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Objectives

• What is the clinical problem?  Why is understanding 
edema after ischemia important?

• What are the fundamental scientific and clinical 
gaps in our current state of knowledge?

• An exciting basic science discovery and its 
(ongoing) translation to our patients

• New opportunities
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Left MCA Infarction with NIHSS 24

Primary Injury

• Maximal tissue 
protection

• Minutes to hours

Secondary Injury

• Tissue protection

• Hours to days
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Historical Patient

• 71 year old right MCA syndrome NIHSS 20 s/p IV TPA
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Cerebral Edema – who is at risk? 

• 201 patients with large MCA strokes. . .

• Multivariate analysis found predictors of fatal brain 
edema: 
– h/o HTN (OR 3.0)

– h/o CHF (OR 2.1)

– WBC (OR 1.08 per 1000 WBC/mcl)

– >50% MCA hypodensity (OR 6.3)

– involvement of additional vascular territories (ACA, PCA, 
anterior choroidal; OR 3.3).

• Initial LOC, NIHSS, early nausea/vomiting, and serum 
glucose also associated

Kasner SE et al. Predictors of fatal brain edema in massive hemispheric ischemic stroke. Stroke. 2001;
32:2117‐2123. Kasner et al, Stroke 2001; 32(9): 2117‐23
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Timing of deterioration

• Quereshi et al performed a multicenter retrospective chart review of 
massive MCA infarctions, clinical deterioration at

– 48 hours in 68%

– 72 hours in 88% 

Qureshi, Critical Care Medicine 2003: 31(1): 
272‐7
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Magnitude of the problem

• 70,000 US patients with malignant infarction every 
year

• Case fatality rates as high as 60-80%

• Revascularization therapies reach limited numbers of 
patients

• Only proven therapy is surgery which may not be 
available to elderly patients and can be quite morbid
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Differential Diagnosis

Level of arousal is the common finding!
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Ropper AH. Lateral displacement of the brain and level of consciousness
in patients with an acute hemispheral mass.   NEJM. 1986
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Frank  J. Neurology 1995
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Decompressive Craniectomy
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Decompressive Craniectomy

• HAMLET, DECIMAL and DESTINY pooled 

analysis of 93 patients

• Favorable outcome 75% vs. 24% for mRS<4 

at 1 year (NNT=2)

• 43% vs. 21% for mRS<3 (NNT=4)

• 78% vs. 29% for survival (NNT=2)
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What About the Impact of Age?
DESTINY II

• Prospective, randomized, controlled, open, multicenter

• 13 German sites, 2009-2013

• Major Inclusion Criteria

– Age 61 or greater

– Symptoms less than 48 hours

– NIHSS > 14 (Right), > 19 (Left)

– 2/3 infarction of hemisphere and basal ganglia
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Design

• Major Exclusion Criteria

– Rankin more than 1

– Brainstem signs of herniation

– GCS< 3

– Hemorrhagic transformation

• Standardized clinical protocol

• Large DC with 12 cm and duroplasty
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Endpoint

• Primary outcome: 0-4 Modified Rankin at 6 months

• Secondary outcome: All at 12 months, NIHSS, 
outcomes, quality of life

• Sequential interim analysis until harm, futility, or efficacy 
was shown; Odds ratio of 1.56

S L I D E  16

Endpoint

• DSMB stopped after 82 patients had been assessed

• ITT 38% (DC) vs 18% (Control) 95% CI – 1.06-7.49, 
p=.04

• 0-3 dichotomization did not confirm this result, there 
were no patients who went to a 2
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Results
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Neurosurgical Options

• In patients younger than 60 years of age who 
deteriorate neurologically within 48 hours despite 
medical therapy, decompressive craniectomy with dural
expansion is effective. (Class I, Level of Evidence B) 

• Suboccipital craniectomy with dural expansion should 
be performed in patients with cerebellar infarctions who 
deteriorate neurologically despite maximal medical 
therapy. (Class I, Level of Evidence B)
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Neurosurgical Options

