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What do we know so far?

• Stroke is a common cause of death and disability worldwide.

• After severe acute brain injury, over a third of patients can reach 
independence at 6 to 12 months follow-up. 

• Early DNR is associated with doubling the hazard of death 
independent of basic demographics, location, intraventricular 
hemorrhage, and ICH volume



Withdrawal of Life-Sustaining Therapies in Stroke

What?
When?
Who?
Where?
How?



Self-fulfilling Prophecy
An error that could lead to death in patients who may 
have chance of recovery

Mertens M, et al. J Med Ethics 
2021;0:1–7.



“Ironically, in the first draft of the manuscript, I did not 

even include these numbers, just an overall graph. But 

one of the reviewers demanded they be put in and, as a 

young investigator wanting to get published, I complied. 

It has been extremely disappointing when I hear that 

physicians have chosen to not treat a patient 

aggressively or transfer to a higher level of care hospital 

because of a high ICH Score. 

I actually recall a conversation at the International 

Stroke Conference around 2003, when an ED physician 

in a community hospital thanked me for developing the 

ICH Score, because now he had a reason to avoid 

accepting transfers from smaller community hospitals 

for patients with ICH Scores of 4 or higher because they 
would always do poorly. This saddened me.”

Dr. J. Claude Hemphill on ICH Score 



Key Questions 

1. What are the factors associated with the decision to withhold or 

withdraw life-sustaining therapy in hospitalized acute ischemic stroke, 

intracerebral hemorrhage, and subarachnoid hemorrhage patients? 

1. What is the relation between impaired level of consciousness and the 

decision to withhold or withdraw life-sustaining therapy after acute 

ischemic and hemorrhagic strokes? 
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Determinants of WLST in ICH, SAH, AIS

AIS: 309,393 ICH: 47,485  SAH: 16,694  

Alkhachroum et al., not published

1. We generated importance plot using Random Forest

1. After reviewing the plots, we selected the most predictive 
variables that contribute to WLST

3. Then we performed ROC-AUC using Logistic Regression and 
and Random Forest (Training/testing/validation 75/15/15)



Determinants of WLST in ICH, SAH, AIS

AIS: 309,393 ICH: 47,485  SAH: 16,694  

Alkhachroum et al., not published

WLST 9% 28% 19%

• WLST were older (77 vs. 69 years), more women (57% vs. 49%), White (76% vs. 67%)
• Greater stroke severity on NIHSS ≥ 5 (29% vs.19%)
• More likely to be treated in comprehensive stroke centers (52% vs. 44%)
• More likely to have Medicare insurance (53% vs. 44%), less likely to be uninsured (8% 

vs. 13%)
• More likely to undergo surgical treatments (1.2% vs 0.3%)
• More likely to have impaired level of consciousness (38% vs. 12%)



Determinants of WLST in ICH, SAH, AIS

AIS: 309,393 ICH: 47,485  SAH: 16,694  
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Determinants of WLST in ICH, SAH, AIS

AIS: 309,393 ICH: 47,485  SAH: 16,694  
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Key Questions 

1. What are the factors associated with the decision to withhold or 

withdraw life-sustaining therapy in hospitalized acute ischemic stroke, 

intracerebral hemorrhage, and subarachnoid hemorrhage patients? 

oAmong acute hospitalized stroke patients; age, level of consciousness, 

disease severity,  state region, race, insurance status, ambulation status 

at baseline, and stroke center type could contribute to the decision to 

WLST. 



Key Questions 

2.  What is the relation between impaired level of consciousness and 

the decision to withhold or withdraw life-sustaining therapy after acute 

ischemic and hemorrhagic strokes? 



Stroke. 2021;52:3891–3898. DOI: 10.1161/STROKEAHA.121.035233



Alkhachroum et al, Stroke, 2021

Accounting for basic demographics, comorbidities, hospital size and 
teaching status



“If unearned pessimism is indeed contributing to poor outcomes as this work suggests, it may be prudent to

delay prognostication by several days, if not longer, in comatose patients in all but the clearest cases

(loss of all brain stem reflexes, for example).

To move forward, clinicians need more sensitive and specific methods of determining prognosis in coma after

intracerebral hemorrhage, likely combining the modalities of physical exam plus biomarkers

(advanced imaging, electrophysiological, fluid based) as has been done effectively in cardiac arrest.

Developing these tools will require clinicians to suspend prognostic judgment for proper study in clinical trials.

If we hope to cure coma, as the Neurocritical Care Society aims to do, early surrender may no longer be an

option.”



• WLST significantly 
mediated the effect of ECD 
on mortality
(mediation effect 265, 
95% CI 217–314).

• 238,989 patients – 14% 
with ECD

Alkhachroum et al, Neurology, 2022

Even after adjusting for basic demographics (age, sex, race/ethnicity) 
and NIHSS



Key Questions 

2. What is the relation between impaired level of consciousness and 

the decision to withhold or withdraw life-sustaining therapy after 

acute ischemic and hemorrhagic strokes? 

oIn acute ischemic and hemorrhagic strokes, impaired level of 

consciousness is associated with increased mortality, largely 

influenced by the decision to withdraw life-sustaining therapies.



Future Directions 

• We need biomarkers to detect and predict recovery of consciousness 
after acute brain injury – shortly after injury

• To understand better the complex process of recovery – physiologic and 
non-physiologic factors

• More data on long-term recovery 

• Patient-oriented outcomes 

• Therapeutics +biomarkers toward a personalized medicine approach



Thank you


