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Hips Can Lie: Impact of Excluding Isolated Hip Fractures on
External Benchmarking of Trauma Center Performance
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Background: Trauma centers (TCs) vary in the inclusion of patients with
isolated hip fractures (IHFs) in their registries. This inconsistent case ascertainment may have significant implications on the assessment of TC performance and external benchmarking efforts.
Methods: Data were derived from the National Trauma Data Bank (2007–
8.1). We included patients (aged 16 years or older) with Injury Severity
Score value ⱖ9 who were admitted to Level I and II TCs. To ensure data
quality, we limited the study to TC that routinely reported comorbidities and
Abbreviated Injury Scale codes. IHF were defined as patients, aged 65 years
or older, injured as a result of falls, with Abbreviated Injury Scale codes for
hip fracture and without other significant injuries. TCs were stratified
according to their reported inclusion of IHF in their registry. Observed-toexpected mortality ratios were used to rank TC performance first with and
then, without the inclusion of patients with IHF.
Results: In total, 91,152 patients in 132 TCs were identified; 5% (n ⫽ 4,448)
were IHF. The proportion of IHF per TC varied significantly, ranging from
0% to 31%. When risk-adjusted mortality was evaluated, excluding patients
with IHF had significant effects: 37% (n ⫽ 49) of TCs changed their
performance rank by ⱖ3 (range, 1–25) and 12% of centers changed their
performance quintile. The greatest change in rank performance was evident
in centers that routinely include IHF in their registries.
Conclusions: Given the fact that IHFs in the elderly significantly influence
risk-adjusted outcomes and are variably reported by TCs, these patients
should be excluded from subsequent benchmarking efforts.
Key Words: Quality improvement, Risk adjustment, Isolated hip fractures,
Trauma center performance, Covariate imbalance.
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E

xternal benchmarking of trauma center (TC) outcomes is
heavily dependent on the quality and comparability of the
data in hospital-based trauma registries. However, great variability exists across trauma registries with regard to the types
of patients who are captured and how their characteristics are
defined.1 Recently, the introduction of the National Trauma
Data Standard (NTDS) has provided registries with a uniform
set of trauma registry variables, associated variable definitions, and a core set of trauma registry inclusion criteria.2 The
NTDS is likely to significantly improve the data quality for
injury surveillance, outcome evaluation, and performance
improvement.
The core set of trauma registry inclusion criteria described in the NTDS is designed to identify patients who
sustain acute traumatic injury, and thereby capture elderly
patients with isolated hip fractures (IHFs). Among patients
aged 65 years or older, up to 47% of injury admissions are
related to IHFs, and patients in this age group represent the
fastest growing segment of the population.3 However, elderly
patients with IHFs differ significantly from the majority of
patients included in trauma registries. Patients with IHF are
neither typically directed to TCs through field trauma triage
criteria nor seen by a multidisciplinary trauma team.4 Furthermore, TCs vary significantly in the inclusion of IHFs in
their trauma registries, which implies their care is not consistently part of TC performance improvement activities.1,5
External benchmarking of TC performance is accurate
if there is a consistent case ascertainment across centers.
Given that case ascertainment of patients with IHFs does not
seem to be uniform, we postulated that this variability might
have significant impact on the ability to compare outcomes
across centers. We set out to evaluate the effect of this
variability in registry inclusion criteria on external benchmarking of TC performance.

PATIENTS AND METHODS
Overall Study Design
We estimated risk-adjusted mortality in centers contributing to the National Trauma Data Bank (NTDB) and expressed “performance” as an observed-to-expected (O:E)
mortality ratio. TCs’ performances were ranked based on the
O:E ratio. We then created separate risk adjustment models
both including and excluding IHFs and evaluated the impact
of excluding IHFs on TC performance ranking. This project
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was reviewed and approved by the St. Michael’s Hospital
Research Ethics Board.

Data Sources and Inclusion Criteria
Data were derived from the American College of Surgeons (ACS) NTDB (version 8.1). Patients (aged 16 years or
older) with an Injury Severity Score (ISS) value ⱖ9 who
were admitted at ACS-verified Level I or Level II TCs and
discharged in 2007 were identified. To ensure data quality,
we limited analysis to centers that routinely reported Abbreviated Injury Scale (AIS) codes and comorbidities. Patients
with gunshot wounds in the head were excluded from the
cohort given their high likelihood of death. Further patients
with burns, asphyxiation, drowning, and overexertion as their
mechanisms of injury were also excluded.

