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Abstract

Background: Patients with acute ischemic stroke (AIS) may require intensive care unit admission for several rea-
sons, including post-procedural care, management of large hemispheric infarction, and cardiopulmonary instability.
The objective of this document is to provide recommendations on the reliability of select individual predictors of
outcome, and multivariate prediction models, in the context of counseling critically ill patients with AIS and their sur-
rogates. In addition, broad principles of neuroprognostication in this population were identified.

Methods: A narrative systematic review was completed using Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) methodology. Candidate predictors, including clinical variables and prediction models,
were selected on the basis of clinical relevance and the presence of an appropriate body of evidence. The Popula-
tion/Intervention/Comparator/Outcome/Timing/Setting (PICOTS) question was framed as follows: “When counseling
critically ill adults with AIS or their surrogates, should <predictor> be considered a reliable predictor of poor functional
outcome at 3 months or later?” Recommendations were based on quality of evidence, balance of desirable and unde-
sirable consequences, values and preferences, and resource use. Recommendations that met GRADE criteria for good
practice statements addressed broad principles of neuroprognostication.

Results: A total of 518 articles met eligibility criteria to guide recommendations. Good practice recommendations
include avoiding premature neuroprognostication, avoiding confounders, the use of multimodal assessment, predict-
ing recovery of swallow function, predicting tracheostomy decannulation, and counseling of patients with large
hemispheric infarction and their surrogates prior to neurological decline. Early neurological improvement within 24 h
of revascularization was identified as a moderately reliable predictor of good functional outcome. No other individual
predictor was considered reliable for the prediction of mortality or functional outcome.

Conclusions: These guidelines suggest broad principles of neuroprognostication and provide recommendations on
the reliability of predictors of functional outcome in the context of counseling critically ill patients with AIS and their
surrogates.
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cause of death worldwide and the third-leading cause of
both death and disability combined [2]. Approximately
10-20% of patients with acute ischemic stroke (AIS)
will be admitted to an intensive care unit (ICU) [3, 4].
Reasons for admission to the ICU include disorders of
consciousness, cerebral edema, cardiopulmonary compli-
cations, and procedural complications [5]. Patients may
also be admitted to the ICU following reperfusion ther-
apy. The mortality of patients with AIS admitted to the
ICU is approximately 20—-40%, but is highly variable over-
all and likely depends on the criteria for ICU admission
[4-8]. Similarly, depending on the criteria for ICU admis-
sion, approximately a fifth to approximately one half of all
patients with AIS admitted to the ICU will achieve long-
term functional independence [4, 5, 9-11].

Patients with severe stroke are often unable to partici-
pate in life-or-death treatment decisions, leaving surro-
gates to make decisions on escalation or continuation of
life sustaining therapy. Most people who die early after
stroke do so after a patient/surrogate decision to with-
hold or withdraw life-sustaining treatment (WLST)
[12—14]. Most patients with AIS with compromised con-
sciousness who die do so following WLST [15]. Deci-
sions to withhold or withdraw life sustaining treatment
are typically preceded by discussions with clinicians
who provide a best estimate of neurological prognosis.
While such decisions are often entirely appropriate, and
in accordance with the patient’s preferences, prognostica-
tion in critically ill patients with AIS is highly challenging
given that the stakes are typically high. The risk of prema-
ture WLST in a patient who may have recovered to func-
tional independence must be balanced against the risk of
prolonging the suffering of individuals with poor quality
of life [16]. While prognostication in critically ill patients
after ischemic stroke is often focused on the possibility
of a poor outcome, prediction of a likely good outcome
is also meaningful to patients and surrogates. Clinicians
are fortunately faced with the latter situation more often
than ever before, with the availability of effective revascu-
larization strategies such as mechanical thrombectomy,
and the expansion in eligibility of patients to receive
these treatments [17].

Since neuroprognostication following AIS is highly
consequential it is critical that clinicians base their
assessments on reliable, evidence-based predictors of
outcome. Clinical practice varies greatly, however, around
multiple aspects of prognostication following acute
ischemic stroke: timing, predictors used to formulate a
prognosis, language during counseling, and disclaimers
of uncertainty. There is an urgent need for guidance on
best practices, and on the reliability of predictors clini-
cians commonly use to formulate a prognosis. The spe-
cific objectives of these Neurocritical Care Society (NCS)

and Deutsche Gesellschaft fiir Neurointensivmedizin
(DGNI, German Society for Neuro-intensive and Emer-
gency Medicine) guidelines were to provide broad prin-
ciples of neuroprognostication, and recommendations
on the reliability of individual clinical variables and mul-
tivariate prediction models used by clinicians to formu-
late a prognosis in the context of counseling critically ill
patients with AIS and their surrogates.

Scope of the Guidelines

The scope of these Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) guidelines
is the prognostication of neurological outcome in adults
with AIS who have received standard-of-care treatment.
Standard of care treatment includes, but is not limited
to, revascularization therapy in appropriately selected
individuals. The primary focus of this document is on
patients who require intensive care unit (ICU) admission
for management of the stroke itself, including post-pro-
cedural care following revascularization therapy. These
guidelines are therefore not focused on patients with
mild ischemic stroke or transient ischemic attack, who
typically do not require ICU admission, and whose prog-
nosis for long-term neurological recovery from the index
event is generally good. The recommendations in these
guidelines are focused on early neuroprognostication,
particularly in the ICU. Patients admitted to inpatient
rehabilitation units, or otherwise receiving post-dis-
charge rehabilitation services, are outside the scope of
this document.

How to Use These Guidelines

Individual predictors of outcome and multivariate pre-
diction models were categorized as reliable, moderately
reliable, or not reliable (Table 1). This was based on a
GRADE-based assessment of certainty in the body of
evidence, as well as effect size (quantification of predic-
tor accuracy) across published studies. The degree of
uncertainty that is conveyed while counseling surrogates
is tailored to the reliability of the predictors used during
prognostication.

A key distinction exists between a reliable predictor
of outcome in the context of counseling surrogates of
patients requiring life-sustaining therapy and an inde-
pendent predictor of outcome. An independent pre-
dictor fulfills one criterion—a statistically significant
association with the outcome of interest in an appropri-
ately conducted multivariable analysis. In clinical prac-
tice, independent predictors of outcome may be used in
risk stratification, selection of patients for targeted treat-
ment (such as chemotherapy regimens for cancer), or
as building blocks of clinical prediction models. A reli-
able predictor in the context of counseling surrogates of
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patients requiring life-sustaining therapy must be inde-
pendent, but also fulfill other criteria as described in the
“Evidence to Recommendation (EToR)” section. Con-
fidence in the accuracy of the predictor should be suffi-
ciently high to overcome concerns about the undesirable
consequence of inappropriate withdrawal of life-sustain-
ing therapy.

These guidelines were structured to align with the prin-
ciples of ethical clinical practice. Non-maleficence was
prioritized, to avoid patient harm from the self-fulfilling
prophecy and inaccurate predictions that lead to inap-
propriate WLST.

Methods

An in-depth description of the methodology used in
these guidelines is available in Supplementary Appendix
1.

Selection of Candidate Predictors

The following candidate predictors were selected on the
basis of clinical relevance AND the presence of an appro-
priate body of literature, using criteria described in Sup-
plementary Appendix 1:

Clinical Variables

1. Age

2. National Institutes of Health Stroke Scale (NIHSS)
on admission
Blood glucose
Cerebral collateral circulation status
Hypertension
Infarct size
History of previous stroke
Revascularization status
Early neurological improvement (ENT)

0 ®© N oUW

Clinical Prediction Models
1. Acute Stroke Registry and Analysis of Lausanne
(ASTRAL) score
2. Dense Artery, mRS, Age, Glucose, Onset-to-Treat-
ment, and NIHSS (DRAGON) score
Ischemic Stroke Predictive Risk Score (iScore)
4. Totaled Health Risks in Vascular Events (THRIVE)
score

I

PICOTS Question

The Population/Intervention/Comparator/Outcome/
Time frame/Setting (PICOTS) question was then framed
for the specific candidate predictors as follows:

“When counseling critically ill adults with acute
ischemic stroke or their surrogates, should <predic-
tor or prediction model, with time of assessment if

appropriate> be considered a reliable predictor of
<outcome>?”

Selection of Outcomes

The topic experts and the patient and family representa-
tive rated outcomes on the GRADE 1-9 scale on the basis
of their perceived importance. Outcomes with a median
rating of 7-9 were considered “critical” While quality of
life, cognitive function, and depression were critical out-
comes, the body of evidence with these outcome meas-
ures was insufficient to support any recommendations.
In addition, the risk of bias from the self-fulfilling proph-
ecy within the existing body of literature on predictors
of mortality was considered too high to recommend any
single clinical variable to predict death when all available
means of life support are used, indefinitely and without
limitation [18]. A brief summary of the GRADE evidence
profile and summary of findings for predictors of mortal-
ity is given in Supplementary Table 1, while a summary of
recommendations for predictors of mortality is provided
in Supplementary Table 2. The recommendations within
these guidelines are primarily focused on the prediction
of functional outcome.

