated Injury Score
COT � Committee on Trauma
NSQIP � National Surgical Quality Improvement Program
NTDB � National Trauma Data Bank
NTDS � National Trauma Data Standard
O/E � observed-to-expected ratio
PI � performance improvement
TQIP � Trauma Quality Improvement Program
VA � Department of Veterans Affairs
hat would increase the value of interfacility comparisons n
nd make external benchmarking possible. Such an ap-
roach has been used successfully by the National Surgical
uality Improvement Program (NSQIP), leading to COT

nterest in applying NSQIP methodology to the NTDB.
emmila and colleagues12 tested a Trauma Quality Im-

rovement Project (TQIP) in a single trauma center, draw-
ng on the experience of NSQIP to improve the quality of
rauma care. In addition, the TQIP group of the COT
tudied whether variations in outcomes exist among veri-
ied trauma centers after appropriate risk adjustment. The
tudy found that trauma centers reporting to the NTDB
isplayed considerable variation in risk-adjusted mortality,
espite being verified as having optimal resources (Fig. 1).13

uality chasm in trauma
nstitutional variations in management of several dis-
ases and patient outcomes are well known.14-17 Concep-
ually, these variations have two components: one is attrib-
table to differences in patient populations, and the second

s attributable to quality of care provided at each institu-
ion, which is determined by structures and processes of
are. Structural variables, which are based on the setting
nd attributes of the system in which care is delivered, may
nclude hospital-level variables (eg, hospital volume, ICU
taffing, etc.) or attributes of individual providers (eg, sur-
eon volume, subspecialty training). Structural variables
o not affect patient outcomes directly, but exert their ef-
ects by influencing processes of care. Important processes
f trauma care include initial resuscitation, early identifi-
ation of injuries and their definitive operative and nonop-
rative treatment, protocols to minimize complications,
nd early identification of complications, along with timely
nd effective interventions to manage them.

From 1991 to 2002, the number of verified and desig-

igure 1. Institutional variations in outcomes of trauma patients
rom Level I and II trauma centers.37
ated trauma centers in the country has increased from 471
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o 1,154.18 Approximately 500 are designated Level I and II
rauma centers.18 As discussed earlier, considerable variabil-
ty in risk-adjusted mortality rates exists across trauma cen-
ers, with some centers achieving significantly better (or
orse) outcomes than others.13,19,20 Persistence of institu-

ional variations in patient outcomes after robust risk ad-
ustment suggests that variations in patient outcomes are a
esult of differences in quality of care between hospitals and
ot from differences in patient characteristics.

ational Surgical Quality Improvement Program and
ts application to trauma
he NSQIP, created in 1994, is the best known effort to

mprove the quality of surgical care using a systems ap-
roach.21,22 The NSQIP compares observed mortality and
orbidity rates at each hospital with a rate that is expected

y its patient mix, ie, risk adjusted for factors such as age,
urgical disease and its severity, comorbidities, etc. For each
ospital, a ratio of observed-to-expected (O/E) mortality is
alculated (with its 90% confidence intervals) and plotted
n a chart along with the results from all other VA hospi-
als. This allows each hospital to easily compare its risk-
djusted performance to those of other participating hos-
itals. Data are abstracted from patient charts by trained
linical nurses using standard tools and definitions and are
ubmitted to a central repository for validation and analy-
is. The results are shared with each hospital regularly in
he form of comparative, site-specific, and outcomes-
ased semiannual reports. In addition, best practices are
dentified by structured site visit comparisons of low
utlier status (low mortality) with high outlier (high
ortality) institutions, and these practices are dissemi-

ated. Since the inception of NSQIP, the 30-day postop-
rative mortality and morbidity in the Department of Vet-
rans Affairs (VA) system have declined by 27% and 45%,
espectively.23 The initial success of NSQIP in the VA sys-
em led to its expansion into non-VA private hospitals un-
er the leadership of the American College of Surgeons.24-26

