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Abstract

Introduction: The Score for Trauma Triage in the Geriatric and Middle-Aged (STTGMA) is a validated mortality risk score that
evaluates 4 major physiologic criteria: age, comorbidities, vital signs, and anatomic injuries. The aim of this study was to investigate
whether the addition of ASA physical status classification system to the STTGMA tool would improve risk stratification of a
middle-aged and elderly trauma population. Methods: A total of 1332 patients aged 55 years and older who sustained a hip
fracture through a low-energy mechanism between October 2014 and February 2020 were included. The STTGMA and
STTGMAASA mortality risk scores were calculated. The ability of the models to predict inpatient mortality was compared using
area under the receiver operating characteristic curves (AUROCs:s) by Delong’s test. Patients were stratified into minimal, low,
moderate, and high risk cohorts based on their risk scores. Comparative analyses between risk score stratification distribution of
mortality, complications, length of stay, ICU admission, and readmission were performed using Fisher’s exact test. Total cost of
admission was fitted by univariate linear regression with STTGMA and STTGMAASA. Results: There were 27 inpatient mor-
talities (2.0%). When STTGMA was used, the AUROC was 0.742. When STTGMAASA was used, the AUROC was 0.823.
Delong’s test resulted in significant difference in predictive capacity for inpatient mortality between STTGMA and STTGMAASA
(p = 0.04). Risk score stratification yielded significantly different distribution of all outcomes between risk cohorts (p < 0.01).
STTGMAASA stratification produced a larger percentage of all negative outcomes with increasing risk cohort. Total hospital cost
was statistically correlated with both STTGMAASA (p < 0.01) and STTGMA (p = 0.02). Conclusion: Including ASA physical
status as a variable in STTGMA improves the model’s ability to predict inpatient mortality and risk stratify middle-aged and
geriatric hip fracture patients.
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more cost-effective strategies for managing patients with hip
fractures are sought.

The ASA physical status (ASA-PS) classification system
categorizes a patient’s physiological status immediately prior

Introduction

With average life expectancy increasing and our population
continuing to age, the incidence of hip fractures in the United
States is expected to reach between 500,000 and 1 million
annually by 2050." Due to the significant morbidity and mor-
tality associated with these injuries, some have labeled its

increasing occurrence a major public health problem.? Addi-
tionally, hip fractures carry a significant economic burden sec-
ondary to the long hospital stays and subsequent months of
rehabilitation often required.> In the United States, hip frac-
tures are estimated to cost the healthcare system between $10.3
and $15.2 billion annually.* With healthcare costs increasing,
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to surgery.’ Recent studies have shown ASA-PS is also a good
predictor of inpatient mortality in the trauma population.®” In
the orthopedic trauma population, several studies have demon-
strated ASA-PS predicts readmissions, length of stay, and hos-
pital costs.®'® The ASA-PS system assigns patients a score
from ASA 1 to ASA 6 based on the presence and severity of
disease. In order to determine the score, clinicians take into
account clinical factors including medical comorbidities,
recent trauma, obesity, smoking status, alcohol use and whether
the operation is required for survival.’ Critics argue that ASA-
PS scores are inconsistently assigned between clinicians, but a
recent study demonstrated strong inter-rater reliability in ortho-
pedic trauma patients.''

The Score for Trauma Triage in the Geriatric and Middle-
Aged (STTGMA) is also a risk assessment tool, validated to
predict inpatient mortality risk in orthopedic trauma patients
55 years and older.'? The STTGMA tool calculates a mortality
risk score using clinical data available when the patient first
presents including the patient’s age, comorbidities, injury
severity, and Glasgow Coma Scale (GCS).'? Given the success
of STTGMA and ASA-PS in predicting patient outcomes, we
are interested in whether including ASA-PS as a variable in the
STTGMA score improves the model’s ability to predict inpa-
tient mortality, complications and cost in patients who sus-
tained a hip fracture. Secondarily, we will assess how
STTGMA compares to ASA-PS in predicting these outcomes.

