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imited data exist regarding the impact of advanced care planning for injured geriatric patients. We hypothesized that patients with
advance directives limiting care (ADLC) compared with those without ADLC are more likely to undergo withdrawal of
life-sustaining support (WLSS).
METHODS: T
his is a propensity-matched analysis utilizing American College of Surgeons Trauma Quality Improvement Program patients
65 years or older who presented between 2017 and 2018. Patients with and without ADLC on admission were compared. The pri-
mary outcomewasWLSS and days prior toWLSS.Additional factors examined included hospital length of stay (LOS), unplanned
operations, unplanned intensive care unit admissions, and in-hospital cardiac arrests. Prior to matching, logistic regression model
assessed factors associated with WLSS. Patients with and without ADLC were matched 1:1 via a propensity score using patient
and injury factors as covariates, and matched pair analysis compared differences in WLSS between patients with and without
ADLC.
RESULTS: T
here were 597,840 patients included: 44,001 patients with an ADLC (7.36%) compared with 553,839 with no ADLC (92.64%).
Patients with an ADLC underwent WLSS more often than those with no ADLC (7.68% vs. 2.48%, p < 0.001). In a 1:1
propensity-matched analysis, patients with ADLC were more likely to undergo WLSS (odds ratio [OR], 2.38’ 95% confidence
interval [CI], 2.22–2.55), although stronger predictors of WLSS included severity of injury (Injury Severity Score, 25+; OR,
23.84; 95% CI, 21.55–26.36), unplanned intensive care unit admissions (OR, 3.30; 95% CI, 2.89–3.75), and in-hospital cardiac
arrests (OR, 4.97; 95% CI, 4.02–6.15).
CONCLUSION: A
 small proportion of the geriatric trauma population had ADLC on admission. While ADLC was predictive of WLSS, adverse
events were more strongly associated withWLSS. To ensure patient-centered care and reduce futile interventions, surgeons should
delineate goals of care early regardless of ADLC. (J Trauma Acute Care Surg. 2023;94: 385–391. Copyright © 2022 American
Association for the Surgery of Trauma.)
LEVEL OF EVIDENCE: T
herapeutic/Care Management; Level III.

KEYWORDS: A
dvance directive; geriatrics; end-of-life; trauma intensive care unit.
O lder trauma patients are known to have greater mortality
after traumatic injury than their younger counterparts.1

Patientswho survive serious injuries often suffer permanent disabil-
ity and functional decline. In light of this, palliative care has be-
come an increased focus for the surgical community.2,3 In 2017,
the American College of Surgeons-Trauma Quality Improvement
Program published guidelines outlining an early approach to palli-
ative care highlighting the following goals in the first 24 hours: pro-
viding an early prognosis, identifying a medical surrogate decision
maker, and obtaining an advance directive when available.4

Few have assessed the clinical significance of advance di-
rectives when it comes to the care of the injured patient. It has
been noted that the presence of a “do not resuscitate” order is as-
sociated with adverse outcomes after traumatic injury and 5.2-
fold increased odds of mortality.5 However, in patients with a
significant injury and unlikely return to an acceptable quality
of life, transitioning to comfort care and avoiding suffering
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may be the desired outcome. Early implementation of comfort
care measures and “withdrawal of life sustaining support”
(WLSS) may be the treatment of choice to avoid complications
or futile procedures. A review of advanced directives in the trauma
intensive care unit (ICU) suggested that, although advanced direc-
tives documenting patient wishes have increased, their utility may
be complicated by vaguewording and the unique circumstances re-
garding trauma.6 A single center study of trauma patients found
that multidisciplinary familymeetings to discuss goals of care often
occur after life-prolonging procedures such as a tracheostomy or
a feeding tube placement, suggesting that these discussions
often take place when death was imminent and other options
are exhausted.7 The relationship between advance directives
limiting care (ADLC) and WLSS is critical to study, as one
study estimated that more than 80% of older trauma patients
who died in the ICU did so after WLSS.8

The objective of this study was to evaluate the impact of
ADLC on clinical outcomes for older trauma patients in a large
national database. A propensity match to assess similar patients
who did and did not have ADLC was performed. We hypothe-
sized that patients with ADLC are more likely to undergoWLSS
compared with patients without ADLC. We also hypothesized
that hospital factors indicating a poor prognosis would have
greater impact on WLSS than ADLC.
METHODS

