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Abstract
Background: Do-Not-Resuscitate (DNR) orders in patients with traumatic injury are insufficiently described. The
objective is to describe the epidemiology and outcomes of DNR orders in trauma patients.
Methods: We included all adults with trauma to a community Level I Trauma Center over 6 years (2008–2013).
We used chi-square, Wilcoxon rank-sum, and multivariate stepwise logistic regression tests to characterize DNR
(established in-house vs. pre-existing), describe predictors of establishing an in-house DNR, timing of an in-house
DNR (early [within 1 day] vs late), and outcomes (death, ICU stay, major complications).
Results: Included were 10,053 patients with trauma, of which 1523 had a DNR order in place (15%); 715 (7%) had
a pre-existing DNR and 808 (8%) had a DNR established in-house. Increases were observed over time in both the
proportions of patients with DNRs established in-house (p = 0.008) and age ≥65 (p < 0.001). Over 90% of patients
with an in-house DNR were ≥65 years. The following covariates were independently associated with establishing a
DNR in-house: age ≥65, severe neurologic deficit (GCS 3–8), fall mechanism of injury, ED tachycardia, female gender,
and comorbidities (p < 0.05 for all). Age ≥65, female gender, non-surgical service admission and transfers-in were
associated with a DNR established early (p < 0.05 for all). As expected, mortality was greater in patients with
DNR than those without (22% vs. 1%), as was the development of a major complication (8% vs. 5%), while ICU
admission was similar (19% vs. 17%). Poor outcomes were greatest in patients with DNR orders executed later in
the hospital stay.
Conclusions: Our analysis of a broad cohort of patients with traumatic injury establishes the relationship between
DNR and patient characteristics and outcomes. At 15%, DNR orders are prevalent in our general trauma population,
particularly in patients ≥65 years, and are placed early after arrival. Established prognostic factors, including age and
physiologic severity, were determinants for in-house DNR orders. These data may improve physician predictions of
outcomes with DNR and help inform patient preferences, particularly in an environment with increasing use of DNR
and increasing age of patients with trauma.
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Background
The presence of Do-Not-Resuscitate (DNR) orders are increasing over time [1-3] due to advancements in life saving
technology and the passage of legislative acts [4] designed
to protect patients’ decisions regarding end of life care.
The presence and timing of a DNR is associated with disease severity [5] and may be a marker for anticipated poor
prognosis [6] or low probability of survival [7,8]. The presence of a DNR is also associated with less aggressive care
[9,10] with room for misinterpretation [11,12].
Do-Not-Resuscitate orders in the trauma setting have
not been well characterized. The majority of studies describing DNR in a hospital setting have been performed in
surgical patients [13-16], intensive care unit (ICU) populations [7,17-19], hemorrhagic stroke patients [20-23], and
Medicare populations [5,24-26]. Meanwhile, studies examining DNR in a trauma setting have been limited to
subpopulations, including traumatic brain injury (TBI)
[27,28], patients admitted to the ICU [29], and severely injured patients requiring immediate transfusion [30]. These
previous studies in patients with trauma reported high
mortality with DNR (42-99% [29-31]), greater than that
observed in general surgical (23-37% [14,15]), stroke (4064% [10,21,23]), and ICU (51-83% [17-19]) populations.
Patients with trauma have also been found to have a lower
incidence of DNR established at 5-7%, compared to general surgical (4-65% [13,15]), stroke (22-41% [10,20,23]),
and ICU (9-13% [7,17,18]) populations. Identifying characteristics early that may lead to a DNR is increasingly
important as DNR orders are becoming more utilized.
Due to the paucity of studies of DNR in a trauma setting,
we propose to: examine changes in DNR over time,
characterize the general population of patients admitted
with traumatic injury by the presence and timing of an inhouse DNR, examine outcomes by DNR status, and identify predictors of a newly established DNR and DNR
established early after injury.
Methods
Setting and population

We conducted a retrospective cohort study of all adults
(age ≥18) presenting to our Level I Trauma Center between January 1, 2008 and December 31, 2013 in the
Denver, Colorado metropolitan area with a traumatic injury (ICD9 diagnostic injury code of 800 – 959.9). Data
were entered into the trauma registry (TraumaBase®
database, Evergreen Colorado) by dedicated trauma
registrars and abstracted electronically. Colorado State
criteria were used for inclusion in the trauma registry, as
follows: traumatic injury based on ICD-9-CM diagnosis
(above), who a) are admitted; b) have an emergency department (ED) disposition of ‘observation’ with an injury
severity score (ISS) ≥9 or hospital length of stay ≥12 h;
c) are transferred into or out of an acute care facility; d)
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die; or e) are admitted for missed diagnoses, complications, failed management or iatrogenic injuries identified
after a previous hospital encounter [32]. This study was
approved by the facility’s Institutional Review Board.
Outcomes and covariates