Materials and Methods
Patient Characteristics

An Institutional Review Board approved geriatric trauma data-
base was queried for any patient aged 55 and older who sus-
tained a hip fracture through a low-energy mechanism of injury
(defined as a fall from standing or from less than 2 stairs).
Additional inclusion criteria for study analysis was assignment
of an ASA-PS score and presence of an intertrochanteric,
femoral neck, or subtrochanteric hip fractures [OTA/AO frac-
ture classification 31A, 31B, and 32(A-C)]. Patients presenting
with periprosthetic fractures were excluded from analysis.
Between October 2014 and February 2020, all patients from
1 of 4 hospitals within a single academic medical center were
analyzed.

Information regarding baseline demographics, injury status
at presentation, and index hospitalization was retrospectively
reviewed through electronic medical records. All patients who
met inclusion criteria were included in the final study analysis.
Demographic variables collected included patient sex, age,
race, preinjury ambulatory status, comorbidities as measured
by the Charlson Comorbidity Index without age adjustment
(CCI), and ASA-PS score. Injury status comprised of the
GCS and Abbreviated Injury Severity score for the head and
neck (AIS-HN), chest (AIS-C), and pelvis and extremity
(AIS-EXT). Aside from sex, race, AIS-EXT, and ASA-PS
score these variables comprise the low-energy STTGMA score.

Hospital quality measure such as length of stay (LOS), LOS
longer than the median 6-day LOS, need for intensive care unit
(ICU), and discharge location were reviewed. Minor complica-
tions reviewed during index hospitalization included acute
renal failure, acute kidney injury, surgical site infection, decu-
bitus ulcer, urinary tract infection, acute anemia. Major com-
plications reviewed during index hospitalization included
sepsis, pneumonia, acute respiratory failure, myocardial infarc-
tion, cardiac arrest, stroke, deep vein thrombus, and pulmonary
embolism. Cost data was obtained for 1 of the 4 hospitals
involved in the study. After index hospitalization, patients were
followed for mortality and readmission at 30 and 90 days after
discharge.

Statistical Analysis

A modified STTGMA and ASA-PS inpatient mortality risk
score (STTGMAssa) Was created through a logistic regression
analysis with inpatient mortality as the dependent variable and
independent variables including the components of the original
STTGMA score (age, GCS, AIS-HN, AIS-C, CCI, and ambu-
latory status) with the addition of ASA-PS. For comparison,
additional inpatient mortality risk scores were created includ-
ing a recalculation of original STTGMA coefficients for the hip
fracture patients in this study (STTGMAy;;,) and inpatient mor-
tality risk based on ASA-PS alone. The scores were created
using all 1332 hip fracture patients meeting inclusion criteria
by adding ASA-PS as an independent variable in addition to the
components of the original STTGMA score in a logistic regres-
sion of inpatient mortality. Receiver operating characteristic
(ROC) curves were constructed for each risk score’s ability
to predict inpatient mortality. The area under the receiver oper-
ating characteristic curve (AUROC) was calculated for all risk
scores. ROC curves were compared using DeLong’s test for
correlated ROC with the alternative hypothesis that including
more independent variables in the logistic regression or recal-
culating logistic regression coefficients on the current dataset
would result in a greater AUROC for STTGMA 4 relative to
other risk scores evaluated in this study.'?

Patients were stratified into risk cohorts based on their risk
scores using quantiles. The cohorts comprised risk scores from
the 0-50% quantile as minimal risk, 50-80% as low risk,
80-95% as moderate risk, and 95-100% as high risk. Compara-
tive analyses between risk score stratifications were performed
using Fisher’s exact test. Least squares univariate linear regres-
sions were performed with total cost of admission as dependent
variable and STTGMA or STTGMAsa as independent
variables. Statistical analyses were performed using R software
version 4.02'* and the pROC package for R."

Results

Between October 2014 and February 2020, 1332 patients ages
55 and older who sustained non-periprosthetic hip fractures
[OTA/AO 31A, 31B, 32(A-C)] through low-energy mechan-
isms were enrolled in an orthopedic trauma database.
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Table 1. Demographics.

