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Abstract
Purpose—Racial differences in withdrawal of mechanical ventilation (WMV) have been
demonstrated among patients with severe neurologic injuries. We ascertained whether such
differences might be accounted for by imbalances in socioeconomic status or disease severity, and
whether such racial differences impact hospital mortality or result in greater discharge to long-
term care facilities.

Materials and methods—We evaluated WMV among 1885 mechanically ventilated patients
with severe neurologic injury (defined as Glasgow Coma Scale <9), excluding those progressing
to brain death within the first 48 hours.

Results—Withdrawal of mechanical ventilation was less likely in nonwhite patients (22% vs
31%, P < .001). Nonwhites were younger and were more likely to have Medicaid or no insurance,
live in ZIP codes with low median household incomes, be unmarried, and have greater illness
severity; but after adjustment for these variables, racial difference in WMV persisted (odds ratio,
0.56; 95% confidence interval, 0.42–0.76). Nonwhite patients were more likely to die instead with
full support or progress to brain death, resulting in equivalent overall hospital mortality (40% vs
42%, P = .44). Among survivors, nonwhites were more likely to be discharged to long-term care
facilities (27% vs 17%, P < .001).

Conclusions—Surrogates of nonwhite neurologically injured patients chose WMV less often
even after correcting for socioeconomic status and other confounders. This difference in end-of-
life decision making does not appear to alter hospital mortality but may result in more survivors
left in a disabled state.
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1. Introduction
A large part of mortality in the intensive care unit (ICU) occurs after decisions to limit life-
sustaining interventions such as mechanical ventilation [1,2]; this is especially true for
patients with severe neurologic injuries [3,4]. These difficult decisions typically follow
discussions with surrogate decision makers about prognosis and patients’ perspectives on
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functional recovery and quality of life [5,6]. A number of factors influence these critical
end-of-life decisions, including cultural perspectives on life and death, health literacy, and
trust in the health care system and reliability of the prognosis [7]. Understanding the
determinants of these complex decisions has significant repercussions for the care of
critically ill patients as well as overall resource utilization in an era when end-of-life care is
increasingly being provided in the ICU [8].

Racial disparities in health care utilization and outcomes after major illness have been noted
for some time but have only more recently become a priority in public health research and
policy [9]. Although the general pattern of such disparities is that nonwhites receive less
resources and have worse outcomes [10–15], it appears that nonwhite patients are actually
more likely to receive intensive testing and treatments at the end of life, especially in the
ICU [16,17]. Studies have shown that minorities are less likely to implement do-not-
resuscitate (DNR) orders and limit or withdraw aggressive treatment, which translates into
their dying more often with active interventions in the ICU [18,19].

The source and significance of these racial differences in end-of-life decision making have
not been fully elucidated. Although cultural preferences may play a central role, racial
differences may also be mediated by gaps in education and health literacy, absence of social
support and advance care directives, and lack of trust in the health care system. These
influences may be reflected in part by differences of socioeconomic status (SES) among
minority patients as well as a greater severity of illness that may impact decisions to
withdraw mechanical ventilation. Discovering the primary factors underlying differences in
end-of-life decision making is imperative to differentiate whether variance is due to
preference or actual bias within the health care system (ie, a true racial disparity). Although
the federal government has recently recommitted to eliminating racial disparities over the
next decade [20], it remains unclear whether progress has been made in diminishing existing
disparities since they were first recognized in the ICU more than a decade ago [3]. In
keeping with the Institute of Medicine’s definition of racial disparity, we will use the term
racial difference, as it remains unclear whether variation in withdrawal of mechanical
ventilation (WMV) is due to a bias or disparity and not due to cultural preference alone [21].

