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Clinical Setting and
Population

TABLE 1. Common Adult Neuro-ICU Diagnoses and Outcomes

Incidence in the Mortality Rates (%) Functional
United States L Independence

Condition (Annual) In-Hospital 30D at 3-12 Mo (%)
Traumatic brain injury 2,600,000 (98) 75 (98) 21 (99) 25-322(100-102)
|schemic stroke 795,000 (97) 4.3-70 (98, 103) 16-23 (104, 106) 50 (106—-108)
Anoxic brain injury 424,000 out-of-hospital ~ 52-90° (98, 110) 25-40°(111,112) 48-55°(111,112)

cardiac arrests (109)
Status epHepﬂcus“ 200,000 (113) 14-50 (114, 118) 19-65 (116-118) 492 (119)
Intracerebral hemorrhage 63,000 (120) 30 (98) 34-50 (120-123) 19-39 (123)
Subarachnoid hemorrhage 25,000 (124) 20-26 (98, 124-127) 45 (98, 124-127) 16-55 (128, 129)

“Among patients with severe traumatic brain injury.
“Overall 90% mortality including those who do not survive to hospital admission (109).

°Among patients who underwent targeted temperature management. Mortality rates are higher and functional outcome worse in patients with pulseless electrical

activity/asystole arrest compared with ventricular fibrillation/ventricular tachycardia arrest.

9dPatients with refractory status epilepticus (continued seizures after two antiepileptic drugs have been administered) have higher mortality rates and worse
functional outcomes.
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Figure 1. Distinctive frajectories of neurocritical illness. This figure demonstrates trajectories for patients
without limitation of life-supporting therapies. Onset of neurocritical illness is often sudden, with precipitous

decline from a normal baseline. However, most neurocritically ill patients do not progress to cardiovascular death
or brain death, but survive with disability.

Most neurologically
Injured make maximal
spontaneous recovery
over 3 - 12 months

Lack of recovery during
hospitalization may not

accurately predict future
outcome
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PROGNOSTICATION
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Pros and Cons of Prognostication

Helpful Prognostic Signs: Limitations in Prognostic Scales:

L oss of brainstem " Most outcome scales including

F o patients with withdrawal of life-
reflexes/prolonged herniation sustaining therapy

» Diffuse cortical infarction 7 Self fulfilling prophecy
r Are the outcomes clinicians think

' Degenerative diseases are important also important to

(advanced dementia, prion patients?
di sease, Hunt i nrg Dichotdnzed autcomgs - rather
: : than patient-centric reported
r Poor bas.ellne functional | outcomes
status prior to catastrophic ' Limited generalizability- studies
neurological insult exclude sickest patients

r Challenging to account for
Aresponse shifto o
to adapt/reframe perceptions of

quality of life —
CApC:::..

r Age



TABLE 3. Selected Prognostic Scales Commonly Used in Neurocritical lliness

Condition

Traumatic
brain injury

Subarachnoid
hemorrhage

Intracerebral
hemorrhage

Anaoxic brain
injury

Spinal cord
injury

Prognostic Scale

Glasgow Coma
Scale (17)

Full Qutline of
Unresponsivenass
score (90)

Marshall classification

of head injury on
head CT (21)

Hunt-Hess
Grade (20)

World Federation
of Neurslogic
Surgeons Scale

84)

Intracerebral
hemarhage
score (18)

FUNC score (21}

American Academy
of Meurology
prognostic
guideline (148)

ASIA (96)

Scoring Me:.

3 (worst)=15 (best} Mortality,
functional
outcome

0 (worst)-16 (best) In-hospital
martality

I-vl Intracranial
pressure,
functional
outcome

| {best)-Y (worst) Martality,
functional
outcome

1 {best)-5 (worst) Mortality,
functional
outcome

0 (best}-6 (worst) Mortality

0 (worstl=11 (best) Functional
outcome

Poor outcome predicted by Martality,
the following: funciional

Myaclonus status outcome

epilepticus (24 hr)

Ahsent median

somatosensory-evaked
potentials N20 bilaterally
(24-T2hr)

Meuranal-specific enolase

>33 posL (24=T2hr)

Examination with absent

pupil ar comeal
responses; extensor
of no mofor response
(T2 hr)

A (worst)-E (best) Maotor and
sensory
function

Outcome

sure(s)

Pros and Cons

Widely used and simple, but the verbal score
cannot be assessed in intubated patients,
and brainstem reflexes and breathing
patterns are not assessed as part of the GCS

Has good intrarater and interrater reliability and
distinguishes among patients with the loweast
GCS scores, Not widely used, and predicts
only mortality, not functional outcome