• While the optimal trigger for decompressive craniectomy
is unknown, it is reasonable to use a decrease in level 
of consciousness and its attribution to brain swelling as 
selection criteria. (Class IIa, Level of Evidence A) 

• The efficacy of decompressive craniectomy in patients 
older than 60 years of age and the optimal timing of 
surgery are uncertain. (Class IIb, Level of Evidence C) 
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Recommendations

1. No prophylactic anti‐edema therapy or elevation 
of sodium

2. Maintain eunatremia, eucarbia, and 
normothermia

3. Anti‐edema therapy may be triggered with change 
in clinical not exam not only by radiological exam!

4. Anti‐edema therapy may be instituted as a bridge 
but should not take the place of or delay surgery
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Summary

Post-treatment Scan
(t = 76 hours)• Swelling after acute brain ischemia is common and deadly

• Level of arousal is the hallmark finding and tissue swelling 
is the culprit lesion

• Decompressive craniectomy, a potentially morbid 
procedure, is an accepted, available life-saving therapy

• Our current medical approach is largely supportive and 
reactive
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Brain edema: an old problem

1967  Cytotoxic and Vasogenic edema
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Brain edema: new insights

Measuring water content in human brain: 
Magnetic Resonance Imaging

Bell, BA et al. Lancet (1987) 329:66‐69. 

T1 relaxation time
T2 relaxation time
Proton density
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• TRPM4 allows sodium into the cell and is implicated in 
formation of cerebral edema formation

• Channel is normally not expressed but upregulated in the 
hours following ischemia
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• Pore forming Kir allows potassium channels to open 
when ATP drops.

• With abundant ATP, channel is closed and insulin is 
released
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Channel Opening Causes Cytotoxic 
Edema
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Multiple Cell Targets
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Glyburide Reduces Mortality and Swelling in 
Malignant Cerebral Edema Model
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Glyburide Improves Outcome with rtPA
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Rodent model of GAMES protocol

MCAo with thread occlusion 
thread removal plus rtPA reperfusion at 4.5 hr (0.9 mg/kg) 
vehicle vs. glyburide at 4.5 hours and at 10 hours
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What is the basis for the 10 hour window?

1. Endothelium dies more slowly than 
neurons 

2. SUR1 expression is delayed 

3. Sequential Transcriptional Gene Activation
Hif1a   Sp1   SUR1
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Delayed SUR1 Expression
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Meta-analysis of 4 Retrospective 
Human Studies with Sulfonylureas
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Historical Patient
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What is unique about this strategy?

• Concept of neuro-vascular unit.  Glyburide will act as an 
anti-ischemia and anti-edema agent.

• Molecular process takes hours to evolve and this is 
different than the short time course classically used

• Multiple pre-clinical models of ischemia, with and without 
tpa, all with physiological monitoring, histological and 
behavioral endpoints

• Independent laboratory confirmation of results

• Novel channel and strategy targeted with drug with which 
we have decades of experience!
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Oral vs IV Formulation
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Academic Industry Partnership

• Remedy Pharmaceuticals developed and IV 
formulation of glyburide RP-1127

• Phase I study completed at multiple doses in 
healthy volunteers

• Maximal tolerated dose (MTD) of 3 mg resulted 
in serum levels that were higher than most 
effective levels in preclinical models
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GAMES Pilot Study

• Phase IIa open label of RP-1127 (glyburide for injection)

• 72 hours infusion for patients within 10 hours at 3 
mg/day based on phase I study in healthy volunteers

• Primary objectives: safety (glucose) and feasibility of 
protocol

• Efficacy outcomes: Daily MRI for follow up over 72 
hours with hemisphere and infarct volume 
measurements and 90 day mRS
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Patient Selection and Enrollment

INCLUSION

• Baseline DWI lesion 82-210 cm3  (ABC/2)

• IV TPA permitted up to established criteria at 4.5 hours

• Start of drug infusion up to 10 hours from last seen       
well time

• Age 18-80 years
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Patient Selection and Enrollment