Issues around WMV are particularly salient to critically ill patients with brain injuries, as
their pathology often portends a poor prognosis for neurologic recovery rather than the acute
systemic multiorgan failure typical in general ICU patients. In this setting, sensitive
communication with families about long-term prognosis is even more paramount and subject
to biases, mistrust, and varying perspectives on quality of life. Withdrawal of ventilatory
support may also seem more incongruous to families in the case of a comatose brain-injured
patient than in the case of a patient with refractory shock and/or respiratory insufficiency
where death seems an apparent and imminent threat.

A previous study from the 1990s in our Neurology/Neurosurgery Intensive Care Unit
(NNICU) found that African Americans were half as likely to discontinue ventilatory
support [3]. However, that study did not fully account for SES and severity of illness
confounders that may account for some of this association and did not explore whether this
large difference in end-of-life decision making led to more minority patients surviving
beyond hospital discharge, potentially with persistent neurologic disability. The purpose of
the current study is to determine whether racial differences in WMV are still present in a
contemporary cohort of patients with severe neurologic insults, accounting for broader
spectrum of confounders, including SES and severity of neurologic and physiologic illness.
We will then determine whether any racial differences impact overall mortality, specifically
whether more nonwhite patients die instead with full ICU support and/or are more likely to
be discharged to long-term care (LTC) facilities as a result of less WMV.
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2. Materials and methods
We extracted data from a prospectively collected database that includes all NNICU
admissions and tracks mortality and hospital disposition. The NNICU is a 20-bed neurologic
and neurosurgical unit located in a large urban teaching hospital caring for a significant
minority (predominantly African American) population. This analysis was restricted to
patients admitted to the NNICU between November 2002 and September 2009 who were
mechanically ventilated and whose lowest recorded Glasgow Coma Scale (GCS) score was
less than 9 to select severely brain injured patients in whom withdrawal vs continuation of
ventilatory support might be a relevant question. We excluded patients who progressed to
brain death within 48 hours of ICU admission, in whom withdrawal of ventilation is not
commonly discussed, per our usual practice. Patients declared brain dead later than this time
were included because they may represent those in whom decisions to not withdraw
ventilation permitted their progression to eventual brain death. The Washington University
Human Research Protection Office approved the extraction of data for the purpose of this
analysis.

Data abstracted included age, race (white vs nonwhite), sex, marital status, and prior
functional status. Indicators of SES included type of insurance (private insurance or
Medicare vs Medicaid or no insurance) and the patient’s ZIP code. The decision to group
Medicare with private insurance was based on the frequent practice of Medicare replacing
private employer–based insurance after retirement age. Likewise, Medicaid and no
insurance were grouped because they represent those who are dependent on social support
for health care. ZIP code was used to determine median household income based on the
2000 US Census (from http://factfinder2.census.gov). We separated ZIP code–based median
household incomes into quintiles from lowest to highest and also grouped the lowest 2
quintiles together, roughly corresponding to those living below the poverty level. Severity of
illness was derived from admission Acute Physiology and Chronic Health Evaluation
(APACHE) II scores as well as the lowest GCS score (recorded daily during the ICU stay).
To capture how invested families and the health care team might be in the aggressive/
ongoing care of these patients, we identified patients admitted after surgery (either elective
or emergent) and noted those who received invasive interventions while in the ICU (surgery/
burr holes, intracranial pressure monitoring, lumbar drainage, cerebral angiography,
thoracostomy, bronchoscopy, or endoscopy). We created a dichotomous variable including
all patients receiving these interventions as a surrogate for aggressiveness of care. Changes
in resuscitation status to DNR were also noted.

The primary outcome was WMV, as decided by patients’ surrogate decision makers after
discussions with the clinical team. All such cases of terminal extubation were prospectively
coded in our ICU database. Secondary end points included in-hospital mortality, separating
those dying after WMV from those dying without such limitation of care (either with full
support or after determination of brain death). We also measured length of ICU and hospital
stay, time to DNR and WMV, and hospital discharge disposition (LTC facilities vs home,
rehabilitation, or other hospital).

