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Abstract

Background—We sought to identify patient and institutional variables predictive of a 

withdrawal of care order (WOCO) in trauma patients. We hypothesized that the frequency of 

WOCO would be higher at trauma centers.

Methods—Data from the National Study on the Costs and Outcomes of Trauma (NSCOT) was 

used to determine associations between WOCO status and patient characteristics, institutional 

characteristics, and hospital course. Chi-square, t-tests and multivariate analysis was used to 

identify variables predictive of WOCO.

Results—Of 14,190 patients, 618 (4.4%) had WOCO, which accounted for 60.9% of patients 

who died in hospital. Age (p=<0.001), race (p=<0.001), co-morbidity (p=<0.001) and injury 

mechanism were associated with WOCO (p=0.03). WOCO patients had higher NISS (p=<0.001), 

lower GCS motor scores (p=<0.001) and higher incidence of midline shift on head CT (p=0.01). 

Trauma center status (OR 1.56 (95% CI 1.06,2.30)) and closed ICU (OR 1.53 (95% CI 1.03,2.25)) 

were also predictive of WOCO. There was sizeable variation (0 to 16%) in the percentage of 

patients with WOCO across centers.

Conclusion—Most trauma patients who die in hospital do so after a WOCO. Although trauma 

center status and closed ICU are predictive of WOCO, variation in the percentage of patients with 

WOCO across all centers speaks to the complexity of these decisions. Further investigation is 

needed to understand how WOCO is applied to trauma patients.
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Introduction

There is considerable evidence to support specialized care for severely injured patients 

during the pre-hospital and hospital phases of care (1, 2). This has resulted in regionalization 

of trauma care, such that the most severely injured patients are concentrated in specialized 

centers best equipped to care for them. This regionalization should allow for the most 

efficient distribution of human and technological resources. (3)

Recent efforts to compare patient outcomes as benchmarks of quality are intended to 

improve care by identifying discrepant performance among institutions, standardize 

healthcare delivery, and allow consumers to make better-informed choices. Such 

comparative efforts are a particular challenge for trauma centers where patients are 

intentionally selected for their high-risk injuries, and survival is uncertain.

In addition, while injuries causing physical and mental incapacity may be survivable, the 

resultant functional outcome may be unacceptable for patients, families and surrogates. 

Intensive care, which prolongs death, rather than saving functionally normal lives, is 

generally considered inappropriate, and the goals of care may best be redirected from cure to 

comfort. Clearly prognosis from physicians, nurses, and other caregivers has a profound 

influence on these decisions. (4–6). However, prognosis is often imprecise (7) and 

physicians rarely offer explicit chances for long-term survival or speak in absolute terms. (8) 

Projections concerning functional recovery and quality of life are even more poorly defined 

and inaccurate. (8) In centers less experienced with major trauma, some severely injured 

patients may be considered unsalvageable and clinicians may offer a less optimistic 

prognosis. Variability in management at the end-of-life (9) (10) may cause different 

outcomes across centers.

It is known that the majority of patients who die in intensive care units do so after life-

sustaining therapy has been withdrawn or withheld and that there is wide variation in how 

end-of-life care is practiced. (11) There is little data about withdrawal of life sustaining 

therapy in the overall trauma population. One series has shown that over 80% of elderly 

trauma patients who died in a four-year period had life-sustaining therapy withdrawn or 

withheld. (12) The prevalence of orders to withdraw life sustaining therapy in trauma 

patients requires close inspection as it may be a common prelude to death in severely injured 

patients, with likely significant age variance. If survival or length of stay is used as a 

performance measure,(1) differences in the utilization of withdrawal of care orders (WOCO) 

between centers may contribute to variation in mortality rates.

We previously examined how differences in the ICU environment affected rates of “do not 

resuscitate” (DNR) orders, and found significant variability in their use across centers. (13). 

The goal of this study was broader, and sought to examine the use of orders to withdraw 

life-sustaining therapy in trauma and non-trauma centers and to determine those institutional 

and patient characteristics associated with having withdrawal of care ordered. We 

hypothesized that when controlling for age, patient mix and injury severity, orders for 

withdrawal of care would be more prevalent in trauma centers than in non-trauma centers. 

For purposes of data abstraction, we used the term withdrawal of care order (WOCO) 
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because we sought to identify cases where life-sustaining therapy was removed. Although 

the terms withdrawal of life-sustaining therapy, redirection of care, or transition to comfort 

measures only are increasingly acceptable alternatives to WOCO, we will use WOCO here 

for consistency.