The primary exposure variable was the presence of a DNR
order, which was recorded in the registry when a signed
order sheet was in the patient chart at any point during
the hospital stay. A DNR was defined as any order that a)
in the event of cardiac arrest, limited the use of chest
compressions, cardiodefibrillation, or vasopressor/inotropic support, or b) in the event of respiratory failure,
limited the use of intubation and non-invasive mechanical
ventilation. At our institution and throughout this manuscript, DNR implies do-not-intubate. We further defined
DNR as a pre-existing DNR (recorded as a comorbidity in
the trauma registry, pertaining to DNR advance directive)
or a DNR established after hospital admission (in-house
DNR, recorded as a procedure in the trauma registry).
The timing of an in-house DNR was calculated as the
number of days from arrival, and stratified as early (within
one day of arrival) or late DNR. There is considerable variability among clinicians in discussing DNR, but in general
younger patients with low morbidity and no comorbidities
are not usually approached.
We examined the following variables, defined as follows: age (18–64 vs. ≥65), gender, Charlson Comorbidity
Index (CCI [33], continuous), admission service (surgical
service [e.g. trauma service and surgical subspecialties]
vs. non-surgical service [e.g. trauma medical service
staffed by non-surgical hospitalists]), transferred-in (yes/
no), cause of injury (fall vs. all other causes), activation
status (trauma activation or alert vs. non-activated), ISS
(<16 vs. ≥16), a major injury defined by the abbreviated
injury scale score ≥3 using the major AIS regions, ED
Glasgow Coma Scale (GCS, 3–8 vs. 9–15) and ED systolic blood pressure (<90 mmHg [hypotension] vs. ≥90
mm Hg), heart rate (<120 beats/min vs. ≥120 beats/min
[tachycardia]), and respiratory rate (RR, <12 or >20
breaths/min [abnormal RR] vs. 12–20 breaths/min).
Outcomes were examined, including: death, defined as
in-hospital mortality or discharge to hospice (end-of-life
care); admission to the ICU; a major complication, defined
as the presence of any of the following: abdominal
compartment syndrome, acute respiratory distress syndrome, acute respiratory failure, coma, cardiac arrest, intubation >48 hours, myocardial infarction, organ failure,
surgical infection, pulmonary embolism, pneumonia, sepsis,
and stroke [15].
Statistical analysis

Statistical analyses were performed using SAS® software,
version 9.3 (SAS Institute, Cary, NC). Frequencies and
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descriptive statistics were used to characterize the study
population, and presented as percentage (number of observations) [% (n)] or median (interquartile range [IQR]).
Chi-square and Wilcoxon rank-sum tests were used to
examine differences in covariates. Chi-square test for
trend was used to examine changes in DNR and age
across arrival year. Multivariate, stepwise logistic regression models were used to identify predictors of establishing an in-house DNR and timing of DNR placement
(early vs. late). Entry criteria of p <0.20 and exit criteria
of p >0.05 were used for adjustment in the models; all
covariates except for AIS and ISS were considered for
the models, as AIS and ISS is calculated post-discharge
and is used by researchers and not directly by clinicians.
Data are presented as odds ratios (OR) and 95% confidence intervals (CI). Because the majority of patients
with DNR were ≥65 years, we also stratified the logistic
regression analyses by age <65 vs. ≥65. The prevalence
of DNR increased by age quartile as follows: 1% (age
18–43), 3% (age 44–64), 16% (age 65–82), 40% (age
≥83); we used the median age of 65 for stratification and
ease of interpretability of results rather than expanding or
collapsing groups. We explored presence of multicollinearity in the models, defined as a tolerance value less
than 0.1 or variance inflation factor greater than 10; no
significant multicollinearity was detected. Statistical significance was set at p <0.05 for all analyses. Missing data
were not imputed.

