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Variation in Decisions to Forgo Life-Sustaining

Therapies in US ICUs

Caroline M. Quill, MD, Sarah J. Ratcliffe, PhD,; Michael O. Harhay, MPH, and Scott D. Halpern, MD, PhD

BACKGROUND: The magnitude and implication of variation in end-of-life decision-making
among ICUs in the United States is unknown.

METHODS: We reviewed data on decisions to forgo life-sustaining therapy (DFLSTs) in
269,002 patients admitted to 153 ICUs in the United States between 2001 and 2009. We used
fixed-eftects logistic regression to create a multivariable model for DFLST and then calculated
adjusted rates of DFLST for each ICU.

RESULTS: Patient factors associated with increased odds of DFLST included advanced age,
female sex, white race, and poor baseline functional status (all P<<.001). However, associa-
tions with several of these factors varied among ICUs (eg, black race had an OR for DFLST
from 0.18 to 2.55 across ICUs). The ICU staffing model was also found to be associated with
DFLST, with an open ICU staffing model associated with an increased odds of a DFLST
(OR =1.19). The predicted probability of DFLST varied approximately sixfold among ICUs
after adjustment for the fixed patient and ICU effects and was directly correlated with the stan-
dardized mortality ratios of ICUs (r = 0.53, 0.41-0.68).

CcoNcLUSION: Although patient factors explain much of the variability in DFLST practices,
significant effects of ICU culture and practice influence end-of-life decision-making. The
observation that an ICU’s risk-adjusted propensity to withdraw life support is directly associ-
ated with its standardized mortality ratio suggests problems with using the latter as a quality

measure.
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One in five Americans die during or shortly after an
ICU stay; therefore, admission to an ICU is a time when
many decisions to forgo life-sustaining therapy
(DFLSTSs) are made.! These decisions include do-not-
resuscitate orders, decisions to withhold or withdraw
mechanical ventilation (MV) or other specific interven-
tions, and more general decisions to redirect the over-
riding goals of care from curative to palliative. Prior
studies have shown that most patients dying in an ICU
do so following a DFLST.23

Proponents of shared decision-making* suggest that
DFLSTs should be influenced by patients’ values and by
providers’ assessments of prognosis. For the majority of
patients in the ICU who cannot express their wishes at
the time decisions need to be made,3¢ it is advocated
that such preferences be elicited from advance directives
or surrogate decision-makers. Evidence that a variety of
patient characteristics influences the odds of DFLST7-1
is consistent with the view that patients’ preferences do
guide such decisions.

If a compendium of patient characteristics can be iden-
tified that reliably predicts who will and who will not
have a DFLST, then after adjustment for such character-
istics among large samples of patients in the ICU, rates
of DFLSTs should be reasonably consistent among

ICUs. Whether patient characteristics such as age and
race are causally associated with different preferences
for the aggressiveness of end-of-life care, or are mere

markers of such preferences, adjustment for such fac-
tors should substantially reduce the among-ICU vari-
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ability in DFLST rates if these critical decisions are
being made in ways that promote patients’ values. We,
therefore, evaluated the extent to which patient charac-
teristics are associated with DFLSTs among a large, con-
temporary sample of patients admitted to ICUs across
the United States. We evaluated the operating charac-
teristics of a predictive model for DFLST's overall and
then determined the extent of among-ICU variability in
overall DFLST rates after adjusting for the characteris-
tics included in this model. We used similar approaches
to determine whether certain patient factors, such as age
and race, are consistently or variably associated with
DFLSTs among ICUs. Finally, we explored the relation-
ship between an ICU’s probability of initiating a DFLST
for a given patient and that ICU’s standardized mor-
tality ratio (SMR) to assess the potential consequences
of differing DFLST rates for quality reporting.

Materials and Methods

Data Source

Using the Project IMPACT database (Cerner Corp), we performed a
retrospective cohort study on patients admitted to ICUs between 2001
and 2009. Project IMPACT is a voluntary, fee-based ICU clinical infor-
mation system that is commonly used in critical care outcomes research.'215
Each enrolled ICU employs a staff member who is trained to use a stan-
dardized web-based instrument to collect data on individual patients,
processes of care, and ICU characteristics.