Methods

This is a prospective cohort study of the utilization of WOCO in trauma centers and non-

trauma center hospitals. This data was obtained from the National Study on the Costs and 

Outcomes of Trauma (NSCOT) that compared the long-term outcome and cost effectiveness 

of patients treated in designated trauma and non-trauma center hospitals (2, 14) The sites 

included 18 level 1 and 51 non-trauma centers in 15 Metropolitan Statistical regions (MSA) 

in 12 states. Trauma centers were designated as Level I centers by regional authorities or 

verified by the American College of Surgeons. The non-trauma centers treated a minimum 

of 25 major trauma patients annually. Institutional Review Board approval was obtained 

from each participating hospital.

Included were patients aged 16 to 84 with at least one moderate to severe injury (AIS ≥3). 

Those patients who died within 30 minutes of arrival or who had delay in treatment greater 

than 24 hours were excluded, as were patients who had major burns, or were 65 years or 

older with a primary diagnosis of hip fracture. Patients who were non-English or non-

Spanish speaking, homeless or incarcerated at the time of injury, were also excluded.

To avoid disproportionate enrollment from the highest-volume trauma centers, a sampling 

strategy was utilized with a goal of enrolling 3000 patients between 18 and 64 years of age, 

and 1200 patients between 65 and 84 years of age, evenly distributed between centers and 

within groups defined by injury severity and area of injury. Of 15,400 eligible subjects, 951 

were cared for in a non-NSCOT hospital for more than 24 hours prior to transfer to a 

participating center. These patients were excluded from this study as our primary objective 

was to determine the impact of trauma care at a Trauma Center vs. Non Trauma Center on 

outcome, and we felt that patients spending more than 24 hours at another hospital before 

transfer would not accurately reflect the outcomes of care at the ultimate receiving hospital. 

This yielded a total of 14,476 enrolled subjects as the result of the sampling strategy which 

is described in detail elsewhere (2) This analysis included 4824 patients representing a 

weighted reference sample of 14,190 subjects. We excluded 286 patients who only had a 

DNR order. We sought to identify institutional and patient characteristics that would be 

predictors of a WOCO.

As described previously, research nurses trained for the NSCOT study abstracted data. (2) 

Briefly, socio-demographic information including age, gender, and insurance status were 

abstracted from the medical record. Pre-existing diseases were obtained from the medical 

record and weighted to derive the Charlson co-morbidity score.(15) The Injury Severity 

Score and New Injury Severity Score were used as summary measures to classify injury 

severity. These were calculated based on mechanism, and anatomic and physiologic 

derangements abstracted from the medical record. Data about each patient’s hospital course, 

intensive care unit stay and post discharge recovery were also abstracted from the medical 
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record. Intensive care units were considered closed if critically ill trauma patients were 

routinely treated on a service led by an intensivist or were co-managed by an intensivist. 

(16)

Patients were considered to have a WOCO if the medical record clearly stated that life-

sustaining measures were removed. Timing of the order, documentation by the attending 

physician regarding futility, and documentation of family discussions regarding redirection 

of care were not abstracted from the medical record, and so this data was unavailable for 

analysis.

Data Analysis

Missing co-variate data were imputed, and the analysis used data weighted to the universe of 

eligible patients. We predicted that variable patient mix across centers could account for 

apparent differences in the utilization of withdrawal of care orders. To address this, we used 

multivariate hierarchical modeling to develop the final weighted analysis. We sought to 

identify patient and institutional variables, which were predictors of a WOCO. We 

considered that the presence of such an order would be predicated on initial injury type and 

severity, pre-existing co-morbidity, complications during hospitalization, and that it would 

be associated with certain institutional characteristics such as trauma center designation and 

intensive care unit staffing. We used chi square and t tests to determine associations between 

WOCO status and the variables described above. We then did a multivariate analysis 

adjusting for age, injury severity and head injury severity to find the associations of 

institutional characteristics with WOCO. The ratio of generalized chi-square statistic and the 

degrees of freedom for each variable was between 2.44 and 2.60, which demonstrates 

considerable residual variability in the marginal distribution of data in the multivariate 

model. However, as our objective was to show the relationship of these chosen variables to 

presence of a WOCO, we did not include extraneous variables which may have improved 

the fit of the model but would have been irrelevant to our analysis. Data are presented as 

absolute figures and percentages within groups. All of the analyses were done using SAS 9.1 

and STATA 10.

Results

Of 14,190 patients, the in-hospital death rate was 6.7% (n=954). Six hundred and eighteen 

patients (4.4%) had WOCO, and 581 of these died. Of patients who died in hospital, 60.9% 

had WOCO. The in-hospital mortality rate for patients with WOCO was 94.0% compared to 

2.6% for those without such orders. The three and 12 month mortality for the WOCO group 

was 95.9% and 96.2%, respectively.

Patient Characteristics

Age, co morbidity and race/ethnicity were associated with the presence of a WOCO (Table 

1). Patients with WOCO were older than other patients; over half were >55 years old. 