Functional Outcome Assessment

The majority of studies used the modified Rankin Scale
(mRS), which ranges from 0 (asymptomatic) to 6 (death),
as a measure of functional outcome [19, 20]. The defini-
tion of a “good” or “poor” functional outcome has var-
ied across the literature. In recognition of the evolution
in outcome analysis in the ischemic stroke literature
(described in Supplementary Appendix 1), an inclusive
definition was used for the purposes of this systematic
review, encompassing all of the mRS thresholds and
analyses described. Variability in outcome definition was,
therefore, an inherent limitation of the review. Other
acceptable measures of functional outcome in the litera-
ture included the Barthel Index, Glasgow Outcome Scale
(GOS), Functional Independence Measure (FIM), and
Lawton’s Activities of Daily Living (ADL) scale.

Systematic Review Methodology

Since the literature on prognosis was expected to be
heterogeneous, a narrative systematic review was per-
formed. An in-depth description of systematic review
methodology overall for the NCS-DGNI neuroprog-
nostication guidelines project is given in Supplementary
Appendix 1. The initial librarian search string was appro-
priate to the question “What are the reliable predictors
(prognostic factors, variables, tests, scores, and multivar-
iable models), prior to and on admission as well as during
the hospital course to predict patient outcome at different
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follow-up time-points following each specific disease
?; to identify candidate predictors. Screening of articles
was completed using DistillerSR software (Evidence Part-
ners, Ottawa, Canada). The librarian search string used
for this systematic review is provided in Supplementary
Appendix 2. The Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) flow dia-
gram is shown in Fig. 1. The initial librarian search was
performed on 20 February 2019 and encompassed the
period from 1946 to the search date. Databases searched
included MEDLINE via PubMed, EMBASE, Web of Sci-
ence, and the Cochrane Database of Systematic Reviews.

Updated searches were performed on 1 August 2022 and
5 February 2024-.

Article Screening

Following title and abstract screening, full-text screen-
ing was performed with the following exclusion criteria:
(1) sample size less than 100 adult patients, (2) stud-
ies focused exclusively on transient ischemic attack
(TIA) and/or mild stroke, (3) studies focused on a highly
selected subgroup (such as periprocedural stroke), (4)
studies of predictors not evaluated in multivariate analy-
sis, (5) studies focused on a genetic polymorphism as a
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and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097
For more information, visit www.prisma-statement.org.

Fig. 1 PRISMA 2009 flow diagram depicting the study selection process for the systematic review, including records identified, screened, excluded,
and included in the final analysis
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predictor, and (6) studies of clinical prediction models
that did not report model discrimination.

Risk of Bias (RoB) Assessment

Data extraction and assessment for risk of bias (RoB) was
performed for studies that addressed the PICOTS ques-
tion and fulfilled full-text selection criteria. The Qual-
ity in Prognostic Studies (QUIPS) RoB instrument was
used to evaluate studies of individual prognostic vari-
ables [21]. The Prediction model Risk Of Bias ASsess-
ment Tool (PROBAST) instrument was used to evaluate
studies of clinical prediction models [22, 23]. In addition
to the standard domains of these RoB instruments, stud-
ies were evaluated for the risk of bias related to the self-
filling prophecy with an additional domain that included
three questions: whether a treatment suspension policy
was used in the study, whether clinicians were blinded
to the predictor, and whether the predictor was system-
atically utilized by clinicians for prognostication during
the time period of the study. A content expert evaluated
each study for RoB, with secondary review by another
content expert. Articles written or co-written by one of
the authors were independently assessed for risk of bias
by another author and a methodologist. Following assess-
ment of risk of bias in each domain, an overall risk of
bias—high, moderate, or low—was assigned to each study.

GRADE Assessment and Evidence Profile

Following data extraction and assessment of risk of bias
of individual studies, a GRADE evidence profile with
summary of findings table was constructed. The body
of evidence was downgraded once for a moderate over-
all RoB across all individual studies and twice for a high
overall RoB. Since most studies of predictors following
AIS were not limited to critically ill patients admitted to
the ICU, a downgrade for indirectness was required for
the body of evidence for most PICOTS questions.

A summary of individual studies is provided in Sup-
plementary Table 3. The GRADE evidence profile and
summary of findings table for predictors of functional
outcome are presented in Table 2. A summary of PICO
recommendations is given in Table 3, while a color-
coded summary of reliability of predictors is presented in
Table 4. A summary of good practice statements is given
in Table 5.

Evidence to Recommendation Criteria
1. Quality of evidence/certainty in the evidence and
effect size: For the purposes of these guidelines, pre-
dictors described as “reliable” have both a higher
overall certainty in the evidence and greater effect
size than “moderately reliable” predictors (Table 1).
The acceptable threshold for predictors of good out-

come was considerably lower than for predictors of
poor outcome, since an inappropriate prediction of
good outcome is not expected to lead to a potentially
irreversible decision such as WLST.

. Balance of desirable and undesirable consequences:

An accurate prediction of poor outcome is expected
to result in grief, a sense of loss and anxiety about the
future. However, accurate prediction of a poor out-
come is overall desirable, since it allows surrogates
and the clinical team to align goals of care to the per-
ceived wishes of the patient with AIS, through the
process of shared decision-making. Potential benefits
to the family and surrogates in this situation include
greater certainty and decreased decisional conflict in
making patient value-congruent decisions, a sense of
closure, and satisfaction from respecting the patient’s
wishes. An inaccurate prediction of a poor outcome
(i.e., a false-positive prediction of poor outcome),
however, may lead to WLST in a patient with AIS
who would otherwise have made a recovery to func-
tional independence. Since WLST almost always
leads to death in critically ill patients on life-sustain-
ing therapy, the undesirable consequences of an inac-
curate prediction of poor outcome were thought to
greatly outweigh the desirable consequences, unless
certainty in the accuracy of the predictor or predic-
tion model was high. The concern for inappropriate
WLST was central in the panel’s decision to recom-
mend, or not recommend, prognostication and coun-
seling on the basis of the selected predictors of poor
outcome. The prediction of good outcome, however,
involves a different balance of desirable and unde-
sirable consequences. Patients and surrogates are
likely to feel encouraged and hopeful, and continue
life-sustaining treatment, which was overall con-
sidered desirable. Anticipation of a good long-term
outcome may ease the psychological and physical
burdens of critical illness and short-term debility, for
both patients and surrogates. Anticipation of a good
long-term outcome was also thought to be desirable
for patient motivation during rehabilitation, which
may be an independent predictor of good functional
outcome following AIS [24]. An undesirable conse-
quence of inaccurate prediction of a good outcome
is disappointment and disillusionment among both
patients and surrogates, which may adversely impact
motivation. An inaccurate prediction of good out-
come may also lead to prolongation of suffering
among patients and surrogates. An additional unde-
sirable consequence was thought to be discordance
in the understanding of “good” outcome between
clinicians and patients/surrogates. While clinicians
generally consider a good outcome following AIS to
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Table 2 GRADE evidence profile/summary of findings table: neuroprognostication—acute ischemic stroke

Predictor Quality of evidence

Summary of findings

P Y= = (narrative of effect
Risk of bias Inconsistency Indirectness Imprecision Quality size)

of evidence:
summary

Individual clinical variables

Poor functional Age ! | | Very low OR: 0.74-5.25
outcome

Poor functional NIHSS | l l l Very low OR: 0.53-20.1
outcome

Poor functional Blood glucose | | | | Very low OR: 1.021-5.23
outcome

Poor functional Cerebral collateral | | Low OR:0.21-14.13
outcome circulation status

Poor functional Hemorrhagic transfor- |} | | | Very low OR: 0.96-3.23
outcome mation (HT)

Poor functional Infarct size 1 l l l Very low OR:0.57-9.15
outcome

Poor functional Previous stroke N | | | Very Low OR: 1.23-4.05
outcome

Good functional Revascularization | | Low OR: 1.69-34.08
outcome

Good functional Early neurological | | Low OR: 1.27-22.6;61-84%
outcome improvement (ENI) of patients with ENI

return to functional
independence

Clinical prediction models

Poor functional ASTRAL 1 | Low (C-stat: 0.73-0.94
outcome

Poor functional DRAGON N | Very low (-stat: 0.73-0.85
outcome

Poor functional iScore N | Very low C-stat: 0.68-0.86
outcome

Good functional THRIVE N Low (-stat: 0.65-0.85
outcome

be a return to functional independence, patients and
surrogates may perceive psychological or cognitive
impairment, and limitations in employment or lei-
sure activities to represent a poor outcome despite
a return to functional independence. Conversely, a
physician’s perceived poor outcome might be seen by
patients and families as acceptable [25-27]. Overall,
the panel considered a prediction of good outcome
to be desirable, using language commensurate to the
actual likelihood of recovery, such as “more likely/
more often than not,” or “highly likely, but not cer-
tain”” Clarity during counseling regarding the specific
“good” outcome under discussion, such as recovery
of ambulation, recovery of swallow function, or the
ability to perform basic activities of daily living, was
also thought to be important.