This retrospective study included the 2017 to 2018 itera-
tions of the ACS-TQP database, which is a large national data-
base containing trauma registry information from participating
level I and II US trauma centers.9 The TQP databasewas queried
for all patients at least 65 years of age. Patients were excluded if
they died within 24 hours of admission or if age data was miss-
ing (Fig. 1). Study design was formed using a Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
© 2022 American Association for the Surgery of Trauma.
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Figure 1. Flowchart of study design.
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checklist (supplemental information: STROBE checklist, http://
links.lww.com/TA/C809).10

Patients were categorized based on the presence of an
ADLC as captured from TQP variables. Advance directives lim-
iting care was defined per TQP definitions as a written docu-
ment limiting life-sustaining therapy that was present upon pre-
sentation to the TQP submitting facility. The primary outcome
was WLSS, which was defined in TQP as a withdrawal or deci-
sion to withhold life-supporting treatment. Secondary outcomes
included time to WLSS, hospital length of stay (LOS), ICU
LOS, unplanned admission to the ICU, unplanned surgery,
in-hospital cardiac arrest, ventilator LOS, and discharge disposi-
tion. Variables of interest included age, gender, race/ethnicity,
mechanisms of injury, Injury Severity Score (ISS), prehospital
cardiac arrest, and preexisting conditions, such as heart failure,
dementia, cirrhosis, and disseminated cancer. Race and ethnicity
groups, as collected in TQP, were included as adjustor variables
for regression, as it is known that the use of ADLC differs be-
tween social and demographic groups.11 Patients were character-
ized as being ofWhite, non-Hispanic race and ethnicity group or
of a non-White race, non-Hispanic ethnicity or of Hispanic eth-
nicity group. Descriptive analysiswas performed to delineate the
study population's demographic characteristics relative to pres-
ence of ADLC. Categorical and binary variables were compared
usingχ2 testing. Continuous variables were reported as medians
with interquartile ranges and compared using the Wilcoxon
© 2022 American Association for the Surgery of Trauma.

Copyright © 2023 Wolters Kluwer H
rank-sum test. Multivariate modeling was also performed to de-
termine demographic and clinical factors associated with
WLSS. Variables for multivariable regression were included if
considered clinically salient. Further multivariable analyses of
individual racial or ethnicity groups were not performed.

Propensity score matching was performed to control for
confounding variables between the unmatched ADLC group
and non-ADLC group, given the differences in size of the
groups. A 1:1 propensity matchingmodelwas created on the ba-
sis of presence of ADLC with age, race/ethnicity, gender, injury
type, and ISS as covariates. Nearest neighbor matching was per-
formed without replacement and a caliper size of 0.05 to gener-
ate a cohort of patients with and without ADLC. Standardized
differences were used to estimate the balance of covariates used
in propensity scoring. A standardized difference between −0.1
and 0.1 for each covariate was considered to indicate a good bal-
ance between the two groups. A mixed-effect logistic regression
was then performed using the matched cohorts to determine dif-
ferences in outcomes.12

All analyses were performed using STATA SE/14
(StataCorp, College Station TX). Results are presented as odds
ratio (OR) with 95% confidence intervals (95% CI). Findings
were considered significant if p ≤ 0.05. p Values were not
corrected for multiple hypothesis testing. This study was con-
sidered exempt by the local institutional review board (IRB
20211390).
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RESULTS

A total of 597,840 patients older than 65 years were identi-
fied, of whom 44,001 (7.36%) had anADLC. Patientswith ADLC,
in an unmatched analysis, were significantly younger, female, and
of White race, non-Hispanic ethnicity compared with those with-
out ADLC (Table 1). Patients in both groups were more likely to
have Medicare insurance. Patients with ADLC were significantly
more likely to have a history of dementia (32.05% vs. 11.30%,
p < 0.001).

Full Cohort Analysis
Unmatched patients were further analyzed on clinical

outcomes. Patients with advance directives had significantly
lower ICU LOS, hospital LOS, and duration of ventilation
(Table 2). There were no significant differences in incidences
of in-hospital cardiac arrests or ventilator-associated pneumonia
between patients with and without ADLC. While patients with
ADLC were more likely to be unexpectedly admitted to the
ICU (3.14% vs. 1.95%, p < 0.001), the presence of an advance
directive had no effect on unplanned surgical interventions
(0.25% vs. 0.25%, p = 0.949). Patients with ADLC underwent
WLSS more often (7.68% vs. 2.48%, p < 0.001) and transition
TABLE 1. Demographics of Unmatched Trauma Patients, 65 y and O

Advance Directive Group (n = 44,001)