Patients and Outcome Variable

To preserve independence between observations, we declared patients
as eligible only during their index ICU admission; additional ICU admis-
sions during a single hospitalization or during subsequent hospitali-
zations were excluded. We restricted our dataset to patients who were
“full code” at the time of ICU admission, thereby enabling assess-
ments of new DFLSTs. Additionally, we excluded patients who were
(1) ineligible for severity adjustment using the Mortality Prediction
Model III (MPM,-III) (typically, because of burns or cardiac surgery),'s
(2) <18 years old, (3) being managed in the ICU only for purposes of
organ recovery, or (4) admitted to an ICU that collected data in Project
IMPACT for <1 year or contributed <20 patients during the 3-month
period in which the patient was admitted (e-Fig 1).

The primary outcome was a DFLST, defined as any change in “code
status” from no limitations on care at the time of ICU admission to
any limitation(s) on care prior to ICU discharge. Limitations on care
included (1) a do-not-resuscitate order; (2) an order to withhold CPR
plus one or more of the following: MV, cardioversion, dialysis, and/or
other potentially life-prolonging therapies; or (3) an order for comfort
measures only or hospice care. For ICU survivors, a DFLST was coded
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if any of the forgoing limitations on care were coded at the time of ICU
discharge. For patients who died in the ICU, code status at discharge
was not recorded uniformly. We, therefore, considered a DFLST to have
occurred if there was no event code for CPR on either the day of death
or the preceding day. We confirmed the validity of this approach by
finding that all the 3,298 patients who died in the ICU without a DFLST
by our coding scheme had a CPR event code.

Statistical Analysis

We assessed the relationships between patient characteristics and the
outcome of DFLST using logistic regression models. After computing
unadjusted relationships, we created multivariable models by includ-
ing covariates based on prior studies and/or physiologic or mechanistic
hypotheses or if associations with the outcome in unadjusted analyses
had an OR of > 1.2 or < 0.8 and an associated P value of <.001 (because
of the large sample size). To adjust for severity of illness, we used the log
of the MPM-11I score, which was validated in this dataset for predict-
ing the probability of in-hospital mortality.’s We entered a fixed effect
for year to avoid confounding by temporal changes in DFLST practices.
Additionally, each ICU was modeled as a fixed effect to account for cor-
relation of outcomes within center and to enable measurement of center
effects. We used backward selection based on the likelihood ratio test, as
well as tests for interaction, to develop the final model.

Best-fit regression models were first run among all eligible patients. We
then performed two analyses restricted to patients less likely to make
substantial contributions to real-time decision-making: (1) patients
who had undergone prolonged acute MV (PAMYV), defined as MV for
at least 96 consecutive hours during their ICU stay,”” and (2) patients
admitted with a Glasgow Coma Score (GCS) of 3 to 5 at the time of
ICU admission. Many such patients are unable to participate in medi-
cal decision-making and may, therefore, be more vulnerable to variable
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end-of-life practices among providers, ICUs, or health systems. We also
ran the same models among stratified samples of patients who did
vs did not survive their initial ICU stay. In each case, we tested model
discrimination using the area under the receiver operating character-
istic curve.'® We then created a second model in which we included
several measured ICU factors, including ICU staffing model, noc-
turnal intensivist coverage, and the presence of a critical care fel-
lowship, to examine the influence of these measurable ICU effects on
DFLST.

We ran the fully adjusted model in each ICU individually to evaluate
among-ICU variability in the strengths of relationships between the
prespecified patient factors of age (< 65 years vs = 65 years) and race
(white vs black) on DFLSTs. Finally, we calculated each ICU’s SMR
and used Pearson correlations to investigate the relationship between
SMR and adjusted DFLST rates. The SMR is defined as the ratio
between observed and expected death rates, with the expected num-

ber of deaths based on the sum of the MPM|-III score for patients in
the ICU.

We handled missing data in our primary analyses by excluding the two
ICUs that accounted for >50% of missing data on DFLST and the
additional 1,420 patients in other ICUs (0.5%) for whom coding of lim-
itations on care at the time of ICU discharge was missing. To assess the
impact of missing data, we conducted sensitivity analyses in which we
first coded all patients missing data on DFLST as having had a DFLST
and then as having not had a DFLST. By using these two extreme
assumptions and comparing the point estimates of predictor variables
with those obtained in the primary model, we gauged the maximal
potential influence of missing data.

