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Outcome prediction in mechanically

ventilated neurologic patients by
junior neurointensivists

[N

ABSTRACT

Objective: Physician prediction of outcome in critically ill neurologic patients impacts treatment
decisions and goals of care. In this observational study, we prospectively compared predictions
by neurointensivists to patient outcomes at 6 months.

Methods: Consecutive neurologic patients requiring mechanical ventilation for 72 hours or more
were enrolled. The attending neurointensivist was asked to predict 6-month 1) functional out-
come (modified Rankin scale [mRS]), 2) quality of life (QOL), and 3) whether supportive care should
be withdrawn. Six-month functional outcome was determined by telephone interviews and dichot-
omized to good (MRS 0-3) and poor outcome (MRS 4 -6).

Results: Of 187 eligible patients, 144 were enrolled. Neurointensivists correctly predicted
6-month functional outcome in 80% (95% confidence interval [Cl], 72%-86%) of patients. Ac-
curacy for a predicted good outcome was 63% (95% Cl, 50%-74%) and for poor outcome 94 %
(95% ClI, 85%-98%). Excluding patients who had life support withdrawn, accuracy for good
outcome was 73% (95% Cl, 60%-84%) and for poor outcome 87% (95% Cl, 74%-94%).
Accuracy for exact agreement between neurointensivists’ mRS predictions and actual 6-month
mRS was only 43% (95% Cl, 35%-52%). Predicted accuracy for QOL was 58% (95% Cl, 39%-
74%) for good/excellent and 67% (95% Cl, 46%-83%) for poor/fair. Of 27 patients for whom
withdrawal of care was recommended, 1 patient survived in a vegetative state.

Conclusions: Prediction of long-term functional outcomes in critically ill neurologic patients is
challenging. Our neurointensivists were more accurate in predicting poor outcome than good
outcome in patients requiring mechanical ventilation =72 hours. Neurology® 2010;74:1096-1101

GLOSSARY

Bl = Barthel index; Cl = confidence interval; E-GOS = extended Glasgow outcome scale score; ICU = intensive care unit;
IQR = interquartile range; mRS = modified Rankin scale; QOL = quality of life.

Approximately 1 in 5 deaths in the United States occurs during or shortly after receiving care in
the intensive care unit (ICU).!* Withdrawing life support and instituting comfort care precede
the majority of these ICU deaths.®> The decision to transition to palliative care is shared be-
tween the physician and the patient, often represented by the family. Thus, the doctor’s opin-
ion on outcome often strongly influences family decisions. Physicians rate poor prognosis in
regards to survival, quality of life (QOL), and functional outcomes as important factors when
making a decision to withdraw supportive treatment.*¢ Physician perception of outcome plays
a significant role in these life-or-death decisions because an overly pessimistic approach may
lead to increased mortality due to premature withdrawal of support.”

The prognosis of critically ill patients with neurologic diseases or complications, up to one
third of ICU admissions, presents a unique challenge because not only are prognostic predic-
tions made in regard to the chance of survival, but also in regard to functional recovery.®1°
Information on how accurately neurointensivists can predict long-term neurologic outcome in
the individual patient is limited. We designed this prospective observational study to assess our
attending neurointensivists’ accuracy in predicting 6-month functional outcome in a consecu-
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tive series of neurologic patients who had
been intubated and mechanically ventilated
for 72 hours or more.

METHODS Study protocol. This study was conducted in a
52-bed university hospital adult ICU from January 2005 to Au-
gust 2007. Patients with a neurologic illness or a severe neuro-
logic complication of critical illness were eligible for enrollment
once they were intubated and mechanically ventilated for =72
hours. Five attending neurointensivists participated in the study.
For each patient enrolled, the neurointensivist caring for the pa-
tient was asked to 1) predict the patient’s 6-month functional
outcome by the modified Rankin scale'’ (mRS: 0 = no symp-
toms at all; 1 = no significant disability despite symptoms, able
to carry out usual duties and activities; 2 = slight disability,
unable to carry out all previous activities but able to look after
own affairs without assistance; 3 = moderate disability, requir-
ing some help but able to walk without assistance; 4 = moder-
ately severe disability, unable to walk without assistance and
unable to attend to own bodily needs without assist; 5 = severe
disability, bedridden, incontinent, and requiring constant nurs-
ing care and attention; 6 = death), 2) predict the patient’s
6-month view of their QOL on a simple qualitative scale: poor,
fair, good, or excellent, and 3) provide their opinion on whether
withdrawal of support should be recommended assuming the
patient’s and families” wishes were unknown. Questionnaires
were completed anonymously by the attending neurointensivists
in an effort to promote the most accurate opinion free from
discriminatory labeling.