The NSQIP methodology offers advantages over the
urrent benchmark reports to trauma centers by the
TDB. These lessons may be incorporated as COT de-

elops a risk-adjusted benchmarking system for trauma
enters in the form of TQIP. First, the NSQIP uses a uni-
orm set of data points and definitions that are standardized
or all centers. Second, the NSQIP relies on dedicated sur-
ical clinical nurse reviewers to abstract the data from the
atient chart. Third, only one software program is used to
ollect and aggregate the data, which eliminates errors.
ourth, the data collected are validated through periodic
ite visits and inter-rater reliability audits. Fifth, an impor-
ant feature of NSQIP is its online report capability. Par-

icipating centers can extract their own data and compare it q
ith data from a cohort of their choosing. These online
eports allow hospitals to explore potential reasons for their
/E mortality ratios by drilling down into detailed raw

ata.

he Michigan experience
n 1999, the University of Michigan participated as an
nitial center in the expansion of NSQIP to non-VA
ospitals.27 Hemmila and associates12,28 applied NSQIP
rinciples to collecting data and assessing outcomes for
ll adult patients admitted to the trauma service at the
niversity of Michigan starting in August 2004. Inclu-

ion criteria for data collection were: all deaths in the
mergency department or hospital, age 18 years or
reater, Injury Severity Score greater than 5, and length
f stay greater than 24 hours. The NSQIP data elements
nd definitions were reviewed for trauma relevance and
emoved or modified as necessary for trauma nuances. A
ew trauma-specific data points were also added. Data
ere collected by a physician assistant trained by NSQIP

or data abstraction.
Findings showed that trauma patients had fewer comor-

id conditions on admission compared with the NSQIP
eneral surgery patients. Although all comorbid conditions
sed in NSQIP were collected and analyzed, most of these
ovariates did not improve the risk adjustment model for
ortality. Conversely, trauma patients experienced a sig-

ificantly higher rate of some complications such as pneu-
onia, urinary tract infection, bleeding requiring transfu-

ions, and deep venous thrombosis. Most importantly,
rauma patient data collected using the NSQIP methodol-
gy demonstrated markedly higher rates of almost every
omplication studied when compared with 2004 data for a
imilar cohort of patients from Level I trauma centers in the
TDB. This suggests that complications may be under-

eported in NTDB. Another finding of the Michigan study
as that significant amounts of admission laboratory data

hat are commonly collected by NSQIP were not obtained
3% to 40%) because many patients who were either rela-
ively noninjured or very severely injured did not have
lood samples drawn. In addition, the data analysis showed
hat many of these laboratory parameters did not improve
he mortality risk adjustment model in trauma patients. So
he Michigan study recommended that collection of labo-
atory parameters for risk adjustment be deemphasized or
liminated in TQIP. These findings highlight the need for
QIP data collection and risk adjustment to be trauma

pecific. Trauma patients, in general, are young and healthy
efore injury, so they require fewer data elements for ade-

uate risk adjustment.
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rauma Quality Improvement Program description,
hallenges, and strategies
QIP represents a collaborative effort involving input from

everal groups within the COT. The NTDB subcommittee
as experience in data collection and reporting, the Perfor-
ance Improvement and Patient Safety subcommittee

dentifies and promulgates best practices, and the Out-
omes subcommittee defines relevant outcomes for bench-
arking. TQIP may provide an opportunity for the Veri-

ication Review Committee to objectively assess the
mportance of various verification criteria to patient out-
omes. So, the TQIP will use the cumulative expertise of
he COT membership to accomplish its goals.

Perhaps the single most important impediment to valid
xternal benchmarking and interfacility comparison is the
uality of data because of variation in patient inclusion
riteria, data collection practices, and data field definitions.
lthough statistical models can be developed to adjust for
ifferences in case mix across centers, these models must be
ased on valid and reliable data to ensure that similar pop-
lations of patients are compared across trauma centers.
he introduction of the National Trauma Data Standard

NTDS) in 2008 assures that chart abstractions across hos-
itals are based on the same standard data definitions and
ource hierarchy.29 We also need information about pro-
esses of care that is more detailed than ICD-9 procedure
odes. This understanding requires development of specific
rocess of care variables, their definitions, source hierarchy,
nd a data collection module. Finally, indicating to a
rauma medical director that his or her center is a poor
erformer might do little to change practice. To be effec-
ive, the TQIP will allow centers to interact and share best
ractices.These all represent challenges to the development
f TQIP. Some possible solutions to overcome these chal-
enges are described in detail below.