Data were exported from the ICU database (QuIC; SpaceLabs, Redmond, WA) into SPSS
(version 19.0; IBM, Armonk, NY). We compared demographic and severity of illness
characteristics between white and nonwhite patients using t tests for normally distributed
variables, Mann-Whitney tests for nonnormally distributed continuous or ordinal variables
(eg, GCS, APACHE II), and χ2 tests for categorical variables. The univariate effects of race
and other variables on WMV were then analyzed using binary logistic regression.
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To determine the degree to which other variables accounted for differences in rates of
withdrawal between white and nonwhite subjects, we constructed a multivariable regression
model for WMV, entering race as the primary independent variable, with additional
variables entered in subsequent steps. Measures of SES (ie, income quintile/grouping and
insurance status), as established confounders of racial disparity [22], were added to the
model first, followed by variables that were significantly different between whites and
nonwhites and those that were predictive of WMV in univariate analyses. These variables
were added sequentially using a forward stepwise approach (enter P < .2, keep P < .1). The
final model produced an adjusted odds ratio (OR) reflecting racial difference in WMV
corrected for all these confounding variables. This stepwise approach allowed us to assess
the proportion of (crude, unadjusted) racial difference in WMV that was explained by the
addition of each subsequent variable by comparing the OR before and after addition of that
particular variable [23]. Furthermore, to evaluate whether racial difference had changed over
time, we entered year of study as a variable, comparing each subsequent year to 2003 (the
first year with sufficient data). Collinearity was assessed by examining tolerance statistics in
linear regression models of the same variables as well as ensuring standard errors in the final
regression model remained low despite addition of variables.

We compared time to implementation of DNR orders and time to actual WMV between
groups using Mann-Whitney U tests. In addition, we evaluated overall mortality to
determine whether racial difference resulted in more nonwhites dying by means other than
withdrawal of ventilatory support (either by progression to brain death or dying with full
ICU support). Finally, we examined the disposition of patients in whom ventilation was not
withdrawn to determine whether any difference in WMV resulted in discrepancy in the
proportion of patients discharged to LTC.

3. Results
A total of 3781 patients were ventilated in our ICU over this 7-year period. After excluding
those whose GCS was never less than 9, 2062 patients with severe neurological injury were
eligible for analysis. Of these, 132 were declared brain dead within 48 hours of admission
and excluded from analyses of withdrawal of ventilation, leaving 1930 patients for analyses
of WMV (Fig. 1). Data on race were only available for 1885 (98%), with 1235 (66%)
patients being white and 650 (34%) nonwhite (only 27 of whom were minorities other than
African American); and these patients formed the final cohort for analyses of race and
WMV. The most common admitting diagnoses were intracranial hemorrhage (parenchymal,
subarachnoid, and subdural hematoma) and traumatic brain injury. The overall rate of WMV
was 28% (529/1885), but was 40% lower in nonwhites compared to whites (22% vs 31% P
< .001). Nonwhites were also significantly younger and were more likely to be unmarried,
have Medicaid or no insurance, and reside in ZIP codes with median household incomes in
the lowest 2 quintiles (Table 1). Although they were less likely to be admitted after elective
surgeries, they were equally likely to receive emergency surgery or aggressive ICU
interventions. There was a small difference in admission APACHE II and lowest GCS
between groups, with nonwhites being more ill based on these measures.

Apart from race, a number of other variables were associated with WMV (Table 2).
Withdrawal of mechanical ventilation was more likely in older patients (34% higher per
decade of life). Both markers of severity of illness, APACHE II score and GCS, were
strongly associated with higher likelihood of withdrawal. Although no individual income
quintile was associated with a higher or lower likelihood of WMV, grouping those in the
lowest 2 quintiles together (ie, comparing those living in areas whose median household
income was below the poverty level vs those above it), the poorer group had a somewhat
lower rate of WMV (OR, 0.82; 95% confidence interval [CI], 0.66–1.00). As hypothesized,
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patients receiving aggressive ICU or surgical interventions were less likely to undergo
WMV.