Overall (N = 1332)

Sex
Male 385 (28.9%)
Female 947 (71.1%)
Age 80.95 (80.40, 81.50)
GCS 14.89 (14.86, 14.92)
CCl 1.51 (1.41, 1.60)
AIS H/N 0.04 (0.03, 0.06)
AlIS C 0.02 (0.01, 0.03)

Ambulatory status

Community ambulator 961 (72.1%)
Household ambulator 330 (24.8%)
Nonambulatory 41 (3.1%)

Fracture classification

1A 684 (51.4%)
31B 544 (40.8%)
32A 60 (4.5%)
32B 4 (0.3%)
32C 40 (3.0%)
Treatment
CRPP 108 (8.1%)
Hemiarthroplasty 300 (22.5%)
Long IMN 187 (14.0%)
Nonoperative 2 (0.2%)
Plating 31 (2.3%)
Short IMN 550 (41.3%)
Sliding hip screw 79 (5.9%)
Total hip arthroplasty 74 (5.6%)
Transferred I (0.1%)

Population characteristics that comprise the STTGMA score, as
well as fracture pattern and treatment method demonstrate
71.1% female sex, mean age of 81.0 (95% CI = 80.4-81.5),
mean GCS of 14.89 (95% CI = 14.86-14.92), mean CCI of
1.51 (95% CI = 1.41-1.60), mean AIS H/N of 0.04 (95% CI
= 0.0.3-0.06), mean AIS C of 0.02 (95% CI = 0.01-0.03).
Ambulatory status among subjects is split between 72.1% com-
munity ambulators, 24.8% household ambulators, and 3.1%
non-ambulatory. OTA Hip fracture classification among sub-
jects was distributed as follows: 51.3% 31A, 40.9% 31B, 4.5%
32A, 0.3% 32B, and 3.0% 32C. For treatment, 41.3% of sub-
jects were repaired with a short intramedullary nail (IMN), 14%
were repaired with a long IMN, 22.5% underwent hemiarthro-
plasty, 5.6% underwent total hip arthroplasty, 8.1% were
repaired with closed reduction and percutaneous pinning
(CRPP), 5.9% were repaired with a sliding hip screw, 2.3%
were repaired with plate and screw fixation. 2 patients were
managed non-operatively and 1 patient was transferred to
another facility for management (Table 1).

The ROC curves for the 4 risk scores are presented in
Figure 1. The AUROC for STTGMA g4 is 0.823 (95% CI =
0.750-0.896). The AUROC for STTGMA is 0.742 (95%
CI = 0.651-0.832). The AUROC for STTGMAy;, is 0.745
(95% CI = 0.663-0.827). The AUROC for risk score generated
from ASA-PS alone is 0.781 (95% CI = 0.700-0.861). ROC
analysis of the 4 risk scores determined significantly larger

AUROC for STTGMAAss compared to all other risk scores
with p values of 0.04, 0.04, and <0.01 when comparing
STTGMA a4 respectively to STTGMA, STTGMAy;,, and
risk score generated from ASA-PS alone (Table 2).

Stratification by STTGMAgs or STTGMA resulted in a
different distribution of inpatient mortality, 30-day mortality,
I-year mortality, minor complications, major complications,
ICU admissions, LOS longer than 6 days (the median length
of stay), discharge home, 30-day readmission, and 90-day read-
mission among risk cohorts (p <0.01 for all variables). Of note,
while STTGMA Ag4 stratification (Table 3) produced a larger
percentage of all negative outcomes with increasing risk
cohort, STTGMA stratification (Table 4) saw a larger percent-
age of minor complications among the low risk cohort com-
pared to the moderate risk cohort.

Univariate linear regression of total hospital cost as a func-
tion of risk score demonstrated statistical correlation between
total hospital cost with both STTGMAsa (p <0.01) (Figure 2)
and STTMGA (p = 0.02) (Figure 3). Both fits produced a high
percentage of variance in total hospital cost that was not due to
STTGMAaga (R? = 0.03) or STTGMA (R? < 0.01) but demon-
strated positive correlation with the respective risk score.

Discussion

In this study, we assessed whether revising a validated inpatient
mortality risk predictor tool improved its ability to predict
patient outcomes. Since ASA-PS has proven capable of pre-
dicting a range of patient outcomes, we were interested to see if
including ASA-PS as a variable in the STTGMA model
improved the model’s predictive ability. The new model,
STTGMAsa, Was compared against the original STTGMA
model, a STTGMA model specific for hip fractures, and
ASA-PS. It is important to note that STTGMA and ASA-PS
have a few inherent differences. The STTGMA score repre-
sents an inpatient mortality risk percentage, while ASA-PS is
an ordinal score from 1 to 6 representing a patient’s pre-
operative health status. Furthermore, the STTGMA score is
calculated by a mathematical model, while ASA-PS is assigned
by clinicians based on their determination of the patient’s dis-
ease severity. The scores are similar in that they account for
both acute and chronic health status.