. Values and preferences: The panel agreed that most
individuals, as well as their families and surrogates,
would consider an inaccurate prediction of poor out-

come that led to the death of a patient who might
otherwise have had a reasonable recovery to be more
undesirable than a prolonged period of uncertainty in
the outcome. Therefore, a high certainty in the evi-
dence of predictor or prediction model accuracy was
necessary to recommend consideration when coun-
seling families and surrogates on prognosis in this
context. Patient and family representatives on the
panel, however, stated a preference for the clinical
team communicating any expectations of recovery of
function.

. Resource use: An important consideration was the

substantial financial burden that may be imposed on
patients, surrogates, and the healthcare system with
continuation of supportive measures based on an
inaccurate prediction of good outcome—particularly
when the patient’s outcome is inconsistent with their
desired quality of life [28—30]. An accurate predic-
tion of poor outcome will lead to better alignment of
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Table 3 Recommendations: guidelines for neuroprognostication in acute ischemic stroke

Recommendations: Clinical variables as predictors of functional outcome

1 When counseling critically ill adults with AIS or their surrogates, we suggest age alone not be considered a reliable predictor of poor functional
outcome assessed at 3 months or later (weak recommendation; very low quality evidence)

2 When counseling critically ill adults with AIS or their surrogates, we suggest the admission National Institutes of Health Stroke Scale (NIHSS)
alone not be considered a reliable predictor of poor functional outcome assessed at 3 months or later (weak recommendation; very low quality

evidence)

3 When counseling critically ill patients with AlS or their surrogates, we suggest hemorrhagic transformation alone not be considered a reliable
predictor of poor functional outcome assessed at 3 months or later (weak recommendation; very low quality evidence)

4 When counseling critically ill patients with AlS or their surrogates, we suggest infarct size alone not be considered a reliable predictor of poor
functional outcome assessed at 3 months or later (weak recommendation; very low quality evidence)

5 When counseling of critically ill patients with AIS or their surrogates, we suggest a history of previous stroke alone not be considered a reliable
predictor of poor functional outcome assessed at 3 months or later (weak recommendation; very low quality evidence)

6 When counseling critically ill patients with AIS or their surrogates, we suggest successful revascularization alone not be considered a reliable
predictor of good functional outcome assessed at 3 months or later (weak recommendation; moderate quality evidence)

7 When counseling critically ill patients with AIS or their surrogates, we suggest early neurological improvement (ENI) assessed 24 h following
revascularization, or 24 h following admission for patients who are not candidates for revascularization, be considered a moderately reliable
predictor of good functional outcome assessed at 3 months or later. A good outcome is expected in patients with recovery to an NIHSS of 0 to

1 at 24 h (weak recommendation; low quality evidence)

8 When counseling critically ill patients with AIS or their surrogates, we suggest admission hyperglycemia alone not be considered a reliable pre-
dictor of poor functional outcome assessed at 3 months or later (weak recommendation; very low quality evidence)

9 When counseling critically ill patients with AIS or their surrogates, we suggest cerebral collateral circulation status alone not be considered a reli-
able predictor of poor functional outcome assessed at 3 months or later (weak recommendation; very low quality evidence)

Recommendations: Clinical prediction models as predictors of functional outcome

10 When counseling critically il patients with AIS or their surrogates, we suggest the Acute Stroke Registry and Analysis of Lausanne (ASTRAL)
score not be considered a reliable predictor of poor functional outcome assessed at 3 months or later (weak recommendation; moderate quality

evidence)

11 When counseling critically ill patients with AIS or their surrogates, we suggest the Dense Artery, mRS, Age, Glucose, Onset-to-Treatment, and
NIHSS (DRAGON), MR-DRAGON, and MT-DRAGON scores not be considered reliable predictors of poor functional outcome assessed at

3 months or later (weak recommendation; very low quality evidence)

12 When counseling critically ill patients with AIS or their surrogates, we suggest the Ischemic Stroke Predictive Risk Score (iScore) prediction model
not be considered a reliable predictor of poor functional outcome assessed at 3 months or later (weak recommendation; moderate quality

evidence)

13 When counseling critically ill patients with AlS or their surrogates, we suggest the Totaled Health Risks in Vascular Events (THRIVE), THRIVE-c, and
THRIVE-EVT scores not be considered reliable predictors of good functional outcome assessed at 3 months or later (weak recommendation; low

quality evidence)

goals of care with the patient’s wishes and avoid the
extended use of resources, over days to years. The
use of resources was therefore thought to favor con-
sideration of a predictor or prediction model during
prognostication, contingent on confidence in its pre-
dictive accuracy.

Recommendations: Clinical Variables as Predictors

of Functional Outcome

PICO question 1: “When counseling critically ill adults
with AIS or their surrogates, should age alone be con-
sidered a reliable predictor of poor functional outcome
assessed at 3 months or later?”.

Description of the predictor: Older age may reflect
underlying frailty, the presence of comorbid conditions,
and diminished cognitive reserve [31].

Recommendation: When counseling critically ill adults
with AIS or their surrogates, we suggest age alone not
be considered a reliable predictor of poor functional

outcome assessed at 3 months or later (weak recommen-
dation; very low quality evidence).

Rationale: The body of evidence was downgraded once
each for inconsistency, indirectness, and risk of bias in
the domain of study participation, attrition, outcome
measurement, confounding, statistical analysis, and
self-fulfilling prophecy. Despite the presence of some
inconsistency, older age was a strong and independent
predictor of poor functional outcome in most studies.
However, age in isolation could not be recommended as
a reliable predictor because older patients with AIS may
nevertheless have a good functional outcome because of
factors such as lower stroke severity or successful revas-
cularization. Premorbid health and functional status
varies among the elderly and may impact individual out-
comes. An age threshold that universally predicts poor
outcome has not been identified.

While several studies have shown that patients older
than 80 years are more likely to have a poor outcome
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Table 4 Reliability of predictors of functional outcome than younger patients following thrombectomy [32—

Clinical variables

Reliabili - 34], data from clinical trials suggest that patients older
eliability for prediction ;

of functional outcome than 85 years do not universally suffer a poor out-
at 3 months or later come. In the HERMES meta-analysis of clinical trials,
patients > 85 years with premorbid functional independ-
ence treated with thrombectomy were more likely to

Age Not reliable . . . . 0 .
NIHSS Not reliable r}elgam functllonabl‘ mdependilce (seen in 18% of patlentsc)l
Blood glucose Not reliable than control subjects [35]. Among patients 80 years an

Cerebral collateral circulation status ~ Not reliable

older who underwent thrombectomy, 30% regained
functional independence (mRS 0-2) and 49% achieved

Infarct size Not reliable . .
_ : X independent ambulation (mRS 0-3) [36]. Data from
Hemorrhagic transformation Not reliable o . .
. : clinical trials do not necessarily reflect real-world out-
Previous stroke Not reliable . i R . .
- A comes, however, since trial eligibility criteria typically
Revascularization status Not reliable K )
T : select patients most likely to demonstrate benefit from
Early neurological improvement Moderately reliable

Clinical prediction models

the intervention. When counseling patients older than
85 years who have undergone thrombectomy, or their

ASTRAL Not reliable N theref ¢ that statisti £
surrogates, we therefore sugges at statistics from
DRAGON/MR-DRAGON/MT-DRAGON  Not reliable L. g 7 K 88 .
: i clinical trials be considered a best-case estimate, and the
iScore Not reliable . .
. entire range of possible outcomes be presented.
THRIVE Not reliable

Reliability of predictors of functional outcome at 3 months or later.
Recommendations address prediction of good functional outcome for

PICO question 2: “When counseling family members
and/or surrogates of patients with AIS admitted to an

revascularization status, early neurological improvement, and THRIVE. Other ICU, should the admission NIHSS alone be considered a
recommendations address prediction of poor functional outcome. NIHSS, reliable predictor of poor functional outcome assessed at

National Institutes of Health Stroke Scale; ASTRAL, Acute Stroke Registry and
Analysis of Lausanne; DRAGON, Dense Artery, mRS, Age, Glucose, Onset-to-

3 months or later?”.

