
MI  SUN  OH

Department  of  Neurology,  
Hallym University  Scared  Heart  Hospital,  
Hallym University  College  of  Medicine

How  Can  We  Properly  Manage  Patients  With  
Stroke  of  Undetermined  Origin  ?

:  Spotlight  on  Embolic  Stroke  of  Undetermined  Source  (ESUS)



01. Stroke  of  Undetermined  Origin  ;
Cryptogenic  stroke  vs.  Embolic  Stroke  of  Undetermined  
Source  (ESUS)

02. Tailoring  Diagnostic  Strategy  in  Embolic  
Stroke  of  Undetermined  Source    

03. Tailoring  Therapeutic  Strategy  in  Embolic  
Stroke  of  Undetermined  Source    



Agenda .

02. Tailoring  Diagnostic  Strategy  in  Embolic  
Stroke  of  Undetermined  Source    

01. Stroke  of  Undetermined  Origin  vs.
Cryptogenic  stroke  vs.  Embolic  Stroke  of  Undetermined  
Source  (ESUS)

03. Tailoring  Therapeutic  Strategy  in  Embolic  
Stroke  of  Undetermined  Source    



Stroke  of  Undetermined  Origin

Cryptogenic  Stroke  and  ESUS

www.thelancet.com/neurology   Vol 13   April 2014 429

Personal View

Embolic strokes of undetermined source: the case for a new 
clinical construct
Robert G Hart, Hans-Christoph Diener, Shelagh B Coutts, J Donald Easton, Christopher B Granger, Martin J O’Donnell, Ralph L Sacco, 
Stuart J Connolly, for the Cryptogenic Stroke/ESUS International Working Group

Cryptogenic (of unknown cause) ischaemic strokes are now thought to comprise about 25% of all ischaemic 
strokes. Advances in imaging techniques and improved understanding of stroke pathophysiology have prompted 
a reassessment of cryptogenic stroke. There is persuasive evidence that most cryptogenic strokes are 
thromboembolic. The thrombus is thought to originate from any of several well established potential embolic 
sources, including minor-risk or covert cardiac sources, veins via paradoxical embolism, and non-occlusive 
atherosclerotic plaques in the aortic arch, cervical, or cerebral arteries. Accordingly, we propose that embolic 
strokes of undetermined source are a therapeutically relevant entity, which are defi ned as a non-lacunar brain 
infarct without proximal arterial stenosis or cardioembolic sources, with a clear indication for anticoagulation. 
Because emboli consist mainly of thrombus, anticoagulants are likely to reduce recurrent brain ischaemia more 
eff ectively than are antiplatelet drugs. Randomised trials testing direct-acting oral anticoagulants for secondary 
prevention of embolic strokes of undetermined source are warranted.

Introduction
Despite the high incidence of cryptogenic strokes (which 
comprise about 25% of ischaemic strokes) and their 
importance (about 300 000 incident cases annually in 
North America and Europe), there has been little progress 
in secondary prevention during the past two decades. No 
randomised trials devoted specifi cally to cryptogenic 
stroke have defi ned optimum antithrombotic prophylaxis. 
In this Personal View, we develop the construct that most 
of these strokes are embolic, and propose the pragmatic 
clinical construct of embolic stroke of undetermined 
source (ESUS) as the basis for future randomised trials 
for secondary prevention.

Embolic strokes
Ischaemic stroke has long been recognised to result 
from several diff erent causes of obstruction of the 
arteries supplying the brain (fi gure 1). Most non-
lacunar ischaemic strokes are embolic; haemodynamic 
mechanisms, vasospasm, and in-situ thrombotic 
occlusion are collectively less common causes than 
embolism.1,2 Emboli to the brain can originate from the 
mitral or aortic valves or the left cardiac chambers 
(cardiogenic embolism), from proximal cerebral 
arteries or the aortic arch (arteriogenic embolism), and 
from the veins (paradoxical embolism). Although brain 
emboli can vary in composition (and can include 
tumour cells, calcifi c fragments, and infective thrombi), 
almost all contain, in whole or in part, a thrombus, 
which is the pathological basis of the term 
thromboembolic stroke. Embolic obstructions typically 
recanalise spontaneously, resulting in open arteries 
resupplying the infarcted brain—a hallmark of embolic 
stroke.3–7 Most strokes are embolic,8,9 even when 
ischaemic stroke occurs distal to occlusive 
atherosclerosis.10–14

Embolism underlies most non-lacunar brain infarcts 
associated with open proximal arteries. In about 20% of 

patients who have had ischaemic stroke, a major risk 
cardiac source, such as atrial fi brillation or left 
ventricular thrombi, is identifi ed (fi gure 1). However, in 
many patients, the specifi c source might be uncertain 
because there are often many potential low-risk embolic 
sources, such as left ventricular dysfunction, mitral 
annular calcifi cation, patent foramen ovale, left atrial 
stasis associated with atrial tachycardia, non-stenotic 
atherosclerotic carotid plaques, and aortic arch 
atheroma.15 Non-lacunar strokes without an identifi ed 
cardioembolic source or due to occlusive atherosclerosis 
have usually been termed cryptogenic—ie, of unknown 
cause. We propose that ESUS is a more clinically useful, 
positively defi ned construct than is the vague, negatively 
defi ned entity of cryptogenic stroke.