Patients aged 75–84 were only 9% of the total study population but comprised 25% of those 

with WOCO. The majority of patients in both groups had Charlson score of zero; however, 

higher Charlson scores were associated with WOCO. Among those in the WOCO group, 
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17.2% had a Charlson score ≥ 3, compared to only 6.9% of those without WOCO. Patients 

with WOCO were less likely to be Hispanic or Non-White, Non-Hispanic. There was no 

difference in gender or type of insurance between groups.

Injury Characteristics

There were significant differences in mechanism of injury between the two groups. (Table 

2) WOCO patients were significantly more likely to be injured from falls or firearms than 

non-WOCO patients. WOCO patients were significantly more likely to be transferred from 

an outside hospital but, time to transfer was not significant. The majority of patients were 

not transferred. As expected, patients in the WOCO group had higher indicators of global 

injury severity with significantly higher NISS and AIS scores. The WOCO group was more 

likely to present with hypotension. Neurological deficit in the emergency department and 

head injury were significant predictors of WOCO. Sixty-eight percent of patients without 

WOCO had a Head AIS score ≥ 2, whereas 72.1% of patients with WOCO had Maximum 

Head AIS scores ≥ 4. Midline shift was noted on the initial head CT scan in 40.1% of 

patients in the WOCO group. One half of patients with WOCO had abnormal pupillary 

responses in the ED (50.2% vs. 5.4%), and 34.6% percent had an initial GCS motor score ≥ 

2 (without chemical paralysis) in the ED. Over one-quarter of patients in the WOCO group 

were chemically paralyzed on arrival to the emergency department, which was considerably 

higher than in the other group (25.8% vs. 8.3%). Paralysis related to spinal cord injury was 

not significantly associated with WOCO. There was an association between lower extremity 

injury score and WOCO, however, there was no association with severity of abdominal or 

truncal injury.

Ninety-two percent of patients with WOCO were admitted to the intensive care unit during 

their admission. This is significantly different from the non-WOCO group where less than 

half (46%) was admitted to the ICU at some point during their hospital stay. There were no 

significant differences between the two groups in the number of consultants, as a surrogate 

for the intensity of care received.

Irreversible complications during hospitalization can prompt the decision to redirect care. 

We found that patients in the WOCO group were significantly more likely to have had a 

stroke, cardiovascular insult, multiple organ failure, or renal failure than patients without 

WOCO. (See Table 3). Hospital length of stay was significantly shorter for the WOCO 

group.

Institutional Characteristics

There was substantial variation across all centers in the proportion of patients with WOCO, 

ranging from 0 to 16% (Table 4). We found considerable variation between Level I trauma 

centers. (See figure 1,2,3) In the aggregate, patients with WOCO were more likely to receive 

care at slightly smaller hospitals than other patients (mean number of beds 545 vs. 580), and 

were more likely to be treated at trauma centers. We did not find that patients with WOCO 

were more likely to receive care at teaching hospitals or in a closed ICU in the univariate 

analyses. However, after adjusting for age, ISS and maximum head AIS score, treatment in a 
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trauma center and a closed ICU were independent predictors of WOCO. Number of 

admissions and hospital size were no longer predictors after this adjustment. (See Table 5)

Multivariate analyses

The factors found to be independently associated with WOCO are shown in Table 6. 

Advanced age was predictive of WOCO; the odds ratio was highest for those aged 75–84 

(OR=9.96; 95% CI 5.51–18.02). Charlson score (OR 1.21; 95% CI 1.09–1.35) and high 

maximum AIS score (OR=1.67; 95%CI=1.23–2.26) were predictive of WOCO. Initial GCS 

motor score of 1 (OR 6.24; 95% CI 3.36–11.58), and midline shift on initial head CT (OR 

2.07; 95% CI= 1.46–2.92) were independently associated with redirection of care. Stroke, 

cardiovascular complication, renal failure, and multiple organ failure were also associated 

with WOCO. These findings are consistent with the univariate analysis demonstrating their 

robustness as predictors of WOCO. LOS greater than 2 days, ICU admission, and number of 

consultants, were also independently associated with WOCO.

Survivors in the WOCO group

There were 37 patients who had withdrawal of care of orders written but survived their 

initial hospital stay (WOCO survivors). There was no significant difference in age for 

WOCO survivors vs. non-survivors (Table 7). There was a statistically significant difference 

in the Charlson scores between WOCO survivors and non-survivors although the findings 

are non-linear. The majority of survivors (52.2%) had a Charlson score of 1, whereas the 

majority of non-survivors had a Charlson score of zero (58.5%). However, more of the non-

survivors than survivors had a score of 3 or more. There was a significant difference in the 

maximum AIS score, and initial GCS motor score between survivors and non-survivors. 