If patients survived their hospitalization, they or their surro-
gates were consented for a follow-up 6-month telephone inter-
view (~30 minutes) to assess their mRS, QOL, extended
Glasgow outcome scale score>3 (E-GOS; a scale of 1, death, to
8, minimal or no disability), Barthel index'*> (BI; a scale to
measure independence of activities of daily living: 0, bedridden
with complete dependence, to 100, independent), and their
opinion on whether in retrospect they feel that life support
should have been withdrawn. For the QOL assessment, physi-
cians and patients (or their surrogates) were asked to simply rate
QOL on a qualitative scale including excellent/good/fair/poor.
The telephone interviews were completed by 2 investigators,
who were not allowed to be part of the pool of evaluators after
any of the data had been categorized or analyzed. Further, both
interviewers were kept blind to patient status and no review of
the patient’s chart was permitted prior to the 6-month phone
call. If the patient could not participate in the interview, the

surrogate’s answers were used.

Standard protocol approvals, registrations, and con-
sents. This study received approval from our institutional ethi-
cal standards committee on human experimentation for any
experiments using human subjects. Written informed consent

was obtained for the follow-up telephone interview.

Outcome measures. The neurointensivist’s predictions were
compared to the actual patient’s 6-month outcome. Patients with
incomplete outcome forms were excluded only from the pertinent
comparison item. Accuracy measurements between predicted out-
come and 6-month outcome were made by dichotomizing the mRS
into good (mRS 0-3) and poor outcome (mRS 4—6). Predictions
were considered correct if the prediction fell into the correct range of
the patient’s 6-month outcome. For example, if the evaluator pre-
dicted a 6-month mRS score of 3 and the patient’s 6-month mRS
score was 2, the evaluator was considered correct. In addition, neu-

rointensivists’ mRS predictions were also assessed for exact agree-
ment in each of the 6 categories.

The QOL assessment was dichotomized into 1) poor or fair
and 2) good or excellent responses. Deceased patients were ex-
cluded. Regarding withdrawal of support, patients with ques-
tionnaires marked yes to withdrawal of support by the
neurointensivist were followed for outcomes of 1) whether with-
drawal of life support occurred, 2) death other than withdrawal
of life support, and 3) 6-month’s mRS and the patient’s (or
surrogate’s) 6-month response to the question of whether sup-

port should have been withdrawn in retrospect.

Data analysis. Accuracy results for the dichotomized mRS and
QOL outcomes were measured by calculating the predictive values
for good and poor outcome with a 95% confidence interval (CI).
Predictive values for the mRS were calculated for 1) all patients, 2)
patients who were not taken off life support, and 3) patients who
were consented prior to hospital discharge. The X* test was utilized
to compare the predictive value between groups. A p value <0.05
was considered significant. Data were analyzed using computer soft-

ware (SPSS, version 16.0, SPSS, Inc.; Chicago, IL).

RESULTS Enrollment. A total of 187 consecutive
patients were eligible for the study and 144 were en-
rolled. Forty-three patients were not included be-
cause of lack of informed consent. One patient was
lost to follow-up and another one withdrew from the
study. Follow-up data were collected from clinic vis-
its in 13 cases. Baseline patient and survivor charac-
teristics are listed in table 1. The most common
diagnoses were subarachnoid or intracranial hemor-
thage (53%), ischemic stroke (18%), and status epi-
lepticus (11%).

Sixty-nine (49%) patients died. Of these, 49 (71%)
were taken off life support based on a perceived poor
prognosis. The presumed cause of death in the 20 pa-
tients who were not taken off life support included
infection (4), malnutrition (2), cancer (1), cardiopul-
monary arrest (3), brain death (3), and recurrent intra-
cranial hemorrhage (2), and was unknown in 5 patients.
The median 6-month mRS of the entire enrollment
group was 5 (interquartile range [IQR] 3—6) and of the
survivors 3 (IQR 2—4). The BI and E-GOS were ob-
tained on 62 (85%) survivors. The median BI was 80
(IQR 41-100) and the median E-GOS was 4 (upper
severe disability) (IQR 3-6).

Questionnaires were completed at a median of 4
days (IQR 3-0) after ICU admission. Mean age of
the 5 participating neurointensivists was 36 * 4
years and their mean years in practice since fellow-
ship were 2 * 3 years.