Results
Overall population

There were 10,053 trauma patients included across the
six-year study period. Approximately half of patients were
≥65 years (51%), which increased significantly over the
study period (p <0.001, range: 44% to 54%). The majority
of patients suffered a fall (60%); followed by motor vehicle
accident (15%), bicycle injury (4%) and assault (4%). Severe
injuries, based on AIS ≥3, most commonly occurred in
limbs (25%, largely due to hip fractures), head (15%), and
chest (11%). Fifty-one percent of patients were admitted to
a surgical (trauma-41%, orthopedics-8%, neurosurgery-1%,
oral maxillofacial-1%, OBGYN-0.5%), the trauma medical
(11%), or medical/other (38%) services.
Do-Not-Resuscitate population

There were 1,523 (15%) patients with a DNR noted, of
which 715 (7%) had a pre-existing DNR and 808 (8%)
had a DNR established in-house (Figure 1). DNRs
significantly increased over the study period (p = 0.04);
however, only DNRs established in-house increased
significantly (p = 0.008), while pre-existing DNRs did not
(p = 0.31), Figure 2.
Both the in-house and pre-existing DNR populations
were predominantly ≥65 years (93%), females (69%) with
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Trauma population
n=10,053
Age 65: 51%

DNR
n=1,523
Age 65: 93%

Pre-existing DNR
n=715
Age 65: 95%

Post-trauma DNR
n=576
Age 65: 96%

No DNR
n=8,530
Age 65: 43%

In-house DNR
n=808
65: 90%

Age

DNR rescinded
n=139
Age 65: 94%

Figure 1 Distribution of trauma population by Do-notResuscitate (DNR) status.

a fall cause of injury (89%), yet these populations were
significantly different for every covariate (Table 1). Patients with a DNR established in-house were more severely injured than patients with a pre-existing DNR
based on ISS, presence of severe injuries, trauma activation, surgical service admission, and ED vital signs of
GCS, tachycardia, and hypotension (p < 0.05 for all).
There were also significant differences between patients with a DNR established in-house and patients who
did not have a DNR (Table 1). Compared to patients
without a DNR, the in-house DNR population was older,
female, suffered a fall, and was more severely injured
based on ISS, GCS, presence of severe head, neck, and
limb injury, and tachycardia, yet the in-house DNR
population was less frequently activated or admitted to a
surgical service (p < 0.001).
Of the 715 patients with a pre-existing DNR, 19%
rescinded the DNR post-injury (Figure 1); as such, in the
event of cardiac arrest or respiratory failure the clinician
would not limit life-sustaining therapy. There were no differences in any covariates for patients with a pre-existing
DNR who continued vs. those who rescinded the DNR,
except for ED tachycardia (1% vs. 4%, p = 0.04).
Of the 808 patients who had a DNR established inhouse, 91% were ≥ 65 years old. The median time to
establish an in-house DNR was 0 days; the majority of patients ≥65 years established a DNR within a day of arrival
(median: 0, mean: 2), whereas younger patients established
a DNR later in the hospital stay (median: 2, mean: 8).
Predictors of establishing a DNR in-house

The following variables were independently associated
with establishing a DNR in-house: age ≥ 65, GCS 3–8, fall
injury, ED tachycardia, female gender, and high CCI
(Table 2, p < 0.05 for all). A severe neurologic deficit (GCS
3–8) was the most significant predictor of establishing a
DNR in-house, with a nearly 13-fold increased odds
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Figure 2 Changes in Do-not-resuscitate (DNR) over time; trend lines are shown as straight lines using the same dash/weight type as
each group presented.

Table 1 Patient characteristics by Do-Not-Resuscitate (DNR) status
Characteristic, % (n)

No DNR (n = 8530)

Pre-existing DNR
(n = 715)

In-house DNR
(n = 808)

Pre-existing vs.
in-house DNR

No DNR vs.
in-house DNR

Age ≥ 65

43.02 (3670)

95.24 (681)

90.47 (731)

< .001

< .001

Female gender

46.07 (3930)

75.24 (538)

63.12 (510)

< .001

< .001

CCI, median (IQR)

0 (0–1)

1 (0–2)

1 (0–1)

0.01

< .001

Surgical service admission

55.23 (4711)

15.94 (114)

35.64 (288)

< .001

< .001

Transferred-in

34.02 (2902)

13.71 (98)

24.38 (197)

< .001

< .001

Trauma activation

23.90 (2039)

2.80 (20)

13.74 (111)

< .001

< .001

Fall cause of injury

55.28 (4715)

92.17 (659)

86.01 (695)

< .001

< .001

GCS 3-8

4.48 (346)

2.40 (14)

12.76 (92)

< .001

< .001

ISS ≥ 16

17.68 (1505)

11.90 (85)

26.49 (214)

< .001

< .001

RR <12 or >20 breaths/min

11.06 (774)

9.81 (56)

13.40 (89)

0.05

0.07

1

Tachycardia

3.26 (229)

1.58 (9)

5.37 (36)

< .001

.004

Hypotension2

2.82 (238)

1.69 (12)

3.63 (29)

0.02

0.19

Head injury3

14.16 (1208)

12.59 (90)

