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2022 American Associatio
revention of hospital-acquired conditions (HACs) is a focus of trauma center quality improvement. The relative contributions of
various HACs to postinjury hospital outcomes are unclear. We sought to quantify and compare the impacts of six HACs on early
clinical outcomes and resource utilization in hospitalized trauma patients.
METHODS: A
dult patients from the 2013 to 2016 American College of Surgeons Trauma Quality Improvement Program Participant Use
Data Files who required 5 days or longer of hospitalization and had an Injury Severity Score of 9 or greater were included.
Multiple imputation with chained equations was used for observations with missing data. The frequencies of six HACs
and five adverse outcomes were determined. Multivariable Poisson regression with log link and robust error variance was
used to produce relative risk estimates, adjusting for patient-, hospital-, and injury-related factors. Risk-adjusted population
attributable fractions estimates were derived for each HAC-outcome pair, with the adjusted population attributable fraction
estimate for a given HAC-outcome pair representing the estimated percentage decrease in adverse outcome that would be ex-
pected if exposure to the HAC had been prevented.
RESULTS: A
 total of 529,856 patients requiring 5 days or longer of hospitalization were included. The incidences of HACs were as fol-
lows: pneumonia, 5.2%; urinary tract infection, 3.4%; venous thromboembolism, 3.3%; surgical site infection, 1.3%; pres-
sure ulcer, 1.3%; and central line-associated blood stream infection, 0.2%. Pneumonia demonstrated the strongest association
with in-hospital outcomes and resource utilization. Prevention of pneumonia in our cohort would have resulted in estimated
reductions of the following: 22.1% for end organ dysfunction, 7.8% for mortality, 8.7% for prolonged hospitalization, 7.1%
for prolonged intensive care unit stay, and 6.8% for need for mechanical ventilation. The impact of other HACs was compar-
atively small.
CONCLUSION: W
e describe a method for comparing the contributions of HACs to outcomes of hospitalized trauma patients. Our findings suggest
that trauma program improvement efforts should prioritize pneumonia prevention. (J Trauma Acute Care Surg. 2022;93: 446–452.
Copyright © 2022 American Association for the Surgery of Trauma.)
LEVEL OF EVIDENCE: T
herapeutic/Care Management; Level IV.
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I njury and injury-related complications result in major morbidityand mortality. In a given year, nearly 200,000 people die from
violence and unintentional injuries,1 with millions requiring
emergency department care and hospitalizations.2 Despite im-
provements in modern trauma surgery management,3,4 patients
hospitalized after injury remain at high risk for in-hospital
complications and subsequent mortality.5,6 Hospital-acquired
conditions (HACs), such as pneumonia, deep vein thrombosis,
pulmonary embolism, and surgical site infection (SSI) lead to
adverse outcomes far exceeding those associated with initial
injury, including increased length of stay, resource utilization,
morbidity, and mortality.7,8

To the extent that HACs reflect the quality of care deliv-
ered in trauma centers, their identification and prevention has
become a primary focus of national trauma performance ini-
tiatives.9,10 The American College of Surgeons Trauma Qual-
ity Improvement Program (ACS TQIP) prospectively collects
data and provides participating centers with benchmarking
metrics to compare their performance relative to similar insti-
tutions.11 Although such efforts have clarified the incidences
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of various HACs, it remains unclear which HACs confer the
greatest individual and institutional burden. Frequency of oc-
currence alone does not fully reflect a given complication's
consequences; thus, a standardized method for assessing and
prioritizing HACs according to overall importance is needed.
The goal of the present study is to describe a method for com-
paring the relative impacts of various HACs to identify which
complications merit the greatest attention for targeted improve-
ment based on their effects on patient outcomes and resource
utilization.

MATERIALS AND METHODS

The 2013 to 2016 ACS TQIP Participant Use Data Files
(PUFs) were used for this analysis.10 Patients were included
in our study if they were 16 years or older, were admitted to
the hospital from the emergency department (ED), had an In-
jury Severity Score (ISS) of 9 or greater, and had a length of
index hospitalization of 5 days or longer. We excluded pa-
tients with nonsurvivable injury (defined as an ISS of 75)
and patients who were hospitalized for fewer than 5 days. Pa-
tients with shorter hospitalizations were excluded under the
assumption that a minimum duration of hospitalization would
be necessary to develop and exhibit signs and/or symptoms
of HACs.