ata collection
QIP data will be collected using the existing trauma reg-

stry mechanisms at trauma centers rather than through a
arallel data collection infrastructure. Most of the informa-
ion required for TQIP reporting is included in existing
TDB data fields. Because the majority of institutions use

oftware produced by relatively few vendors, COT will
ork with the vendors to expand current data collection to

nclude relatively few additional fields proposed for TQIP.
he centers will transfer the data to NTDB annually for

eporting purposes. TQIP will then extract data from
TDB after they have gone through internal validation

nd logic checks. In addition, centers will be required to
ransfer data on a quarterly basis to allow for monitoring of

ata quality, completeness, and case accrual. a
ata standardization
enchmarking requires standardization of data collec-

ion methodologies across all centers. Although data col-
ection for the purposes of maintaining a trauma registry
s routine in trauma centers, the ability to interpret data
cross centers is compromised by two major factors.
irst, the source documents for data abstraction are not
ell defined and vary across centers. Second, centers
ay use definitions inconsistently for comorbidities

critical for risk adjustment) and complications (as one
f several outcomes measures). There is no evidence to
uggest there is uniformity of capture across centers. In
act, experience from the Michigan study (see above)
uggests significant under-reporting of complications in
xisting trauma registry data.12,28

To improve standardization, TQIP requires the use of
he NTDS, which also includes a source hierarchy to guide
egistrars on approaching conflicting or absent data.29 To
ssure data standardization, registrars from TQIP partici-
ating institutions will be required to attend a training
ourse on the NTDS and source hierarchy, and will be
equired to participate in quarterly educational activities.
he training will include hands-on data abstraction from

ample charts. Successful completion of the course and
ample abstraction process will be necessary prerequisites
or participating in TQIP. After the initial course, data ab-
tractors will be required to participate in quarterly educa-
ional activities through a combination of conference calls
nd Web-based seminars. A listserv for communications,
ulletins, and updates will also support the registrars be-
ween course updates. These activities will be supple-
ented with an annual TQIP meeting to allow the partic-

pants to share their successes.

ata validation
nternal validation of the collated registry data that com-
rise the NTDB occurs through range and logic checks
nd evaluation for improbable values. External valida-
ion, however, would provide greater quality assurance.
n a previous external validation study, we reabstracted
0 randomly selected charts from 10 centers participat-
ng in the National Sample Project (Goble S and col-
eagues, unpublished data, 2008). Although concor-
ance was excellent for data that were easily attainable
such as dates, gender), several issues with data quality
ere identified, including missing or incomplete data

elating to Glasgow Coma Scale scores and relevant
ualifiers (intubation, sedation, paralysis); differences in
he first systolic blood pressure and respiratory rate; rel-
vant differences in the lengths of stay (ICU or hospital);
nd variable recording of complications, comorbidities,

nd diagnoses. These discrepancies were not always from
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egistrar error or differences in interpretation, but were
ometimes introduced when data were submitted from
he facility’s registry to NTDB as a result of mapping the
enter’s registry data fields to NTDB data fields.

There are several relatively easy solutions to enhance
ata quality. Adoption of the NTDS will address errors
elated to use of different sources of information to find the
ata (eg, physician versus nursing notes) and mapping er-
ors to the NTDB fields. Registrars from participating cen-
ers will be required to undergo training described above.
n addition, institutions might be asked to submit a series
f test records from the sample charts to identify data map-
ing errors that should be corrected before data submis-
ion. It is noteworthy that there was a very high degree of
nter-rater reliability among the trained abstractors in the
xternal validation study, suggesting that with education
nd the improvements in mapping, data quality should
mprove.

In addition to these changes, trauma centers participat-
ng in TQIP will be required to undergo external validation
f their data every 3 years to ensure that all patients eligible
or inclusion are included (complete case ascertainment)
nd that the submitted data accurately represent the data in

able 1. Trauma Quality Improvement Program Process of C
ndicator and measures

raumatic brain injury
Indicator: ICP monitoring in severe TBI within 8 h of ED

arrival
Measure: Proportion of cohort with ICP monitoring within 8

hours of arrival

emorrhage control
Indicator: Time to hemorrhage control
Measures: Time to hemorrhage control, Proportion of

patients within cohort in whom hemorrhage control
initiated within 2 h of ED arrival

racture management
Indicators: Time to operative fixation, Time to irrigation and