Treatment, and NIHSS; iScore, Ischemic Stroke Predictive Risk Score; THRIVE, Description Of the predictor: While several scales exist,
Totaled Health Risks in Vascular Events the National Institutes of Health Stroke Scale (NIHSS),

a 15-item scale first described in 1989 [37], was selected

Table 5 Good practice statements

1

We recommend that prognostication be performed with consideration of the complete clinical condition. (Strong recommendation, evidence
cannot be graded)

We recommend that the assessment of neurological prognosis be performed in the absence of potential confounders of the neurological exam.
(Strong recommendation, evidence cannot be graded)

We recommend that preexisting functional impairment and comorbidities be considered when formulating a prognosis. (Strong recommenda-
tion, evidence cannot be graded)

We recommend that counseling of critically ill patients with AlS expected to survive the index hospital admission, and/or their surrogates, include
discussion of long-term functional outcomes. Discussion should not focus on day-to-day changes and in-hospital outcomes alone. (Strong
recommendation, evidence cannot be graded)

We recommend that acceptable outcomes for individual patients serve as the basis for prognostication and shared decision-making. (Strong
recommendation, evidence cannot be graded)

We recommend avoiding premature neuroprognostication in critically ill patients with AlS, including patients with severe ischemic stroke. While
early neurological improvement (ENI) following revascularization may clarify a likely good outcome at 24 h, the appropriate period of observa-
tion in an individual patient should be determined with careful consideration of factors such as the anticipated evolution of neurological illness,
potential confounders of the neurological exam, and completion of appropriate diagnostic imaging. (Strong recommendation, evidence cannot
be graded)

We recommend that critically ill patients with severe AIS, and/or their surrogates, be counseled that incremental functional recovery may occur up
to 6 months, and sometimes longer, following the stroke whereas most patients with AIS of mild to moderate severity will achieve the majority
of their functional recovery within 3 months. (Strong recommendation, evidence cannot be graded)

We recommend that critically ill patients with AIS who require artificial enteral nutrition, and/or their surrogates, be counseled that recovery of
swallow function and removal of the feeding tube is likely, but not certain, within a period of several months among survivors. (Strong recom-
mendation, evidence cannot be graded)

We recommend that critically ill patients with AIS who require tracheostomy, and/or their surrogates, be counseled that successful decannulation
is possible within a period of several months among survivors. (Strong recommendation, evidence cannot be graded)

We recommend that discussions of prognosis and goals of care for patients with large hemispheric infarction occur prior to neurological dete-
rioration where feasible, to allow patients and surrogates sufficient time to make informed decisions on decompressive craniectomy and other
therapeutic interventions. (Strong recommendation, evidence cannot be graded)
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as the predictor in this PICO question since it is the
best validated and most widely used. NIHSS was often
included as a continuous variable; however, dichotomiza-
tion or categorization (e.g., mild, moderate, severe) was
also reported in included studies. NIHSS >15 typically
represents a severe stroke [38, 39]. Of note, the NIHSS
was initially designed for use in clinical trials rather than
bedside assessment, or prognostication [40].

Recommendation: When counseling critically ill adults
with AIS or their surrogates, we suggest the NIHSS alone
not be considered a reliable predictor of poor functional
outcome assessed at 3 months or later (weak recommen-
dation; very low quality evidence).

Rationale: The body of evidence was downgraded once
each for inconsistency, indirectness, imprecision, and
risk of bias in the domains of study participation, attri-
tion, measurement of prognostic factors and outcomes,
control of confounding variables, statistical analysis
methods, and the self-fulfilling prophecy. Despite the
presence of some inconsistency, admission NIHSS was
a strong and independent predictor of poor functional
outcome in most studies. However, the NIHSS in isola-
tion could not be recommended as a reliable predictor in
individual patients for several reasons. The NIHSS was
measured at first assessment, prior to revascularization
therapy, in most studies. Since revascularization is an
effective treatment that may result in dramatic improve-
ment regardless of baseline stroke severity, the NIHSS
measured prior to therapeutic intervention is of limited
prognostic value during counseling [41]. For example,
in the HERMES meta-analysis, 32% of patients with the
greatest stroke severity (NIHSS>20) who underwent
thrombectomy were independent (mRS 0-2) at 90 days,
while 49% were able to walk independently (mRS 0-3)
[36]. Second, recovery to good functional outcome was
well documented across the body of evidence despite a
high NIHSS assessed at various time-points during the
index hospitalization. No single NIHSS threshold meas-
ured in the index hospitalization, especially in the ICU,
can be used to reliably prognosticate a poor outcome in
an individual patient, since factors such as young age
and plasticity may result in dramatic long-term improve-
ments with rehabilitation.

The predictive value of the NIHSS for poor outcomes
does, however, increase with time: later measurements
are progressively more reflective of final outcome [42,
43]. Since most patients demonstrate neurological
improvement over time, the NIHSS that best predicts
poor long-term functional outcome decreases with time.
In the NINDS recombinant tissue Plasminogen Activator
(rtPA) trial, NIHSS >22 at 24 h had a positive predictive
value (PPV) of 98% for inability to ambulate indepen-
dently at 3 months, while NIHSS >16 at 7-10 days had a

PPV of 92% for prediction of the same outcome [44]. In a
2005 study, NIHSS > 6 at 7 days after admission predicted
poor functional outcome (inability to ambulate, death or
Barthel Index<60) with sensitivity of 84%, specificity of
92%, PPV of 77%, and NPV of 95% [43]. A consistent time
of assessment and NIHSS threshold have not been identi-
fied, however. High-quality prospective studies in the era
of third-generation thrombectomy devices are required
to validate the predictive value of the NIHSS (or clinical
prediction models that incorporate the NIHSS) measured
at later time-points during the initial hospital stay [45].

PICO question 3: “When counseling critically ill
patients with AIS or their surrogates, should hemor-
rhagic transformation alone be considered a reliable pre-
dictor of poor functional outcome assessed at 3 months
or later?”.

Description of the predictor: Hemorrhagic conversion
after ischemic stroke is the occurrence of bleeding within
an area of the brain initially affected by ischemia. Hem-
orrhagic transformation has been variably defined across
the literature. The European Cooperative Acute Stroke
Trials (ECASS) classification includes three radiological
categories: no HT, hemorrhagic infarction (HI), featur-
ing small petechial hemorrhages along the infarct mar-
gins, and parenchymal hematoma (PH), characterized by
confluent hematoma [46, 47]. The presence or absence
of clinical deterioration (symptomatic vs. asymptomatic)
may be incorporated into the classification, in addition to
radiological features [48—50].

Recommendation: When counseling critically ill
patients with AIS or their surrogates, we suggest hem-
orrhagic transformation alone not be considered a reli-
able predictor of poor functional outcome assessed at
3 months or later (weak recommendation; very low qual-
ity evidence).

Rationale: The body of evidence was downgraded once
for inconsistency, once for indirectness, once for impre-
cision, and twice for risk of bias in the domains of study
participation, attrition, prognostic factor measurement,
outcome measurement, confounding, statistical analy-
sis, and self-fulfilling prophecy. Across the body of evi-
dence, a good functional outcome was feasible despite
the occurrence of hemorrhagic transformation, even with
concomitant clinical deterioration [51-58]. While more
severe hemorrhagic transformation might be expected
to have a greater impact on neurological status and func-
tional outcome, there is an insufficient body of evidence
evaluating the degree of hemorrhagic transformation as a
predictor of poor outcome.

PICO question 4: “When counseling critically ill
patients with AIS or their surrogates, should infarct size
alone be considered a reliable predictor of poor func-
tional outcome assessed at 3 months or later?”
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Description of the predictor: Infarct size is defined the
total volume of brain tissue permanently damaged owing
to insufficient blood flow. Early estimation of infarct size
on computed tomography (CT) may be performed using
the Alberta Stroke Program Early CT Score (ASPECTYS),
through identification of regions with ischemic changes
[59]. Magnetic resonance imaging (MRI) with diffusion-
weighted imaging (DWI) is more sensitive than CT for
acute and hyperacute delineation of infarct size [60].
Final infarct size is generally established by day 30 [61].
True quantification of infarct volume requires manual
tracing of the infarct perimeter, while other techniques
include pixel thresholding for automated differentiation,
stereological counting grids for statistical volume estima-
tion, and measuring the largest diameters of the infarct
[62]. Definitions and volume thresholds for “large” core
infarcts have varied across the literature [63-66].

Recommendation: When counseling critically ill
patients with AIS or their surrogates, we suggest infarct
size alone not be considered a reliable predictor of poor
functional outcome assessed at 3 months or later (weak
recommendation; very low quality evidence).

Rationale: The body of evidence was downgraded once
for inconsistency, once for indirectness, once for impre-
cision, and twice for risk of bias in the domains of study
participation, attrition, prognostic factor measurement,
outcome measurement, confounding, statistical analysis,
and self-fulfilling prophecy. Substantial inconsistency
was present in the body of evidence. A large core infarct
at initial presentation could not, in isolation, be consid-
ered a reliable predictor of poor outcome. Infarct loca-
tion and morphology may impact outcomes independent
of size: the presence of infarcts confined to gray matter,
infarcts sparing the corticospinal tract, and scattered
(compared with territorial) infarcts have been shown
to predict better outcomes, independent of infarct size
[67-70]. The extent and neurological impact of cerebral
edema associated with a large infarct may also impact
outcome [71]. Older patients with greater cerebral atro-
phy may be less likely to suffer acute neurological dete-
rioration from large infarcts [71].