The primary clinical outcome measures for our study
were in-hospital end organ dysfunction (EOD) and mortality.
A patient was considered to have sustained EOD if they de-
veloped one or more of the following complications during
their postinjury index hospitalization: sepsis, septic shock,
unplanned reintubation, stroke, cardiac arrest requiring cardio-
pulmonary resuscitation, acute respiratory distress syndrome,
and/or acute kidney injury. The primary resource utilization
outcomes for our study were prolonged index hospitalization,
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TABLE 1. Patient, Hospital, and Injury Characteristics of 529,856
Hospitalized Trauma Patients

Characteristics
% of

Patients*

Demographics Female 38.4

Age, y <35 23.9

35–54 22.3

55–74 29.2

≥75 24.7

Race/ethnicity White 71.3

Black 13.6

Hispanic 9.7

Other 5.4

Geographic region South 41.4

Northeast 18.3

Midwest 21.2

West 19.1

Insurance status Private 30.3

Medicare 35.2

Medicaid 12.8

Other insurance 11.4

Self-pay 10.3

Hospital Teaching status University 54.0

Community 36.0

Nonteaching 10.0

Level I trauma center 66.4

Comorbid
conditions

Diabetes mellitus 15.0

Chronic obstructive pulmonary disease 8.6

Hypertension 37.9

Congestive heart failure 4.7

Prior myocardial infarction 1.5

Chronic kidney disease 1.8

Prior stroke 3.1

Bleeding disorder 9.0

Nonindependent functional status 5.2

Dementia 5.6

Injury
characteristics

Initial SBP < 90 mm Hg 4.0

Initial GCS ≤ 8 11.3

Injury mechanism Blunt 91.5

Penetrating 8.5

Acute drug intoxication 18.5

Acute alcohol intoxication 16.8

Immediate surgery 18.4

ISS ≤9 25.9

10–14 24.7

15–24 28.8

≥24 20.5

*Results are based on multiple imputation and therefore reported as percentages and not
exact numbers of patients.

SBP, systolic blood pressure; GCS, Glasgow Coma Scale.
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prolonged length of intensive care unit (ICU) stay, and need
for mechanical ventilation. Prolonged postoperative hospitalization
was defined as a length of hospitalization 75th percentile or greater
of that observed for the entire study population (≥13 days).12

Prolonged length of ICU stay (≥5 days) was defined in a sim-
ilar manner.

The primary predictor variables for our studywere the pres-
ence or absence of six HACs: SSI, central line-associated blood
stream infection (CLABSI), urinary tract infection (UTI), venous
thromboembolism (VTE), decubitus ulcer, and pneumonia.
Surgical site infection was defined as the development of an
incisional and/or organ/space SSI during index hospitalization
while VTE was defined as the development of a deep VTE and/
or pulmonary embolism during index hospitalization. Addi-
tional predictor variables included the patient, hospital, and
injury-related characteristics listed in Table 1.

Multiple imputation using chained equations was used for
observations with missing data for one or more variables, with
10 data sets being imputed, averaging predictions, and adjusting
standard errors for uncertainty owing to imputation.13 The
degree of missingness ranged from 0.04% to 8.5%. Those vari-
ables with missing data for one or more observations included
gender (n = 186 missing observations), age (n = 32,537), race/
ethnicity (n = 16,468), geographic region (n = 7,611), insurance
status (n = 26,877), initial ED blood pressure (n = 7,837), initial
ED Glasgow Coma Scale (n = 20,974), injury mechanism
(n = 291), presence of drug intoxication on arrival to ED
(n = 45,142), presence of alcohol intoxication on arrival to ED
(n = 36,275), length of ICU stay (n = 6,470), and need for me-
chanical ventilation (n = 11,327).