debridement of long bone fractures (open only)
Measures: Time to first definitive fixation, Time to last

definitive fixation (if �1 fracture)
enous thromboembolism prophylaxis
Indicator: Pharmacologic VTE prophylaxis on or before day 3
Measure: Proportion of patients within cohort with

pharmacologic prophylaxis by calendar day 2 without IVC
filter placement

IS, Abbreviated Injury Scale; ED, emergency department; GCS, Glasgow C
lood cells; SBP, systolic blood pressure; TBI, trauma brain injury; TQIP, Tra
he medical record. N
ew data elements for the Trauma Quality
mprovement Program
he NTDS allows collection of baseline demographics,

njury severity, and selected outcomes. To provide a better
nderstanding of the elements that lead to differential out-
omes across centers, TQIP is currently evaluating a series
f process measures in collaboration with appropriate sub-
pecialists (such as orthopaedics and neurosurgery) and the
erformance Improvement and Patient Safety subcommit-
ee. Examples of some process measures under consider-
tion and the specific cohort of patients to whom they may
pply are shown in Table 1. These process measures man-
ate addition of new data fields in registry software, addi-
ional registrar training and data collection to capture the
ndicators, and where necessary, the reason for a different
rocess when the ideal cannot be achieved. For example,
harmacologic prophylaxis to prevent venous thromboem-
olism might not be appropriate if hemorrhage control has
ot been adequately addressed.

rauma Quality Improvement Program patient
nclusion criteria
nclusion criteria for the NTDB are described in the

Measures
Cohort

st GCS within the first 24 h � 8 OR Best motor score � 3 within
the first 24 h

D one of:
normal CT brain (hematoma, contusion, swelling, herniation,
compression of basal cisterns)
R
rmal CT brain AND (Age � 40 y OR SBP �90 mmHg on ED
arrival) OR posturing (GCS motor � 2, 3)
west SBP in ED � 90 mmHg OR base deficit within 4 h of ED
arrival ��6
D

ceived 4 units of PRBCs (or �1 L cell saver) within 4 h of ED
arrival
D
morrhage control required (laparotomy, thoracotomy, sternotomy,
angiography � embolization, major peripheral vascular procedure)
S � 3, fracture long bone (femur, tibia, humerus, radius, ulna)
OR pelvis OR spine

l patients meeting TQIP inclusion criteria (AIS � 3 injury)

Scale; ICP, intracranial pressure; IVC, inferior vena cava; PRBC, packed red
Quality Improvement Program; VTE, venous thromboembolism.
are
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TDS and include any patient with at least one injury
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iagnosis code (ICD-9CM 800-959.9) excluding late ef-
ects of injury, superficial injuries, and foreign bodies.29 In
ddition, patients must be admitted (defined by the
ospital-specific trauma registry inclusion criteria), trans-
erred from another institution, or have died as a result of
heir injury. But there is significant variation across hospi-
als in inclusion criteria such as the duration of admission
hat mandates registry inclusion, the inclusion of isolated
ip fractures in the elderly, and the inclusion of patients
ead on arrival.30 These differences would create significant
hallenges with risk adjustment. Adoption of NTDS will
inimize these variations.
To mitigate these concerns, we chose to narrow the pop-

lation so virtually all patients meeting TQIP inclusion
ould meet inclusion for each facility’s trauma registry.
he inclusion and exclusion criteria are listed in Table 2.
rom this population, only three distinct cohorts of pa-
ients will be included in TQIP as follows:

. Blunt multisystem injury: Blunt trauma with injuries of
Abbreviated Injury Score (AIS) � 3 in at least two of the
following AIS body regions: head, face, neck, thorax,
abdomen, spine, or upper and lower extremities.

. Penetrating truncal injury: Penetrating trauma with in-
juries of AIS � 3 in one of the following AIS body

able 2. Trauma Quality Improvement Program Inclusion an
nclusion criteria (must meet all of the following criteria)

Age � 16 y
One valid trauma ICD-9 code in the range of 800–959.9, exclud

foreign bodies (930–930.9).
Primary mechanism of injury classified as either blunt or penetrat

Blunt is defined as an injury in which the primary E-code is m
pedestrian, cyclist, and struck by or against.

Penetrating is defined as an injury in which the primary E-cod
Severely injured patients with at least one AIS � 3:

For blunt injuries: At least one injury in any of the following A
and lower extremity.