Widely used and has been found to predict
increased infracranial pressure and outcome,
but focuses primarily on CT findings and
does nof incorporate examination or other
pragnastic factors

Commonly used in the United States, the Hunt-
Hess grade is one of the strongest predictors
of outcome after subarachnoid hemorrhage,
It does not distinguish well between
moderately injured grade 3 patients

Commenly used in Canada and Europe,
World Federation of Meurcsurgeons Score
combinas the GCS score with the presence
or absence of a major neurclogic deficit, it
is similar to Hunt-Hess scale in predicting
outcome (148), Does not distinguish
outcome well among grade |l patients
and there is variable application of what
constitutes a *major neurologic deficit’

Widely used and simple scoring system,
Focuses on marality only and confounded by
withdrawal. Mot validated in a separate cohort

Incorporates premorbid cognitive function
and strongly predicts long-term functional
outcome. In multiple cohorts, no patient
with a FUNC score < 4 achieved functional
independence, while > BO% of patients
with a FUNC score of 11 were functionally
indapendent at 3 mo. Mot widely used

Provides a time-based guideline for
prognostication with low false-
positive rates at each step. Does not
account for the improved outcomes with
hypothermiafinduced normatharmia,
Guidelines are nearly a decade old (1492)

The ASIA scale was not originally developed
as a prognostic scale, but does comelate
with functional outcome (96)

GCS = Glasgow Goma Score, ASIA = American Spinal Injury Association Scale,
“Spplies to patients who have not undergone therapeutic hypothemiafinduced nomothermia.
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TBIl: Glasgow Coma Scale

Verbal

Score

Alert, oriented and conversant

5

Confused, disoriented, but conversant

Intelligible words, not conversant

Unintelligible sounds

No verbalization

RN W] &

Eye Opening

Spontaneous

To verbal stimuli

To painful stimuli

None

RIN[W|P>

Motor

Follows commands

Localizes

Withdraws from painful stimuli

Flexor posturing

Extensor posturing

No response to noxious stimuli

R[INfW| OO

PROS:
Widely used
simple

CONS:
Cannot fully
assess
intubated
patients
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Coma: FOUR Score s

Eye opening Score AGood reliability
Eyelids open or opened, tracking, or blinking to 4 Mistinguishes
command between those

Eyelids open but not trackin i
YEE On J___ with lowest GCS
Eyelids closed but open to loud voice

Eyelids closed but open to pain

Eyelids remain closed with pain

Motor response

Thumbs up, fist or peace sign to command
Localizing to pain

Flexion response to pain

Extension response to pain

No response to pain or generalized myoclonus status
Brainstem reflexes

Pupil and corneal reflexes present

One pupil wide and fixed

Pupil or corneal reflexes absent

Pupil and corneal reflexes absent

Absent pupil, corneal and cough reflex
Respiration

Not intubated, regular breathing pattern

Not intubated, Cheyne-Stokes breathing pattern
Not intubated, irregular breathing

Respiratory rate above ventilator set rate
Respiratory rate at ventilator set rate or apnea

Ol |IN|W

CONS:

Aot widely used
Mredicts mortality
but not functional
outcome

O|FRrINIW|H>

Ol INIW|A~
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SAH: Hunt-Hess Grade

GRADE CLINICAL EXAM MORTALIT  GOS
Y

1 Asymptomatic, mild headache, slight nuchal 1% 4
rigidity

2 Cranial nerve palsy, moderate to severe 5% 4
headache, severe nuchal rigidity

3 Mild focal deficit, lethargy, confusion 19% 3

4 Stupor, moderate to severe hemiparesis, early 42%* 2*
decerebrate rigidity

5 Deep coma, decerebrate rigidity, moribund 77%* 2*
appearance

PROS: CONS:

ACommonly used in U.S. Moes not distinguish

Astrong predictor of functional outcome well for
outcome moderately injured HH3

Center to
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SAH: World Federation of
Neurosurgeons Score

GRADE GCS SCORE MAJOR FOCAL %MORTALITY
DEFICIT (aphasia,

hemiparesis)

1 15 Absent 5 4
2 13-14 Absent 9
3 13-14 Present 20
4 7-12 Present or Absent 33* 2*
5 3-6 Present or Absent 77* 2%
PROS: CONS:
AGood at predicting functional Alnterrater variability in what
outcome constitutes nAMajor focal d

ADoes not distinguish grade 3

outcomes well cq pc Center o
Palliative Care
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|ICH Score

GCS Score ICH Score Points

3-4

5-12

13-15

ICH volume

O 308 cm

<30cm?3

IVH

Yes

No

Infratentorial
location

Yes

No

Age

O 80 vy

<80 yr

Mortality

0 = 0%;