These variables were sequentially entered into the multivariable model for prediction of
WMV, with race entered first (Table 3). Addition of income quintile did not modify the OR
for WMV by race, meaning that this variable (however it differed between races) did not
explain any of the observed differences in WMV between whites and nonwhites. Addition
of insurance status reduced racial differences marginally (OR, 0.66–0.69). As disease
severity was greater in nonwhites (ie, lower GCS and higher APACHE II) and both these
variables were predictors of WMV, their addition to the model resulted in a larger adjusted
racial difference (ie, correcting for greater severity, the lower rate of WMV in nonwhites
was accentuated). Similar small increments in racial difference were seen with addition of
age and aggressive ICU interventions. Adjustment for marital status reduced the racial
difference by less than 10%. There was no evidence for collinearity among these variables
entered into the model. In the final fully adjusted regression model, the OR for WMV
among nonwhites was still significant at 0.56 (95% CI, 0.42–0.76; P < .001), indicating a
44% difference in rate of withdrawal that could not be explained by SES, severity of illness,
or other confounding factors. There was no evidence of reduction in racial difference for
WMV over time when effects of year of admission were entered into the model.

Median time to withdrawal of ventilation was 2 days (interquartile range [IQR], 1–6) in
white patients and 3 days (IQR, 1–7) in nonwhites (P = .18). Do-not-resuscitate orders
appeared to be used more often among white patients (39% vs 35%, P = .10), although time
from admission to DNR was short in both groups (median, 1 vs 2 days; P = .29). Do-not-
resuscitate status preceded WMV in almost all cases, usually by a short duration (median, 0–
1 day).

Despite significant differences in frequency of death from WMV, overall mortality was
similar between whites and nonwhites (42% vs 40%, P = .44). Whereas more white patients
died after WMV (75% vs 62%), more nonwhite patients died after progression to brain death
(12% vs 3%) or with full support (32% vs 23%, P < .001; Fig. 2). This shift in means of
dying translated into a slight increase in the time to death in the nonwhite group (median, 5
days [2–11] vs 4 [1–11]; P = .04). In those surviving hospitalization, nonwhites were more
likely to be discharged to an LTC facility (27% vs 17%, P < .001).

4. Discussion
We confirmed that significant racial differences in limitation of mechanical ventilation
persist among a large cohort of ICU patients with severe neurological injuries (defined by
GCS < 9). This racial difference is largely unexplained by differences in socioeconomic or
marital status, severity of illness, and previous decisions to perform surgery or invasive
procedures. After correction for all available confounders, nonwhites were still 44% less
likely to withdraw mechanical ventilation. This difference was consistent across all 7 years
of the study and remains relatively unchanged from that seen in our previous study a decade
earlier, despite adjustment for a greater number of potential confounders. This suggests that
the difference reflects some inherent aspect of how surrogates of nonwhite patients make
end-of-life decisions in the ICU. This could relate to simply inherent cultural preferences or
to systemic barriers in trust, deficiencies in communication by health care providers, health
literacy, advanced care planning, or other unknown factors.

Furthermore, despite this large difference in likelihood of WMV, we found no difference of
net in-hospital mortality between groups. This suggests that when surrogates chose whether
or not to discontinue mechanical ventilation in brain-injured patients, they are largely
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choosing how a patient will expire and not whether or not they will expire. This novel datum
provides important perspectives regarding the implications of the racial differences in WMV
on patient outcomes and broader resource utilization. An excess of nonwhite patients
surviving only to be discharged to LTC suggests potential for long-term excess costs and
disability, an issue that merits further attention.