Age, median (IQR), y 77 (70–83)

Male sex, n (%) 16,870 (38.34%)

Non-Hispanic White, n (%) 39,556 (89.90%)

Blunt mechanism, n (%) 43,080 (97.91%)

ISS, median (IQR) 9 (5–10)

Preexisting conditions

COPD, n (%) 7,905 (17.97%)

CHF, n (%) 6,578 (14.95%)

CKD, n (%) 1,936 (4.40%)

Cirrhosis, n (%) 646 (1.47%)

Disseminated cancer, n (%) 1,158 (2.63)

Dementia, n (%) 14,102 (32.05%)

Outcomes

ICU LOS, mean (STD) 3 (2–5)

Ventilator days, mean (STD) 3 (2–8)

Unplanned return to the OR, n (%) 112 (0.25%)

Unplanned admissions to the ICU, n (%) 1,382 (3.14%)

WLSS, n (%) 3,381 (7.68%)

Days to withdrawal, median (IQR) 3 (2–7)

Hospital LOS, median (IQR) 5 (3–7)

Disposition at discharge

Home (without HHC), n (%) 8,485 (19.87%)

LTACH, n (%) 5,395 (12.64%)

SNF, n (%) 16,875 (39.53%)

Hospice, n (%) 2,882 (6.75%)

Home (with HHC), n (%) 3,703 (8.67%)

Deceased/expired, n (%) 4,045 (9.47%)

IQR, interquartile range; COPD, chronic obstructive pulmonary disease; CHF, congestive hear
LSS, life sustaining support; OR, operating room; STD, standard deviation; WLSS, withdrawal o

*p Value for associated block of variables.

388
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to comfort care occurred 24 hours earlier when compared with
patients without ADLC (3 days vs. 4 days, p < 0.001). Patients
with ADLC were also discharged to hospice more often than
their counterparts without ADLC (6.75% vs. 1.37%, p < 0.001).

Propensity-Matched Cohort Analysis
From the initial study population, a total of 78,276 pa-

tients were matched to form 39,138 pairs for analysis. The
propensity match was well balanced with standardized balances
between −0.1 and 0.1 for each covariate used in the matching
process (Fig. 2). Matched groups were similar in age, gender
distribution, race/ethnicity, injury mechanism, ISS, and comor-
bidities (Table 2). However, patients with ADLC continued to
undergo WLSS more often than those without (8.64% vs.
4.40%, p < 0.001) and at a time period approximately 24 hours
earlier than those without ADLC (3 days vs. 4 days, p < 0.001).
In an adjusted logistic regression of WLSS, matched patients
were more likely to undergo WLSS if they were older, male,
and more severely injured (Table 3). Patients were also more
likely to undergo WLSS if they had a preexisting comorbidity
of heart failure, chronic obstructive pulmonary disease, dis-
seminated cancer, renal disease or cirrhosis. However, there
was no association between dementia and WLSS. In this
lder

(7.36%) No Advance Directive Group (n = 553,839) (92.64%) p

82 (76–86) <0.001

246,397 (44.49%) <0.001

444,332 (80.23%) <0.001

532,630 (96.17%) <0.001

9 (4–10) <0.001

70,372 (12.71%) <0.001

47,043 (8.49%) <0.001

18,749 (3.39%) <0.001

5,856 (1.06%) <0.001

6,917 (1.25%) <0.001

62,571 (11.30%) <0.001

3 (2–5) <0.001

3 (2–6) <0.001

1,401 (0.25%) 0.949

10,819 (1.95%) <0.001

13,763 (2.48%) <0.001

4 (2–9) <0.001

5 (3–7) <0.001

<0.001*

160,385 (31.65%)

85,599 (16.89%)

159,173 (31.42%)

6,917 (1.37%)

55,540 (10.96%)

18,444 (3.64%)

t failure; CKD, chronic kidney disease; GCS, Glasgow Coma Scale; HHC, home health care;
f life sustaining support.

© 2022 American Association for the Surgery of Trauma.

ealth, Inc. All rights reserved.