Modified Rankin Scale outcomes. The distribution of
neurointensivist mRS predictions and actual
6-month outcomes are shown in figure 1. Neuroin-
tensivists predicted a lower percentage (54%) of poor
outcomes (mRS 4-6) compared to the actual
6-month outcomes (68%), particularly with regard

to death (26% vs 49%).
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[ Table 1

Baseline characteristics in all patients (n = 142) and in survivors (n = 73) ]

Characteristic All patients Survivors p Value
Mean = SD age, y 56 +17 53+15 0.272
Male, n (%) 73(51) 32(44) 0.29°
Ethnicity, n (%) 0.97°

Caucasian 83(59) 40 (55)

Hispanic 26 (18) 13(18)

Asian 22(16) 13(18)

Black 9(6) 6(8)

Other 2(1) 1(1)
Median length of stay in ICU, d (IQR) 12(7-21) 16 (10-25) 0.03¢
Mean = SD APACHE Il score? 186 17+ 6 0.142
Median premorbid mRS (IQR) 1(0-2) 1(0-2) 0.37¢
Median GCS® (IQR) 8(6-10) 8(6-10) 0.11¢
Neurologic diagnosis, n (%) 0.61°

Intracranial hemorrhage® 48 (34) 26 (36)

Subarachnoid hemorrhage 27 (19) 15(20)

Ischemic stroke 26(18) 8(10)

Status epilepticus 16(11) 9(12)

Other" 17(12) 9(12)

Metabolic encephalopathy 8(5) 3(4)

Meningitis/encephalitis/myelitis 7(5) 1(1)

Hypoxic-ischemic encephalopathy 4(3) 1(1)

AIDP/CIDP 3(2) 3(4)

Abbreviations: AIDP/CIDP = acute inflammatory demyelinating polyneuropathy (Guillain-
Barré syndrome)/chronic inflammatory demyelinating polyneuropathy; ICU = intensive care
unit; IQR = interquartile range; MRS = modified Rankin scale.

2t Test.

by2 test.

°Mann-Whitney U test.

dAcute Physiology and Chronic Health Evaluation Il Score, score range 0-71, with higher
scores indicating more severe illness.

eGlasgow Coma Scale on presentation, range 3-15.

fPatients may have more than one neurologic diagnosis.

9Includes subdural hematomas.

PIncludes myasthenia gravis crisis, acute disseminated encephalomyelitis, posterior re-
versible leukoencephalopathy syndrome, and head trauma.

Overall, for the dichotomized analysis the neu-
rointensivists correctly predicted functional out-
comes in 80% (95% CI, 72%—86%) of patients
(table 2). Accuracy for predicting good outcome
(mRS 0-3) was 63% (95% CI, 50%-74%) and for
poor outcome 94% (95% CI, 85%-98%). After ex-
cluding patients who were taken off life support, the
accuracy for predicting good outcome was 73%
(95% CI, 60%—84%) and for poor outcome 87%
(95% CI, 74%-94%). Accuracy for predicting good
outcome increased to 85% (95% CI, 74%-93%) af-
ter excluding patients who had died.

To assess for potential bias resulting from the
overrepresentation of dead patients in our enroll-
ment group, due to their known 6-month outcomes,
we performed the same analysis in the subset of pa-
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tients for whom we had consent prior to hospital
discharge (n = 46). The observed 6-month mortality
was significantly lower in this group (15%) com-
pared to the entire enrollment group (49%, p <
0.001). There was no difference in the accuracy of
the neurointensivists’ outcome predictions between
this group and the entire enrollment group. Overall
accuracy in the select group was 80% (95% CI,
66%-90%). The accuracy for predicting a good out-
come was 78% (95% CI, 57%-90%) in this group
compared to 63% (p = 0.17) in the entire enroll-
ment group; and the accuracy for predicting a poor
outcome was 84% (95% CI, 60%-96%) compared
t0 94% (p = 0.35). However, in contrast to the en-
tire enrollment group, the predicted mortality by
neurointensivists in this group (13%) was almost
identical to the observed mortality (15%).

Accuracy for exact agreement between neuroin-
tensivists’ mRS predictions and actual 6-month mRS
was 43% (61/142, 95% CI, 35%-52%). The major-
ity of incorrect predictions were too optimistic (74%,
60/81). However, after excluding patients who died
(mRS 6), there was an equal number (50%, 21/42)
of too optimistic and too pessimistic predictions
(figure 2).

Quality of life. Of the 73 survivors, 60 patients (me-
dian mRS 3 [IQR 2-4]) were included in the QOL
evaluation. For 8 patients the surrogate’s answer was
used. The neurointensivists’ overall accuracy in pre-
dicting QOL was 62%. For good/excellent re-
sponses, prediction accuracy was 58% (95% ClI,
39%-74%) and for poor/fair responses 67% (95%
CI, 46%—83%) (table 2). Thirty-eight percent (14/
37) of patients with a 6-month mRS of 0-3 reported
their QOL to be fair or poor, whereas 17% (4/23) of
patients with a mRS of 4 or 5 described their QOL as

good or excellent.