Multivariable Poisson regression with log link and robust
error variance was used to produce relative risk (RR) esti-
mates for each HAC-outcome pair (i.e., the ratio of the prob-
ability of the outcome occurring for patients without that
HAC to the probability of the same outcome occurring for pa-
tients with the HAC). A separate regression model was used
for HAC-outcome pair, with the covariates listed in Table 1
being included as predictor variables in all of these models.
Other HACs were not included in these regression models in
recognition of the potential causal relationships among the
different HACs. Adjusting for other HACs in the setting of
such causal relationships would interfere with estimating the
overall effect of the specific HAC being considered.

The RR estimates derived from the aforementioned
regressions were then used to calculate estimated population
attributable fractions (PAFs) for each HAC-outcome pair in a
manner allowing adjustment for known patient, hospital, and
injury characteristics.14 The unadjusted PAF can be calculated
as PAF = [Pc� (RR − 1)]/[Pc� (RR − 1) + 1], with Pc denoting
the frequency of the HAC and RR denoting the risk ratio of the
outcome given the HAC.15 Our adjusted PAF estimate is thus re-
ported as the percentage reduction in a given adverse outcome
(with 95% confidence intervals) that would be anticipated if
the specific HAC were completely prevented within the study
population.16 Stata Version 14.0 (StataCorp) was used for all
statistical analyses. Strengthening the Reporting of Observa-
tional Studies in Epidemiology guidelines for cross-sectional
studies were used for reporting of methods (Supplemental Dig-
ital Content, http://links.lww.com/TA/C492).17
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RESULTS

Using the ACS TQIP PUFs, a total of 529,856 patients re-
quiring more than 5 days of hospitalization were analyzed for
this study. A majority of the patients were between 55 years
and 74 years old (29.2%), White (71.4%), and from the South
© 2022 American Association for the Surgery of Trauma.
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Figure 1. Incidence of HACs. Six HACs were evaluated for the
study including SSI, CLABSI, UTI, VTE, decubitus ulcer,
pneumonia. Incidence of HACs: SSI, 1.3%; CLABSI, 0.2%; UTI,
3.4%; VTE, 3.3%; decubitus ulcer, 1.3%; pneumonia, 5.2%.
Total number of patients = 529,856.

J Trauma Acute Care Surg
Volume 93, Number 4 Lee et al.
(41.4%). Most had Medicare (35.2%) and were treated at univer-
sity (54%) and Level I trauma centers (66.4%). Themost common
patient comorbidity was hypertension (37.9%). Other comorbid
conditions evaluated included the following: chronic obstructive
pulmonary disease, congestive heart failure, diabetes, kidney dis-
ease, and prior stroke. All conditions are listed in Table 1. Injury
severity can be associated with length of hospital stay, with higher
ISS correlated to increased length of hospital stay.18 In this study,
the patient populations were nearly evenly spread across ISS
groups, but a slight majority at 28.8% of the population had
an ISS of 15 to 24 (Table 1).

Of the six HACs evaluated, pneumonia had the highest in-
cidence among patients at 5.2% (Fig. 1). This was followed in or-
der by: UTI, VTE, SSI, decubitus/pressure ulcer, and CLABSI.
We then evaluated the association of these six HACs with EOD
and mortality of the patient population. All HACs demonstrated
significant adjusted RRs with EOD. Central line–associated
blood stream infection (47.8%), decubitus ulcer (32.4%), and
pneumonia (31.5%) were associated with highest rates of EOD
(Table 2A). Similarly, when analyzing mortality, death associ-
ated with CLABSI demonstrated the highest percentage of af-
fected patients at 13.4%, with pneumonia following closely at
12.1%. Adjusted RR (ARR) was significant for both data points
(Table 2A). Urinary tract infections were not significantly asso-
ciated with death in the hospitalized patient population.
TABLE 2A. Risk-Adjusted Association Between HACs and In-Hospital

Index Complication

Outcome: End-Organ Dysfunction

% With EOD ARR* (95% C

SSI 23.5% 3.08 (2.95–3.23)

CLABSI 47.8% 4.66 (4.34–5.01)

UTI 19.9% 2.84 (2.75–2.94)

VTE 21.7% 2.80 (2.71–2.90)

Decubitus ulcer 32.4% 3.54 (3.41–3.68)

Pneumonia 31.5% 4.72 (4.60–4.85)

CI, confidence interval.
*Adjusted for patient, hospital, and injury characteristics and for the presence or absence of t
Six HACs were evaluated and demonstrated significant effects on EOD and mortality.