TABLE 2. Demographics and Outcomes of Matched Trauma Patients

Advance Directive Group (n = 39,138) No Advance Directive Group (n = 39,138) p

Age, median (IQR) 82 (76–86) 82 (76–86) 0.722

Male sex, n (%) 15,204 (38.85%) 15,204 (38.85%) 1.000

Non-Hispanic White, n (%) 35,291(90.17%) 35,322 (90.25%) 0.709

Blunt mechanism, n (%) 38,298 (97.85%) 38,375 (98.05%) 0.052

ISS, median (IQR) 9 (5–12) 9 (5–12) 0.664

COPD, n (%) 6,903 (17.64%) 6,887 (17.60%) 0.881

CHF, n (%) 5,882 (15.03%) 5,897 (15.07%) 0.881

CKD, n (%) 1,647 (4.21%) 1,624 (4.15%) 0.681

Cirrhosis, n (%) 581 (1.48%) 520 (1.33%) 0.064

Disseminated cancer, n (%) 1,038 (2.65%) 991 (2.53%) 0.290

Dementia, n (%) 12,499 (31.94%) 12,470 (31.86%) 0.824

Outcomes Advance Directive Group (n = 39,138) No Advance Directive Group (n = 39,138) p

ICU LOS, median (IQR) 3 (2–5) 3 (2–5) <0.001

Ventilator days, median (IQR) 3 (2–6) 3 (2–7) 0.002

Unplanned return to the OR, n (%) 106 (0.27) 107 (0.27) 0.945

Unplanned admissions to the ICU, n (%) 1,279 (3.27%) 1,013 (2.59%) <0.001

In-hospital cardiac arrest, n (%) 288 (0.74%) 298 (0.76%) 0.678

WLSS, n (%) 3,384 (8.64%) 1,722 (4.40%) <0.001

Days to withdrawal, median (IQR) 3 (2–7) 4 (2–8) <0.001

Hospital LOS, median (IQR) 5 (4–7) 4 (3–7) 0.167

*p Value for associated block of variables.
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analysis, ADLC was associated with WLSS (OR, 2.38; 95%
CI, 2.22–2.55), however, adverse hospital events including
an unplanned ICU admission or in-hospital cardiac arrests
were more associated with WLSS (Table 3).

DISCUSSION

Our results reveal that only a small percentage of older
trauma patients have advance directives on file at the time of
admission, which is significantly less than previous systematic
Figure 2. Graph of standardized differences before and after propen

© 2022 American Association for the Surgery of Trauma.

Copyright © 2023 Wolters Kluwer H
reviews of advance directive completion.4 Other studies examin-
ing advance directives among trauma patients demonstrated an
approximate rate of preinjury ADLC of 12%, which is greater
than that noted in this study.13,14 This study's demographics
are consistent with those seen in other investigations of ADLC,
with more advance directives held by female patients, individ-
uals from White non-Hispanic race and ethnicity groups, and
patients with preexisting comorbidities.13,15,16

Despite the small number of patients who presented with
ADLC, our study showed one intended benefit of advance care
sity match.

389

ealth, Inc. All rights reserved.



TABLE 3. Mixed Effects Logistic Regression of Odds of
Progression to Withdrawal of Life Sustaining Support for 39,198
Matched Pairs

Variables OR 95% CI p

Age 1.02 1.01–1.02 <0.001

Male sex 1.43 1.36–1.56 <0.001

Blunt mechanism of injury 0.54 0.45–0.66 <0.001

White, non-Hispanic race 1.09 0.98–1.22 0.095

Comorbidities

Dementia 1.05 0.97–1.13 0.154

CHF 1.29 1.18–1.42 <0.001

COPD 1.30 1.19–1.41 <0.001

Disseminated cancer 1.79 1.51–2.13 <0.001

ESRD 1.51 1.31–1.75 <0.001

Cirrhosis 1.84 1.47–2.32 <0.001

ISS (relative to score 1–9)

10–15 2.08 1.89–2.29 <0.001

16–24 4.62 4.1805.12 <0.001

25+ 23.84 21.57–26.36 <0.001

Unplanned return to OR 1.13 0.76–1.68 0.522

Unplanned ICU admission 3.29 2.89–3.75 <0.001

Advance directive limiting care 2.38 2.22–2.55 <0.001

In-hospital cardiac arrest 4.97 4.02–6.15 <0.001

ESRD, end-stage renal disease.
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planning as patients with ADLC underwent WLSS approxi-
mately 24 hours earlier compared with those who did not have
advance directives. This finding suggests that family members
may have felt more at ease with transitioning to comfort care
measures before another adverse event occurred, and in general,
families may be more likely to make such transitions with clear
advance directives. However, prior studies have highlighted the
inherent limitations of advance directives' language and mean-
ing.11,17–19 Gordy et al.6 note the vague wording and definition
of medical futility in many advance directives. The meanings of
“terminal condition” and “life-sustaining treatment,” terms that
are often included in advance directives, may be subject to inter-
pretation without specific medical explanations resulting in sig-
nificant stress for patients and their families. As demonstrated
by Thompson et al.,20 the interpretation of an example advance
directive varied significantly between practitioners due to vague
wording of the conditions that would prompt withholding treat-
ment. In turn, the ambiguity in a document originally intended
to eliminate indecision only adds to the anxiety of critical illness.