Of note, several recent clinical trials of patients with
large core infarcts (defined by an ASPECTS score 3-5
or core infarct volume>50 mL on perfusion imaging)
have demonstrated the potential for recovery to ambu-
lation, or even functional independence, with endovas-
cular therapy [63]. Across trials, about 41% of patients
who received endovascular therapy and 24% of patients
treated medically regained independent ambulation,
while 23% of patients who received endovascular ther-
apy and 9% of patients treated medically regained func-
tional independence. The results of clinical trials do not
reflect the outcomes likely to be observed in real-world

clinical practice: for example, these trials mostly excluded
patients older than 80 years and all patients with baseline
functional impairment. In addition, early trial termina-
tion may have resulted in overestimation of treatment
effect. However, these trials do demonstrate the feasibil-
ity of good long-term outcome despite a large infarct core
at presentation. We suggest that statistics from clinical
trials of revascularization in patients with a large-infarct
core be considered a best-case estimate of outcomes
at the time of prognostication and counseling, and the
entire range of possible outcomes should be discussed
with patients and surrogates.

PICO question 5: “When counseling critically ill
patients with AIS or their surrogates, should a history
of previous stroke alone be considered a reliable predic-
tor of poor functional outcome assessed at 3 months or
later?”.

Description of the predictor: One in four patients pre-
senting with stroke have had a prior stroke [1]. Across
studies, these historical data were collected through a
combination of patient- and/or surrogate-reported past
medical history and examination of medical records.

Recommendation: When counseling of critically ill
patients with AIS or their surrogates, we suggest a his-
tory of previous stroke alone not be considered a reli-
able predictor of poor functional outcome assessed at
3 months or later (weak recommendation; very low qual-
ity evidence).

Rationale: The body of evidence was downgraded once
for inconsistency, once for imprecision, once for indirect-
ness, and twice for risk of bias in the domains of study
participation, attrition, prognostic factor measurement,
outcome measurement, confounding, statistical analysis,
and self-fulfilling prophecy. Across the body of evidence,
a good long-term functional outcome was feasible in
patients with a history of previous stroke.

PICO question 6: “When counseling critically ill
patients with AIS or their surrogates, should successful
revascularization alone be considered a reliable predic-
tor of good functional outcome assessed at 3 months or
later?”.

Description of the predictor: Revascularization or reca-
nalization was determined after acute reperfusion thera-
pies including thrombolysis, mechanical thrombectomy,
or both. Revascularization/recanalization was most often
classified according to the modified Thrombolysis in
Cerebral Infarction (mTICI) scale, with successful revas-
cularization defined as mTICI grade 2b (antegrade reper-
fusion of more than half of the previously occluded target
artery ischemic territory), 2c (near-complete perfusion
except for slow flow or distal emboli in a few distal corti-
cal vessels), or 3 (complete antegrade reperfusion of the
previously occluded target artery ischemic territory, with
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absence of visualized occlusion in all distal branches)
[72, 73]. The thrombolysis in myocardial infarction
(TIMI) grade has also been used: 0=no recanalization,
1=minimal recanalization, 2=partial recanalization,
and 3 =complete recanalization [74]. Repeat or follow-up
imaging was most often obtained within 6-24 h after ini-
tial imaging, but could occur as early as 2 h and as late as
48 h. Typically revascularization was dichotomized into
good or poor/none, though sometimes categorized as
none, partial, or complete.

Recommendation: When counseling critically ill
patients with AIS or their surrogates, we suggest suc-
cessful revascularization alone not be considered a reli-
able predictor of good functional outcome assessed at
3 months or later (weak recommendation; low quality
evidence).

Rationale: The body of evidence was downgraded once
for imprecision and once for risk of bias in the domains
of study participation, attrition, outcome measurement,
confounding, statistical analysis, and self-fulfilling proph-
ecy. The body of evidence was overall robust in identify-
ing successful revascularization in patients who undergo
thrombectomy as an independent predictor of good out-
come. However, successful revascularization alone does
not guarantee a good outcome since several patients will
suffer infarct expansion prior to completion of revascu-
larization or suffer a subsequent complication that com-
promises neurological recovery. Across clinical trials of
thrombectomy, long-term recovery to functional inde-
pendence was observed in fewer than half of patients in
the intervention arm, despite rates of successful revascu-
larization >70% [36].

PICO question 7: “When counseling critically ill
patients with AIS or their surrogates, should early neuro-
logical improvement (ENI) assessed 24 h following revas-
cularization, or 24 h following admission for patients who
are not candidates for revascularization, be considered a
reliable predictor of good functional outcome assessed at
3 months or later?”.

Description of the predictor: Early (or rapid) neuro-
logical improvement (ENI), which is most commonly
observed following successful revascularization but
may also occur spontaneously, occurs in approximately
20-40% of patients with AIS [43, 75-87]. We defined this
predictor as a> 8 point improvement in the NIHSS, or an
improvement to an NIHSS of 0 or 1 at 24 h), consistent
with commonly used criteria in the literature [75, 77-79,
83]. Alternate definitions of ENI include, among others,
an improvement in the NIHSS of 4 or more points [84],
1 or more points [85], 12% [86], or 30% [87]. The primary
body of evidence for ENI as a predictor of outcome is
from clinical trials and observational studies of revascu-
larization therapy for AIS. However, ENI may also occur

as a result of spontaneous recanalization, fragmentation
of clot, or resolution of hemodynamic disturbance.

Recommendation: When counseling critically il
patients with AIS or their surrogates, we suggest early
neurological improvement (ENI) assessed 24 h follow-
ing revascularization, or 24 h following admission for
patients who are not candidates for revascularization, be
considered a moderately reliable predictor of good func-
tional outcome assessed at 3 months or later. A good out-
come is expected in patients with recovery to an NIHSS
of 0 to 1 at 24 h (weak recommendation; low quality
evidence).

Rationale: The body of evidence was downgraded once
for imprecision and once for risk of bias in the domains
of study participation, attrition, outcome measurement,
confounding, statistical analysis, and self-fulfilling proph-
ecy. About 61-84% of patients with a >8 point improve-
ment in the NIHSS, or an improvement to an NIHSS of
0 or 1 at 24 h, will return to functional independence
[75, 77-79, 83]. While the greatest certainty of recov-
ery is in patients who improve to a NIHSS of 0 to 1 at
24 h, ongoing neurological recovery, more often than
not, leads to functional independence by 3 months in
patients who improve by >8 points but to an NIHSS>1
at 24 h. Regardless of definition, the literature over-
whelmingly demonstrates that ENI is an independent
predictor of return to long-term functional independ-
ence at 3 months, and that a good outcome is observed
in over 60% of patients with such improvement [43, 75—
87]. A good outcome is not certain, since residual deficits
are occasionally disabling despite a large magnitude of
improvement. In addition, post-recanalization intracer-
ebral hemorrhage or recurrent stroke may occur follow-
ing initial improvement. Medical complications may also
restrict a return to functional independence. While ENI
may occur without revascularization therapy, data from
clinical trials confirm that revascularization therapy—
especially mechanical thrombectomy—is associated with
a greater magnitude of neurological improvement at 24 h
than with medical therapy alone [36, 81, 88]. It should
be noted that the absence of ENI does not preclude neu-
rological recovery, since the body of evidence demon-
strates that delayed neurological improvement to varying
degrees is seen in the majority of patients with AIS and
can lead to a good functional outcome. In one study, over
one in five patients with successful endovascular reca-
nalization who failed to demonstrate ENI nevertheless
achieved functional independence at 3 months [89].

In addition to improvements in the NIHSS, early
improvement in specific neurological deficits is associ-
ated with recovery of function in the associated domains
(Table 6). Most hemiparetic patients with some vol-
untary finger extension and shoulder abduction of the
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hemiplegic limb 2 days following the stroke will regain at
least some hand dexterity at 6 months [90]. Most patients
able to maintain sitting balance for 30 s and any muscle
contraction in the paretic leg within the first 72 h will
regain ambulation at 6 months [91].

In addition, hyperglycemia and poor cerebral collateral
circulation status were not considered reliable predic-
tors of poor functional outcome in the context of coun-
seling critically ill patients with AIS or their surrogates
(Tables 3 and 4, rationale in Supplementary Appendix 3).

Recommendations: Clinical Prediction Models as Predictors
of Functional Outcome

PICO question 10: “When counseling critically ill patients
with AIS or their surrogates, should the Acute Stroke
Registry and Analysis of Lausanne (ASTRAL) score be
considered a reliable predictor of poor functional out-
come assessed at 3 months or later?”.

Description of the predictor: The ASTRAL score, orig-
inally developed by Ntaios et al. in 2012 from a single-
center stroke center in Lausanne, Switzerland, includes
six clinical and laboratory predictors of poor functional
outcome, defined as a modified Rankin Scale (mRS) score
of 3—6 at 90-days [92]. These variables are admission glu-
cose, age, any stroke-related visual field defect, level of
consciousness, symptom onset to treatment time, and
stroke severity (NIHSS).

Recommendation: When counseling critically ill
patients with AIS or their surrogates, we suggest the
ASTRAL score not be considered a reliable predictor of
poor functional outcome assessed at 3 months or later
(weak recommendation; low quality evidence).