24.26 (196)

< .001

< .001

Neck injury3

6.26 (534)

3.92 (28)

8.04 (65)

< .001

0.05

Chest injury

3

Abdomen/pelvic injury3
3

Limb injury

11.52 (983)

4.62 (33)

9.28 (75)

< .001

0.05

3.09 (264)

0.28 (2)

2.10 (17)

< .001

0.12

22.70 (1937)

40.14 (287)

32.80 (265)

0.003

< .001

Significant p values (< 0.05) are bolded.
DNR, do not resuscitate; CCI, Charlson comorbidity index; IQR, interquartile range; GCS, Glasgow coma score; ISS, injury severity score; RR, respiratory rate.
1
Heart rate >120 beats/min.
2
Systolic blood pressure < 90mmHg.
3
Abbreviated injury scale score ≥ 3.
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Table 2 Predictors of a Do-Not-Resuscitate (DNR)
established in house (vs. no DNR)
Predictor

In-house DNR OR (95% CI)

Table 3 Predictors of an early (within 1 day) in-house
Do-Not-Resuscitate (DNR) vs. late DNR
p value

Overall (n = 9,338)

Predictor

Early DNR OR (95% CI)

p value
0.01

Overall (n = 808)
12.64 (8.66 – 18.45)

GCS 3-8
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< 0.001

Age ≥ 65

2.35 (1.25 - 4.41)

Age ≥ 65

10.44 (7.52 – 14.50)

< 0.001

Female gender

2.32 (1.52 - 3.52)

< 0.001

ED tachycardia1

2.90 (1.85 - 4.53)

< 0.001

Non-surgical service

2.44 (1.52 – 3.93)

< 0.001

Fall cause of injury

2.87 (2.06 - 4.00)

< 0.001

Transferred in

1.75 (1.02 – 3.00)

0.04

Female gender

1.28 (1.05 - 1.55)

0.02

Age ≥ 65 (n = 731)

CCI

1.19 (1.12 - 1.27)

< 0.001

Age ≥ 65 (n = 4401)

Female gender

2.54 (1.62 – 3.99)

< 0.001

Non-surgical service

2.37 (1.43 - 3.94)

< 0.001

1.99 (1.07 - 3.72)

0.03

5.25 (1.24 – 22.24)

0.02

GCS 3-8

4.43 (3.92 – 10.55)

< 0.001

Transferred in

Fall cause of injury

2.81 (1.86 - 4.24)

< 0.001

Age < 65 (n = 77)

ED tachycardia1

2.49 (1.40 - 4.42)

0.002

Non-surgical service

Female gender

1.26 (1.02 - 1.55)

0.03

CCI

1.18 (1.10 - 1.26)

< 0.001

Entry criteria of p < 0.20 and exit criteria of p > 0.05.
DNR, do-not-resuscitate; OR, odds ratio; CI, confidence interval.

29.84 (16.52 – 53.92)

< 0.001

2.80 (1.58 – 4.94)

< 0.001

3.13 (1.54 – 6.38)

0.002

1.35 (1.14 - 1.64)

< 0.001

Age 18–64 (n = 4937)
GCS 3-8
Fall cause of injury
ED tachycardia

1

CCI

Entry criteria of p < 0.20 and exit criteria of p > 0.05.
OR, odds ratio; CI, confidence interval; GCS, Glasgow coma score; ED,
emergency Department; CCI, Charlson comorbidity index.
1
Heart rate > 120 beats/min.

compared to patients with GCS 9–15.Age was the second
most significant predictor, with over 10-fold increased
odds of establishing an in-house DNR for patients ≥65
years compared to younger patients, after adjustment.
The same variables that predicted the presence of an
in-house DNR in our general population were observed
in the ≥65 subset (Table 2); likewise, those same predictors were observed in the younger subset, except female
gender (Table 2).
Predictors of early timing of DNR in-house

The following variables were independently associated with
early placement of a DNR in-house: age ≥ 65, female gender, non-surgical service admission, and transfer-in
(Table 3). Surprisingly, severity of injury was not associated
with early placement of a DNR, including GCS, ED vital
signs and activation status. In the ≥65 years subset, female
gender, non-surgical service admission, and transfer were
independently associated with an early DNR (Table 3).
Only admission to a non-surgical service increased the
odds of an early DNR in the subset of patients < 65 years.