Withdrawal of life support. Neurointensivists recom-
mended withdrawal of care for 27 (19%) patients,
which was instituted in 23. Of the remaining 4 pa-
tients, 3 died and 1 survived to 6 months in a vegeta-
tive state. The son of this patient reported that his
father would be glad to have survived in this state.
Conversely, family members of 2 patients who were
not recommended for withdrawal of care early dur-
ing their ICU stay wished in retrospect they had
withdrawn support. One of these patients died of a
second intracranial hemorrhage. The other was bed-
ridden with severe disabilities at 6 months.

DISCUSSION Accurate outcome prediction in crit-
ically ill neurologic patients is an important issue,
because the physician’s perceived outcome impacts
decisions regarding whether to provide aggressive
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Figure 1
scores (n = 142)

NI

Actual

Predicted and observed 6-month modified Rankin scale (mRS)

37 (26%)

69 (49%)

EmMRSO EmRS1 EmMRS2 EmMRS 3 EmRS4 "mmRS 5 mmRS 6

Comparison of neurointensivists (NI) mRS predictions and actual 6-month outcome in 142
critically ill neurologic patients intubated for 72 hours or more in the intensive care unit.

Dark line represents dichotomization used for analysis.

care or to withdraw life support and let the patient

die. Overly optimistic outcome prediction may cause

patients to survive in severely disabled states that are

unwanted, whereas overly pessimistic outcome pre-

diction may lead to death in those who may have had

a chance of survival with an acceptable long-term

functional outcome. Prospective data on the accu-

racy of outcome prediction by neurointensivists of

not only survival, but also long-term functional out-

come are scarce.

We found that neurointensivists at our institution

had a relatively high predictive accuracy (94%) at 3

days or later in determining which critically ill neuro-

logic patients were likely to have a poor 6-month

functional outcome. Also after excluding patients

Table 2
and quality of life at 6 months
6 months

Modified Rankin scale 0-3,n 4-6,n
NI predicted, n = 1422

0-3 41 24

4-6 5 72
Nl predicted, n = 93°

0-3 41 15

4-6 5 32
Quality of life Good or excellent Fair or poor
NI predicted, n = 60°

Good, excellent 19 14

Fair, poor 9 18

Abbreviations: NI = neurointensivist; QOL = quality of life.
2All patients.

PPatients who were not taken off life support.

°For 8 patients, the surrogate’s answer was used.

Predictive
value

0.63
0.94

0.73

0.87

0.58
0.67

Accuracy of neurointensivists’ (NI) predictions of functional outcome

95%
Confidence
interval

0.50-0.74
0.85-0.98

0.60-0.84

0.74-0.94

0.39-0.74
0.46-0.83

Predicted and observed 6-month
modified Rankin scale (mRS)
scores for each patient (n = 142)

Figure 2

Actual
mRS

Too optimistic Too pessimistic

Histogram comparing predicted and actual 6-month mRS
outcome for individual patients.
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who had life support withdrawn, i.c., avoiding the
potential bias of a self-fulfilling prophecy, the accu-
racy for predicting poor outcome remained relatively
high (87%). This relatively high accuracy is unlikely
the result of the high prevalence of poor outcomes in
our study group as a whole, because even in the sub-
group of patients who were consented prior to hospi-
tal discharge, a group with a mortality rate of only
15%, accuracy for poor outcome prediction re-
mained high at 84%.

We felt that determining prognosis based on a
range of functional outcomes dichotomized at a mRS
of 0-3 vs 4—6 was reasonable in this critically ill
neurologic patient population. Very few of these pa-
tients are likely to survive without any neurologic
deficits. Similar cutoffs have been used in other stud-
ies including severely ill neurologic patients.'®!”
When speaking to families about prognosis, many
physicians express a degree of uncertainty and give a
range of potential outcomes (and the likelihood of
cach one of them) rather than one specific functional
outcome. Our results assessing for exact agreement in
predicted and actual functional outcome in each cat-
egory of the mRS (accurate in only 43% of patients)
underscore the difficulty in making a precise predic-
tion. However, it would be an unrealistic goal for
neurointensivists to exactly predict 6-month func-
tional outcome in critically ill neurologic patients. In
general, our neurointensivists tended to underesti-
mate mortality, which may in part be caused by an
overrepresentation of patients who died in our study
sample. Although some patients had unexpected
deaths from cardiac arrest or massive pulmonary em-
bolism, many patients died as a consequence of their
neurologic illness.