Potential sources of thromboembolism 
underlying ESUS
Cardiac sources  
Many patients with ESUS have common cardiac 
abnormalities that are associated with embolic stroke 
but have a suffi  ciently low inherent risk of embolism 
that a causal role of stroke at the patient level is unclear 
(panel 1, fi gure 2). For example, patent foramen ovale 
has a population prevalence of about 25% and is not a 
risk factor for stroke in the general population;19 
however, this defect has been well documented in some 
patients with stroke to be the conduit for paradoxical 
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Figure 1: Distribution of ischaemic stroke subtypes in North American and European studies
The distribution in Asian and African populations diff ers from that in North American and European populations.
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Cryptogenic  Stroke  ?
Brain	  infarct	  not attributed	  to	  a	  definite	  
source	  of	  large-‐vessel	  atherosclerosis(LAA),	  
cardioembolism(CE),	  or	  small-‐vessel	  
disease(SVO)
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The	  Concepts	  of	  ESUS	  
• Cryptogenic	  stroke	  ≠ ESUS
• a	  subset	  of	  cryptogenic	  stroke	  with	  embolic	  source

• embolic	  stroke	  for	  which	  the	  etiology	  of	  embolism	  remains	  unidentified	  despite	  thorough	  
investigations	  ruling	  out	  established	  cardiac	  and	  vascular	  sources

• as	  a	  potential	  subgroup	  of	  ischemic	  stroke	  patients	  with	  more	  benefit	  from	  anticoagulation
• as	  the	  basis	  for	  future	  RCT	  for	  secondary	  prevention

Proposed  Criteria  of  ESUS

Hart	  RG	  et	  al.	  Lancet	  Neurol	  13:429,	  2014

Embolic  Stroke  of  Undetermined  Source  (ESUS):  
Proposed  Criteria  by  the  Cryptogenic  Stroke/ESUS  International  Working  Group  in  2014  

Cryptogenic	  
stroke

ESUS



ESUS  based  on  established  criteria

Proposed  Diagnostic  Criteria  of  ESUS

Hart	  RG	  et	  al.	  Lancet	  Neurol	  13:429,	  2014

Proposed diagnostic criteria by the Cryptogenic Stroke/ESUS International Working Group

✔ Non-‐lacunar	  ischemic	  stroke	  detected	  by	  CT	  or	  MRI
• Lacunar	  defined	  as	  subcortical	  infarct	  ≤1.5cm	  (≤2.0cm	  on	  DWI)	  in	  largest	  dimension,	  and	  in	  distribution	  

of	  small,	  penetrating	  cerebral	  arteries

à To	  exclude	  lacunar	  infarction	  (SVO)	  !!!
✔ Absence of	  extracranial	  or	  intracranial	  atherosclerosis causing	  ≥50%	  luminal	  stenosis	  in	  arteries	  

supplying	  territory	  
à To	  exclude	  LAA	  !!!

✔ No	  major-‐risk	  cardioembolic source	  of	  embolism
• Major-‐risk	  CE:	  permanent	  or	  paroxsymal AF,	  sustained	  atrial	  flutter,	  intracardiac	  thrombus,	  prostetic

cardiac	  valve,	  atrial	  myxoma or	  other	  cardiac	  tumor,	  mitral	  stenosis,	  recent	  MI	  within	  past	  4	  weeks,	  
LVEF	  <	  30%,	  valvular vegetations or	  infectious	  endocarditis

à To	  exclude	  CE	  (definite)	  !!!
✔ No	  other	  specific	  cause of	  stroke	  identified

• e.g.	  arteritis,	  dissection,	  migraine/vasospasm,	  drug	  misuse

à To	  exclude	  ODE	  !!!