Over 80% of survivors had an initial GCS motor score > 4, whereas only 37% of non-

survivors had an initial GCS motor score > 4. Non-survivors were also more likely to have 

midline shift on their initial head CT scan, abnormal pupillary response during ED 

evaluation, and ICU admission. This is a significant difference in how survivors and non-

survivors present after their initial injury, and highlights the importance of neurological 

status in predicting survival. Even in patients who were sick enough to have life-sustaining 

therapy withdrawn, a higher GCS motor score conferred a survival advantage. Non-

survivors were significantly more likely to have in- hospital complications but no survivors 

had multiple organ failure, cardiovascular complications or renal failure. Survivors had 

significantly higher length of stay, and more consultants, than non-survivors.

Discussion

This paper examines the predictors of withdrawal of care orders in trauma patients and the 

variation of the prevalence of these orders across centers. Others have looked at withdrawal 

of care in elderly trauma patients (17) but to our knowledge this is the first large prospective 

multicenter study to look at withdrawal of care in all major trauma patients. One study has 

suggested that over 80% of trauma patients who died in hospital had life sustaining therapy 

withdrawn or withheld.(12) In this current study 60.9% percent of patients who died in–

hospital had a WOCO order. This discrepancy has serious implications for how we examine 

death as an outcome in this population. If survival is used as a performance measure, 
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variation in the utilization of WOCO between centers must be considered when benchmarks 

are set. Unfortunately, there is a paucity of data regarding the application of withdrawal of 

care orders in trauma patients, particularly younger trauma patients.

When controlled for age, injury severity, and severity of head injury, we found trauma 

centers and closed intensive care units were independent predictors of WOCO. This supports 

our hypothesis that institutional characteristics influence the frequency of withdrawal of life-

sustaining therapy. This study was not designed to identify the reasons for this finding. It is 

possible that facilities, and clinical providers, who care for critically ill trauma patients with 

greater frequency, have more experience in managing end-of-life care, and are more adept at 

providing guidance to families in making end-of-life decisions. Infrastructural support from 

chaplains, bereavement counselors, social work, and palliative care specialists may also be 

in place to facilitate end-of life decision-making with physicians and families (18). Palliation 

in the intensive care unit has emerged as a crucial component of patient-centered care (19); 

however, end-of-life care for trauma patients often differs from that for those with other 

conditions. Rather than a protracted course with increasing disability, previously robust 

patients may suddenly find themselves severely disabled. Withdrawal of life sustaining 

therapy is a cultural shift in the care of a trauma patient where extreme measures are 

routinely used to preserve life.(20) Centers with little experience caring for the most 

complex trauma patients may be more reluctant to move in the direction from cure to 

comfort.

As in other studies (21) (12), we found that advancing age is independently associated with 

withdrawal of life sustaining therapy in trauma patients. However in a retrospective review 

of elderly trauma patients, Trunkey et al. (17) failed to show that age, elderly, maximum 

AIS, comorbidities, admission Glasgow Coma Scale or vital signs were predictive of 

withdrawal of life sustaining therapy. This suggests that there may be different 

considerations for WOCO in younger compared with older trauma patients. Manara et al., 

have shown that pre-morbid activity, concern regarding loss of independence, and imminent 

death are all key considerations in end of life decision making for elderly patients (22), 

while quality of life considerations are the most significant factors for younger patients.

The presence of co-morbidities was independently associated with WOCO, although the 

majority of patients in the WOCO group had a Charlson score of zero. Without detailed 

records regarding the discussions preceding decisions to withdraw life-sustaining therapy it 

is difficult to surmise what role co-morbid conditions play in end-of life decisions. Other 

studies have found a “paradoxical” effect of co-morbidity adjustment, in that hospitalized 

patients who died were less likely to have co-morbidities recorded than patients who 

survived.(23). Whether this is due to under-recording of co-morbidities in the medical 

record of those who died, saturation of the number of fields for coding diagnoses among 

patients with multiple complications, or a true non-linear relationship between complications 

and survival is unknown. This remains an important limitation.

In this study of patients aged 18–64, injury severity, and severe head injury were 

independently associated with WOCO. In our analysis, half of patients with WOCO had 

abnormal pupillary responses when they arrived in the emergency department, and 40% had 
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midline shift on the initial CT scan of their head. First GCS motor score of one, without 

chemical paralysis, was the physical finding most predictive of WOCO. This is likely to 

simply represent patients with devastating head injuries in whom any meaningful functional 

recovery is highly unlikely. This is consistent with a study by Plaiser et al. (12) where the 

majority of trauma patients who had care withdrawn had traumatic brain injuries. Most 

patients who are not suffering from severe illness say that they would not want life-

sustaining therapy that would result in severe cognitive impairment or dependence on others 

(24) Tolerance of more aggressive interventions declines with worsening functional 

outcome. (25) However, paralysis from spinal cord injury was not predicative of WOCO in 

our study, suggesting that cognitive disability may more devastating than physical disability 

to many patients or their surrogate decision makers.