Our results corroborate the findings of a previous smaller study involving a broad spectrum
of patients with severe neurologic injuries [24]. We were able to extend those findings by
ensuring that racial difference was not simply confounded by imbalances in SES factors
between racial groups that certainly exist. In a more general application, Muni and
colleagues [18] evaluated the influence of race on end-of-life care in 15 ICUs and found
that, after controlling for SES, nonwhite patients were similarly more likely to die with full
ventilatory support (OR, 1.59; 95% CI, 1.3–1.94). Such racial differences in end-of-life
decision making may be further amplified in neurologically injured patients, as families’
beliefs and expectations are even more critical in evaluating prognosis and determining
whether chances of meaningful neurological recovery match the patient’s wishes and
tolerance for potential disability.

Our study does have several limitations. Most importantly, although we adjusted for a
number of SES and severity/aggressiveness of care confounders, we did not have specific
enough data in such a retrospective study to truly understand all aspects of the decision-
making process that may underlie this observed racial difference. We used ZIP code as a
surrogate of household income (and SES) but did not have patient-level data on education or
religious beliefs. Even in such a single-center study, a lot remains unknown about provider-
surrogate communication dynamics. A phenomenon known as statistical discrimination may
contribute to persisting racial disparity in the ICU, whereby physician expectations about
racial preferences (eg, “African American families are less likely to want limitation of life-
sustaining therapies”) influence how health care providers interact with families and may
create a self-fulfilling prophecy [25].

The general trend in critical care appears to be toward a limitation of invasive therapy at end
of life [1,2,26,27]. This may be due to increased awareness of the importance of addressing
goals of care and considering resource utilization. Several studies evaluating the effects of
palliative care and ethics consultation have promoted this dimension in improving end-of-
life care [28]. However, these studies have not focused specifically on reducing racial
disparity and may be directed towards the general population in a way that is less effective
for minorities. Although mortality has decreased for leading causes of death overall, racial
disparities have persisted [29]. If limiting invasive therapy that has a low likelihood of
providing benefit to quality of life is a priority in public health policy, then racial disparity
needs to be further researched [30]. Understanding the barriers to various cultural groups
making decisions at the end of life will only become more important as globalization in
health care continues to expand the burden of acute neurologic illness among groups with
varying beliefs and preferences.

Elements worth investigating further include perceptions of bias and lack of trust in the
health care provider’s prognosis. Culture preferences likely play a significant role in end-of-
life decisions [31]. Previous studies have shown that African Americans are less likely to
have advanced care directives and are more likely to choose to die in hospital and continue
aggressive interventions even if they only add a week or month of a limited quality of life
[32–34]. This may be due to a higher level of confidence in the efficacy of mechanical
ventilation and medical interventions in general [34]. Furthermore, studies have found that
nonwhite families are more likely to take into account when making such decisions not only
the physician’s prognostic information but also their faith and a belief in the power of the
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patient’s “will to live” [35]. Some may feel that only God has primacy over life and death
and that withdrawal is akin to “giving up” [36]. Communication dynamics among family
members and with physicians should also be evaluated. For example, Muni et al [18] found
that racial groups differ in the amount of discord within families and with physicians, as
well as a how prognosis is discussed during family conferences. Health literacy should
likewise be investigated, as comatose, brain-injured patients may appear to be resting
comfortably on a ventilator. Families may be influenced by the benign physical appearance
in underestimating the severity of the underlying illness. Future studies should examine the
above subjective elements within a prospective and multicenter framework.

5. Conclusions
Nonwhite patients were less likely to undergo WMV in the face of severe neurologic injury
in this single-center retrospective study. This racial difference does not appear to be
mediated by imbalances in SES or other available confounding factors. Despite awareness
and efforts to reduce differences over the past decade, we found little change in the observed
difference over time. Notably, this difference does not lead to lower mortality in nonwhites,
suggesting that the effects may mostly be in altering how patients die. We still do not fully
understand what lies at the root of these important racial differences, and further studies are
needed to determine whether this is a matter of cultural preference or whether it reflects a
systemic bias or process/communication issue.
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Fig. 1.
Patient selection.
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Fig. 2.
Patient outcomes.
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Table 1