pneumonia (15%), acute respiratory failure (9%) and pulmonary embolism (3%). Admission to the ICU was common (17%), with an ICU LOS of 3 (2–6) days.
Three-fourths of patients who died had a DNR (Figure 3).
Median time to death was shortest in patients who did not
have a DNR (0 days; presumably because they died before a
DNR could be made), followed by patients with a preexisting DNR and lastly patients who established the DNR
in-house. Forty-five (3%) patients with a DNR had withdrawal of life sustaining therapy. Compared to patients with
a DNR who did not withdraw life-sustaining therapy, patients who withdrew life sustaining therapy were younger
(age < 65: 27% vs. 7%), male (60% vs. 30%), transferred in
(42% vs. 19%), suffered a non-fall injury (29% vs. 11%), and
were more severely injured (GCS 3–8, 47% vs. 7%; ISS ≥16,
69% vs. 18%; admitted to a surgical service: 80% vs. 26%;
trauma alert/activation: 44% vs. 8%; abnormal RR, 40% vs.
11%; tachycardia, 11% vs. 3%, hypotension, 12% vs. 2%; and
higher percent with severe head, neck, chest, and abdomen/pelvic injuries, p < 0.01 for all.
Unadjusted outcomes by DNR status are shown in
Table 4. As expected, mortality was significantly greater
in patients with a DNR, particularly those with a DNR
established later during hospitalization. Similarly, patients with a DNR had greater incidence of major complication than patients without a DNR, especially with
an in-house and a late DNR. Admission to the ICU was
similar in patients with and without a DNR. In patients
with a pre-existing DNR, mortality was lower in patients
who rescinded the DNR post-injury while development
of major complications and ICU admission were similar.

DNR and outcomes

There were 455 deaths (5%), including 118 patients who
were discharged to hospice. Five percent of patients developed a major complication, the most common was

Discussion
Do-Not-Resuscitate orders in patients suffering traumatic injury have not been sufficiently and completely
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In-hospital death/hospice
n=455
3.0 (1-7) days

DNR
n=336
4.0 (1-7) days

withdrawal of lifesustaining therapy
n=45
4.0 (2-9) days

Pre-injury DNR
n=4
2.5 (1-4.5) days

In-house DNR
n=41
4.0 (2-9) days

No DNR
n=119
0.0 (0-3) days

Resuscitation not
initiated
n=291
4.0 (2-7) days

Pre-injury DNR
n=97
3.0 (1-6) days

In-house DNR
n=194
4.0 (2-9) days

Figure 3 Distribution of Do-not-Resuscitate (DNR) in patients who died, including median (interquartile range) days from arrival
to death.

characterized. We analyzed over 10,000 patients with
traumatic injury and demonstrated that a DNR was
prevalent at 15% and use of in-hospital, post injury DNR
orders increased over the course of the study. DNRs
established in-house were most associated with advanced age and poor GCS. In-hospital DNRs were established within 1 day in 72% of patients, particularly in
those ≥65 years old. Age was the most significant predictor of establishing an in-house DNR within one day
of arrival, while none of the expected covariates measuring severity were associated with early DNR, including
GCS, ED vital signs, and trauma activation. Interestingly,
non-surgical service admission was associated with
early DNR; this finding may reflect medicine physician’s
training of end-of-life care discussions versus that of
surgeons. The variables identified that independently
predicted a DNR in-house and an early DNR could be
used to direct clinicians on who and when to approach
about signing a DNR. These findings might help ethics

committees establish the appropriateness of making a
patient DNR when this is controversial or the family is
uncertain about this choice.
Our study not only included a broad cohort of patients
with traumatic injury, but was also able to differentiate
pre-existing DNR orders vs. those established in-house,
and established the relationship between patient characteristics, timing of DNR, and outcomes. Previous studies
did not differentiate whether the DNR was from existing
advance directives or whether it was established after
sustaining traumatic injury. The increasing age of
the trauma population will likely lead to an increase in
patients carrying DNR advance directives: National
trends report the population ≥65 years has notably increased over time and grew at a faster rate than the total
population [34].
This is the most comprehensive description of DNR in
a trauma setting. Most studies on DNR in trauma patients have been performed in a non-trauma setting

Table 4 Unadjusted outcomes by Do-Not-Resuscitate (DNR) status
Predictor

N

Death/discharge to hospice

Major complication

ICU admission

DNR

1523

22.06 (336)

8.29 (106)

18.71 (285)

Pre-existing

715

14.13 (101)

3.09 (18)

5.73 (41)

Continued DNR

576

15.63 (90)

6.08 (35)

3.30 (16)

Rescinded DNR

139

7.91 (11)

4.32 (6)

2.04 (2)

In-house

808

29.08 (235)

12.66 (88)

30.20 (244)

Early (within 1 day)

536

20.71 (111)

4.69 (21)

17.72 (95)

Late (>1 day)