When adjusted for age and injury severity, organ dysfunction during hospitalization was 

predictive of WOCO. Although all complications, including stroke, multi organ failure and 

cardiovascular insult reached statistical significance in this study, renal failure was most 

strongly associated with WOCO.(26) Prolonged dependence on mechanical ventilation and 

hemodialysis are factors known to influence redirection of care.(27) Our study did not 

specifically query about risk for prolonged mechanical ventilation but the significant 

association between WOCO and organ failure, in both univariate and multivariate analysis, 

suggests its influence on the presence of WOCO. Some patients do not want medical 

intervention if they cannot return to a “meaningful” or “independent” life. In a survey of 287 

elderly patients during primary care visits, Murphy found that the majority wanted short-

term ventilation or tube feedings if chances for recovery were favorable.(28) Fewer than 5 

percent wanted long-term support. (28)

Surrogates make most decisions about withdrawal of life sustaining therapy in the ICU (12, 

29); advance directives can guide their decisions. Our study did not examine the role of 

advance directives in this setting, so it is unclear how this influenced our findings. 

Discussions about advance directives are best made in the primary care setting when patients 

may have an established relationship with their provider, and can make decisions without 

duress. (30) (31) Unfortunately this is usually not possible in the trauma ICU where surgical 

intensivists do not have established relationships with patients and proxies, infirmity is 

unexpected, prognosis is uncertain, overwhelmed surrogates may be unreliable, and few 

patients can participate in decisions themselves.(32, 33) In addition, even when advance 

directives are available, providers or proxies do not often follow them.(34) In cases where 

directives are ambiguous, and do not specifically address the situation at hand, providers and 

proxies are left to guess. It is probable that acute trauma presents an unanticipated scenario 

that could make advance directive less useful.

Ethnic differences have a profound effect on decision making at the end-of-life. Our analysis 

did show an association with ethnicity; patients in the WOCO group were more likely to be 

white-non-Hispanic. Whites are more knowledgeable about advanced directives than other 

groups (35), (20) and are more likely to have advanced directives than African Americans. 

(36) Negative attitudes about advanced directives among African Americans stems from 

general distrust of the medical system. (28, 36, 37) This study had too few African-

Americans to have any meaningful analysis of this group. Ethnic differences have been 
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shown in other settings; African-Americans are more likely than whites to refuse withdrawal 

of life sustaining therapy. (38) To our knowledge, ethno-cultural variation in end-of-life 

decision-making in trauma patients has not been examined. Given that trauma is so closely 

related to social disparities, such a study would be worthwhile.

When making end-of-life decisions, patients and surrogates rely on physicians to provide a 

clear prognosis with regard to survival and functional outcome. (39) Nonetheless, 

prognostication is imprecise, and is inaccurate even after redirection of care,. The mortality 

rate in this study was 94% after WOCO. This finding is consistent with a retrospective study 

of 318 ICU patients by Nolin et al., which demonstrated a 92% in-hospital mortality rate 

after withdrawal of life-sustaining therapy. (18) Prognosis is heavily influenced by physician 

bias and the length of their relationship with the patient (11, 40, 41). Once a trauma patient 

survives the initial injury, scoring systems are a less useful tool for predicting final outcome, 

and complications add uncertainty to predicting the outcome. (42) Recognition of 

characteristics predictive of death after WOCO could inform communication with families 

and surrogates.

Limitations

There are a number of limitations to our study. Although data was collected prospectively, 

the NSCOT database was not specifically developed to look at end-of-life care in trauma 

patients specifically. We did not collect data as to the timing of WOCO with respect to 

admission or death. Others have shown that writing an order to withdraw life-sustaining 

therapy care is highly predictive of death in intensive care unit patients, and that most orders 

to withdraw life sustaining therapy precede death by less than 72 hours (18, 34, 43). The 

high in hospital mortality rates in our WOCO groups are consistent with these findings.

Our data did not include presence of advanced directives therefore we are unable to draw 

conclusions about their influence in WOCO in this group of trauma patients. Whatever their 

shortcomings, advanced directives serve as a starting point for end-of-life discussions and 

ease the burden for family members and caregivers at time when patients are unable to 

advocate for themselves. It is possible that advance directives are an independent predictor 

of WOCO, especially for older patients. Finally, our study could not adequately capture the 

complexity that a WOCO order entails. We did not collect data regarding meetings with 

family and surrogates or physician opinion regarding prognosis or futility. Nor did we 

capture data about the presence of nurses during such discussions. Nurses also offer 

prognostic information to patients and their surrogates, are often the first clinicians to 

approach the family about redirection of care, and are often the first to identify conflict 

among team members. (44) (45) Multiple conversations with physician, nurses, chaplains 

and family members are a prelude to an order that may be a single computer entry or a 

scribbled line on a chart. Trunkey et al. (17) found two factors associated with withdrawal of 

life sustaining therapy in elderly trauma patients: attending surgeon documentation of 

futility, and family participation in the decision to withdraw therapy. We were unable to 

capture either factor in this study.