Isolated Hip Fractures
Patients with IHFs were defined as those aged 65 years
or older who were injured as a result of a fall, in whom AIS
codes for hip fracture were present (i.e., 851810.3—intertrochanteric femur fracture, 851812.3—neck femur fracture, and
851818.3—subtrochanteric femur fracture), and who had no
injuries in any other AIS body region expect superficial
injuries. Baseline patient and injury characteristics were compared across IHF and non-IHF patients. In addition, TCs
specify their registry inclusion criteria on submission to the
NTDB allowing the categorization of centers as either those
that routinely do or do not include patients with IHF in their
registry.

Evaluation of TC Performance
We used the O:E death ratios as a measure of performance. The O:E ratio has become a widely used measure of
center performance and is the preferred performance measure
of the ACS National Surgical Quality Improvement Program
and the Trauma Quality Improvement Program.6 – 8 The assessment of performance is then based on comparing a
center’s observed mortality with its risk-adjusted mortality. A
center where the upper limit of the confidence interval of the
O:E ratio is ⬍1 is a low outlier—a good performer. If the
lower limit of the 95% confidence interval is ⬎1, the center
is a high outlier—a poor performer. In addition to identifying
performance outliers, the O:E ratio has been used to rank TCs
based on their risk-adjusted mortality.9
To evaluate the relationship between the inclusion of
patients with IHF and a center’s risk-adjusted mortality, O:E
mortality ratios were used to rank TC performance first with
and then without the inclusion of patients with IHF. Centers
were categorized into performance quintiles after both rankings. We then evaluated TCs’ changes in rank and performance quintile after excluding patients with IHF. A change in
rank of ⱖ3 or a change in performance quintile was considered clinically important.

Statistical Analyses
Means and standard deviations were calculated for
continuous variables, and absolute and relative frequencies
were measured for discrete variables. Proportions were evaluated using the 2 test. In all statistical analyses, p ⬍ 0.05
was considered significant. Separate logistic regression mod1038

els both including and excluding IHF were created. In each
model, the c-statistic (area under the receiver operating characteristic curve) exceeded 0.93 suggesting excellent discrimination. Simple imputation was used in case of missing values
for shock and Emergency Department motor Glasgow Coma
Scale. All data were analyzed using Statistical Analysis
Software (version 9.1; SAS Institute, Cary, NC).

RESULTS
There were 91,152 patients meeting inclusion criteria
discharged from 132 TCs with an overall mortality of 7%
(n ⫽ 6,078). Overall, patients with IHFs accounted for 5%
(n ⫽ 4,448) of the cohort. The proportion of patients with
IHF per TC varied widely, ranging from 0% to 31% (median,
2.5%; interquartile range, 9.6%); 16% (n ⫽ 21) of centers had
no patients with IHF in their trauma registry (Fig. 1).
We categorized TCs based on their reported inclusion
of patients with IHF in their trauma registries. Almost twothird of centers (62%, n ⫽ 82) reported including patients
with IHF in their registries. As each center defined IHFs
slightly differently, two-thirds of centers (n ⫽ 34) that report
routinely excluding patients with IHF had few patients with
IHF. Conversely, five centers (6%) had no patients with IHF
despite their indicating they do not exclude such patients,
suggesting that other registry inclusion criteria were operative
in their exclusion (Table 1).
We compared the characteristics of patients with IHF
with those who were entered into the registries and did not
meet this definition (Table 2). Patients with IHFs were more
likely to be female with a greater number of comorbidities
compared with other patients. They were less likely to be
transferred from another center, and their rate of intensive
care unit usage was one-seventh that of other included
patients. Their mortality was half that of the remaining
population included in trauma registries (3%, n ⫽ 118 vs.
7%, n ⫽ 5,960).
Consistent with the systematic differences in patients
with IHF compared with the other populations included in
trauma registries, there were significant differences in the
populations of patients cared for at centers that included
patients with IHF in their registry compared with those that
did not (Table 3). Centers that included IHF had an older
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Figure 1. The proportion of patients with IHFs across Level I
and II centers.
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TABLE 1.
Criterion

Trauma Center Characteristics by IHF* Inclusion

Trauma
Centers
(n ⴝ 132)
Level
I
II
Teaching status
Yes
No
Governance
For profit
Nonprofit

Include
Patients
With IHF
关n ⴝ 82 (62)兴

Do Not Include
Patients With IHF
关n ⴝ 50 (38)兴

58 (44)
74 (56)

38 (46)
44 (54)

20 (40)
30 (60)
0.57

54 (41)
78 (59)

32 (39)
50 (61)

22 (44)
28 (56)

6 (5)
126 (95)

3 (4)
79 (96)

3 (6)
47 (94)

0.67

*As reported to the NTDB.
Values are presented as n (%).

