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Hemorrhagic Transformation After Ischemic
Stroke

Case Report: Clinical and MRI features of hemorrhagic transformation after ischemic stroke in a
dog
Development of a prediction model for hemorrhagic transformation after intravenous
thrombolysis in patients with acute ischemic stroke: a retrospective analysis
Effects of previous steroid treatment on ischemic stroke outcomes: a propensity score-matched
hospital analysis
Dynamic Impact of Leptomeningeal Collateral Status for Hemorrhagic Transformation in
Patients with Acute Ischemic Stroke with Endovascular Treatment: A Prospective Study
Immunoinflammatory biomarkers as predictors of hemorrhagic transformation in acute ischemic
stroke patients after endovascular thrombectomy
Identifying clinical and imaging predictors of post stroke epilepsy
A two-stage machine learning-based risk assessment model for intravenous thrombolysis in
acute ischemic stroke (AIS): A multi-center modeling study of pooled datasets
Different roles of astrocytes in the blood-brain barrier during the acute and recovery phases of
stroke

Hemorrhagic transformation (HT) is a common and potentially serious complication of ischemic
stroke. It refers to the extravasation of blood into the brain parenchyma or surrounding tissues
following an ischemic event. HT can occur spontaneously or as a result of therapeutic interventions
like thrombolysis or thrombectomy.

Types of Hemorrhagic Transformation

Hemorrhagic Infarction (HI):

Characterized by petechial bleeding without significant mass effect.

Subtypes:

HI1: Small petechiae.

HI2: More confluent petechiae.

Parenchymal Hemorrhage (PH):

Characterized by more substantial bleeding with mass effect.

Subtypes:

PH1: Blood clots occupying ≤30% of the infarcted area with mild mass effect.

PH2: Blood clots occupying >30% of the infarcted area with significant mass effect.

Pathophysiology
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HT results from the disruption of the blood-brain barrier due to:

Ischemia-induced damage: Leads to increased vascular permeability and reperfusion injury.

Reperfusion therapies: Thrombolytic agents or mechanical reperfusion can exacerbate microvascular
injury.

Key contributing factors include:

Oxidative stress.

Inflammatory response.

Endothelial dysfunction.

Risk Factors

Patient-Related Factors:

Older age.

Hypertension.

Diabetes mellitus.

Atrial fibrillation.

Large infarct size.

Stroke-Related Factors:

Severe neurological deficits (high NIHSS score).

Prolonged time to reperfusion.

Therapy-Related Factors:

Administration of intravenous thrombolysis (alteplase).

Mechanical thrombectomy.

Use of anticoagulants or antiplatelets during the acute phase.

Clinical Manifestations

Ranges from asymptomatic to severe neurological deterioration.

Symptomatic HT often presents with worsening consciousness, new focal deficits, or seizures.
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Diagnosis

Neuroimaging:

CT Scan: Identifies acute hemorrhage; helpful in differentiating HI from PH. MRI: GRE or SWI
sequences detect blood products with high sensitivity. Imaging timing is crucial, particularly after
thrombolysis or clinical deterioration.

Management

Prevention:

Appropriate patient selection for thrombolysis (e.g., following guidelines for IV alteplase
administration). Blood pressure control. Avoiding unnecessary anticoagulation.

Acute Management:

Discontinue antithrombotic therapy if symptomatic HT is identified. Manage increased intracranial
pressure (e.g., with hyperosmolar agents). Reverse anticoagulation (e.g., with vitamin K or
prothrombin complex concentrates for warfarin).

Supportive Care:

Intensive monitoring in a stroke unit. Neurological assessments to detect worsening.

Definitive Interventions:

Surgical evacuation of hematomas in cases of significant mass effect or herniation. Prognosis HT is
associated with increased morbidity and mortality, particularly in symptomatic cases. Prognosis
depends on the severity of hemorrhage, the patient's baseline condition, and timely management.

Research Directions

Emerging approaches to minimize HT risk include:

Neuroprotective agents.

Optimizing reperfusion strategies to reduce reperfusion injury.

Advanced imaging to better predict HT risk.
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