Diagnostic  Criteria
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Diagnostic  Criteria

① Brain	  CT	  or	  MRI	  

② 12-‐lead	  ECG	  

③ Precordial	  echocardiography	  (TTE)

④ Cardiac	  monitoring	  for	  ≥24	  h	  with	  automated	  rhythm	  detection	  
(telemetry	  not	  sufficient)	  

⑤ Imaging	  of	  extra	  and	  intracranial	  arteries

Minimum  assessment  of  ESUS  
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Burden  of  ESUS  



ESUS  and  Stroke  recurrence  risk  in  Athens  Stroke  Registry
;  5-‐year  stroke  recurrence
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Log-‐rank	  test:30.9,	  	  <	  0.0001
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Recurrent	  stroke:	  about	  7%	  at	  30	  days	  and	  
about	  12-‐15%	  at	  1	  year,	  and	  about	  20%	  at	  2-‐3	  years	  
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ESUS  and  Stroke  recurrence  risk  in  Korea
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Potential  Causes  of  ESUS
Potential  causes  of  ESUS

Hart	  RG	  et	  al.	  Lancet	  Neurol 13:429,	  2014

Potential  causes
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Paradoxical	  embolism

Minor-‐risk	  potential
CE	  sources

Arteriogenic	  emboli

Covert	  AF

Mitral	  valve
Aortic	  valve
Non-‐AF	  atrial	  dysrhythmias	  &	  stasis
Atrial	  structural	  abnormalities	  (ASA)
Left	  ventricle

Aortic	  arch	  atherosclerotic	  plaque
Cerebral	  artery	  non-‐stenotic	  
plaque	  with	  ulceration

Covert	  non-‐bacterial	  thrombotic	  endocarditis
Tumor	  emboli	  from	  occult	  cancer

Patent	  foramen	  ovale
Atrial	  septal	  defect
Pulmonary	  arteriovenous	  fistula

Hypercoagulable	  disease
migraine,	  Fabry disease,	  
hyper-‐homocysteinmeia

Others	  



Potential	  causes	  of	  ESUS	  in	  the	  Athens	  Stroke	  registry	  

Potential  causes  of  
ESUS

Cancer	  associated,	  1.2%

Paradoxical	  embolism

Minor-‐risk	  potential
CE	  sources

Arteriogenic	  emboli	  23.9%

Covert	  AF	  29.3%

Mitral	  valve	  4.7%
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Non-‐AF	  atrial	  dysrhythmias	  &	  stasis	  5.9%
Atrial	  structural	  abnormalities	  (ASA)	  3.6%
Left	  ventricle	  20.2%

• Aortic	  arch	  atherosclerotic	  plaque	  3.3%
• Cerebral	  artery	  non-‐stenotic	  plaque	  with	  

ulceration	  10.6	  %
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Pulmonary	  arteriovenous	  fistula	  0%
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• AF	  detected	  on	  stroke	  recurrence	  11%
• AF	  detected	  on	  monitoring	  during	  f/u	  18.3%	  

Potential  causes  of  ESUS



Potential	  causes	  of	  ESUS	  in	  Korea
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Challenges  in  the  Diagnosis  of  ESUS
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Advanced	  Vascular	  
Imaging

• Carotid	  plaque	  MRI	  imaging
• High-‐resolution	  (HR)	  wall	  MRI	  

(vessel	  wall	  imaging)
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are shown to have abnormal findings in patients with stroke 
without known cardiac disease.51 TEE is considered the gold 
standard in the evaluation of cryptogenic stroke. However, 
routine application of TEE is often limited in patients with 
acute stroke because of acute illness, mental change, coagu-
lopathy/bleeding tendency, and lack of patient cooperation. 
Echocardiography is also dependent on the properties on the 
equipment and on the expertise of the investigator. In addition, 
although changes in treatment strategies after TEE might be 
necessary, this tends to happen infrequently, with 1 study indi-
cating that such a change in therapeutic strategy only occurred 
for 3.5% of patients with acute stroke with sinus rhythm and 
no cardiac disease history.52

Recently, there have been efforts to use CCTA, a noninva-
sive technique, to visualize potential sources of embolism. 
CCTA could be useful modality for detecting high-risk car-
diac sources of embolism in patients with stroke.53,54 This 
technique can directly visualize the aortogenic and paradox-
ical embolic sources (Figure 3). A contrast agent jet from 
left atrium to right atrium toward the inferior vena cava 
with  channel-like appearance of the interatrial septum on 
CT images confirms the presence of a PFO with high accu-
racy.55 CCTA was similar to TEE in detecting AAA, and 
detected smaller atheromas and was better in defining ath-
eroma morphology.56 A recent study showed that the com-
bined use of CCTA and TEE was more sensitive than CCTA 
or TEE alone for detecting cardiac or aortogenic embolic 
sources, suggesting a complementary value of CCTA and 
TEE for the diagnostics of stroke pathogenesis.57

Finally, agitated saline TCD monitoring and transthoracic 
study can be used to detect paradoxical embolism. Agitated 
saline TCD monitoring is based on intracranial detection of 
intravenously injected microemboli. The size and functional 
relevance of right-to-left shunt can more easily be assessed 
using TCD, with similar sensitivity and specificity with TEE. 
Right-to-left shunt can also be detected noninvasively using 
dye dilution or ear oximetry methods with high sensitivity and 
specificity when compared with TEE.58