Rationale: The body of evidence was downgraded once
each for indirectness and for risk of bias in the follow-
ing domains: participants, predictors and self-fulfilling
prophecy, with concern about applicability in the par-
ticipants domain. Several external validation studies
have demonstrated acceptable discrimination [93-95],
but not all [96]. Calibration was assessed in several of
these cohorts and demonstrated a good fit. This model
could not be recommended for routine clinical use pri-
marily because, similar to other AIS prediction models,
it is based entirely on admission variables and does not
consider the impact of thrombectomy or other effective
therapeutic interventions. Successful revascularization
is a strong independent predictor of outcome in patients
with AIS [36], and over a third of patients will demon-
strate rapid neurological improvement in the first several
days [43, 75—87], which is also an independent predictor
of outcome. Baseline variables alone may not adequately
explain outcome in the current era of stroke therapy.
The score also does not consider pre-stroke dependency,
imaging, or clinical events during hospitalization.

PICO question 11: “When counseling critically
ill patients with AIS or their surrogates, should the
DRAGON, MR-DRAGON, and MT-DRAGON scores
be considered reliable predictors of poor functional out-
come assessed at 3 months or later?”.

Description of the predictor: The DRAGON score
includes the variables within the acronym: a dense cer-
ebral artery or early infarct signs on computed tomog-
raphy, pre-stroke modified Rankin Scale (mRS) score,
age, baseline glucose level, onset to treatment time, and
baseline NIHSS. The DRAGON score predicts a trichoto-
mized outcome based on the mRS: good (mRS 0-2), poor
(mRS 3-4), and miserable (mRS 5-6). A lower score indi-
cates a higher likelihood of a good outcome [97]. The MR-
DRAGON score uses the proximal middle cerebral artery
(MCA) occlusion on magnetic resonance angiography
instead of the CT hyperdense MCA sign, and diffusion-
weighted imaging Alberta Stroke Program Early Com-
puted Tomography Score (DWI ASPECTS) <5 instead of
CT early infarct [98]. The MT-DRAGON score, which is
specific to patients treated with thrombectomy, uses time
to groin puncture instead of onset-to-IV-rtPA time and
the site of large vessel occlusion [99].

Recommendation: When counseling critically ill
patients with AIS or their surrogates, we suggest the
DRAGON, MR-DRAGON, and MT-DRAGON scores
not be considered reliable predictors of poor functional
outcome assessed at 3 months or later (weak recommen-
dation; very low quality evidence).

Rationale: The body of evidence was downgraded once
for indirectness and twice for risk of bias in the follow-
ing domains: participants, predictors, and self-fulfilling
prophecy, with concern about applicability in the partici-
pants domain. In the original study, the area under the
curve (AUC) was 0.84 in the derivation cohort and 0.80
in the validation cohort. Multiple subsequent external
validation studies have revealed good discrimination and
calibration [97, 100-102]. This score could not be rec-
ommended for the prediction of poor outcome because,
while the score includes important imaging data that
reflect completed infarction, it reflects the patient’s status
at admission and does not include any measures of the
efficacy of therapeutic intervention, or clinical evolution
during the hospital admission. Interobserver reliability
for interpretation of early infarct signs on CT may be var-
iable [103]. While the MR-DRAGON and MT-DRAGON
scores may provide a more objective assessment of the
extent of completed infarction, validation in other set-
tings and populations is required.

PICO question 12: “When counseling critically ill
patients with AIS or their surrogates, should the iScore
prediction model be considered a reliable predictor of
poor functional outcome assessed at 3 months or later?”.
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Description of the predictor: The Ischemic Stroke Pre-
dictive Risk Score (iScore) was developed to predict the
risk of death and disability (mRS > 3) or institutionaliza-
tion at discharge. This scoring system comprises a com-
bination of clinical parameters and chronic comorbid
conditions: age, gender, stroke severity (measured by
the NIHSS or the Canadian Stroke Scale), stroke sub-
type, history of atrial fibrillation, coronary artery disease,
congestive heart failure, cancer, kidney disease requiring
dialysis, smoking history, hyperglycemia at admission,
and pre-stroke dependency [104]. The score has also
been used to predict clinical response and risk of compli-
cations in patients undergoing thrombolytic therapy for
ischemic stroke. While the score was originally developed
to predict early (30 day) death or disability, subsequent
external validation studies have examined the predictive
accuracy of the score for 90-day [105-107] and 180-day
poor functional outcome (mRS>2) [108].

Recommendation: When counseling critically ill
patients with AIS or their surrogates, we suggest the
iScore prediction model not be considered a reliable
predictor of functional outcome assessed at 3 months or
later (weak recommendation; very low quality evidence).

Rationale: The body of evidence was downgraded once
for indirectness and twice for risk of bias in the follow-
ing domains: participants, predictors, and self-fulfilling
prophecy, with concern about applicability in the partici-
pants domain. The iScore demonstrates acceptable dis-
crimination for both mortality and functional outcome
[101, 104, 109]; however, calibration was imperfect, on
the basis of assessment with the Hosmer—Lemeshow
test in the original study [101]. Similar to other predic-
tion models, the iScore does not assess the impact of
therapeutic intervention or clinical evolution during the
hospital stay, and could not be considered reliable for the
prediction of poor outcome.

PICO question 13: “When counseling critically
ill patients with AIS or their surrogates, should the
THRIVE/THRIVE-c/THRIVE-EVT scores be considered
reliable predictors of good functional outcome assessed
at 3 months or later?”.

Description of the predictor: The THRIVE score was
originally derived from two single-arm trials (MERCI
and Multi-MERCI) of 305 patients with AIS who under-
went mechanical thrombectomy with a first-generation
device, for the prediction of good functional outcomes
(mRS 0-2) and mortality at 90 days [110]. The variables
within the original THRIVE score were age, NIHSS, pres-
ence of diabetes mellitus, presence of hypertension, and
presence of atrial fibrillation. An integer score between
0-9 was generated, with higher scores associated with a
lower probability of a good outcome. The THRIVE score
has also been used to predict intracerebral hemorrhage

and outcomes following intravenous thrombolysis [111—
113]. Subsequent studies validated the THRIVE score
for prediction of outcome following thrombectomy
with later-generation devices [114, 115]. In 2015, the
THRIVE-c score was described, with the same variables,
but with age and NIHSS included as continuous variables
to improve model performance [116]. More recently, the
THRIVE-EVT score was developed [117]. In addition to
the THRIVE-c variables, THRIVE-EVT includes ran-
domization to endovascular therapy as a variable, and,
where available, the Alberta Stroke Program Early CT
Score (ASPECTS). The THRIVE-EVT score estimates the
probability of good functional outcome with and without
endovascular treatment in an individual patient.

Recommendation: When counseling critically ill
patients with AIS or their surrogates, we suggest the
THRIVE/THRIVE-c/THRIVE-EVT scores not be con-
sidered reliable predictors of good functional outcome
assessed at 3 months or later (weak recommendation; low
quality evidence).

Rationale: The body of evidence was downgraded
twice for risk of bias in the following domains: par-
ticipants, predictors, and self-fulfilling prophecy. The
THRIVE, THRIVE-c, and THRIVE-EVT scores were
derived and validated in cohorts of patients treated with
thrombectomy and therefore directly relevant to patients
admitted to the ICU for post-procedural care, who fall
within the scope of these guidelines. However, while the
THRIVE score has undergone extensive external valida-
tion, discriminative performance is likely insufficient
for the prognostication of outcome in the context of
counseling surrogates of critically ill patients at risk for
WLST. Despite derivation from endovascular clinical
trial datasets, the score does not include successful revas-
cularization as a variable. Similar to all other prediction
models, the THRIVE score and its variants do not con-
sider the clinical status of the patient following interven-
tion. Pre-stroke dependency is not considered. While the
THRIVE-EVT score may help estimate the probability of
good outcome with and without endovascular therapy,
the score cannot be used to exclude patients from inter-
vention, who otherwise meet the eligibility criteria of
major endovascular clinical trials.

Good Practice Statements

In accordance with recommendations of the GRADE
network, these statements were considered by the panel
to be actionable, supported by indirect evidence where
appropriate, and essential to guide the practice of neu-
roprognostication [118]. The good clinical practice
reflected in these statements was considered by the panel
to be unequivocally beneficial.
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1. Good practice statement 1. We recommend that
prognostication should be multimodal, with considera-
tion of the complete clinical condition, and never based
on a single variable. (Strong recommendation, evidence
cannot be graded).

Rationale: This acknowledges the complex pathophysi-
ology of stroke, individual patient variability, the dynamic
nature of stroke progression, comorbidities, and pre-
stroke functional baseline.

2. Good practice statement 2: We recommend that the
assessment of neurological prognosis be performed in
the absence of potential confounders of the neurologi-
cal exam. (Strong recommendation, evidence cannot be
graded).