All analyses were performed using STATA 12.1 (StataCorp LP). The
institutional review board of the University of Pennsylvania approved
this study (protocol number 816393; IRB board No. 7).

Results

The full dataset contained 400,128 patients admitted to
196 ICUs between April 1, 2001 and February 29, 2009.
Exclusions are shown in e-Figure 1. The final analytic
dataset included 270,442 patients admitted to 153 ICUs
in 105 hospitals in the United States with no limitations
on care in place at the time of ICU admission.

Among the 269,002 patients (99.5%) with information
on DFLST at discharge or death, 31,408 (11.7%) had a
DFLST made in the ICU (Fig 1). The sample had con-

270,422 patients in
Project IMPACT database
after exclusion criteria
(prior to excluding
patients missing DFLST
data)

siderable diversity regarding age, sex, race, insurance
status, and functional limitations on ICU admission,
each of which was associated with DFLST in unadjusted
analyses (e-Table 1). In models adjusted for the pre-
dicted probability of death, year of admission, admis-
sion diagnosis, need for MV or vasopressors, and
several comorbid conditions (e-Table 2), patient charac-
teristics independently associated with the odds of a
new DFLST included older age, increased functional
limitations prior to ICU admission, and being a medi-
cal rather than surgical patient; black race and other

269,002 (99.5%)

patients with data
recarded on decisions to
limit life-sustaining

therapy (DFLST)

1420 (0.5%) patients
without data recorded on

DFLST

237,594 (88.3%)
patients full code at the
time of ICU discharge or
death

31,408 (11.7%) patients
with DFLST made prior
to ICU discharge or death

—

234,296 (98.6%)
patients survived to ICIJ
discharge

3,298 {1.4%) patients
died in the [CU

18,460 (58.8%) died in
the [CU

12,948 (41.2%) survived
to ICU discharge

/
227,154 (97.0%)
survived to hospital
discharge

7,143 (3.0%) died in the
hospital following 1CUJ
discharge

7,939 (61.3%) survived
to hospital discharge

5,009 {38.7%) died in the
hospital following ICU
discharge

Figure 1 - Patient flowchart showing the rate and outcome of DFLST among patients in the Project IMPACT database.
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TABLE 1 | Adjusted Patient Characteristics Associated With DFLST

Patient Characteristics at ICU

Multivariable Models

All Patients (N = 269,002)

Patients Requiring PAMV (n =27,030)

Patients With GCS 3 to 5 on
Admission (n = 14,923)

Admission OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value
Age

<65y Reference

65-74 y 1.50 (1.43-1.58) a 1.62 (1.46-1.79) a 1.30 (1.14-1.49) a

75-84 y 2.18 (2.07-2.30) 2 2.50 (2.24-2.79) 2 1.69 (1.45-1.95) a

>84y 3.44 (3.23-3.67) a 3.60 (3.06-4.23) a 2.17 (1.76-2.68) a
Race/ethnicity

White Reference

Black 0.73 (0.70-0.77) a 0.69 (0.62-0.77) a 0.65 (0.57-0.73) a

Other 0.79 (0.74-0.85) a 0.74 (0.64-0.86) a 0.84 (0.72-0.99) .04
Sex

Male Reference

Female 1.09 (1.05-1.12) a 1.09 (1.02-1.16) b 1.14 (1.05-1.24) b
Functional status on

admission

Independent Reference

Partially dependent 1.78 (1.71-1.85) 2 1.43 (1.31-1.57) 2 1.13 (0.99-1.29) .06

Fully dependent 2.29 (2.16-2.42) a 1.28 (1.14-1.44) a 1.48 (1.29-1.71) a
Insurance

Private Reference

Medicare 1.12 (1.07-1.17) a 1.13 (1.02-1.25) .02 1.23 (1.08-1.40) b

Medicaid 1.03 (0.96-1.10) 42 1.02 (0.90-1.16) .70 0.95 (0.82-1.11) .51

Self-pay 1.15 (1.08-1.22) a 1.06 (0.93-1.19) .45 1.15 (1.01-1.31) .04

Other 1.04 (0.94-1.15) .40 1.13 (0.94-1.37) .18 1.22 (0.97-1.53) .08
Source of ICU admission