1 =13%;

2 = 26%;

3 =72%;

4 = 97%,;
5,6 =100%

PROS:
Widely used
simple

CONS:

A-ocuses on mortality
AConfounded by
withdrawal

Aot validated in
separate cohort

Center to
Advance
Palliative Care



ICH: FUNC score

13

Component Points
Age (years)
<70 2
70-79 1
080 0
ICH Volume (mL)
<30 4
30-60 2
>60 0
ICH Location
Lobar 2
Deep 1
Infratentorial 0
Glasgow Coma Score
09 2
08 0
Pre-ICH cognitive
Impairment
No 1
Yes 0
Total Score 0-11

FUNC score
None achieved
functional
independence,

FUNC score = 11
>80% were
functionally
independent at 3-
months.

PROS:

Strongly predicts
long-term functional
outcome

CONS:
Not widely used
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Spinal Cord Injury: ASIA

A

Complete Lesion:
No motor or sensory function below the neurological level through
sacral segments S4-Sb5.

Incomplete Lesion:
Sensory, but not motor function is preserved below the neurological
level and includes S4-S5.

Incomplete Lesion:

Motor function is preserved below the neurological level, and more than
half of key muscles below the neurological level have a muscle grade
less than 3. Voluntary sphincter contraction may be present.

Incomplete Lesion:

Motor function is preserved below the neurological level, and at least
half of key muscles below the neurological level have a muscle grade of
3 or more.

Normal

14

PROS:
widely used,
simple

CONS:

Not originally
developed as
prognostic
scale, but
correlates with
functional
outcome
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How good are cliniclians at
prognosticating?

Withdrawal of Life-Sustaining Therapy in Patients
With Intracranial Hemorrhage: Self-Fulfilling
Prophecy or Accurate Prediction of Outcome?

Jonathan M. Weimer'; Amy 5. Nowacki, PhDD¥ Jennifer A. Frontera, MD, FNCS!

Retrospective analysis of prospectively collected data
383 SAH, SDH and ICH patients

7% underwent withdrawal of life sustaining therapy (WOLST)

Multivariable models developed in maximally treated patients
Applied to generate probability of in-hospital death or 12-month death or
moderate-severe disability (MRS 4-6) in WOLST cohort

Sensitivity analysis in propensity score-matched patients from the max therapy cohort

Center to
Advance
Palliative Care
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Models Predicting Outcome

TABLE 2. Prediction Model of In-Hospital
Death Derived From Maximal Therapy
Patients

Variables OR (95% CI) P

Admission Glasgow 0.65 (0.565-0.76) < 0.0001
Coma Scale

Absence of surgical 30(8-121) < 0.0001
intervention

Vasopressor use 29 (6-135) < 0.0001

Renal failure 12 (3-53) 0.001

History of cardiovascular 4.4 (1.4-13.8) 0.01
disease

History of chronic 47(1.1-19.5) 0.03
obstructive pulmanary
disease

Intercept =—1.54

OR = odds ratio.
c-statistic = 0.96, Hosmer-Lemeshow goodness-of-fit test p = 0.98.

Weimer Crit Care Med 2016

TABLE 3. Prediction Model of 12-Month
Death/Severe Disability (Modified Rankin
Scale 4-6) Derived From Maximal Therapy
Patients

Variables OR (95% CI) p
Age 1.07 (1.04-1.10) < 0.0001
Admission National 1.12 (1.07-1.17) < 0.0001

Institutes of Health
Stroke Scale

Brainstem herniation 29 (5—175) 0.0002
Type of bleed 0.001
Intraparenchymal 47 (1.9-11.6)
hemarrhage vs SDH
Subarachnoid 1.4 (0.5-35)
hemorrhage vs SDH
Arrhythmia 6.4 (1.9-21.8) 0.003
Premorbid modified 1.53 (1.13-2.08) 0.006
Rankin score
History of diabetes 2.5 (1.1-5.6) 0.03
mellitus
History of cancer 2.5 (1.1-6.0) 0.03
History of chronic 41(1.1-15.5) 0.04
ohstructive

pulmonary disease

Intercept =-711

SDH = subdural hemorrhage.
c-statistic = 0.92, Hosmer-Lemeshow goodness-of-fit test p=0.95.
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Probability of In hospital
death or mRS 4-6 at 12 monts

count
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Figure 1. Distribution of predicted probability of in-hospital death (A) and poor 12-month outcome modified Rankin score (mRS) of 4-6 (B) for
withdrawal of life-sustaining therapy patients had they continued maximal medical and surgical therapy.
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Sensitivity analysis showed similar results

Weimer Crit Care Med 2016
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Public (mis)Perceptions of
Recovery
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