Rationale: Confounders such as sedative medications,
metabolic imbalances, or systemic illnesses may mask the
patient’s true neurological status [119-121]. Resolution
of confounders may clarify the presence of an encourag-
ing neurological examination, with resolution of hemipa-
resis or other deficits.

3. Good practice statement 3: We recommend that
preexisting functional impairment and comorbidities be
considered when formulating a prognosis. (Strong rec-
ommendation, evidence cannot be graded)

Rationale: Prior limitations in mobility or cognition
impact the baseline from which recovery is measured,
while diseases such as congestive heart failure, chronic
obstructive pulmonary disease, or prior neurodegenera-
tive conditions may complicate or slow the recovery pro-
cess [122-124].

4. Good practice statement 4: We recommend that
counseling of critically ill patients with AIS expected to
survive the index hospital admission, and/or their sur-
rogates, include discussion of long-term functional
outcomes. Discussion should not focus on day-to-day
changes and in-hospital outcomes alone. (Strong recom-
mendation, evidence cannot be graded).

Rationale: Counseling in the ICU is sometimes lim-
ited to the possibility of survival and a focus on short-
term changes in various organ systems. Discussions
may therefore be focused on daily changes in ventila-
tor settings, blood pressure management, or laboratory
derangements. While such discussions are important,
several studies suggest families and surrogates experi-
ence frustration with information perceived as incom-
plete, unrealistic, or not meaningful [125]. While
families and surrogates prefer communication of hope
or guarded optimism, honesty about long-term prog-
nosis, even if poor, is valued over withholding of infor-
mation [125]. While discussions of long-term outcome
may not be appropriate in the early period of the ICU
stay when the patient’s condition is rapidly evolv-
ing, discussion at a reasonable time-point during the

ICU stay is critical. Discussions on the importance of
rehabilitation therapies such as physical therapy (PT),
occupational therapy (OT), and speech therapy is also
necessary in patients expected to survive.

5. Good practice statement 5: We recommend that
acceptable outcomes for individual patients serve as the
basis for prognostication and shared decision-making.
(Strong recommendation, evidence cannot be graded).

Rationale: The extent of functional improvement
that is considered acceptable can vary greatly between
individuals. Establishing the level of functional recov-
ery acceptable to an incapacitated patient may be com-
plicated by the disability paradox [126, 127]. Some
patients with marked functional disability from their
stroke report satisfaction with their health and quality
of life [128-130]. This phenomenon may reflect both
variability in perceptions, and adaptation to long-term
disability. Multiple discussions are often necessary to
establish acceptable outcomes, which can serve as the
basis for shared decision-making.

6. Good practice statement 6: We recommend avoiding
premature neuroprognostication in critically ill patients
with AIS, including patients with severe ischemic stroke.
While early neurological improvement (ENI) following
revascularization may clarify a likely good outcome at
24 h, the appropriate period of observation in an indi-
vidual patient should be determined with careful con-
sideration of factors such as the anticipated evolution of
neurological illness, potential confounders of the neuro-
logical exam, and completion of appropriate diagnostic
imaging. (Strong recommendation, evidence cannot be
graded).

Rationale: The optimal time-point for accurate neuro-
prognostication following revascularization depends on
several factors, including stroke severity, baseline comor-
bidities, and the presence of confounders. In addition,
magnetic resonance imaging (MRI) or repeat CT may
clarify final infarct size but may not be available for sev-
eral days. The clinical neurological status of a critically ill,
intubated patient with AIS with medical complications
should not be assessed until confounders such as seda-
tion and toxic—metabolic encephalopathy are no longer
present, which may require many days, or longer. The
value of ENI as a predictor of functional outcome has
been addressed separately in the corresponding PICOTS
question.

7. Good practice statement 7: We recommend that criti-
cally ill patients with severe AIS, defined as NIHSS > 15,
and/or their surrogates, be counseled that incremen-
tal functional recovery may occur up to 6 months, and
sometimes longer, following the stroke, whereas most
patients with AIS of mild to moderate severity will
achieve the majority of their functional recovery within
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3 months. (Strong recommendation, evidence cannot be
graded).

Rationale: While patients with mild to moderate stroke
are more likely to achieve functional independence than
patients with more severe strokes, the time duration to
a plateau in recovery is directly proportional to initial
severity [131, 132]. Stroke severity is variably defined,
but a common definition of “severe” stroke uses a NIHSS
threshold > 15 [38, 39]. The 3-month time-point, com-
monly used for the primary outcome measure in AIS
clinical trials and observational research [133, 134], may
not be applicable to patients with more severe stroke
admitted to the ICU. Longitudinal studies have demon-
strated that, while the majority of functional recovery
in patients with mild to moderate AIS occurs within 3
months, patients with severe stroke frequently dem-
onstrate continued functional improvement up to 5-6
months [131, 135], and sometimes longer [132, 136].
Improvement beyond 6 months may occur in individual
patients, particularly in domains such as language and
cognitive function that are not captured by the mRS
[137-139]. Insufficient evidence currently exists on the
likelihood and predictors of recovery beyond 6 months.

8. Good practice statement 8: We recommend that criti-
cally ill patients with AIS who require artificial enteral
nutrition, and/or their surrogates, be counseled that
recovery of swallow function and removal of the feeding
tube is likely, but not certain, within a period of several
months among survivors. (Strong recommendation, evi-
dence cannot be graded).

Rationale: In addition to concerns about overall func-
tional disability, surrogates of critically ill patients with
AIS with dysphagia frequently express concern about
permanent dependence on feeding tubes. The incidence
of oropharyngeal dysphagia following AIS ranges from
37% to 45% with the use of a bedside water-swallow
screen, to 64—78% with instrumental testing [140]. Age,
prior stroke, stroke severity, and stroke volume are inde-
pendent predictors of dysphagia on admission [141, 142],
which increases the risk of aspiration and pneumonia
[140].

The need for prolonged artificial nutrition may be asso-
ciated with an overall high risk of mortality and long-
term disability [143, 144]. In the Feed Or Ordinary Diet
(FOOD) clinical trial of patients randomized to receive
nasogastric or percutaneous gastrostomy (PEG) tube
feeding within 30 days of AIS, 48% of patients were dead,
and 37% were unable to walk independently (mRS > 3)
at 6 months [144]. However, most patients with AIS with
dysphagia on admission do not require prolonged tube
feeding: in one study, over two-thirds of all patients with
post-stroke dysphagia regained the ability to swallow
within 1 month of the stroke [143]. Utilization of PEG

tubes for prolonged artificial enteral nutrition varies
across the USA, between 0% and 26% of patients with AIS
[145]. Increased stroke severity, occurrence of bihemi-
spheric infarcts, and brainstem infarction increase the
likelihood of prolonged dysphagia and PEG placement
[146, 147]. Among patients who do require prolonged
tube feeding, rates of recovery of swallow function and
feeding tube removal have varied in the literature, pri-
marily as a result of variability in the time-point of assess-
ment [148]. Most studies that assess rates of PEG removal
at 6-12 months suggest the majority of survivors will
recover swallow function within this time frame, allow-
ing for removal of the feeding tube [146, 148, 149]. In one
study, over 80% of patients with AIS with dysphagia had
recovered swallow function by 6 months [149]. In a study
of patients with AIS admitted to inpatient rehabilitation
with a percutaneous gastrostomy (PEG) tube, recovery
of swallow function and tube removal occurred in about
one-third of patients prior to discharge and three-quar-
ters of patients at 1 year [146]. While data derived from
patients admitted to inpatient rehabilitation units are not
directly applicable to the critically ill AIS population, it
is reasonable to counsel patients and/or surrogates that
recovery of swallow function generally does occur. Clini-
cians should consider individual patient factors when dis-
cussing the likelihood of long-term recovery of swallow
function. There is no high-quality evidence on predictors
of permanent dependence on artificial enteral nutrition
following AIS.

9. Good practice statement 9: We recommend that criti-
cally ill patients with AIS who require tracheostomy, and/
or their surrogates, be counseled that successful decan-
nulation is possible within a period of several months
among survivors. (Strong recommendation, evidence
cannot be graded).

Rationale: In addition to concerns about long-term
functional recovery, surrogates of critically ill patients
with AIS on mechanical ventilation who require tra-
cheostomy often express concern about permanent
dependence on an artificial airway. Studies suggest that
successful decannulation occurs within 6-12 months in
30-65% of patients with AIS who require tracheostomy
[150-155]. Studies of patients with all forms of brain
injury suggest that age, etiology, severity of injury, ana-
tomical location, evidence of aspiration, cough strength,
threshold to perform tracheostomy, and functional
improvements are predictors of decannulation [25,
151-155]. There is limited longitudinal data specific to
patients with AIS on functional recovery following tra-
cheostomy. In some studies, over one in five patients with
AIS who required tracheostomy achieved independence
in basic activities of daily living at 1 year [25, 152, 156,
157]. Unlike some patients who require tracheostomy for
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respiratory failure [158], patients with AIS with trache-
ostomy dependence are likely to demonstrate persistent
dysphagia, and continue to receive artificial enteral nutri-
tion [150].