207

52.17 (108)

30.60 (56)

61.35 (127)

8530

1.40 (119)

5.02 (361)

17.02 (1452)

No DNR
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where patients’ end-of-life status are known, and it is
more practical to provide pain and symptom management and goals of care based on patients’ wishes. There
may be neglect of palliative care in trauma because of
the focus on aggressive treatment and resuscitation [35].
Due to the nature of their condition, patients with
trauma usually receive aggressive treatments and early
resuscitation because there is uncertainty about the ultimate outcome following traumatic injury.
Studies examining DNR following trauma have largely
limited the population to severely injured patients based
on ICU admission [29], immediate blood transfusion
[30], or presence of TBI [27,28]. In our cohort, most patients with a DNR established post-injury did not have a
TBI (69%) or go to the ICU (70%); thus, limiting trauma
populations to those with severe injuries has resulted in
an incomplete picture of DNR following traumatic injury. The prevalence of a DNR was higher in our general
trauma population (15%) compared to other severely injured trauma subpopulations (5-7%), likely due to the
age of our trauma population or the increasing use of
DNR as an order to protect a patient’s autonomy.
DNR is used more frequently in elderly patients independent of disease prognosis in non-trauma settings, including 12% of hospitalized patients ≥65 years [26], 13%
of stroke patients ≥50 years [36], and 13% of emergency
surgical ICU patients whose mean age was 63 years [19].
Our retrospective study was unable to determine if DNR
is overused in elderly patients or underused in younger
patients with trauma, but our findings demonstrating
that > 90% of in-house DNRs were established in patients ≥65 years reflect two likely explanations: 1- an age
bias exists in which clinicians approach older patients,
believing they are more likely to want comfort measures
rather than aggressive resuscitation, whereas younger
patients will sign a DNR only when all other therapeutic
options have been exhausted; 2- the older population
has contemplated death, resuscitation and DNR and previously discussed their wishes with family or has a DNR
advance directive in place.
We found that the presence of a DNR did not appear
to be a sign of eventual death, as only 22% of patients
with DNR died in our study compared with observed
rates of 88% in trauma patients admitted to the ICU [29]
and 99% for those requiring blood transfusion [30]. This
finding may reflect the increasing use of DNR as an
order to protect a patient’s autonomy even in conditions,
such as traumatic injury, that view withdrawal of life
sustaining therapy as a failure [37].
The primary limitation of our study is that information
on the reason for DNR placement was not recorded
electronically, nor was information on presence of living
wills and power of attorney. As such, we did not know
whether the decision to sign the DNR was made by the
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patient, surrogate, or a proxy. Second, we did not determine the causal relationship between development of
a major complication, ICU admission, and placement
of a DNR. Third, our trauma center has a low incidence
of penetrating injury (3%) and high proportion ≥65 years
(51%), thus making our results potentially less generalizable
to other trauma centers. This study was also conducted at
a single institution, further limiting the generalizability
and likely resulting in population bias. Because of these
limitations, several questions arise for future research. Primarily, what was the reason for end-of-life decisions, were
DNRs established late in the hospital course due to exhaustion of therapeutic options, or were DNRs established
early in the hospital course due to physician perceptions
of patient prognosis, age bias, or the increasing use of
DNR as a legal order used to respect patient wishes?

Conclusions
At our level I community trauma center, DNR orders
are increasing, reflecting the greater age of our population, the increasing use of DNR for quality of life and
patient autonomy, or both. A DNR order that was executed in-house, post injury was associated with greater
age, severe injury (GCS, tachycardia), injury due to falls,
and number of comorbidities in our general trauma
population. Age ≥65 was the greatest predictor of establishing a DNR after injury, particularly early in the hospital course. As expected, mortality was greater in
patients with DNR than those without, and poor outcomes were greatest in patients with DNR orders executed later in the hospital stay. It is important for
physicians and trauma patients to understand the distribution and determinants of DNR orders and their associated outcomes following trauma to inform decisions
for limiting life-sustaining therapy.
Abbreviations
DNR: Do-not-resuscitate; ICU: Intensive care unit; TBI: Traumatic brain injury;
ISS: Injury severity score; ED: Emergency department; LOS: Length of stay;
CCI: Charlson comorbidity index; RR: Respiratory rate; IQR: Interquartile range;
CI: Confidence interval.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
All authors have made substantial contributions to all of the following: (1)
the conception and design of the study, or acquisition of data, or analysis
and interpretation of data, (2) drafting the article or revising it critically for
important intellectual content, (3) final approval of the version to be
submitted.
Acknowledgements
This study was presented as a poster presentation at the 2013 Annual
meeting for the American Association for the Surgery of Trauma in San
Francisco, CA.
Author details
1
Trauma Research Department, Swedish Medical Center, Englewood, CO
80113, USA. 2Trauma Research Department, St. Anthony Hospital, Lakewood,