EXCLUSION

• Commitment to DC prior to study entry

• Patients who underwent endovascular therapy

• Clinical evidence of herniation

• Prior sulfonylurea treatment

CLINICAL STANDARDIZATION

• Clinical guideline adherence including surgical 
decompression trigger, osmotic therapy, sodium and 
glycemia management
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Patient 1
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Patient 2
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Preliminary Impressions

• Imaging evidence that beats historical data
– Decreased DWI volume growth
– Diminished mass effect by midline shift, etc and 

possibly hemispheric volume
– Preservation of sulci

• Clinical evidence that beats historical data
– 10% mortality rate
– Decreased critical care interventions

• 100% enrollment rate
• Change from deteriorating, vicious cycle to a stable, 

positive cycle
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Day 2 FLAIR Ratio
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Day 2 FLAIR Ratio
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Can a medical therapy be used to 
PREVENT swelling before it occurs 

and improve outcome in patients 
with large infarction?

Sheth et al, Lancet Neurology, 2016
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Objectives

• To assess the safety of RP-1127 compared 
to placebo with a focus on mortality, cardiac-
related, and blood glucose related outcomes

• To assess the efficacy of RP-1127 
compared to placebo in patients who are 
likely to develop malignant edema and to 
provide information for a phase III trial
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Design U.S., multi-center, prospective, randomized 
double-blinded study

Population and 
Inclusion
Criteria

- Age 18-80
- Large anterior circulation acute ischemic stroke
- Able to undergo randomization within 10 hours
- MRI DWI 82-300 cc
- Patients exposed to IV tPA up to 4.5 hours, no 
TPA, endovascular patients excluded

Randomization 1:1 IV RP-1127 vs. Placebo

Sites 18 centers total

Sample Size 83 patients enrolled and treated

Follow Up Follow-up: Day 30 and 90, 6 and 12 months

Study Design
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Analysis

• Per protocol
• Pre-specified lesion 

volume as determined by 
core imaging laboratory

• Subjects who received 
intervention within 11 
hours

• Modified intention to 
treat

• All randomized 
patients for whom 
study drug was 
initiated

Primary Secondary
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Enrollment

Post-treatment Scan
(t = 76 hours)

2

9

11
12

16

18
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Randomization & Follow Up

Randomized (n=86)

Randomized to RP-1127 (n=44) Randomized to Placebo (n=42)

Treated with Placebo (n=39)
Pharmacy delays, no treatment (n=3)

Baseline DWI lesion <82cc (n=2)
Baseline DWI lesion >300cc (n=1)

Treated with RP-1127 (n=44)
Baseline DWI lesion <82cc (n=2)
Baseline DWI lesion >300cc (n=1)

41 subjects in RP-1127 arm in PP 
analysis 

36 subjects in Placebo arm in
PP analysis 
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Characteristics RP-1127 (N=41) Placebo (N=36) p-value

Gender (Male) 61% (25) 72% (26) 0.30

Age (Mean) 58 63 0.07

Race (White) 85% (35) 83% (30) 0.97

Glucose (mg/dL) 153 134 0.96

NIHSS 19 21 0.37

IV TPA 61% (25) 61% (22) 0.99

Left side infarct 49% (20) 56% (20) 0.55

Time to study drug (h) 8.8 9 0.55

Mean baseline DWI (cm3) 157 163 0.53

Baseline Characteristics
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RP-1127 Placebo p-value

EFFICACY

Functional Outcome Composite:
Avoidance of DC AND mRS 0-4

17 (42%) 14 (39%) 0.77

SAFETY

Serious Adverse Events 30 (68%) 28 (72%) 0.72

Primary Endpoint
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Blood Glucose & Hypoglycemia

Trt N 

N (%) subjects with 
hypoglycemia blood glucose  

<55 mg/dL

Glyb 44 4

Placbo 39 0

Total 83 4 (4.8%)

p-value pval=0.12 (Fishers)
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2% 10%

8%

22%

17%

27%

22%

22%

17%

17%

36%

0% 20% 40% 60% 80% 100%

Glyburide

Placebo

90-day mRS Score

1 2 3 4 5 6

Secondary and Tertiary Endpoints

Odds Ratio 1.7 for mRS 0-4 (p-value=0.23)
SHIFT Analysis (p-value=0.12)

