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Complications



Post-Stroke Complications
CAUSES OF DEATH-AIS

CAUSES OF STROKE RELATED DISABILITY-
PRIMARY AND SECONDARY CAUSES

In multivariate analysis adjusted for NIHSS, age, DM ~ serious medical events 
associated with severe disability as determined by GOS (OR 4.4; 95% CI, 1.3-14.8)



Early Neurological Deterioration

 A significant proportion of AIS 
patients deteriorate after a 
seemingly stable initial course

 Variable definitions (different 
scales, clinical thresholds, 
time cut-offs)

 Usually refers to deterioration 
≤ 24 hours

 Almost half have no clear 
cause (“progressive stroke”)

 Associated with increased risk 
of death and dependency

Pierre Seners et al., J Neurol 
Neurosurg Psych 2015



Potential Etiologies for END
Percentage

SICH-tPA SICH

Cerebral Edema Recurrent Stroke

Stroke in Progression

Risk Factors

High Stroke Severity

Arterial Stenosis or Occlusion

Blood Pressure-low/labile

Hyperglycemia

Treatment with Thrombolytics

Stroke Subtype: Large Vessel, 
Lacunar syndrome

Elderly



Predicting and Preventing END
Monitor and treat hypotension 
(treatment of hypertension based on 
comorbid condition)

Treat Hyperglycemia (target BS ~ 140-180 
mg/dl)

Treat Hypoglycemia (BS < 60 mg/dl)

Treat Fever ( temp > 38 F)

  Supplemental O2 for hypoxic patient

ENDi Score for Prediction of Early Neurological Deterioration of Presumed 
Ischemic Origin in Patients With Minor Stroke Due to an LVO 

Seners et al., 2021



Multicenter, open-label, blinded endpoint 
assessment (28 Sites in China)

Inclusion Criteria:
◦ AIS < 48 hours onset

◦ NIHSS > 2 (END)

◦ On antiplatelet Rx (mono or DAPT)

Primary Outcome:

Good Outcome (mRS 0-3)

7.2% RD; 1.10 RR (p=0.04)

JAMA, 2024



Hemorrhagic Infarction

Blood staining of a pale infarct

Results from increased permeability 
of BBB/endothelial dysfunction from 
ischemia & reperfusion of ischemic 
tissues

Common after embolic infarcts

Mostly involves gray matter



Hemorrhagic Transformation

• Classified according to imaging characteristics or symptoms

• PH + relevant clinical deterioration is a predictor of long-term 
disability

• Clinical clues-reduction in alertness, new HA, abrupt increase 
in BP with persistently elevated levels

• Risk Factors: Age

 Infarct size

 Stroke subtype(embolic) 

 Elevated blood sugar, 

 Elevated SBP

 Pre-treatment/treatment with  AC/APL 

 Thrombolysis

 Revascularization Time

Yaghi et al., Stroke 2017

HI-I HI-2

PH-1 PH-2



Risk of Hemorrhagic Transformation after iv 
tPA and EVT

Tian et al., Stroke 2022

Yaghi et al., 2017

EVT-Tandem Lesion-TITAN

Zhu et al., Stroke; 2018



Management of Symptomatic ICH from 
IV tPA

AHA AIS Guidelines, 2019AHA Scientific Statement, 2017



Medical Complications after 
Stroke

Kumar et al., 2010



Systemic Stroke Complications in 
Hospitalized Patients

Stroke; 2025



Investigations



Ischemic Stroke Sub-type-TOAST 
Classification
Large Artery Atherosclerosis

  Extracranial or intracranial disease

Small Artery Occlusions

Cardio embolism 

  High and low risk lesions

Other Demonstrated Cause

  Non-atherosclerotic vasculopathy

  Prothrombotic state

Undetermined Cause

  Incomplete Evaluation

  Diagnostic tests negative

  More than 2 competing causes



Brain Imaging



Arterial Pathologies
Atherosclerosis

Dissection

Fibromuscular Dysplasia

Carotid Web

Dolichoectasia

Arteritis



Vessel Imaging-Extracranial Carotid 
Stenosis

Modality 
(70-99% CS)

Sensitivity Specificity

Carotid Duplex

MRA

MRA-CE

CTA

0.89

0.92

0.94

0.85

0.84

0.76

0.93

0.93

Saxena et al., 2019

Wardlaw et al., Lancet 2006



Extracranial Vertebral Artery-
Imaging

Modality Sensitivity Specificity

50-99% Stenosis
 Duplex

 TOF MRA
   
CE-MRA
   
CTA

70.2

71.4

93.9

100

93.4

95.1

94.8

95.2

Khan et al., 2007



Intracranial Arterial Stenosis: 
How good are the tests?

PPV NPV

CTA
  50-99%

70-99%

46.7% (21.3-
73.4)

13.3% 
(1.7–40.5) 

73% 
(55.9-86.2)

83.8% (68.0– 
93.8) 

Feldmann et al., 2007; Liebeskind et al., 2014



Cardiac Sources of Embolism
Atrial

 AF, PAF, Aflutter

 Left Atrial Thrombus

 Left Atrial Myxoma

 PFO, ASD

Valvular

 Prosthetic Heart Valve

 Mitral Stenosis

 Endocarditis

 Fibroelastoma

Ventricular

 LV thrombus

 Recent AMI

 DCM 

 Non-impaction CMP



EKG and Cardiac Monitoring

Routine initial EKG- Post-stroke 
AF 7.7%

Concomitant MI in 3%

Inpatient cardiac monitoring 
(another 5.1% detected with 
AF)

Sposato et al., 2015



Ambulatory Cardiac Monitoring

EMBRACE TRIAL 30-DAY EVENT-TRIGGERED 
RECORDER  VS 24-HOUR MONITOR

CRYSTAL-AF (ROUTINE EKG 
MONITORING VS ICM)



Cardiac Imaging

Camen et al., 2020



TEE vs TTE

Strecker et al., 2020 De Bruijn et al., 2006



Identification of Risk Factors
HTN

DM: all patients should be screened  (HbA1C-detected DM in 11.5% and prediabetes in 36%)

Hyperlipidemia: screened and in-hospital initiation of statin Rx

Smoking: 

Substance Abuse

?Sleep Apnea



Organization of Care



Stroke Units
Systematic review of 28 RCT show that organized care in stroke units are superior to general 
wards with or without specialist input

Reduced OR death (0.87; 95% CI 0.69 to 0.94; P = 0.005) 

Reduced OR death or dependency (OR 0.79, 95% CI 0.68 to 0.90; P = 0.0007)

Reduced OR death or institutionalization (OR 0.78, 95% CI 0.68 to 0.89; P = 0.0003)

Stroke Unit Trialists’ Collaboration; Cochrane Database of Systematic Reviews 2013.



Implementation of multidisciplinary 
evidence-based protocols for the 
management of fever, hyperglycemia, 
and swallowing dysfunction delivers 
better patient outcomes after 
discharge from stroke units.

 15·7% adjusted absolute 
difference in rates of 90-day 
death and dependency

 NNT 6.4

    [ In comparison:

 Aspirin 79

 Thrombolysis 6-14]

 

QASC Trialists Group; Lancet 2011



Willeit et al., 2020



Ultimately we need a community to ensure 
good care…



Thank You!

Questions ( skumar@bidmc.harvard.edu)
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