In conclusion, the majority of in-hospital deaths in our study were preceded by a withdrawal 

of care order. Patient characteristics independently associated with WOCO include age, 
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ethnicity, overall injury severity, head injury severity, and complications during 

hospitalization. We also demonstrated differences in frequency of WOCO among level I 

trauma centers and between trauma centers and non-trauma centers. Treatment in a trauma 

center and a closed ICU were independently associated with WOCO. These differences 

likely reflect institutional and physician preferences that are not measured here. More study 

is needed to understand what accounts for variability between centers in the prevalence of 

WOCO and whether such variation has an impact on patient care.

Acknowledgments

Funded by grant (R49/CCR316840) from the National Center for Injury Prevention and Control of the Centers for 
Disease Control and Prevention and grant (R01/AG20361) from the National Institute on Aging of the National 
Institutes of Health.

References

1. Mann NC, Mullins RJ, MacKenzie EJ, Jurkovich GJ, Mock CN. Systematic review of published 
evidence regarding trauma system effectiveness. J Trauma. 1999 Sep; 47(3 Suppl):S25–33. 
[PubMed: 10496607] 

2. MacKenzie EJ, Rivara FP, Jurkovich GJ, Nathens AB, Frey KP, Egleston BL, et al. A national 
evaluation of the effect of trauma-center care on mortality. N Engl J Med. 2006 Jan 26; 354(4):366–
78. [PubMed: 16436768] 

3. Coscia, R.; Meredith, JW., editors. Trauma ACoSCo Resources for Optimal care of the Injured 
patient. Chicago: American College of Surgeons; 2006. 

4. Campbell ML, Frank RR. Experience with an end-of-life practice at a university hospital. Crit Care 
Med. 1997 Jan; 25(1):197–202. [PubMed: 8989198] 

5. Tilden VP, Tolle SW, Garland MJ, Nelson CA. Decisions about life-sustaining treatment. Impact of 
physicians’ behaviors on the family. Arch Intern Med. 1995 Mar 27; 155(6):633–8. [PubMed: 
7887760] 

6. Smedira NG, Evans BH, Grais LS, Cohen NH, Lo B, Cooke M, et al. Withholding and withdrawal 
of life support from the critically ill. N Engl J Med. 1990 Feb 1; 322(5):309–15. [PubMed: 
2296273] 

7. Luce JM, White DB. The pressure to withhold or withdraw life-sustaining therapy from critically ill 
patients in the United States. Am J Respir Crit Care Med. 2007 Jun 1; 175(11):1104–8. [PubMed: 
17379853] 

8. White DB, Engelberg RA, Wenrich MD, Lo B, Curtis JR. Prognostication during physician-family 
discussions about limiting life support in intensive care units. Crit Care Med. 2007 Feb; 35(2):442–
8. [PubMed: 17205000] 

9. Christakis NA, Asch DA. Biases in how physicians choose to withdraw life support. Lancet. 1993 
Sep 11; 342(8872):642–6. [PubMed: 8103146] 

10. Walter SD, Cook DJ, Guyatt GH, Spanier A, Jaeschke R, Todd TR, et al. Confidence in life-
support decisions in the intensive care unit: a survey of healthcare workers. Canadian Critical Care 
Trials Group. Crit Care Med. 1998 Jan; 26(1):44–9. [PubMed: 9428542] 

11. Prendergast TJ, Claessens MT, Luce JM. A national survey of end-of-life care for critically ill 
patients. Am J Respir Crit Care Med. 1998 Oct; 158(4):1163–7. [PubMed: 9769276] 

12. Plaisier BR, Blostein PA, Hurt KJ, Malangoni MA. Withholding/withdrawal of life support in 
trauma patients: is there an age bias? Am Surg. 2002 Feb; 68(2):159–62. [PubMed: 11842963] 

13. 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 Jan; 64(1):81–8. discussion 88–91. [PubMed: 18188103] 

14. Mackenzie EJ, Rivara FP, Jurkovich GJ, Nathens AB, Frey KP, Egleston BL, et al. The National 
Study on Costs and Outcomes of Trauma. J Trauma. 2007 Dec; 63(6 Suppl):S54–67. discussion 
S81–6. [PubMed: 18091213] 

Cooper et al. Page 10

J Trauma. Author manuscript; available in PMC 2015 December 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



15. 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(5):373–
83. [PubMed: 3558716] 

