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ABSTRACT

Objective: To quantify the accuracy of commonly used intracerebral hemorrhage (ICH) predictive
models in ICH patients with and without early do-not-resuscitate orders (DNR).

Methods: Spontaneous ICH cases (n � 487) from the Brain Attack Surveillance in Corpus Christi
study (2000–2003) and the University of California, San Francisco (June 2001–May 2004) were
included. Three models (the ICH Score, the Cincinnati model, and the ICH grading scale [ICH-GS])
were compared to observed 30-day mortality with a �2 goodness-of-fit test first overall and then
stratified by early DNR orders.

Results: Median age was 71 years, 49% were female, median Glasgow Coma Scale score was 12,
median ICH volume was 13 cm3, and 35% had early DNR orders. Overall observed 30-day mortality
was 42.7% (95% confidence interval [CI] 38.3–47.1), with the average model-predicted 30-day
mortality for the ICH Score, Cincinnati model, and ICH-GS at 39.9% (p � 0.005), 40.4% (p � 0.007),
and 53.9% (p � 0.001). However, for patients with early DNR orders, the observed 30-day mortality
was 83.5% (95% CI 78.0–89.1), with the models predicting mortality of 64.8% (p � 0.001),
57.2% (p � 0.001), and 77.8% (p � 0.02). For patients without early DNR orders, the observed
30-day mortality was 20.8% (95% CI 16.5–25.7), with the models predicting mortality of 26.6%
(p � 0.05), 31.4% (p � 0.001), and 41.1% (p � 0.001).

Conclusions: ICH prognostic model performance is substantially impacted when stratifying by
early DNR status, possibly giving a false sense of model accuracy when DNR status is not consid-
ered. Clinicians should be cautious when applying these predictive models to individual patients.
Neurology® 2010;75:626 –633

GLOSSARY
BASIC � Brain Attack Surveillance in Corpus Christi; CI � confidence interval; DNR � do not resuscitate; GCS � Glasgow
Coma Scale; ICH � intracerebral hemorrhage; ICH-GS � intracerebral hemorrhage grading scale; ROC � receiver operating
characteristic; SFGH � San Francisco General Hospital; UCSF � University of California San Francisco.

Many predictive models have been proposed to stratify risk of death following intracerebral
hemorrhage (ICH) based on factors known early in the hospital course.1-5 While many of these
models have been shown to perform well on average,1,6-8 using them to predict the outcome for
an individual patient may be problematic.

None of the commonly used predictive models have accounted for the impact of do-not-
resuscitate (DNR) orders on mortality after ICH. Early DNR orders are common after ICH9,10 and
have been associated with a doubling in the chances of death after ICH even despite adjusting for
traditional predictors of mortality.10 While the association between DNR orders and death is strong
and consistently seen in several studies,9-11 the interpretation of this association is complex. DNR
orders may simply represent a proxy for disease severity or comorbidities not accounted for in
statistical models12; alternatively, there is evidence to suggest that DNR orders after ICH may be
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representative of a reduction in the overall level
of aggressiveness of treatment provided to ICH
patients.9

Use of ICH predictive models without con-
sidering the impact of early DNR orders may
lead to inaccurate estimates of mortality risk for
individual patients. Our goal was to quantify the
accuracy of several common ICH predictive
models when stratifying by early DNR orders.

METHODS Case identification and data collection.
This project combined patients from 2 separate studies of ICH
to create a single large diverse cohort of ICH cases for analysis.
The first source of patients for this project was from the Brain
Attack Surveillance in Corpus Christi Project (BASIC), an ongo-
ing population-based stroke surveillance project in Nueces
County, TX.13 Methods for the case identification and selection
of BASIC cases have been previously reported.10,13 Briefly, active
and passive surveillance is used at all 7 hospitals in Nueces
County, TX, to identify stroke cases among patients �44 years
old. Trained abstractors record data from the chart and all cases
are validated by study neurologists based on review of source
documentation. BASIC cases of ICH identified from January 1,
2000, through December 31, 2003, were included.