Why the accuracy for predicting exact outcomes
and good functional (mRS 0-3) outcomes was not
higher may be that we simply do not know or mea-
sure all of the factors that affect the brain’s capacity
to recover after injury. Other potential reasons may
include lack of physician experience, limited expo-
sure to patient long-term outcome, interval medical
events affecting prognosis, and perhaps the admis-
sion of medically complicated patients at a tertiary
hospital, making it challenging to accurately predict
functional outcomes. In spite of the development of
prediction models, precise outcome prediction in in-
dividual patients remains difficult in ICU-based pop-
ulations.>®1? Further, there is a paucity of validated
outcome scales that predict functional outcome
rather than mortality in neurologic patients. We
found that both overoptimism and overpessimism
contributed to our incorrect predictions.

We also found poor accuracy in regards to assess-
ing future QOL. However, since we measured QOL

Neurology 74 April 6, 2010

in a simplistic way, one needs to exert caution with
interpreting this result. Similar to a previous study,
we found that the majority of patients with poor
functional outcome reported having a poor QOL
and vice versa; however, the fact that 38% of patients
with relatively good functional outcomes (mRS
scores of 0—3) rated their QOL as poor or fair and
that 17% of patients with poor functional outcomes
(mRS 4 or 5) rated their QOL as good or excellent
suggests that QOL is not directly linked to func-
tional outcome in every individual. The presence of
depression may account for part of this dissocia-
tion.”! Furthermore, it is conceivable that good phys-
ical recovery alone may not predict good outcome in
some patients. This notion may deserve attention
when families and physicians discuss goals of care
assuming that a certain clinical examination or brain
imaging pattern will correlate or predict a certain
QOL. Better determinants of an acceptable QOL are
needed in this setting. Future studies are needed to
investigate this seeming disassociation between func-
tional outcome and QOL at different time points in
the recovery process. After all, whether life in the
long term is worth living to the individual patient
should be the most important measure of our treat-
ment success in the neurointensive care unit.

Our study population represents the sickest neu-
rology patients in the ICU. We purposely chose to
only include critically ill neurologic patients who
were intubated for =72 hours in this study, as these
are the patients for whom we can actually remove life
support if the perceived long-term outcome is felt to
be undesirable. Thus, it is no surprise that the
6-month mortality in our enrollment group was al-
most 50%. Other studies have reported mortality
ranges from ~20%—60% among ICU patients with
neurologic illnesses or complications.>” Since our
study design facilitated the inclusion of patients who
had died, the high observed mortality may have re-
sulted in part from selection bias. Nevertheless, even
if all 187 eligible patients would have been enrolled,
the observed mortality would have been at least 37%
(69/187). Further, it is plausible that the diagnostic
heterogeneity of our enrollment group, which in-
cluded both primary neurologic illnesses and ICU
patients with neurologic complications, may have
contributed to the high mortality. A higher mortality
has been reported in ICU patients with neurologic
complications than in ICU patients with a primary
neurologic diagnosis.’

This study has limitations. First, the generalizabil-
ity of the results is very limited as this was a single
center study with a small number of junior academic
neurointensivists that included neurology patients
who were mechanically ventilated with a variety of
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primary and secondary neurologic diagnoses. Study
of more homogenous patient populations and more
experienced neurointensivists may have yielded dif-
ferent results. Further, we lack information on indi-
vidual raters’ religious or ethical background and
their use of mortality scoring systems, factors which
likely affect outcome prediction.!® Therefore, our
study results do not apply to other practices unless
duplicated elsewhere. Third, alterations in the group-
ing of mRS and QOL outcomes to judge prognostic
accuracy may have changed the interpretation of the
results. Fourth, our methods of measuring QOL
were simplistic. A more comprehensive measurement
scale might bring out differences in QOL that were
due to depression vs disability. Fifth, the timing of
study eligibility, after 72 hours of ventilatory sup-
port, excluded many patients, which may have af-
fected our results. Accuracy of prognostication on
ICU day 4 may differ from ICU admission. We
chose a time window in which we felt that outcome
prediction is most relevant. It is precisely for patients
who do require prolonged ventilatory support that
we face the decision whether to continue life support.
Patients with devastating neurologic injuries on hos-
pital admission, who die eatly, and those who do not
require prolonged intubation are not included. Thus,
our results only apply to patients who are mechani-
cally ventilated for at least 3 days. Finally, our study
design and results do not address the appropriate us-
age and timing of institution of treatment limitations
in critically ill neurologic patients and should not be
used for this purpose.
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