16. Nathens AB, Rivara FP, MacKenzie EJ, Maier RV, Wang J, Egleston B, et al. The impact of an 
intensivist-model ICU on trauma-related mortality. Ann Surg. 2006 Oct; 244(4):545–54. 
[PubMed: 16998363] 

17. Trunkey DD, Cahn RM, Lenfesty B, Mullins R. Management of the geriatric trauma patient at risk 
of death: therapy withdrawal decision making. Arch Surg. 2000 Jan; 135(1):34–8. [PubMed: 
10636344] 

18. Nolin T, Andersson R. Withdrawal of medical treatment in the ICU. A cohort study of 318 cases 
during 1994–2000. Acta Anaesthesiol Scand. 2003 May; 47(5):501–7. [PubMed: 12699505] 

19. Truog RD, Campbell ML, Curtis JR, Haas CE, Luce JM, Rubenfeld GD, et al. Recommendations 
for end-of-life care in the intensive care unit: a consensus statement by the American Academy of 
Critical Care Medicine. Crit Care Med. 2008 Mar; 36(3):953–63. [PubMed: 18431285] 

20. Morrison RS, Zayas LH, Mulvihill M, Baskin SA, Meier DE. Barriers to completion of health care 
proxies: an examination of ethnic differences. Arch Intern Med. 1998 Dec 7–21; 158(22):2493–7. 
[PubMed: 9855388] 

21. MacKenzie EJ, Morris JA Jr, Smith GS, Fahey M. Acute hospital costs of trauma in the United 
States: implications for regionalized systems of care. J Trauma. 1990 Sep; 30(9):1096–101. 
discussion 101–3. [PubMed: 2213943] 

22. Manara AR, Pittman JA, Braddon FE. Reasons for withdrawing treatment in patients receiving 
intensive care. Anaesthesia. 1998 Jun; 53(6):523–8. [PubMed: 9709135] 

23. Finlayson EV, Birkmeyer JD, Stukel TA, Siewers AE, Lucas FL, Wennberg DE. Adjusting 
surgical mortality rates for patient comorbidities: more harm than good? Surgery. 2002 Nov; 
132(5):787–94. [PubMed: 12464861] 

24. Fried TR, Bradley EH, Towle VR, Allore H. Understanding the treatment preferences of seriously 
ill patients. N Engl J Med. 2002 Apr 4; 346(14):1061–6. [PubMed: 11932474] 

25. Lloyd CB, Nietert PJ, Silvestri GA. Intensive care decision making in the seriously ill and elderly. 
Crit Care Med. 2004 Mar; 32(3):649–54. [PubMed: 15090942] 

26. Taylor MD, Tracy JK, Meyer W, Pasquale M, Napolitano LM. Trauma in the elderly: intensive 
care unit resource use and outcome. J Trauma. 2002 Sep; 53(3):407–14. [PubMed: 12352472] 

27. Decisions near the end of life Council on Ethical and Judicial Affairs, American Medical 
Association. JAMA. 1992 Apr 22–29; 267(16):2229–33. [PubMed: 1372944] 

28. Murphy DJ, Santilli S. Elderly patients’ preferences for long-term life support. Arch Fam Med. 
1998 Sep-Oct;7(5):484–8. [PubMed: 9755744] 

29. Cook D, Rocker G, Marshall J, Sjokvist P, Dodek P, Griffith L, et al. Withdrawal of mechanical 
ventilation in anticipation of death in the intensive care unit. N Engl J Med. 2003 Sep 18; 349(12):
1123–32. [PubMed: 13679526] 

30. Duffield P, Podzamsky JE. The completion of advance directives in primary care. J Fam Pract. 
1996 Apr; 42(4):378–84. [PubMed: 8627206] 

31. Department of Veterans Affairs VPHS. Advanced Healthcare Planning (advance directives). VA 
memorandum. 2000 Sep 11.:RI–7.

32. Mosenthal AC. Palliative care in the surgical ICU. Surg Clin North Am. 2005 Apr; 85(2):303–13. 
[PubMed: 15833473] 

33. Prendergast TJ, Luce JM. Increasing incidence of withholding and withdrawal of life support from 
the critically ill. Am J Respir Crit Care Med. 1997 Jan; 155(1):15–20. [PubMed: 9001282] 

34. A controlled trial to improve care for seriously ill hospitalized patients. The study to understand 
prognoses and preferences for outcomes and risks of treatments (SUPPORT). The SUPPORT 
Principal Investigators. JAMA. 1995 Nov 22–29; 274(20):1591–8. [PubMed: 7474243] 

35. McKinley ED, Garrett JM, Evans AT, Danis M. Differences in end-of-life decision making among 
black and white ambulatory cancer patients. J Gen Intern Med. 1996 Nov; 11(11):651–6. 
[PubMed: 9120650] 