ED Reference

Direct admission 1.06 (1.00-1.13) .06 1.05 (0.92-1.19) .49 1.10 (0.94-1.28) .24

General care floor 1.56 (1.49-1.64) a 1.29 (1.17-1.42) a 0.87 (0.75-1.00) .05

Step-down unit 1.45 (1.34-1.56) a 1.20 (1.04-1.39) .01 0.70 (0.55-0.90) g

Procedure 0.76 (0.70-0.81) a 1.00 (0.86-1.16) .99 0.71 (0.59-0.86) a

SNF, rehab, LTACH 0.77 (0.65-0.91) b 0.78 (0.56-1.08) .13 0.49 (0.31-0.76) b

Another ICU 1.12 (1.01-1.24) .03 1.01 (0.86-1.19) .87 0.88 (0.65-1.17) .38

Other 0.77 (0.68-0.87) a 0.77 (0.58-1.03) .08 0.99 (0.68-1.44) .97
Patient type

Elective surgery Reference

Emergency surgery 1.58 (1.47-1.70) a 0.95 (0.82-1.11) .52 1.05 (0.82-1.34) .71

Medical 2.09 (1.93-2.27) a 1.30 (1.11-1.52) a 1.33 (1.04-1.71) .02

DFLST = decision to forgo life-sustaining therapy; GCS = Glasgow Coma Score; LTACH = long-term acute care hospital; PAMV = prolonged acute
mechanical ventilation; SNF = skilled nursing facility.

ap<.001.
op<.01.
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nonwhite races were associated with decreased odds
of DFLST (Table 1). Sensitivity analyses examining the
impact of missing outcome data revealed that no point
estimate of any covariate changed by > 10% when all
missing patients were coded as either having a DFLST
or not having a DFLST (e-Table 3).

The final patient-level model performed best among
patients who did not require PAMV or had a low GCS
(pseudo-R?, 0.35; area under the receiver operating
characteristic curve, 0.90) (Table 2). Discrimination of
this model was significantly better than that among
patients requiring PAMV (P <.001) and among those
with a GCS of 3 to 5 (P<<.001) (Table 2). The associa-
tions of patient factors with DFLST were similar among
patients dying in the ICU and those surviving to ICU
discharge, and the fit and discrimination of the patient-
characteristic model were significantly better among
survivors than among patients who died in the ICU
(e-Table 4).

When we added the fixed ICU effects of stafling inten-
sity, nocturnal coverage model, and presence of critical
care fellows, we found that the lower-intensity ICU staft-
ing model, defined as ICUs that were open with or with-
out optional critical care consult, was associated with an
increased odds of a DFLST (OR, 1.19 [1.15-1.23])
(Table 3). In multivariate analysis, there was no differ-
ence among a variety of nocturnal staffing models or the
presence of critical care fellows on the odds of a DFLST.

Among the 102 ICUs in which > 5% of admitted
patients were black, the OR relating race (black vs white)
with DFLST varied considerably (range of ICU-specific
ORs, 0.18-2.55) (Fig 2A). The percentage of black
patients within each ICU ranged from 5.4% to 90.7%
(mean, 24.5%), but this was unrelated to the strength of
the effect of race on DFLST (OR, 1.12 [0.89-1.34];
P=.26). An analysis of whether the association between
age and DFLST varied among ICUs revealed similarly
large variability in the magnitude of the effect, although
in nearly all ICUs, patients = 65 years of age were more

TABLE 2 | Model Fit Comparison

likely to have DFLSTs than were younger patients (Fig 2B).
The effect of female sex on the odds of DFLST ranged
from 0.60 to 2.86, but the majority of the point estimates
were equal to or slightly greater than one, suggesting
that the relationship between sex and DFLST is relatively
conserved across ICUs.

After adjustment for all measured patient factors, the
predicted probability of DFLST among ICUs varied
nearly sixfold (median, 11.5%; range, 3.5%-20.6%)
(Fig 3A). Among patients undergoing PAMV, DFLST
rates were expectedly higher, and among-ICU vari-
ability was similarly large (median, 32.3%; range,
12.3%-61.7%) (Fig 3B). Among ICUs, the predicted
DFLST rate was strongly associated with its SMR, such
that ICUs that were more likely to limit life support
had worse risk-adjusted mortality rates (Pearson’s r,
0.53 [0.41-0.68]; P<.001) (Fig 4).