Salottolo et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine (2015) 23:9

CO 80228, USA. 3Trauma Services Department, St. Anthony Hospital,
Lakewood, CO 80228, USA. 4Trauma Services Department, Swedish Medical
Center, Englewood, CO 80113, USA. 5Rocky Vista University, Aurora, CO
80011, USA. 6Trauma Services Department, Medical Center of Plano, Plano,
TX 75075, USA.
Received: 11 November 2014 Accepted: 19 January 2015

References
1. Cherniack EP. Increasing use of DNR orders in the elderly worldwide: whose
choice is it? J Med Ethics. 2002;28:303–7.
2. Silveira MJ, Kim SY, Langa KM. Advance directives and outcomes of
surrogate decision making before death. N Engl J Med. 2010;362:1211–8.
3. Wenger NS, Pearson ML, Desmond KA, Kahn KL. Changes over time in the
use of do not resuscitate orders and the outcomes of patients receiving
them. Med Care. 1997;35:311–9.
4. Greco PJ, Schulman KA, Lavizzo-Mourey R, Hansen-Flaschen J. The patient
self-determination Act and the future of advance directives. Ann Intern
Med. 1991;115:639–43.
5. Wenger NS, Pearson ML, Desmond KA, Brook RH, Kahn KL. Outcomes of
patients with do-not-resuscitate orders. Toward an understanding of what
do-not-resuscitate orders mean and how they affect patients. Arch Intern
Med. 1995;155:2063–8.
6. Curtis JR, Park DR, Krone MR, Pearlman RA. Use of the medical futility
rationale in do-not-attempt-resuscitation orders. JAMA. 1995;273:124–8.
7. Boyd K, Teres D, Rapoport J, Lemeshow S. The relationship between age
and the use of DNR orders in critical care patients. Evidence for age
discrimination. Arch Intern Med. 1996;156:1821–6.
8. Hakim RB, Teno JM, Harrell Jr FE, Knaus WA, Wenger N, Phillips RS, et al.
Factors associated with do-not-resuscitate orders: patients’ preferences,
prognoses, and physicians’ judgments. SUPPORT investigators. Study to
understand prognoses and preferences for outcomes and risks of treatment.
Ann Intern Med. 1996;125:284–93.
9. Chen JL, Sosnov J, Lessard D, Goldberg RJ. Impact of do-not-resuscitation
orders on quality of care performance measures in patients hospitalized
with acute heart failure. Am Heart J. 2008;156:78–84.
10. Silvennoinen K, Meretoja A, Strbian D, Putaala J, Kaste M, Tatlisumak T.
Do-not-resuscitate (DNR) orders in patients with intracerebral hemorrhage.
Int J Stroke. 2014;9:53–8.
11. Beach MC, Morrison RS. The effect of do-not-resuscitate orders on physician
decision-making. J Am Geriatr Soc. 2002;50:2057–61.
12. Mirarchi FL, Costello E, Puller J, Cooney T, Kottkamp N. TRIAD III: nationwide
assessment of living wills and do not resuscitate orders. J Emerg Med.
2012;42:511–20.
13. Huang YC, Huang SJ, Ko WJ. Survey of do-not-resuscitate orders in surgical
intensive care units. J Formos Med Assoc. 2010;109:201–8.
14. Kazaure H, Roman S, Sosa JA. High mortality in surgical patients with
do-not-resuscitate orders: analysis of 8256 patients. Arch Surg.
2011;146:922–8.
15. Scarborough JE, Pappas TN, Bennett KM, Lagoo-Deenadayalan S.
Failure-to-pursue rescue: explaining excess mortality in elderly emergency
general surgical patients with preexisting “do-not-resuscitate” orders. Ann
Surg. 2012;256:453–61.
16. Saager L, Kurz A, Deogaonkar A, You J, Mascha EJ, Jahan A, et al. Pre-existing
do-not-resuscitate orders are not associated with increased postoperative
morbidity at 30 days in surgical patients. Crit Care Med. 2011;39:1036–41.
17. Jayes RL, Zimmerman JE, Wagner DP, Knaus WA. Variations in the use of
do-not-resuscitate orders in ICUS. Findings from a national study. Chest.
1996;110:1332–9.
18. Rapoport J, Teres D, Lemeshow S. Resource use implications of do not
resuscitate orders for intensive care unit patients. Am J Respir Crit Care Med.
1996;153:185–90.
19. Eachempati SR, Hydo L, Shou J, Barie PS. Sex differences in creation of
do-not-resuscitate orders for critically ill elderly patients following
emergency surgery. J Trauma. 2006;60:193–7. discussion 197–198.
20. Brizzi M, Abul-Kasim K, Jalakas M, Selariu E, Pessah-Rasmussen H, Zia E.
Early do-not-resuscitate orders in intracerebral haemorrhage; frequency and
predictive value for death and functional outcome. A retrospective cohort
study. Scand J Trauma Resusc Emerg Med. 2012;20:36.