STTGMA was originally developed as an inpatient mortal-
ity risk predictor for middle-aged and geriatric orthopedic
trauma patients.'” Since its development, STTGMA has also
demonstrated the ability predict several other clinical out-
comes, quality measures, and hospital costs for a range of
orthopedic injuries including hip fractures, femur fractures,
ankle fractures, and tibia fractures.'®2° ASA-PS has shown
similar predictive ability in orthopedic trauma patients. Several
studies have shown higher ASA-PS scores correlated with
increased mortality, complications, readmissions, and inpatient
costs.®!” Given these findings, we hypothesized including
ASA-PS in STTGMA would improve the model and make it
more accurate than either ASA-PS or STTGMA alone.
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Figure I. ROC curves generated from STTGMAasa, ASA-PS alone, STTGMA;,, and STTGMA risk scores with the area under each receiver
operator curve (AUROC).

Table 2. Area Under the Receiver Operator Curve (AUROC) for Risk Scores and Comparison to STTGMAsa by Delong’s Test.

Risk Score AUROC (95% ClI) p-value from Delong’s test compared to STTGMAAsa
STTGMAAsa 0.823 (0.750, 0.896)

ASA-PS alone 0.781 (0.700, 0.861) <0.01

STTGMAy;, 0.745 (0.663, 0.827) 0.04

STTGMA 0.742 (0.651, 0.832) 0.04

Table 3. Outcomes stratified by STTGMARasa risk cohorts representing the 0-50th quantile, 50-80th quantile, 80-95th quantile, and 95-100th
quantile. Note: |15 patients did not have 30 day mortality data recorded and 316 patients did not have | year mortality data recorded.

Minimal Risk Low Risk Cohort Moderate Risk High Risk Cohort
Cohort STTGMAASAZ STTGMAASAZ Cohort STTGMAASAZ STTGMAASAI
0-0.8% 0.8-3.4% 3.4-8.2% 9.0-100% Total p

(N = 666) (N = 399) (N = 201) (N = 66) (N = 1332) value
Inpatient mortality 2 (0.3%) 6 (1.5%) 12 (6.0%) 7 (10.6%) 27 (2.0%) < 0.0l
30 day mortality 16 (2.7%) 14 (3.8%) 19 (10.2%) 8 (12.7%) 57 (4.7%) <0.0l
I year mortality 19 (3.9%) 34 (11.0%) 36 (22.8%) 22 (38.6%) 111 (10.9%) < 0.0l
Minor complications 255 (38.3%) 179 (44.9%) 104 (51.7%) 42 (63.6%) 580 (43.5%) < 0.0l
Major complications 42 (6.3%) 42 (10.5%) 51 (25.4%) 27 (40.9%) 162 (12.2%) < 0.0l
Need for ICU 48 (7.2%) 49 (12.3%) 58 (28.9%) 22 (33.3%) 177 (13.3%) < 0.0l
LOS over 6 days 223 (33.5%) 162 (40.6%) 118 (58.7%) 43 (65.2%) 546 (41.0%) < 0.0l
Discharge home 188 (28.2%) 44 (11.0%) 13 (6.5%) 3 (4.5%) 248 (18.6%) < 0.0l
30 day readmission 36 (5.4%) 33 (8.4%) 26 (13.8%) 12 (20.3%) 107 (8.2%) < 0.0l
90 day readmission 69 (10.4%) 63 (16.0%) 39 (20.6%) 20 (33.9%) 191 (14.6%) < 0.0l

As healthcare costs in the United States continue to rise, predicted to have poor outcomes can trigger early palliative
predictive risk tools are essential to providing high value care. consultations to identify goals of care, which may reduce the
There are a variety of clinical scenarios where predictive tools use of expensive end of life care not aligned with the patient’s
can impact the care a patient receives. For example, patients wishes.'? On the other hand, lower risk patients can be triaged
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Table 4. Outcomes stratified by STTGMA risk cohorts representing the 0-50th quantile, 50-80th quantile, 80-95th quantile, and 95-100th
quantile. Note: | 15 patients did not have 30 day mortality data recorded and 316 patients did not have | year mortality data recorded.
Low Risk Moderate Risk
Minimal Risk Cohort STTGMA: Cohort STTGMA: High Risk Cohort