Discussion

Making decisions to limit life-sustaining therapies in an
ICU is a complex process that may be influenced by the
characteristics of the patients,”!! family members,' pro-
viders,? and institutions in which the decisions are
made.?! Prior studies have made clear that making such
decisions is strongly associated with patients’ clinical
and demographic characteristics.>”9-11:22-2° These rela-
tionships are unlikely to be directly causal. Rather, older
age and greater functional limitations, for example, are
likely to be markers of preferences for less aggressive
care at the end of life. Thus, the consistent associations
between patient factors and DFLST observed in this and
prior studies, and the outstanding discrimination of the
patient-characteristics model found in the current study,
support the view that patient characteristics and prefer-
ences strongly influence end-of-life decision-making in
the ICU.

The current study reveals several novel insights into
how end-of-life decisions are made in the ICU. First,
patient characteristics explain more variation in the
odds of a DFLST and better discriminate between

Patient Population No. Patients (n) Pseudo-R2 Area Under ROC Curve P Value
All patients 269,002 0.34 0.89 NA
Patients without PAMV and with GCS >5 230,987 0.35 0.90
Patients requiring PAMV 27,030 0.24 0.82 <.001-
Patients with GCS 3 to 5 on admission 14,923 0.25 0.82 <.001-

NA = not applicable; ROC = receiver operating characteristic. See Table 1 for expansion of other abbreviations.

P value is for comparison with model for patients without PAMV and with GCS >5.
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TABLE 3 | Fixed ICU Effects

ICU Characteristic % Patients OR (95% CI) P Value
ICU staffing model

Closed or open with mandatory consult 34.3 Reference

Open with optional consult 65.7 1.15(1.11-1.19) <.0001
Nocturnal staffing model

Critical care physician 30.5 Reference

Other physician 59.9 0.99 (0.95-1.02) 416

No physician coverage 9.6 0.95 (0.89-1.00) .060
Critical care fellowship program

No 61.6 Reference

Yes 38.4 1.02 (0.99-1.06) .205

patients who would or would not have a DFLST among
patients likely to have participated in these decisions
than among patients who may be less able to participate.
This finding indicates that when patients are unable to
participate in decision-making, the values and prefer-
ences of surrogate decision-makers, or providers, or the
characteristics of ICUs and hospitals may hold greater
sway over the decisions that are made. Further support
for the great role non-patient-centered influences play
in DFLSTs stems from the considerable variability iden-
tified in adjusted rates of DFLST among ICUs. Although
the possibility of incomplete adjustment for differences
in case mix limits the ability to quantify this variability
with precision, the finding of nearly sixfold variability
among ICUs suggests that the ICU to which a given
patient is admitted influences his or her odds of having
a DFLST.

A second important finding of our study concerns the
influence of several patient factors on DFLSTs. We
found that women were more likely to have DFLSTs
than were men, whether or not they survived their ICU
stay. Because this relationship was relatively conserved
among ICUs, this observation likely indicates that criti-
cally ill women have less aggressive treatment preferences
than men or are more likely to have surrogates who
make DFLSTs than do men. By contrast, we found that
race, and to some extent age, have variable effects on
DFLST across ICUs. Overall, as in prior studies,10.30-33
black and other nonwhite patients were less likely than
white patients to have DFLSTs. However, a novel finding
of this study is that this effect is not conserved among all
ICUs and, in fact, in a minority of ICUs, black patients
were more likely to have DFLSTs. This suggests that
observed race-based variations in DFLST may be
explained, at least in part, by how providers within ICUs
communicate with patients of different races. Because
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the size of the race effect was not associated with the
percentage of black patients cared for in a given ICU,
these ICU effects are unlikely to be attributable to cer-
tain providers being less experienced in caring for black
patients. We were unable to adjust for education, reli-
gion, and income, all of which may confound the rela-
tionship between race and DFLST. Future investigations
are needed to better understand how and why ICUs vary
in their approaches to end-of-life decision-making
among minorities.