The second source of patients for this analysis was a prospec-
tive study of all adult ICH patients (age �18) admitted through
the emergency departments at the University of California San
Francisco (UCSF) Medical Center or San Francisco General
Hospital (SFGH) from June 1, 2001, through May 31, 2004.
Cases were identified prospectively by treating physicians or by
review of clinical service admission logs.

Case definition of ICH for both studies was a nontraumatic
spontaneous intracerebral or isolated intraventricular hemor-
rhage. Warfarin-associated hemorrhages and hemorrhage due to
vascular malformation were included, while ICH due to known
tumor or hemorrhagic conversion of ischemic stroke was ex-
cluded. Status as dead or alive at 30 days was determined
through in-person or telephone interview (California only), re-
view of medical records, or search of state and national databases
as previously described.10,14

CT scans were reviewed for volume and location of hemor-
rhage by study investigators as previously described.10,15 Hemor-
rhage volume was calculated using the ABC/2 method.16

Intraventricular hemorrhage was coded as present or absent.

Definition of DNR orders. DNR orders were defined as a
clearly documented plan in the medical record to limit cardio-
pulmonary resuscitation or mechanical ventilation in the event
of a cardiac or respiratory arrest. Decisions on DNR status were
left to the individual clinician and the patient or family. DNR
orders were considered early if written within 24 hours of hospi-
tal presentation (BASIC) or within the first full day of hospital-
ization (California). The BASIC study had a restriction that
DNR orders were not coded if they were written after at least one
clinical examination consistent with brain death even if there was
no formal declaration of brain death. Nine cases met this crite-
rion and were not coded as early DNR. Investigators and chart
abstractors were unaware of the specific study goals at the time of
data collection.

Selection of ICH predictive models for analysis. A total
of 22 ICH models predicting mortality were reviewed for appli-

cability to the present study. A 2005 review of ICH predictive
models1 provided the main source of models for consideration,
though several additional models were also reviewed for
applicability.4,17-19 The primary criterion for selection of a model
for analysis was whether all elements required for the model were
available in our dataset; 8 models met this criterion. From these
8 models, the ICH Score3 and a model developed in Cincinnati2

were selected, as these are 2 of the more widely cited ICH predic-
tive models. The 6 remaining possible models used essentially
the same elements as the ICH Score (age, ICH volume, Glasgow
Coma Scale score [GCS], intraventricular hemorrhage, and in-
fratentorial hemorrhage), though with different scoring
systems,4,18,20-22 or addition of heart disease as a predictor.23 From
these 6 additional candidate models, the ICH grading scale
(ICH-GS)4 was selected as it was reported to outperform the
ICH Score for prediction of mortality in its development co-
hort.4 Patients in the current study were not part of the initial
ICH Score development cohort as that group was from 1997 to
1998.3 The components of the 3 predictive models studied are
shown in appendix e-1 on the Neurology® Web site at www.neu-
rology.org. All patients included had complete data available for
these models.

Statistical analysis. Continuous variables were summarized
with medians and quartiles and categorical variables were sum-
marized as proportions. Baseline characteristics of the Texas and
California cohorts were compared with t tests (age and ICH
volume), �2 tests (categorical variables), or Wilcoxon rank sum
test (GCS) as appropriate. Overall model performance was first
assessed with the Cuzick test for trend, which is a nonparametric
test assessing for an ordinal trend of increasing mortality with
higher predicted mortality.24 The primary statistical analysis con-
sisted of a comparison of each model’s predicted mortality with
the actual observed mortality in the study cohort with a �2 test of
goodness of fit.25 With this statistical test, lower p values (or
higher �2 values) indicate poorer model fit to the observed data.
Within each category of predicted mortality for a model, the
number of patients predicted to die by the model was deter-
mined by multiplying the model-predicted mortality by the
number of patients. For example, the predicted mortality for an
ICH Score of 3 is 72%.3 The study cohort had 94 individuals
with an ICH Score of 3, therefore 94 � 72% � 67.7 deaths were
expected according to the model. This predicted number of 67.7
was compared to the actual mortality of 67 cases. A �2 statistic
was calculated as the sum of (observed � expected)2/expected
across each strata of predicted mortality, and compared to a �2