For penetrating injuries: At least one AIS � 3 injury in any of
Calculated Injury Severity Score (ISS)* � 9
ED discharge disposition and hospital discharge disposition must

xclusion criteria
Gunshot wound to the brain defined by E-codes: E922.0–.9 E95

code in the range: 800 –801.99, 850–854.1.
Comorbidity: Preexisting advanced DNR directive to withhold li
Isolated hip fracture in the elderly defined as an ICD-9 code in th

extremity with an AIS � 2 AND age � 65 y.
Dead on arrival.

Estimated using ICD-9 map.
IS, Abbreviated Injury Scale; DNR, do not resuscitate; E-code, external m
lassification of Diseases.
regions: neck, chest, or abdomen. a
. Blunt single system injury: Blunt trauma with injuries
of AIS � 3 limited to only one AIS body region, with all
other body regions having a maximum AIS � 2.

The rationale for taking this approach is threefold. First,
ach cohort challenges different aspects of clinical care,
anging from prompt assessment and surgical intervention
o multidisciplinary coordination. Second, because patient
opulations might be differently represented at different
rauma centers, it is important to provide an opportunity
or benchmarking that would assure relevance to each par-
icipating facility. Last, differential outcomes across the
hree cohorts for a particular center in relation to other
enters would provide a means to better focus performance
mprovement efforts.

rauma Quality Improvement Program outcomes
QIP will focus on in-hospital mortality as the primary
utcome. Although death is easy to capture as a marker of
rauma center performance,31-33 survival to discharge alone is
nadequate to evaluate all aspects of care that may be targeted
o improve quality of care. Other outcomes may include
0-day or longer mortality, compliance with evidence-
ased processes of care, complications, longterm functional
utcomes, and quality of life.

A complication is defined as any event that deviates from

clusion Criteria

te effects (905–909.9), superficial injuries (910–924.9), and

to the following categories: fall, machinery, motor vehicle traffic,

apped to the following categories: cut/pierce and firearm.

dy regions: head, face, neck, thorax, abdomen, spine, or upper

llowing AIS body regions: neck, thorax, and abdomen.

nown.

4 E965.0–4, E979.4 E985.0–.4 E970 AND at least one ICD-9

taining interventions.
ge of 820.0–821.9, AND all other injuries outside the lower

ism of injury ICD code; ED, emergency department; ICD, International
d Ex

ing la

ing:
apped

e is m

IS bo

the fo

be k

5.0–.

fe-sus
e ran
n anticipated uneventful recovery from illness or surgery.5
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omplications that may be used for measuring quality of
are should be important, ie, may increase the risk of death
r disability, extend length of stay, or require additional
rocedures or treatments. In addition, all institutions must
dopt uniform definitions and consistent methodology for
creening patients for those complications. The top 10
omplications identified in the NTDB are pneumonia, uri-
ary tract infection, myocardial infarction, ARDS, coagu-

opathy, wound infection, skin breakdown, aspiration
neumonia, cardiac arrest, and renal failure.34 The TQIP
roup is currently working with other subcommittees of
he COT to develop uniform, evidence-based definitions
f trauma-related complications.

Processes of care refer to how care is delivered to the
atients when they are hospitalized. If the appropriate pro-
esses of care are in place, complications are reduced and
utcomes are improved.35 The Centers for Medicare and
edicaid Services are partnering with physicians and hos-

itals on a broad array of quality and safety outcomes and
rocesses. One example is the Surgical Care Improvement
roject,36 whose goal is to use evidence-based processes to
educe surgical complications by 25% over the next 3
ears.36 It is not clear if compliance with Surgical Care
mprovement Project measures will improve quality of
rauma care. Interestingly, in a study recently performed by
hafi and colleagues,37 there was no relationship between
ompliance with several Centers for Medicare and Medic-
id Services quality indicators and risk-adjusted trauma
ortality rates, probably because current Surgical Care Im-

rovement Project measures are not relevant to trauma pa-
ient populations. The TQIP group is currently looking to
dentify evidence-based processes of care that are relevant
o common injuries and complications (Table 1).