36. Kwak J, Haley WE. Current research findings on end-of-life decision making among racially or 
ethnically diverse groups. Gerontologist. 2005 Oct; 45(5):634–41. [PubMed: 16199398] 

Cooper et al. Page 11

J Trauma. Author manuscript; available in PMC 2015 December 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



37. Perkins HS, Geppert CM, Gonzales A, Cortez JD, Hazuda HP. Cross-cultural similarities and 
differences in attitudes about advance care planning. J Gen Intern Med. 2002 Jan; 17(1):48–57. 
[PubMed: 11903775] 

38. Hopp FP, Duffy SA. Racial variations in end-of-life care. J Am Geriatr Soc. 2000 Jun; 48(6):658–
63. [PubMed: 10855602] 

39. Charles C, Whelan T, Gafni A. What do we mean by partnership in making decisions about 
treatment? BMJ. 1999 Sep 18; 319(7212):780–2. [PubMed: 10488014] 

40. Sprung CL, Cohen SL, Sjokvist P, Baras M, Bulow HH, Hovilehto S, et al. End-of-life practices in 
European intensive care units: the Ethicus Study. JAMA. 2003 Aug 13; 290(6):790–7. [PubMed: 
12915432] 

41. Christakis NA, Iwashyna TJ. Attitude and self-reported practice regarding prognostication in a 
national sample of internists. Arch Intern Med. 1998 Nov 23; 158(21):2389–95. [PubMed: 
9827791] 

42. Mosenthal AC, Murphy PA. Trauma care and palliative care: time to integrate the two? J Am Coll 
Surg. 2003 Sep; 197(3):509–16. [PubMed: 12946807] 

43. Angus DC, Barnato AE, Linde-Zwirble WT, Weissfeld LA, Watson RS, Rickert T, et al. Use of 
intensive care at the end of life in the United States: an epidemiologic study. Crit Care Med. 2004 
Mar; 32(3):638–43. [PubMed: 15090940] 

44. Thelen M. End-of-life decision making in intensive care. Crit Care Nurse. 2005 Dec; 25(6):28–37. 
quiz 8. [PubMed: 16311398] 

45. Puntillo KA, Benner P, Drought T, Drew B, Stotts N, Stannard D, et al. End-of-life issues in 
intensive care units: a national random survey of nurses’ knowledge and beliefs. Am J Crit Care. 
2001 Jul; 10(4):216–29. [PubMed: 11432210] 

Cooper et al. Page 12

J Trauma. Author manuscript; available in PMC 2015 December 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Variation in WOCO: All centers
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Figure 2. 
Variation in WOCO: Trauma centers
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Figure 3. 
Variation in WOCO: Non-trauma center
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Table 4

Institutional characteristics associated with the presence of WOCO

No Withdrawal N=13573 Withdrawal N=618 p

Hospital characteristics

Mean number of beds (SD) 580 (574) 545 (273) <0.001

Mean admissions per year (SD) 20770 (10618) 20193 (5634) 0.001

Trauma center (%) 72.1 79.5 0.02

Member of Council of Teaching hospitals, AAMC (%) 81.5 85.5 0.19

Closed ICU 74.7 78.8 0.18

SD – standard deviation
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Table 5

Institutional predictors of WOCO

Multivariate Analysis controlling for Age, ISS and MAX Head AIS

Institutional characteristics OR(95% CI)

Trauma Center 1.56(1.06,2.30)

Closed ICU 1.53(1.03,2.25)

Member of council of teaching hospitals 1.32(0.89,1.97)

Admission per year (each 100 increase) 0.999(0.995,1.003)

Number of beds (each 100 increase) 0.987(0.930,1.047)
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Table 6

Predictors of WOCO

Patient Characteristics OR 95% CI P value

Age

 18–54 ref ref

 55–64 3.90 1.72–8.87 0.001

 65–74 3.48 1.64–7.39 0.001

 75–84 9.96 5.51–18.02 0.000

Abnormal pupils in ED 3.02 1.88–4.85 0.000

GCS Motor Score ED

 6 ref ref

 4–5 3.4 2.09–5.89 0.000

 2–3 4.36 2.33–8.14 0.000

 1 not paralyzed 6.24 3.36–11.58 0.000

 1 paralyzed 3.7 2.31–32.51 0.000

Midline shift initial head CT 2.07 1.47–2.92 0.000

MAX AIS 1.67 1.23–2.26 0.001

Charlson Score 1.21 1.09–1.35 0.001

LOS >2 days 0.242 0.17–0.338 0.000

ICU admission 7.40 4.18–13.11 0.000

Number of consultations 0.84 0.72–0.99 0.034

Hospital complications

 Renal failure 9.74 2.92–32.52 0.000

 Stroke 5.81 2.22–15.21 0.000

 Cardiovascular 1.65 1.03–2.66 0.039

 Multi organ failure 5.69 1.90–17.00 0.002
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