Certainly, early and forthright discussions initiated by
healthcare providers could offset the ambiguity of advance di-
rectives. Studies demonstrate the importance of family discus-
sions with physicians regarding updates and prognosis.21 Given
the busy nature of critical care, physicians have competing de-
mands and must balance providing intensive care with leading
family discussions outlining prognosis and appropriate goals
of care.22–24 As a result, physicians may delay such conversa-
tions in order to better assess patient and family readiness.25

Our study shows that adverse hospital events are more predictive
of WLSS as they serve as objective evidence of patient frailty
and decline. Physicians are compelled to present unexpected ad-
verse events and their impact on a patient’s prognosis leading to
390
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subsequent conversations addressing goals of care. A national
study of surgeons suggested they experience moral distress when
providing non-beneficial invasive care to patients at the end of life,
but may feel pressure to pursue these treatments to give the family
or patient time to cope with a severe condition; an adverse event
may be the precipitating factor which allows the treatment team to
feel more confident to pursue difficult conversations about WLSS,
particularly in cases where a patient does not have an advance direc-
tive limiting care or treatment (ADLC/T).26 This “waiting for the sky
to fall”may seem easier in terms of presenting objective clinical data;
however, it often comes at the cost of patient suffering. Thus,
early discussions regarding palliative care are highly recom-
mended in an effort to preserve patient autonomy and to delin-
eate their wishes prior to a decline in clinical condition.6,27

International studies of palliative care trends demonstrate
that increased awareness of palliative care intervention via pub-
lic health strategies, insurance coverage, and local laws may lead
to increased advance care planning.28 Formulation of laws regu-
lating ADLC practices also demonstrated decreased uncertainty
and ambiguity in the formulation and wording of such docu-
ments.29 In addition, proposed interventions to aid clinician
communication have demonstrated improved completion of
ADLC.30 Prior studies have suggested that the presence of an
ADLC was associated with adverse events such as mortality,
but these effects are not apparent after propensity matching, sug-
gesting that trauma surgeons do not simply “give up” on patients
with preexisting ADLC.5

Our study demonstrated an increased rate of unexpected
ICU admissions in patients with advance directives. Previous
studies have demonstrated higher rates of undertriage in geriatric
trauma patients, suggesting deterioration after a floor admission
as a possible reason for this increase.31–33 Other studies demon-
strated that approximately 16% of low-risk geriatric patients re-
quired an unplanned ICU admission during their hospitalization,
with increased risk in patients with preexisting comorbidity.34

However, the exact reason for these unplanned ICU admissions
is not well identified using this dataset and would warrant study
in a population with ADLC.

There are several limitations to this retrospective study.
First, this study relies on an administrative database and, as such,
the accuracy of individual entries cannot be verified by the study
team. The listing of ADLC may also be affected by this loss in
data given that some patients may not have a precompleted
ADLC available due to electronic medical record differences. Ad-
vance directives may also encompass several different types of
documents, which may have different limitations in treatment
which cannot be examined by an aggregated database. In addi-
tion, the use of an administrative database does not allow for
the full assessment of complex clinical decisions, such as deter-
mining whether certain outcomes were “appropriate” or the fac-
tors that directly led to WLSS. We also recognize that, given the
large sample size in this study, some variables appear statistically
significant although they are not clinically significant. Despite
such limitations, we believe that the impact of potential inaccura-
cies on the findings is limited by the large cohort of patients ana-
lyzed in this study. The complex medical and social decisions that
are involved in the withdrawal of life-sustaining support in a crit-
ically injured patient are often unique to the patient and their fam-
ily and cannot be well described by a de-identified database.
© 2022 American Association for the Surgery of Trauma.
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Only a small proportion of geriatric trauma patients have
ADLC on admission. While ADLC was predictive of WLSS, ad-
verse hospital events were more strongly associated with WLSS.
To ensure patient-centered care, surgeons should delineate goals
of care early regardless of whether or not the patient has an advance
directive. Consequently, this may lead to a decrease in futile inter-
ventions. The discussion of end-of-life care in the trauma ICU re-
mains a fluid field that requires more investigation.
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