The most important outcome may be the patient’s abil-
ty to return to his or her preinjury functional status and
uality of life. Several studies have shown that trauma pa-
ients suffer from significantly lower quality of life after
njury compared with population norms.38,39 Although he

utcomes Committee of the COT recommends using
F-36 to assess quality of life post-trauma,40-42 these data
re currently not captured by trauma registries. So TQIP
ill not be able to use functional outcomes or quality of life
easures at this time.

rauma Quality Improvement Program benchmark
eports (Appendix 1, online only)
he outcomes of interest for the purposes of TQIP bench-
arking will include in-hospital mortality, rates of selected
orbidities (complications), and rates of adherence to the

rocess measures listed in Table 1. Statistical modeling for
he purposes of risk adjustment will be performed by COT

tatisticians. Predictive models will be developed to allow v
or the assessment of expected rates of outcomes based on
nstitutional case mix. The covariates and relevant coeffi-
ients for the risk adjustment models will be reevaluated
nd published every year to assure transparency.

Annual reports to participating trauma centers will pro-
ide information on the centers’ O/E mortality ratios, with
heir 90% confidence intervals. If the O/E ratio with its
0% confidence interval excludes unity, then the institu-
ion will be considered an outlier. Centers might be high
utliers (O/E ratio � 1, suggesting higher than expected
eaths) or low outliers (O/E ratio � 1, suggesting fewer
han expected deaths), given their case mix. Centers with
/E ratios with 90% confidence intervals overlapping 1

suggesting as many deaths as expected) will be considered
ptimal performers. O/E ratio statistics will be provided in
ggregate for all patients and for each of the three cohorts to
dentify where institutions excel and where opportunities
or improvement exist. It is important to emphasize that
mall number of patients from a trauma center may lead to
ide confidence intervals.
Selected complications will also be used for external

enchmarking. Complications will be presented to each
enter along with the average rate across centers to allow for
rude interfacility comparisons. Although the NTDS list
f complications is relatively comprehensive, it is likely that
ot all complications are worthy of reporting. Our goal is
o focus on those that might increase length of stay or
ortality attributable to their occurrence as discussed ear-

ier. One possible outcome may be a morbidity burden for
ach patient, which is a weighted sum of the complications
xperienced by the patient. Risk-adjustment models would
e developed to predict an expected weighted morbidity
urden for each facility, which can then be compared across
enters.

The selected outcomes and process measures will be re-
iewed on an annual basis. New or additional outcomes
ill be considered if there is evidence that data capture for

he outcome of interest is possible and covariates for risk
djustment are available and free of bias.

rauma Quality Improvement Program pilot study
pilot study of TQIP including 23 centers was initiated in

008. Centers submitted calendar year 2007 data to
TDB using the existing mechanisms for data submission.
his pilot provided an opportunity to identify specific is-

ues that related to TQIP implementation, such as data
uality and mapping (described earlier). The findings were
sed to develop relevant educational programs for the reg-

strars to improve validity and reliability of the data col-
ected. Because the data used in the TQIP pilot study were
ollected before the registrars’ training, the pilot data pro-

ided a baseline measure of data quality that can be moni-
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ored for improvement. The pilot study also enabled the
articipating centers and NTDB to troubleshoot technical
ssues that had affected NTDB data quality in past years.
inally, the pilot study was used to develop the format of
he annual TQIP reports. The first set of TQIP benchmark
eports based on admission year 2007 has been sent to all
articipating centers for feedback to inform the next phase
f the study.

rauma Quality Improvement Program
mplementation plan
n 2009, we will invite greater participation of Level I and
I trauma centers. By 2010, we hope to have approximately
0 centers involved in the program. The program will be
radually expanded over the next few years. Participating
enters will be required to train their registrars as described
arlier. TQIP benchmark reports based on 2008 data will
e sent to pilot centers by the end of 2009. Beginning in
010, we will also develop and test the TQIP fields that will
apture the processes of care described above. It is antici-
ated that the costs for participation will be relatively low
up to $10,000 per annum for each center), which should
ot pose a significant impediment to participation.