10. Good practice statement 10: We recommend that
discussions of prognosis and goals of care for patients
with large hemispheric infarction occur prior to neuro-
logical deterioration where feasible, to allow patients and
surrogates sufficient time to make informed decisions on
decompressive craniectomy and other therapeutic inter-
ventions. (Strong recommendation, evidence cannot be
graded).

Rationale: Large hemispheric infarctions have pre-
viously been defined by the German Society for
Neuro-Intensive and Emergency Medicine (Deutsche
Gesellschaft Fur Neurolntensiv-und Notfallmedizin)
NCS/DGNI as affecting the total or subtotal territory
of the middle cerebral artery (MCA) and at least par-
tially affecting the basal ganglia, with or without involve-
ment of adjacent territories [159]. These strokes typically
occur following occlusion of the internal carotid artery
or MCA, and are associated with a NIHSS > 15. Such
patients are at high risk for progressive cerebral edema
that leads to uncal herniation and death, with mortal-
ity of about 78% without surgical decompression [160].
These patients frequently require endotracheal intuba-
tion, prolonged artificial enteral nutrition, and tracheos-
tomy [161]. The extent of infarction is typically evident
on imaging prior to clinical neurological deterioration,
which provides a window of hours to days for coun-
seling and decisions on surgical decompression. While
decompressive craniectomy is usually life-saving, and
may improve functional outcome in select patients [162,
163], decision-making regarding surgical decompression
can be challenging. Patients under 60 years of age who
undergo decompression within 48 h are most likely to
achieve independent ambulation, or even independence
to basic activities of daily living, following decompressive
craniectomy [162, 163]. However, a majority of patients
will not regain independent ambulation and will be
severely disabled (mRS > 3) [162, 163]. Patients and sur-
rogates should be provided sufficient time to receive and
process complex information, have conversations with
other family members and friends, ask questions, and
formulate a decision. Rushed conversations about prog-
nosis and goals of care that occur following neurological
deterioration may not allow families and surrogates suf-
ficient time to make informed decisions that reflect the
patient’s wishes.

Prognostication of patients with large hemispheric
infarction is frequently based on the results of major clin-
ical trials of surgical decompression. In a meta-analysis
of seven trials from six countries, overall 37% of patients

regained the ability to ambulate independently (mRS
3) and 17% regained functional independence (mRS
2) following surgical decompression, while only 15% of
patients regained independent ambulation (p<0.001 for
the crude odds ratio) and 5% regained functional inde-
pendence (p=0.04) with medical management [162].
Among patients over the age of 60 years, only 28% of
patients who underwent surgical decompression and 10%
of patients managed with medical care achieved inde-
pendence in ambulation. Too few patients older than
60 years achieved functional independence to permit
meaningful analysis. Results were highly varied, however.
Across the seven trials, the rates of independent ambu-
lation in patients older than 60 years ranged from 0% to
66% among patients who underwent surgical decom-
pression and from 0% to 23% in patients who underwent
medical management. Prognostication based on the
results of these clinical trials is inherently flawed, since
outcome data were impacted by eligibility criteria, early
trial termination, and small sample size, which may have
resulted in an overestimation of treatment effect. Cogni-
tive outcome and quality of life were not assessed in most
studies. We therefore suggest that statistics from clinical
trials be considered a best-case estimate of outcomes in
this context, and the entire range of possible outcomes be
presented to patients and surrogates.

<
<

Approach to Neuroprognostication

A suggested approach to neuroprognostication for
patients with AIS admitted to the ICU is shown in Fig. 2.
Table 6 describes specific domains of recovery in these
patients. Neuroprognostication in the context of critical
illness, where a prediction of poor outcome may lead to
withdrawal or limitation of life support, is typically more
challenging than prognostication of functional recovery
in patients with AIS in a rehabilitation or general care
unit. A critical element in prognostication following AIS
is the outcome of attempted revascularization. While
clinical evolution and in-hospital events are an important
prognostic consideration in all neurocritical care disease
states, the availability of a highly effective therapy for AIS
may result in especially dramatic changes in neurological
status, and therefore prognosis, within the first few days
following presentation.

Gaps and Opportunities in the AIS Neuroprognostication
Literature

Several opportunities exist for future neuroprognostica-
tion research in critically ill patients with AIS, based on
the most common sources of bias identified in this sys-
tematic review:
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Discuss recovery from neurological deficits in
specific domains

Fig. 2 Algorithm for neuroprognostication in patients with AlS who require ICU admission. *In this context, good functional recovery is defined as
the equivalent of modified Rankin Score < 2: the ability to manage the patient’s own affairs. NIHSS: National Institutes of Health Stroke Scale. The
interrupted line (-) in the algorithm represents a lower probability event: a patient with a>8 point improvement in the NIHSS with evidence of a

large hemispheric infarct 24 h following admission and revascularization

1. Reassessment after revascularization therapy. In
addition to the baseline assessment, prognostication
studies (including studies of prediction models) in
the current era of stroke therapy should consistently
assess the NIHSS, or other measures of neurological
status, at successive time-points following revascu-
larization therapy (or following admission, in patients
ineligible for revascularization therapy), starting at
24 h. Beyond the 24-h measurement, which is widely
documented in stroke registries and clinical trials,
assessment at 7 days or later may improve predictive
accuracy. Similarly, prediction models derived from
cohorts of patients who undergo endovascular ther-
apy should consider both revascularization grade and
neurological improvement following therapy.

Timing of outcome assessment: severe stroke. Func-

tional outcome should ideally be assessed at 180 days

or later, in addition to the commonly performed
90-day assessment, in patients with severe stroke.

3. Patient-centered and patient-reported outcomes.
Future research should assess patient-centered out-
comes beyond functional outcome, such as cognitive
outcome. In addition, prognostication studies should
assess patient-reported outcomes (rather than clini-
cian-reported outcomes alone) such as functional

5.

status, quality of life, return to work, post-stroke
depression, anxiety, and fatigue [164].

. Stroke registries. Data from widely available multi-

center stroke registries may provide greater statistical
power and generalizability than single-center stud-
ies and datasets from clinical trials. However, these
registries should ideally include a wide range of com-
mon data elements, including successive neurologi-
cal assessments, details of revascularization therapy,
level of prestroke dependence, major comorbidities,
and assessment of function outcome at 90 days and
beyond.

Measurement of infarct volume. Prediction models
should ideally consider objective, quantitative meas-
ures of final infarct volume beyond CT ASPECTS
alone.

. Outcomes following tracheostomy and PEG placement.

Multicenter longitudinal prospective data on rates
of PEG removal, tracheostomy decannulation, and
recovery of functional outcome in critically ill patients
with AIS who require these interventions are required,
beyond the context of patients admitted to inpatient
rehabilitation units alone.

. Prediction model performance. Studies of prediction

models should consistently evaluate model calibra-
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tion, in addition to discrimination, in populations
and datasets outside the primary derivation and vali-
dation cohort(s).

8. Impact of prognostic model use in routine care. The
impact of the systematic use of prognostic models to
guide shared decision-making on rates of withdrawal
of life-sustaining therapy and patient-centered out-
comes is incompletely understood. Prospective stud-
ies comparing systematic model use for shared deci-
sion-making vs. the standard of care may help define
the clinical role of prediction models [16].

9. Self-fulfilling prophecy. The impact of the self-ful-
filling prophecy can be mitigated with the following
measures:

(a) Where feasible, in the absence of advanced
directives or a moribund status on admission,
prognostication and decisions on withdrawal of
life-sustaining therapy should be delayed for an
appropriate length of time to allow for resolu-
tion of confounders of the clinical examination,
anticipated evolution of illness, and completion
of appropriate diagnostic imaging.

(b) Clinicians should be blinded to predictors that
are not a routine part of clinical care. Assessors
of outcome should also be blinded to the rel-
evant predictors in prospective studies.

Future Directions

Since no single variable is a reliable predictor of out-
come following AIS, clinical prediction models incorpo-
rating multiple variables offer the most promising tool
for prognostication of outcome. It is likely that artifi-
cial intelligence and machine learning will facilitate the
future development of prediction models [165-168], and
should use large, diverse datasets for training to mini-
mize bias. Advanced imaging modalities such as diffu-
sion tensor imaging and white matter tractography may
provide insights into structural changes that correlate
with impairment in various domains [169, 170], while
functional MRI may help explain mechanisms of recov-
ery [171, 172]. Functional imaging techniques may also
provide valuable insights into anatomical correlates of
recovery. Incorporation of genomic data and real-time
physiological monitoring might enhance predictive accu-
racy [173, 174].

Conclusions

These guidelines provide broad principles of neuro-
prognostication for patients with AIS admitted to the
ICU and address the reliability of individual variables
as well as widely studied prediction models in the spe-
cific context of counseling patients and families. These

recommendations align clinical practice with evidence-
based prognostication and optimize patient care through
the adoption of good-practice recommendations.
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