TABLE 2. Baseline Characteristics of Patients With and
Without IHF
Overall
Non-IHF
IHF
(n ⴝ 91,152) 关n ⴝ 86,704 (95)兴 关n ⴝ 4,448 (5)兴
Gender
Male
Comorbidities
0
1
2
ⱖ3
ICU admission
Transfers
Mortality

p
⬍0.01

60,201 (66)

58,828 (68)

1,371 (31)

57,244 (63)
22,570 (25)
8,636 (9)
2,702 (3)
35,833 (39)
25,943 (28)
6,078 (7)

55,652 (64)
20,938 (24)
7,682 (9)
2,432 (3)
35,549 (41)
25,097 (28)
5,960 (7)

1,592 (36)
1,632 (37)
954 (21)
270 (6)
284 (6)
846 (19)
118 (3)

⬍0.01

⬍0.01
⬍0.01
⬍0.01

ICU, intensive care unit.
Values are presented as n (%).

population, with an overrepresentation of females. Falls were
more frequent in centers that included patients with IHF in
their registries, and the mean ISS was lower at centers that
included such patients. Significantly, lower rates of severe
injuries to the head, chest, abdomen, spine, and upper
extremity as evidenced by the proportion of patients with
AIS value ⱖ3 and motor Glasgow Coma Scale score of ⬍5
were observed in centers that included patients with IHF.
Mortality was slightly but significantly higher in centers
that did not include patients with IHF in their registry.

Relationship Between IHF and TC Performance
By using separate risk adjustment models, TC performance was evaluated using the O:E mortality ratio first
with and then, without the inclusion of patients with IHF.
Excluding patients with IHF had had marked effects on
risk-adjusted mortality. More than three-quarters (78%) of
centers changed their rank after patients with IHF were
excluded from analyses. More than one-third of centers
changed their rank by at least three (37%, n ⫽ 49). Centers
that reported including patients with IHF in their registries
© 2010 Lippincott Williams & Wilkins

TABLE 3. Differences in Case-Mix of Centers That Include
Patients With IHF
Include
Do Not
Patients
Include Patients
Overall
With IHF
With IHF
(n ⴝ 91,152) (n ⴝ 59,289) (n ⴝ 31,863)

p
0.47

Hips Can Lie: Impact of Excluding IHFs

Gender
Male
Age
16–24
25–40
41–54
55–64
65–84
ⱖ85
Injury mechanism
Motor vehicle
crash
Fall
Firearm
Stab
Other blunt
Injury severity by
region
Head AIS ⱖ3
Chest AIS ⱖ3
Abdomen AIS ⱖ3
Spine AIS ⱖ3
Upper extremity
AIS ⱖ3
Lower extremity
AIS ⱖ3
ISS
9–15
16–24
25–47
48–75
mGCS
5–6
3–4
1–2
Shock in ED
SBP ⬎90
SBP ⬎60 to ⱕ90
SBP ⱕ60
Transfers
Mortality

p
⬍0.01

60,201 (66)

38,443 (64)

21,758 (68)

17,662 (19)
20,438 (22)
19,454 (21)
10,328 (11)
18,237 (20)
5,033 (6)

10,955 (18)
12,870 (22)
12,316 (21)
6,689 (11)
12,728 (21)
3,731 (6)

6,707 (21)
7,568 (24)
7,138 (22)
3,639 (11)
5,509 (17)
1,302 (4)

42,637 (47)

26,276 (44)

16,361 (51)

32,498 (36)
4,419 (5)
2,590 (3)
9,008 (10)

22,734 (38)
2,848 (5)
1,599 (3)
5,832 (10)

9,764 (31)
1,571 (5)
991 (3)
3,176 (10)

28,286 (31)
23,660 (26)
5,772 (6)
2,850 (3)
3,229 (4)

17,613 (30)
15,112 (26)
3,567 (6)
1,764 (3)
2,034 (3)

10,673 (34)
8,548 (27)
2,205 (7)
1,086 (3)
1,195 (4)

⬍0.01
⬍0.01
⬍0.01
⬍0.01
0.01

22,677 (25)

16,559 (28)

6,118 (19)

⬍0.01

52,509 (58)
23,117 (25)
14,288 (16)
1,238 (1)

35,277 (59)
14,271 (24)
8,994 (15)
747 (1)

17,232 (54)
8,846 (28)
5,294 (17)
491 (2)

80,271 (88)
1,921 (2)
8,960 (10)

52,448 (89)
1,246 (2)
5,595 (9)

27,823 (87)
675 (2)
3,365 (11)

86,497 (95)
3,021 (3)
1,634 (2)
25,943 (28)
6,078 (7)

56,453 (95)
1,862 (3)
974 (2)
16,320 (27)
3,735 (6)