uality improvement through the Trauma Quality
mprovement Program (Fig. 2)
QIP will provide several opportunities for quality im-
rovement to participating facilities. These will include
nnual reports to individual centers, annual meetings, and
ite visits. Reports will benchmark the trauma center to
ther centers using risk-adjusted outcomes while maintain-
ng the anonymity of the other centers. Ability to compare
ne’s performance with that in other trauma centers should
rovide a strong incentive for improvement to high outli-
rs, as shown by NSQIP. In essence, a trauma center’s O/E
atio can be thought of as representing a “dashboard warn-
ng light” that will warrant a “look under the hood” to
dentify opportunities for improvement. Structured site
isits will be undertaken on request from individual trauma
enters to help them identify structural, procedural, and
ultural characteristics that may affect their performance.
ite visits to best performing centers may be used to iden-
ify their institutional characteristics that help them
chieve best outcomes. AnnualTQIP meetings will provide
forum for exchange of research findings, training inTQIP
rocedures, and dissemination of quality improvement
rograms. Finally, TQIP will provide several opportunities
or research to improve quality of care such as improved
ethodologies for benchmarking, identifying institutional

tructures and processes of care that affect outcomes, esti-

ating relationships between morbidities and mortality,
olume-outcomes relationships, and causes of death and
omplications in high versus low outliers.

ummary of Trauma Quality Improvement Program
he fundamental objective of the TQIP of the COT is to

mprove quality of trauma care through robust risk-
djusted benchmarking of trauma centers. To accomplish
his objective, the COT is undertaking several steps to col-
ect valid and reliable data, provide timely and appropriate
eedback to trauma centers, and identify interventions that
ay improve patient outcomes, as summarized below:

. All verified or designated Level I and II trauma centers
will be eligible for voluntary participation in TQIP.

. Registrars from participating trauma centers will be re-
quired to undergo continuing training to ensure valid-
ity, reliability, accuracy, and completeness of data.

. Data will be collected by the participating trauma cen-
ters and sent annually to NTDB through existing

Figure 2. Trauma Quality Improvement Program.
mechanisms. Relatively few (10 to 15) additional data
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elements will be needed for TQIP that are not currently
collected by the NTDB.

. Data submitted by each trauma center will be validated
both internally and externally.

. Three specific cohorts of patients with AIS � 3 will be
eligible for inclusion in TQIP: blunt multisystem inju-
ries, penetrating truncal injuries, and blunt single sys-
tem injury.

. Risk-adjusted observed-to-expected in-hospital mortal-
ity ratios, rates of selected morbidities (complications),
and rates of adherence to the process measures and mor-
bidity ratios will be calculated for each center using
robust statistical techniques.

. Each center will receive an annual confidential TQIP
report benchmarking its outcomes to other trauma cen-
ters. It is expected that TQIP reports will encourage
trauma centers to identify opportunities for improve-
ment in their practices that may improve patient
outcomes.

. Quality improvement will occur through annual TQIP
reports to individual trauma centers, annual TQIP
meetings, site visits to trauma centers, and through re-
search to identify new and innovative approaches to
improve outcomes of trauma patients.
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ppendix 1: Sample Benchmark Report
cover page only)

ate xx/xx/xxxx

acility ID xxxxx

ear TQIP Pilot Participant:

Thank you for participating in the pilot study of the
rauma Quality Improvement Program (TQIP) of the
merican College of Surgeons - Committee on Trauma

COT). We have enclosed a report that presents your
rauma center’s risk-adjusted mortality along with the
ther 22 participating centers based upon data with hospi-
al arrival year of 2007. The ratio of observed number of
eaths to the expected number of deaths (O/E ratio) is used
or this analysis. The expected number of deaths was de-
ived from a statistical model that allows us to estimate the
umber of deaths based upon the characteristics of the
atients at your institution. We report the O/E ratio along
ith the 90% confidence intervals (CI). A 90% CI indi-

ates that we are 90% certain that the true O/E ratio falls
ithin this range. The inclusion criteria, statistical meth-
dology, a guide to the interpretation of findings, and lim-
tations of this analysis are described in detail in the at-
ached document.

In summary, the observed-to-expected mortality ratio of

ata qualifying into TQIP with admission year 2007 at
our trauma center was less than 1.0 as depicted by the
ed bar in the diagram. This suggests that the patients
reated at your trauma center were at lower risk of dying
han expected from their baseline characteristics and
njury severity.

Thanks again for your participation in TQIP. Please feel
ree to contact us with any concerns or questions.

Trauma Quality Improvement Program (TQIP)

ACS Committee on Trauma
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