distribution with (number of mortality categories � 2) degrees
of freedom. Cells with fewer than 5 subjects expected to die were
collapsed with adjacent cells. The Cincinnati model had 2 of 6
categories with similar predicted mortalities (44% and 46%, and
74 and 75%), and these similar categories were collapsed for
analysis purposes. Since the primary analysis involved a series of
9 separate statistical comparisons, a p value of 0.006 (or 0.05/9)
was used as the threshold for significance. Bar charts comparing
the observed and model-predicted mortality by level of predicted
mortality and stratified by DNR status were created for each
model. Summary statistics and determination of model scores
were calculated in Stata 9 (StatCorp LP, College Station, TX),
SAS 9.1.2 (SAS Institute, Cary, NC), or R version 2.9.0 (2009,
R Foundation for statistical computing).

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Institutional Review
Boards of the University of Michigan, the University of Califor-
nia San Francisco, and the individual hospital systems.
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RESULTS A total of 487 patients were available
from the 2 study cohorts and all are included in this
analysis (Texas 244, California 243). Median age was
71 years (quartiles 56, 80) and 49% of the popula-
tion was female. Additional baseline characteristics of
the study population are shown in table 1. Early
DNR orders were recorded in 170/487 (34.9%) of
the study population, and 30-day mortality was 208/
487 (42.7%). There was no difference in use of early
DNR orders (p � 0.68) or 30-day mortality (p �
0.49) between the Texas and California study popu-
lation. Texas patients were older (median 74 vs 64,
p � 0.001), more often Hispanic (56.6% vs 5.8%,
p � 0.001), had a smaller hemorrhage volume (me-
dian 24 vs 35.5, p � 0.001), and were less likely to
have infratentorial hemorrhage (11.1% vs 18.9%)
than California patients. There were no differences
by cohort in gender, GCS, or presence of intraven-
tricular hemorrhage.

Increasing scores in all 3 models were associated
with increasing 30-day mortality (p � 0.001, Cuzick
test for trend). The observed mortality and the aver-
age predicted mortality from various models are
shown in table 2, overall and stratified by early DNR
status. All 3 models numerically underpredicted 30-
day mortality in those with DNR orders, and over-
predicted 30-day mortality in those without DNR
orders. Goodness-of-fit p values comparing observed
and predicted mortality are shown in table 2 and
discussed in further detail below. Figures 1 through 3
show the comparison of the predicted and observed
mortality broken down by strata of predicted mortal-
ity for each of the 3 models.

Table 1 Demographics and baseline
characteristics (n � 487)

Characteristic
Median (quartiles)
or n (%)

Age 71 (56, 80)

Female 237 (49)

Asian 107 (22)

Black 43 (9)

White 326 (67)

Other 11 (2)

Hispanic 152 (31)

Hemorrhage volume, cm3 13 (4, 42)

Glasgow Coma Scale 12 (6, 15)

Infratentorial hemorrhage 73 (15)

Intraventricular hemorrhage 263 (54)

Early DNR order 170 (35)

Preexisting DNR order 27 (5.5)

Craniotomy for hematoma
evacuation

22 (4.5)

Abbreviation: DNR � do not resuscitate.
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When considering all patients both with and
without early DNR orders (first row of table 2), the
average 30-day mortality predicted by the ICH Score
(39.9%) and the Cincinnati model (40.4%) were
fairly similar to the overall observed mortality
(42.7%). In contrast, the goodness-of-fit test indi-
cated borderline lack of model fit for both the ICH
Score (�2

3 � 12.8, p � 0.005) and the Cincinnati
model (�2

2 � 9.8, p � 0.007) based on the corrected
threshold p value of 0.006. The reason for this dis-
crepancy between the similar average predicted mor-

tality but borderline significant goodness-of-fit test is
apparent in figures 1A and 2A. Note that the aver-
ages are similar because the overpredictions for some
categories of predicted mortality balance out the un-
derpredictions for other categories. The ICH-GS
overestimated the average mortality compared with
the observed mortality for the overall cohort (53.9%
vs 39.9%) and in every strata of risk (figure 3A) and
showed lack of model fit (�2