Cohort STTGMA: 0.3-1.5% 1.5-5.4% STTGMA: Total P

0-0.3% (N = 667) (N = 398) (N = 200) 5.4-100% (N = 67) (N = 1332) value
Inpatient mortality 4 (0.6%) 8 (2.0%) 9 (4.5%) 6 (9.0%) 27 (2.0%) <0.01
30 day mortality 17 (2.8%) 17 (4.7%) 15 (8.0%) 8 (12.9%) 57 (4.7%) < 0.0l
| year mortality 25 (5.0%) 32 (10.4%) 38 (24.7%) 16 (30.8%) 111 (10.9%) <0.0I
Minor complications 256 (38.4%) 198 (49.7%) 89 (44.5%) 37 (55.2%) 580 (43.5%) < 0.0l
Major complications 47 (7.0%) 54 (13.6%) 43 (21.5%) 18 (26.9%) 162 (12.2%) < 0.0l
Need for ICU 59 (8.8%) 63 (15.8%) 38 (19.0%) 17 (25.4%) 177 (13.3%) < 0.0l
LOS over 6 days 221 (33.1%) 178 (44.7%) 106 (53.0%) 41 (61.2%) 546 (41.0%) <0.0l
Discharge home 177 (26.5%) 44 (11.1%) 21 (10.5%) 6 (9.0%) 248 (18.6%) < 0.0l
30 day readmission 39 (5.9%) 30 (7.7%) 27 (14.1%) Il (18.0%) 107 (8.2%) <0.01
90 day readmission 64 (9.7%) 63 (16.2%) 45 (23.6%) 19 (31.1%) 191 (14.6%) <0.0l

Total Hospital Cost vs STTGMAsa
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Figure 2. Total hospital cost vs STTGMAASA linear fit where Total
Cost = 61,170 x STTGMAAsa + 22,848. STTGMApsa coefficient
p-value < 0.01, R2 = 0.03.

to cost-effective standardized care pathways specific to their
injury. In addition, STTGMA’s ability to predict discharge
locations allows providers to make discharge plans early in the
admission and minimize unnecessary days in the hospital.'®
Previous studies have also attempted to modify the
STTGMA model to address specific clinical questions. In one
study, Konda et al*' explored whether including additional
“frailty” variables in the STTGMA model improved its inpatient
mortality risk stratification. The new model, STTGMAgyiiy,
accounted for additional “frailty variables” such as albumin
level, baseline ambulatory status, and whether the patient used
an assistive device for ambulation. The authors found that the
STTGMAGgr,ii,y Was not superior to the original STTGMA
model in predicting inpatient mortality. In a study prompted
by the COVID-19 pandemic, Konda et al** developed a new
STTGMA model that incorporated a patient’s COVID-19 status.

Total Hospital Cost vs STTGMA
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Figure 3. Total hospital cost vs STTGMA with linear fit where
Total Cost = 32,995 x STTGMA + 23,676. STTGMA coefficient
p-value = 0.02, R2 < 0.0I.

While the original STTGMA struggled to predict outcomes in
COVID-19 patients, the STTGMAcoyip model was able to
accurately predict the increased morbidity and mortality seen
in COVID-19 positive hip fracture patients. Ultimately, this
study showed STTGMA is a malleable tool that can be adapted
to specific clinical scenarios.

The new STTGMAAsa model developed in this study is
superior to the original STTGMA model at predicting inpa-
tient mortality, as evidenced by the significant difference in
AUROC between the 2 models (0.823 vs. 0.742, p = 0.04).
Furthermore, STTGMA 55 Was significantly better than
STTGMAy;, and ASA-PS alone at predicting inpatient mor-
tality. We were also interested in determining if the
STTGMAsa can accurately stratify patients into minimal,
low, moderate, and high-risk groups to predict their likeli-
hood of various clinical outcomes and quality measures. Risk
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groups can be used to triage patients to standardized care
pathways. STTGMA care pathways have not yet been imple-
mented in hospital systems but have the potential to improve
the model further.