© 2022 American Association for the Surgery of Trauma.
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We then studied the effect of resource utilization on out-
comes including prolonged hospitalization, length of ICU stay,
and the need for mechanical ventilation. All HACs demonstrated
significant adjusted RR associated with prolonged hospitaliza-
tion, ICU stay, and mechanical ventilation (Table 2B). Surgical
site infection was associated with the highest risk for prolonged
hospitalization (86.9%), followed closely by CLABSI (86.2%).
Pneumonia was associated with the highest increased risk for
prolonged ICU stay (89.5%), with CLABSI following closely
at 86.1%. Pneumonia was also associated with the highest need
for mechanical ventilation (86.9%).

Given the significant resource utilization, we determined
the PAF estimated as a percentage reduction in the adverse out-
comes. With all adverse outcomes, prevention of pneumonia
would have resulted in the greatest reduction of all outcomes
when compared with the other HACs. By taking measures to pre-
vent pneumonia, theoretical reduction in EOD (incidence 5.9%)
was 22.1% and reduction in 30-day mortality (incidence 3.5%)
was 7.8% (Table 3). Furthermore, prevention of pneumonia
would also reduce prolonged hospitalization (incidence 26.6%)
by 8.7%, prolonged ICU stay (incidence 26.6%) by 7.1%. and
the need for mechanical ventilation (incidence 26.9%) by 6.8%.
The effect of the remaining five HACs was comparatively small.
DISCUSSION

This study used ACS TQIP data to analyze the impact that
six HACs have on morbidity, mortality, and resource utilization
in trauma patients. We used PAFs to reflect both the prevalence of
each HAC, as well as its impact on clinical condition and resource
utilization.19 The PAFs have been previously used to evaluate
complications in patients admitted for emergency surgery to as-
sess their impact on morbidity and to identify quality improve-
ment initiatives that would most robustly improve patient health
and minimize excessive resource use.19 Using this method, the
present study found that of the six examined HACs (pneumonia,
UTI, VTE, SSI, decubitus/pressure ulcer, and CLABSI), pneumo-
nia had the most significant impact on morbidity, mortality, and
resource utilization in trauma patients.

Infectious complications, and in particular pneumonia, are
common in trauma patients20–24 and are associated with increased
hospital resource use23 and worse long-term prognosis.25 The
impact of pneumonia on outcomes such as length of stay and
mortality in trauma patients has been variably reported.5,8,21,26
Clinical Outcomes

Outcome: Mortality

I); EOD % Died ARR* (95% CI)

; p < 0.001 3.4% 0.79 (0.70–0.90); p < 0.001

; p < 0.001 13.4% 1.75 (1.50–2.05); p < 0.001

; p < 0.001 5.7% 1.01 (0.95–1.08); p = 0.75

; p < 0.001 6.9% 1.19 (1.12–1.26); p < 0.001

; p < 0.001 9.4% 1.32 (1.23–1.43); p < 0.001

; p < 0.001 12.1% 1.76 (1.69–1.83); p < 0.001

he specific index complication.
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TABLE 2B. Risk-Adjusted Association Between HACs and In-Hospital Resource Utilization

Index
Complication

Prolonged Hospitalization Prolonged ICU Stay Need for Mechanical Ventilation

% With
Prolonged LOS

ARR*
(95% CI) EOD

% Prolonged
ICU

ARR* (95% CI)
Mortality

% Needing
Vent

ARR* (95% CI)
Need for Vent

SSI 86.9% 2.18 (2.14, 2.21); p < 0.001 66.2% 1.54 (1.51, 1.57); p < 0.001 67.2% 1.38 (1.35, 1.40); p < 0.001