3 � 20.0, p � 0.001).
For patients with early DNR orders (row 2 of

table 2), all 3 models numerically underpredicted av-

Figure 1 Comparison of observed and predicted mortality for the intracerebral hemorrhage (ICH) Score

Comparison of ICH Score predicted 30-day mortality with actual observed mortality for (A) the overall cohort, (B) patients
with early do-not-resuscitate (DNR) orders, and (C) patients without early DNR orders. Note that the predicted mortality for
an ICH Score of 0 is 0%, and therefore there is no solid black bar shown for an ICH Score of 0. Error bars represent the
standard error.
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erage 30-day mortality. Goodness-of-fit tests indi-
cated a greater lack of model fit for the ICH Score
(�2

2 � 92.7, p � 0.001, figure 1B) and Cincinnati
model (�2

2 � 49.4, p � 0.001, figure 2B) than was
seen for each model in the overall cohort. Goodness-
of-fit tests for the ICH-GS indicated no difference
between model-predicted and observed mortality in
individuals with early DNR orders (�2

2 � 8.2, p �
0.02, figure 3B) based on the corrected threshold p
value of 0.006.

For individuals without early DNR orders, all 3
models tended to overestimate the average 30-day
mortality (row 3 of table 2). Goodness-of-fit tests
indicated no difference between model-predicted
and observed mortality for the ICH Score (�2

2 �
6.0, p � 0.05, figure 1C). In contrast, both the Cin-

cinnati model (�2
2 � 18.6, p � 0.001, figure 2C)

and the ICH-GS (�2
2 � 41.5, p � 0.001, figure 3C)

showed a difference between model-predicted and
observed mortality in these individuals without early
DNR orders.

Additional post hoc exploratory analyses were
performed to assess the impact of the different co-
horts and preexisting DNR orders on our findings.
When examining the Texas and California cohorts
separately, the trends of overestimating average mor-
tality for those without DNR orders and underesti-
mating average mortality for those with DNR orders
persisted for all 3 models. Restricting the analysis to
cases without preexisting DNR orders also showed
persistent overestimation of average mortality for
those without DNR orders and underestimation of
average mortality for those with DNR orders for all
models.

DISCUSSION Early DNR orders dramatically im-
pact the performance of existing ICH predictive
models. The 3 models investigated tended to under-
estimate 30-day mortality in patients with early
DNR orders, and overestimate mortality in those
without early DNR orders. Relatively high 30-day
mortality was noted in patients with early DNR or-
ders even in otherwise good prognostic categories for
all 3 models. Applying these predictive models to an
individual patient without considering early DNR
status could lead to inaccurate predictions of mortal-
ity risk with potentially critical implications for pa-
tient and family decision-making. Our findings
highlight the problems that can occur in any prog-
nostic model if an important predictive factor is not
considered.26

Although each of the 3 models examined tended
to underestimate mortality for patients with DNR
orders and overestimate risk for those without such
orders, there were differences among the models.
The ICH-GS tended to overestimate mortality in the
overall study cohort. Therefore the overprediction of
mortality in those without early DNR orders was
even more dramatic than in the other models (figure
3C), and the ICH-GS actually seemed to perform
better in patients with early DNR orders (comparing
the p values across the ICH-GS in table 2). In con-
trast, the ICH Score actually performed best in pa-
tients without early DNR orders. Use of DNR orders
varies dramatically across institutions,9 and it is pos-
sible that the differential model performance by
DNR status observed here is representative of under-
lying differences in DNR use in the original develop-
ment cohorts for each model. This hypothesis cannot
be proven as the DNR status is unknown for all of
the development cohorts. Alternatively, the differen-

Figure 2 Comparison of observed and predicted mortality for the
Cincinnati model

Comparison of Cincinnati model–predicted 30-day mortality with actual observed mortality
for (A) the overall cohort, (B) patients with early do-not-resuscitate (DNR) orders, and (C)
patients without early DNR orders. Predicted mortality categories of 44% and 46% and
74% and 75% were pooled for the graph and for the primary analysis. Error bars represent
the standard error.
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tial model performance could be explained by other
differences in patient characteristics across the model
development cohorts, or due to the differential
weighting of risk factors within the models.