Comparison of white and nonwhite subjects

Variable White (n = 1235) Nonwhite (n = 650) P value

Age 59.4 ± 18.6 56.6 ± 17.7 .001

Sex, male 675 (55%) 349 (54%) .69

Marital status, married 629 (54%) 184 (30%) <.001

Premorbid status, independent 1070 (91%) 552 (91%) .82

Insurance

 Self-pay or Medicaid 401 (33%) 296 (46%) <.001

 Private insurance or Medicare 834 (67%) 354 (54%)

Median household income (upper limit in year 2000 dollars)

Quintile 1 (17,920) 11 (1%) 31 (5%) <.001

Quintile 2 (33,000) 352 (30%) 464 (74%)

Quintile 3 (52,174) 620 (52%) 112 (18%)

Quintile 4 (81,766) 178 (15%) 21 (3%)

Quintile 5 21 (2%) 2 (<1%)

Lowest 2 quintiles combined 363 (31%) 495 (79%) <.001

Primary diagnosis

 Intracerebral hemorrhage 264 (22%) 172 (28%) <.001

 Subarachnoid hemorrhage 170 (14%) 56 (9%)

 Traumatic brain injury 146 (12%) 73 (12%)

 Subdural hemorrhage 121 (10%) 45 (7%)

 Brain tumor 69 (6%) 15 (2%)

Admitted after elective surgery 133 (11%) 35 (5%) <.001

Invasive ICU intervention 279 (23%) 134 (21%) .32

Any surgery and/or ICU intervention 464 (38%) 208 (32%) .02

APACHE II (median, IQR) 20 (15–24) 21 (16–25) <.001

GCS, lowest (median, IQR) 5 (3–7) 5 (3–6) .004

DNR status 484 (39%) 230 (35%) .10

Withdrawal of ventilation 385 (31%) 144 (22%) <.001
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Table 2

Variables associated with WMV

Variable Frequency of withdrawal Univariate OR (95% CI) P value

Race

 Nonwhite 144 (22%) 0.63 (0.51–0.78) <.001

 White 385 (31%)

Marital status

 Married 269 (33%) 1.54 (1.25–1.90) <.001

 Unmarried 233 (24%)

Insurance: self-pay or Medicaid 165 (23%) 0.66 (0.54–0.82) <.001

Private insurance or Medicare 377 (31%)

Admitted after elective surgery 14 (8%) 0.21 (0.12–0.36) <.001

Admitted other reason 528 (30%)

Invasive ICU intervention 59 (14%) 0.34 (0.26–0.46) <.001

No invasive ICU intervention 483 (32%)

Surgery or invasive intervention 94 (14%) 0.28 (0.22–0.36) <.001

Neither 448 (36%)

Age (per year) 1.03 (1.02–1.04) <.001

APACHE II (per point) 1.08 (1.06–1.09) <.001

GCS, lowest (per point) 0.68 (0.64–0.73) <.001
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Table 3

Multivariate model

Variable added to model Adjusted OR for each variable in final
model (95% CI)

Stepwise effect on the OR for racial
difference (95% CI)

Nagelkerke R2

Race: nonwhite 0.56 (0.42–0.76) 0.66 (0.52–0.82) 0.11

Income quintile NS N/A N/A

Insurance: self-pay or Medicaid NS 0.69 (0.53–0.89) 0.17

GCS, lowest 0.65 (0.60–0.71) 0.61 (0.46–0.79) 0.14

Surgery/ICU intervention 0.36 (0.27–0.49) 0.55 (0.42–0.73) 0.23

Age 1.03 (1.02–1.04) 0.56 (0.42–0.75) 0.27

APACHE II, admit 1.03 (1.01–1.05) 0.54 (0.40–0.72) 0.28

ElectivRe surgery 0.45 (0.24–0.87) 0.53 (0.40–0.71) 0.28

Marital status 1.31 (1.03–1.68) 0.56 (0.42–0.76) 0.29
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