CLABSI 86.3% 1.93 (1.87, 2.00); p < 0.001 86.1% 1.66 (1.60, 1.72); p < 0.001 79.6% 1.48 (1.42, 1.55); p < 0.001

UTI 64.1% 2.09 (2.06–2.11); p < 0.001 59.2% 1.59 (1.57–1.61); p < 0.001 49.5% 1.44 (1.42–1.49); p < 0.001

VTE 71.4% 1.94 (1.92–1.96); p < 0.001 68.7% 1.56 (1.54–1.58); p < 0.001 62.5% 1.40 (1.38–1.42); p < 0.001

Decubitus Ulcer 82.1% 2.02 (1.99–2.05); p < 0.001 77.9% 1.59 (1.57–1.62); p < 0.001 73.2% 1.50 (1.47–1.54); p < 0.001

Pneumonia 83.1% 2.14 (2.12–2.16); p < 0.001 89.5% 1.82 (1.80–1.83); p < 0.001 86.9% 1.68 (1.66–1.69); p < 0.001

LOS, length of stay
*Adjusted for patient, hospital, and injury characteristics and for the presence or absence of the specific index complication.
The six HACs evaluated all demonstrated a significant association with increased resource utilization, including hospitalization, ICU stay, and mechanical ventilation.
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The high incidence of hospital-acquired pneumonia (HAP) in
trauma patients may be attributed to this populations' tendency to-
ward impaired mobility and need for sedation and mechanical
ventilation.24Moore et al.27 cited pneumonia as one of three com-
plications recommended for use in trauma hospital evaluation;
however, thiswas stated as aweak recommendation given the lack
of clinical justification for complications included in reviewed
studies. The present study addresses this limitation by quantifying
the extent to which the elimination of pneumonia would result in
reductions in EOD, prolonged hospitalization, ICU stay, the need
for mechanical ventilation, and mortality compared with five
other HACs. Based on our findings, we posit that prevention and
early recognition/management of pneumonia should be brought
to the forefront of TQIPs to improve patient outcomes and min-
imize excess resource utilization.3,7,19

While protocols have been implemented nationwide to
reduce hospital-acquired infections, such as SSI, central line-
associated bloodstream infections, and catheter-associated UTI,
comparatively fewer efforts have centered around HAP preven-
tion.28,29 HAP is the most prevalent hospital-acquired infec-
tion28,30 and nonventilator associated HAP (NV-HAP) may be
underreported, emphasizing the need for further study and im-
proved prevention strategies.28,31 Standardized HAP prevention
is challenging due variable diagnostic criteria, nonsystematic
surveillance methods, and a paucity of evidence-based preven-
tion protocols.29 Current NV-HAP and ventilator-associated
pneumonia (VAP) prevention strategies center on the principles
of increasing mobility,28,32 screening for and managing dys-
phagia,28,33 and providing oral care to minimize oropharyngeal
colonization and risk for subsequent aspiration and pneumo-
nia.28,34 Oral chlorhexidine rinses, gels and swabs may lower
risk for both NV-HAP and VAP;35 however, evidence for other
oral care measures (e.g., toothbrushing, iodine swabs) is lim-
ited,35 and oral antibiotic use may facilitate growth of resistant
organisms.29,34,36 In trauma patients, bundled prevention pro-
tocols implementing multifocal strategies may decrease the
incidence of VAP.34,37 Additional practices with theoretical
benefit include probiotic administration to reduce pathogenic
intestinal bacterial overgrowth34,38 and routine hand hygiene
and equipment cleaning to reduce nosocomial spread of respira-
tory pathogens.34 Importantly, many of these recommendations
are based on observational studies, nonrandomized trials, and/or
450
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theoretical benefit, with minimal randomized data to support
most current HAP prevention strategies.29,34