The impact of withdrawal of supportive treat-
ment on the performance of the ICH Score and the
Cincinnati model was assessed previously in a single-
center study of 241 patients.27 The authors of this
study concluded that withdrawal of supportive treat-

ment did not impact model performance as the re-
ceiver operating characteristic (ROC) curves and
model R2 were similar when comparing the overall
cohort and then excluding those with withdrawal of
support. However, the sensitivity of both models for
predicting 30-day mortality was reduced when re-
moving patients who had withdrawal of support, in-
dicating that the models were less able to predict who
will die in this restricted group of patients.27 Even

Figure 3 Comparison of observed and predicted mortality for the intracerebral hemorrhage (ICH) grading
scale (ICH-GS)

Comparison of ICH-GS–predicted 30-day mortality with actual observed mortality for (A) the overall cohort, (B) patients
with early do-not-resuscitate (DNR) orders, and (C) patients without early DNR orders. No patients had an ICH-GS of 13.
Only 4 patients had an ICH-GS of 5 (all survived to 30 days) and are not shown in the figure. One patient with early DNR
orders had an ICH-GS of 6 (deceased) and is not shown in B. Error bars represent the standard error.
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though overall model performance was not affected
as measured by ROC curves and model R2, the
change in sensitivity indicates that there was some
degree of change in model performance. ROC curves
may not detect clinically meaningful differences in
individual risk assessment when used to assess the
performance of prognostic models, and assessment of
model calibration with methods such as the �2

goodness-of-fit test have been suggested.28 It is diffi-
cult to directly compare this prior analysis with our
results, since withdrawal of supportive treatment and
early DNR orders are distinct, yet related, concepts.
A DNR order is typically a necessary prerequisite for
withdrawal of supportive treatment. Our analysis
may therefore be more reflective of the decisions
made early in the course of ICH treatment.

All clinical prognostic models, whether defined
by an explicit predictive score, or a clinician’s experi-
ence and intuition, have a degree of uncertainty.
DNR status appears to further complicate the predic-
tive accuracy of existing models. How to counsel pa-
tients and families in the face of this uncertainty is a
challenge for the practicing clinician. Some guidance
can be found in a study of surrogate decision-makers
in the medical intensive care unit, which reported
that the majority (155/179, 87%) of surrogates
wanted physicians to discuss prognosis, even when it
was uncertain. Many of the surrogate decision-
makers wanted the physicians to explicitly discuss
uncertainty when making prognostic estimates.29

Several factors may have confounded our find-
ings. First, it is possible that the early DNR orders
served as a marker of comorbid illness or hemorrhage
severity that was not captured by the predictive mod-
els. Data on comorbid conditions likely to impact
DNR decisions, such as cancer or dementia, were not
collected. It is unlikely that preexisting DNR orders
accounted for our findings. A low proportion of cases
(5.5%) had preexisting DNR orders clearly docu-
mented in the chart. Additionally, the post hoc ex-
ploratory analysis excluding cases with preexisting
DNR orders did not alter the findings.

Our analysis has limitations. This was a post hoc
combination of 2 separately collected datasets.
Therefore there were some minor differences in the
data collection procedures, and there may have been
differences in the patient treatment protocols. How-
ever, a post hoc exploratory analysis demonstrated
that the trends of underestimating mortality for pa-
tients with early DNR orders and overestimating
mortality for those without early DNR orders per-
sisted in each cohort separately. This combined data-
set provided a racially and ethnically diverse cohort
which may be more broadly representative of ICH
patients in general. The specific reasons for the use of

early DNR orders were not identified for individual
patients, and future studies should assess reasons for
DNR orders including patient and family prefer-
ences for treatment. Finally, we do not have data on
functional outcome or quality of life on the entire
cohort, which would be helpful to know if survivors
without early DNR orders were left with severe dis-
ability. The functional outcome of the California co-
hort has previously been reported, and very few
patients (13/243, 5%) had severe disability (modi-
fied Rankin of 5) at 12 months.14
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