We found that using these risk stratification groups,
STTGMA s Was able to predict short and long-term mortal-
ity, minor and major complications, the need for ICU, length of
stay, discharge location, and readmissions. When comparing
STTGMAasa to STTGMA, STTGMA 454 Was able to stratify
more patients to the high risk cohort for 1 year mortality
(38.6% vs. 30.8%), minor complications (63.6% vs. 55.2%),
major complications (40.9% vs. 26.9%), and the need for ICU
(33.3% vs. 25.4%). There were also subtle differences noted
with the new model’s ability to stratify patients to the high risk
group for inpatient mortality, LOS, discharge location, and
30 and 90 day readmissions. These risk groups give providers
an objective way to determine the level of care required for a
patient aiding resource allocation. More specifically, risk stra-
tification could inform providers to triage high-risk group
patients to the ICU earlier in their admission to provide higher
level of care to improve clinical outcomes. Conversely, patients
in low risk groups can be placed in less resource intensive areas
of the hospital to avoid overutilization and provide more cost-
effective care.

The STTGMA ssa model was significantly correlated with
total hospital costs related to a patient’s admission. Previous
studies have demonstrated the largest cost drivers in geriatric
orthopedic trauma population are room/board, procedures, and
radiology costs.”® Providers may minimize unnecessary tests
and procedures unlikely to have an impact on patient outcomes
by knowing which patients are prone to more costly admis-
sions. For example, many providers order daily blood counts
for patients even though this practice is unlikely to provide
benefit to clinically stable patients.”* Additionally, clinicians
can reduce costs by focusing on early discharge planning for
low risk patients to minimize room/board costs when they no
longer require inpatient care.

One of the main useful features of the original STTGMA
model is the ability to calculate STTGMA score upon hospital
admission, as it is intended to inform treatment decisions at
first presentation to the Emergency Department (ED). Calcu-
lating the STTGMA score requires providers to know the
patient’s age, GCS, mechanism of injury, injury severity,
comorbidities, baseline functional status, anticoagulation sta-
tus, and albumin level. These variables can be determined
quickly through a history, physical exam, basic imaging, and
routine bloodwork. On the other hand, ASA-PS is not available
until determined by the anesthesiologist before a patient under-
goes surgery. Therefore, ASA-PS is not available when the
STTGMA score is calculated in the ED. Orthopedic providers
will need to be trained to assign ASA-PS to use ASA-PS as a
STTGMA variable. It is currently unclear if orthopedic provi-
ders can accurately determine ASA-PS when trauma patients
first present to the ED. If this became standard practice,
STTGMA 554 has the potential to be used as a tool to determine
if a patient can be discharged from the ED and receive surgery

on an outpatient basis. ASA-PS alone does not sufficiently
select orthopedic patients who can safely undergo outpatient
surgery, so it would be useful to determine if STTGMA sga
would be superior in this respect®>°

Another application of STTGMA sa Would be the ability to
update the risk score throughout the admission as more data
becomes available. The original STTGMA score could be con-
verted to STTGMAsa Wwhen ASA-PS is assigned. There are
less barriers to implementation since orthopedic providers
would not assign ASA-PS classification system, but it would
be less useful for patients who never undergo surgery or
undergo surgery several days into their hospital stay.

This study has several limitations. First, the study had a
relatively small sample size. Since inpatient mortality is a rare
event, only 27 (2%) of the 1332 patients in our cohort died
during their admission. Larger sample sizes are needed to
further support the model’s ability to predict this outcome.
Next, the STTGMAsa scores in this study were calculated
retrospectively. To ensure clinical utility, it must be proven
that STTGMA 54 scores can be calculated prospectively with
similar fidelity. Lastly, this study was conducted at large urban
academic medical centers, so its findings may not be general-
izable to patient populations in other practice settings.

In conclusion, this study suggests that including ASA-PS as
a variable in STTGMA improves the model’s ability to predict
inpatient mortality and risk stratify middle-aged and geriatric
hip fracture patients. Future studies are needed to determine
whether orthopedic providers can accurately determine
ASA-PS at time of admission before this new model can be
considered a feasible option in the clinical setting. Addition-
ally, future studies should explore whether STTGMA 554 main-
tains its predictive ability for other orthopedic injuries outside
of hip fractures
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