Given the present study’s determination of the compara-
tively greater impact of pneumonia on resource utilization, mor-
bidity, and mortality in trauma patients relative to five other
HACs, we posit that evidence-based HAP prevention protocols
should be increasingly studied and implemented as trauma cen-
ter quality improvement initiatives. Our use of TQIP data does
not allow us to distinguish between NV-HAP and VAP and we
therefore cannot make recommendations based on our findings
alone about which, if one, should be prioritized. It has been sug-
gested by other groups, however, that NV-HAP is less reported
and less studied compared with VAP despite conferring similar
lethality and incurring higher costs.28,39 Contextualizing our
work within these findings, it is reasonable to suggest that qual-
ity improvement programs pursue both VAP and NV-HAP pre-
vention, with NV-HAP perhaps meriting particular attention.
To accomplish this, there is a critical need for both NV-HAP
and VAP for (1) increased systematic surveillance and reporting;
(2) standardization of diagnostic criteria; and (3) prospective
randomized trials to establish rigorous and cost-effective preven-
tion strategies for trauma patients.

A final consideration based on our results is how these
findings may guide prioritization and allocation of finite
healthcare resources. Because of the recently increased attention
on the importance of quality improvement initiatives, institu-
tional resources are at risk for being unintentionally shifted away
from areas most likely to improve patient care and toward
relatively less impactful efforts.40 Our findings may help fa-
cilitate the prudent use of finite resources by discouraging
overallocation of additional resources toward prevention of rela-
tively lower-impact HACs, such as SSI. This premise can be
extended to conditions, such as CLABSI, which, while individ-
ually severe, occur less commonly than pneumonia and thus
based on our analysis have a lower relative overall impact on
trauma population outcomes and resource utilization. Of note,
we do not suggest the need to terminate existing HAC preven-
tion protocols, but rather to use our findings as a guide to focus
additional efforts, particularly in settings where resources are
limited.

This study has several limitations. First, while ACS TQIP
is the largest data repository for trauma patients in the United
© 2022 American Association for the Surgery of Trauma.
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States and our study population is similar to many major trauma
centers, our sample is not necessarily representative of the de-
mographic makeup of the United States as a whole and we
therefore cannot assume that our findings are broadly applica-
ble to all trauma populations. Second, the interpretation of PAFs
rests on the assumption that a given complication can be
completely prevented following admission for traumatic injury,
and on the additional assumption that all evaluated complica-
tions are equally preventable, neither of which is necessarily
true in practice.19,41 Other described pitfalls associated with
analysis of PAFs include the risk of confounding bias, incorrect
interpretation, and analysis of unmodifiable risk factors.42 We
mitigate these risks by controlling for several confounding var-
iables; by refraining from the common misinterpretation that
our PAFs represent the proportion of outcomes that are “ex-
plained” by a given condition,42 and by evaluating HACs that
we reasonably believe are at least partially modifiable. Third,
our analysis evaluates different HACs in isolation and thus does
not distinguish the effects of one HAC from another co-
occurring HAC. Fourth, we included EOD as an outcome mea-
sure given that this is a more prevalent outcome in trauma pa-
tients than mortality; however, this is not intended to be offered
as a validated outcome measure.19 Fifth, while our analysis ad-
justs for various patient, hospital, and injury characteristics, ad-
ditional patient characteristics could contribute to our out-
comes, such as tobacco use, obesity, asthma, history of VTE,
and history of chronic urinary tract infections. In addition, our
data do not capture the spectrum of severity of blunt mecha-
nisms. This may be particularly salient to our study given that
elderly patients who sustain low-energy injuries, such as falls,
may be disproportionately susceptible to HACs due to other co-
morbidities. Finally, we have evaluated only six HACs, which is
not an exhaustive list of all complications and conditions that
impact trauma patient outcomes and resource utilization.

Our analysis of ACS TQIP data using PAFs quantifies the
extent to which the elimination of pneumonia and five other
HACs would result in reductions in EOD, mortality, prolonged
hospitalization, ICU stay, and need for mechanical ventilation
in trauma patients. Of the six HACs examined, we found that
the elimination of pneumonia would have the most significant
impact on morbidity, mortality, and resource utilization. Our
use of PAFs facilitates prioritization of conditions for which pre-
vention may most powerfully impact outcomes and resource uti-
lization. Trauma quality improvement programs should priori-
tize assessment and implementation of pneumonia prevention
strategies to improve outcomes and decrease resource utilization
for hospitalized trauma patients.
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