30,044 (94)
1,159 (4)
660 (2)
9,713 (30)
2,343 (7)

⬍0.01

⬍0.01

⬍0.01

⬍0.01

⬍0.01

⬍0.01
⬍0.01

ED, emergency department; mGCS, motor Glasgow Coma Scale, SBP, systolic
blood pressure.
Values are presented as n (%).

were more likely to have rank changes of ⱖ3 (Fig. 2). To
further evaluate the relationship between TC performance
and the inclusion of patients with IHF, performance quintiles were created first with and then, without the inclusion
of patients with IHF using the O:E methodology. Twelve
percent (n ⫽ 16) of TCs changed their performance quintile after excluding patients with IHF.
1039
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Figure 2. Change in performance rank after excluding IHF.
Each center’s change in performance rank after excluding
patients with IHF is shown. Trauma centers were categorized
based on their reported inclusion of patients with IHF in
their trauma registry. A positive change in rank represents an
improvement in ranking after excluding patients with IHF;
conversely, a negative change in rank represents a worsening in ranking after excluding patients with IHF.

DISCUSSION
External benchmarking of TC outcomes is based on the
premise that the detection of performance outliers will result
in centers identifying opportunities for improvement that
might not have been evident during routine center performance improvement activities.7,8 However, external benchmarking is heavily dependent on data quality and the risk
adjustment methodology used to rank performance. In an
effort to improve data quality, the NTDS was developed, and
trauma registries were provided with a core set of inclusion
criteria and variable definitions. Nevertheless, a subgroup of
patients who does not benefit from the core processes of
injured patient care (e.g., field triage and trauma team activation) and has the potential to substantially influence riskadjusted mortality is captured by the NTDS; IHFs in the
elderly. Further great variability exists regarding the inclusion of IHFs in trauma registries. In a US survey that
evaluated the comparability of state-wide trauma registries,
18 states reported six different exclusion criteria for same
level falls comprised a mix of different age cutoffs, length of
stay, and International Classification of Diseases-9 codes.1 In
addition, in a previous version of the NTDB (version 7), 17%
of TCs included IHFs in those aged 65 years or older in their
registries. Patients aged 65 years or older with IHFs represented between 0% and 44% of the trauma registry population across these centers.5 We set out to evaluate the effect of
this variability in registry inclusion criteria of patients with
IHF on external benchmarking of TC performance.
We identified that there was considerable variability in
the proportion of patients with IHF included in TC registries,
ranging from as low as 0% to as high as 31% of all patients.
Patients with IHF were more likely to have significant comorbidities, lower rates of intensive care unit usage, and
significant lower mortality than the remaining trauma population. When the populations at centers with and without IHF
were compared, the distribution of age, gender, mechanism of
injury, and mean ISS differed significantly. The risk-adjusted
ranking of centers compared with their peers changed markedly after patients with IHF were excluded, with more than
1040

one-third of centers changing their performance rank by ⱖ3
and 12% changing their performance quintile. Centers that
reported including patients with IHF in their registry were
those that evidenced the greatest rank changes.
The above findings are important as it is well documented that covariate imbalance leads to biased risk-adjusted
outcomes.10 –12 Although, intuitively, risk adjustment models
should account for systematic differences in patient characteristics across centers, most modeling approaches are dependent on centers having comparable risk profiles.11 Regression
modeling assumes that there is an overlap of risk distribution.
If a group of centers systematically excludes a population of
patients included at other centers, then this overlap cannot
occur. Expected outcomes for the subgroup of patients only
treated at one center (i.e., no overlap in risk distribution) can
be extrapolated from the overlap group only by using unverifiable assumptions.11
The comparison of risk-adjusted outcomes when covariate
imbalance is ignored is termed as the case-mix fallacy.13 This
theoretical assumption of biased estimates has been widely
discussed in the context of unmeasured confounders.11,13,14
However, IHFs in the elderly are a known and measured factor
that lead to predictable covariate imbalance, particularly if we
acknowledge the known variability in this particular registry
inclusion criterion.
External benchmarking efforts, such as the National
Surgical Quality Improvement Program, have been proven to
be effective in decreasing complications and mortality.7,15
The success of this program can be attributed in part to the
focus placed on data quality and robust risk adjustment
methodologies.16,17 To obtain similar results, homogeneity of
the population used during benchmarking of TC outcomes is
essential to obtain unbiased risk-adjusted outcomes. The
development of the NTDS was an essential first step to
improve data quality. However, given the fact that IHFs in the
elderly significantly influence risk-adjusted outcomes and are
variably reported by TCs, these patients should be excluded
from subsequent benchmarking efforts.
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