The increased odds of a DFLST in ICUs that are staffed
with an open staffing model, defined as ICUs that are
open with or without optional critical care consult, is
also worthy of discussion. It is possible that patients in
open ICUs are cared for primarily by physicians who
have known them over time and are, therefore, better
positioned to have discussions and make recommenda-
tions regarding the use of life support. Alternatively, it
may be that intensivists have a bias toward technologi-
cally aggressive care and are less likely to limit or with-
draw care than are internists or subspecialists. It is also
possible that open ICUs are more likely to admit patients
who are unlikely to benefit from ICU care and that
such patients are more likely to have limits placed on
life-sustaining therapies. Finally, ICU stafing may be
associated with some other process of care or ICU struc-
ture that was not measured in this study. This novel
association warrants further investigation.

In contrast to a study in Italian ICUs,* our study found
that ICUs with a higher adjusted probability of DFLST
also had higher SMRs. There are at least two possible
explanations for our results. First, it is possible that in
the United States, ICUs with higher rates of DFLST are
truly of poorer quality. Alternatively, and perhaps more
likely, the SMR may be a poor quality indicator by virtue
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Figure 2 - A, Adjusted odds of DFLST for black patients. Each point represents the adjusted odds of a DFLST for black patients in each ICU accompa-
nied by 95% CI. Results stem from fully adjusted models. The reference is white patients. Total number of ICUs is 105 because ICUs with < 5% black

patients were excluded from this analysis. B, Adjusted odds of DFLST for patients = 65 years old. Each point represents the adjusted odds of a DFLST
for patients = 65 years old in each ICU accompanied by 95% CI. Results stem from fully adjusted models. The reference is age < 65 years. See Figure 1

legend for expansion of abbreviation.

of defining quality as survival, and, therefore, being
insensitive to other measures of quality, such as quality
of death and dying and appropriate resource use near
the end of life. Given the implications of this potential
unintended consequence of measuring, let alone publicly
reporting, SMRs, further research is needed to confirm
this finding.

journal.publications.chestnet.org

This study is limited by the fact that unmeasured patient
factors may influence the probability of a DFLST being
made. However, the models we generated exhibited
good fit and excellent discrimination, suggesting that
the addition of data on socioeconomic status, education,
religion, or other factors would not alter the results
appreciably. For similar reasons, unmeasured patient
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Figure 3 - A, Adjusted predicted probability of DFLST by ICU. The adjusted predicted probability of a DFLST was calculated from the fully adjusted
model. The median was 11.5%, with a range from 3.5% to 20.6%. B, Adjusted predicted probability of DFLST by ICU for patients requiring prolonged
acute mechanical ventilation (PAMYV). The median predicted probability of DFLST among patients requiring PAMV was 32.3%, with a range from
12.3% to 61.7%. See Figure 1 for expansion of other abbreviation.

characteristics are unlikely to explain the variance in ated with DFLST with those from prior smaller studies,
predicted probabilities of DFLST among ICUs. An addi- and the insensitivity of our results to extreme assump-
tional limitation of this study is that, as is the case for all tions about the values of missing data points, suggest
analyses of registry data, coding inaccuracies and that any attributable bias is minimal. Finally, without
missing data could bias the results. However, the con- measures of true patient-centered outcomes, such as
cordance of our results regarding patient factors associ- families” perceptions of the quality of dying,? it is
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Probability of DFLST

Figure 4 - Adjusted probability of DFLST by ICU and SMR. The
adjusted DFLST rate was directly correlated to the corresponding ICU’S
SMR (Pearson’s r, 0.53 [0.41-0.68]; P <.001). SMR = standardized
mortality ratio. See Figure 1 for expansion of other abbreviation.

uncertain whether DFLST rates are too high in some
n ICUs, too low in others, or both.

Conclusions

By suggesting that substantial ICU-level variability in

el DEFLST rates persist after accounting for patient charac-
teristics, this study highlights opportunities for improving
the patient-centeredness of end-of-life decision-making

across the United States. Specifically, understanding dif-
ferences in how physicians reach and convey prognostic
judgments, and how ICU organizational factors influence

DFLSTs, may enable targeted interventions to improve

the quality of end-of-life care in all ICUs. Finally, the
novel finding that the adjusted rate of DFLST of an ICU

is directly correlated with its SMR has potential policy
implications in an era of increasing physician and hospi-
tal accountability and quality reporting.
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