Page 8 of 8

21. Hemphill 3rd JC, Newman J, Zhao S, Johnston SC. Hospital usage of early
do-not-resuscitate orders and outcome after intracerebral hemorrhage.
Stroke. 2004;35:1130–4.
22. Silvennoinen K, Meretoja A, Strbian D, Putaala J, Kaste M, Tatlisumak T.
Do-not-resuscitate (DNR) orders in patients with intracerebral hemorrhage.
Stroke: Int J; 2013.
23. Shepardson LB, Youngner SJ, Speroff T, Rosenthal GE. Increased risk of
death in patients with do-not-resuscitate orders. Med Care. 1999;37:727–37.
24. Baker DW, Einstadter D, Husak S, Cebul RD. Changes in the use of do-notresuscitate orders after implementation of the Patient Self-Determination
Act. J Gen Intern Med. 2003;18:343–9.
25. Wenger NS, Pearson ML, Desmond KA, Harrison ER, Rubenstein LV, Rogers WH,
et al. Epidemiology of do-not-resuscitate orders. Disparity by age,
diagnosis, gender, race, and functional impairment. Arch Intern Med.
1995;155:2056–62.
26. Torke AM, Sachs GA, Helft PR, Petronio S, Purnell C, Hui S, et al. Timing of
do-not-resuscitate orders for hospitalized older adults who require a
surrogate decision-maker. J Am Geriatr Soc. 2011;59:1326–31.
27. Thompson HJ, Rivara FP, Jurkovich GJ, Wang J, Nathens AB, MacKenzie EJ.
Evaluation of the effect of intensity of care on mortality after traumatic
brain injury. Crit Care Med. 2008;36:282–90.
28. Turgeon AF, Lauzier F, Simard JF, Scales DC, Burns KE, Moore L, et al.
Mortality associated with withdrawal of life-sustaining therapy for patients
with severe traumatic brain injury: a Canadian multicentre cohort study.
CMAJ. 2011;183:1581–8.
29. Nathens AB, Rivara FP, Wang J, Mackenzie EJ, Jurkovich GJ. Variation in the
rates of do not resuscitate orders after major trauma and the impact of
intensive care unit environment. J Trauma. 2008;64:81–8. discussion 88–91.
30. Wade CE, del Junco DJ, Fox EE, Cotton BA, Cohen MJ, Muskat P, et al.
Do-not-resuscitate orders in trauma patients may bias mortality-based
effect estimates: an evaluation using the PROMMTT study. J Traum Acute
Care Surg. 2013;75:S89–96.
31. Adams SD, Cotton BA, Wade CE, Kozar RA, Dipasupil E, Podbielski JM, et al.
Do not resuscitate status, not age, affects outcomes after injury: an
evaluation of 15,227 consecutive trauma patients. J Traum Acute Care Surg.
2013;74:1327–30.
32. Emergency Medical and Trauma Services Section. Colorado Trauma Registry
Inclusion/Exclusion Criteria. Emergency Medical and Trauma Services
Section: Colorado Trauma Registry Inclusion/Exclusion Criteria. 2011.
http://www2.cde.state.co.us/artemis/hemonos/he193108t692011internet/
he193108t69201101internet.pdf. Access date: January 27, 2015.
33. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40:373–83.
34. The older population: 2010 [http://www.census.gov/prod/cen2010/briefs/
c2010br-09.pdf]. Access date: November 6th, 2014.
35. Mosenthal AC, Murphy PA. Trauma care and palliative care: time to
integrate the two? J Am Coll Surg. 2003;197:509–16.
36. Kelly AG, Zahuranec DB, Holloway RG, Morgenstern LB, Burke JF. Variation in
do-not-resuscitate orders for patients with ischemic stroke: implications for
national hospital comparisons. Stroke. 2014;45:822–7.
37. Buchman TG, Cassell J, Ray SE, Wax ML. Who should manage the dying
patient?: Rescue, shame, and the surgical ICU dilemma. J Am Coll Surg.
2002;194:665–73.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