0-4: 47%

0-4: 61%
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Secondary and Tertiary Endpoints

54% subjects; 7% of DC 46% subjects; 93% of DC
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DC and Decreased Level of Arousal

P=0.004                p=0.65
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P=0.06

Secondary and Tertiary Endpoints
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Other Clinical Endpoints

Adjudicated
Neurological deaths

P=0.008

Adjudicated
Edema deaths

RP-1127
Placebo

RP-1127
Placebo

RP‐1127

placebo

RP‐1127

placebo

P=0.03

P=0.008P=0.03

RP-1127 (7%) vs Placebo (25%) RP-1127 (2%) vs Placebo (22%)

60 61
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Exploratory Analysis Under Age 70

3% 9%

7%

26%

18%

31%

25%

20%

21%

11%

29%

0% 20% 40% 60% 80% 100%

Glyburide
(n=35)

Placebo
(n=28)

3 Month mRS Score

1 2 3 4 5 6

0-4: 50%

0-4: 69%

SHIFT Analysis (p-value=0.048)
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Characteristics RP-1127 (N=41) Placebo (N=36) p-value

Time to BL MRI (hr) 6.0 ± 1.6 5.8 ± 1.6 0.50

Time to FU MRI (days) 3.4 ± 0.8 3.5 ± 0.6 0.48

Baseline DWI volume (mL) 157 ± 62 163 ± 64 0.59

Baseline MMP-9 (ng/mL) 413 ± 377 427 ± 357 0.88

Midline shift (mm) 4.6 ± 3.6 8.4 ± 4.9 0.0006

Average MMP-9 (ng/mL) 211 ± 138 345 ± 251 0.006

Intermediate Endpoints
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Midline Shift

Ropper, AH. N Engl J Med 1987;314:953‐8. 

LEVEL OF CONSCIOUSNESS
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**, P=0.006

**

Total MMP‐9

Placebo IV glyburide

S L I D E  70

Total MMP‐9 and Edema

P=0.024

S L I D E  71

Stroke , 2014

• Two stroke cohorts with serial MRI
• Wide range of NIHSS
• Wide range of initial infarct volumes
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Greater swelling is associated with poor 
neurological outcome

Thomas W.K. Battey et al. Stroke. 2014;45:3643-3648

Copyright © American Heart Association, Inc. All rights reserved. S L I D E  75

Thrombectomy and Edema

EPITHET: IV tPA trial MR RESCUE: 1st Gen EVT trial

 Reperfusion definition based on serial PWI
Irvine et al 2017

P < 0.001 P < 0.001
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Thrombectomy and Edema

 Successful reperfusion definition based on mTICI 2b/3

MR CLEAN: 2nd Gen EVT trial MR CLEAN: ASPECTS 0‐5 subgroup
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Kimberly et al, unpub

P < 0.001
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New Directions
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Net Water Uptake
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Low Field MRI for Acute & Serial Imaging
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Old Paradigm

New Paradigm
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• Age 49, IRB chairman, associate editor of Anesthesiology, chief of 
cardiac anesthesiology

• L MCA stroke, decompressive craniectomy, 31 day ICU stay, 8 
months of intensive rehab at UT Galveston

In Our Own Words
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“ Instead of attending hospital meetings, I go to sessions at the local aphasia 
center.  Following years of intensive physical therapy, I can now walk slowly 
with a cane.  I also spend my premature retirement reading The Washington 
Post and The Wall Street Journal, watching movies, playing scrabble, and 
looking at family albums.  I go on short walks and long wheelchair rides.  I take 
personal pride in work ethic and refusal to capitulate. I also take pleasure in 
continually exceeding the expectations of my physicians and therapists.  This is 
not the life I enjoyed prior to my stroke.  Nor is it how I envisioned spending my 
fifties.  However, it is still a life worth living.  I only have it due to aggressive 
interventions I received after my stroke, and the therapy I continue to pursue.”

Where there is life, there may be hope
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