Workup for Cancer-Related Coagulopathy
Although coagulation tests are being tested in most centers, 
such as antiphospholipid antibodies in younger stroke patients, 
they are often of little value in the evaluation of patients with 
stroke.59 Therefore, laboratory tests for coagulopathy may be 
reserved in selected patients. In clinical practice, a much more 
important cause of coagulapathy is cancer. In a recent analysis 
of patients with cryptogenic stroke, patients with active can-
cer were present (71 of 348 patients; 20%) and had distinctive 
D-dimer levels (a marker of coagulopathy, >20× higher than 
those without cancer) and infarct patterns (multiple lesions 
in multiple vascular territories).60 Interestingly, in this study, 
among 10 patients who showed such characteristics but no 
known cancer, workup for hidden malignancy reveled occult 
cancer in all patients (Figure 4). Therefore, patients who pres-
ent with characteristic symptoms and infarct patterns, and no 
other apparent explanation for their index stroke, D-dimer level 
and screening for hidden malignancy (serological or radiologi-
cal tests) should be considered. D-dimer level can also be used 
in monitoring the effect of anticoagulation therapy. However, 
treatment of cancer, cancer itself, and stroke itself can all cause 
elevated D-dimer levels, so it could be difficult to attribute a 
stroke definitively to hypercoagulability based on D-dimer level 
only. Further studies are needed, including evaluating the use of 
novel biomarkers such as tissue factor-bearing microvesicles. 
The detection of an embolic signal with TCD may provide clues 
on the cancer-specific mechanism related to hypercoagulopathy 
and may be used to monitor the effect of treatment in the acute 
stroke period.16 Unlike nonbacterial thrombotic endocarditis,61 
these patients usually had multiple small diffusion-weighted 
imaging (DWI) lesions with microembolic signals on TCD 
monitoring, and TEE usually did not reveal vegetations, sug-
gesting intravascular coagulopathy.

Figure 1. A, Recurrent infarcts within the same vascular  
territory in a patient with normal findings on vascular studies.  
A  71-year-old man experienced recurrent (3×) right middle 
cerebral artery infarcts within 2 months as shown in diffusion-
weighted imaging (DWI). Vascular studies, including MR angi-
ography (MRA) and conventional angiograph showed normal 
carotid and intracranial arteries. Workups for cardioembolic 
sources were negative. Microembolic signals were detected 
on transcranial Doppler monitoring of the right middle cerebral 
artery. Carotid Duplex revealed small protruding thrombi on the 
right carotid arteries (arrow head). The patient underwent carotid 
endarterectomy and no further stroke occurred. B, Plaque 
located adjacent to the orifices of penetrating arteries causing 
small deep infarct without significant stenosis. DWI shows small 
deep infarction on the right basal ganglia and corona radiate, 
whereas MRA shows no significant stenosis on the relevant ves-
sel. Plaque located at the superior half of the middle cerebral 
artery is shown in  high-resolution wall MRI (arrow head). PD indi-
cates proton density; and TOF, time-of-flight.
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necessary, this tends to happen infrequently, with 1 study indi-
cating that such a change in therapeutic strategy only occurred 
for 3.5% of patients with acute stroke with sinus rhythm and 
no cardiac disease history.52

Recently, there have been efforts to use CCTA, a noninva-
sive technique, to visualize potential sources of embolism. 
CCTA could be useful modality for detecting high-risk car-
diac sources of embolism in patients with stroke.53,54 This 
technique can directly visualize the aortogenic and paradox-
ical embolic sources (Figure 3). A contrast agent jet from 
left atrium to right atrium toward the inferior vena cava 
with  channel-like appearance of the interatrial septum on 
CT images confirms the presence of a PFO with high accu-
racy.55 CCTA was similar to TEE in detecting AAA, and 
detected smaller atheromas and was better in defining ath-
eroma morphology.56 A recent study showed that the com-
bined use of CCTA and TEE was more sensitive than CCTA 
or TEE alone for detecting cardiac or aortogenic embolic 
sources, suggesting a complementary value of CCTA and 
TEE for the diagnostics of stroke pathogenesis.57

Finally, agitated saline TCD monitoring and transthoracic 
study can be used to detect paradoxical embolism. Agitated 
saline TCD monitoring is based on intracranial detection of 
intravenously injected microemboli. The size and functional 
relevance of right-to-left shunt can more easily be assessed 
using TCD, with similar sensitivity and specificity with TEE. 
Right-to-left shunt can also be detected noninvasively using 
dye dilution or ear oximetry methods with high sensitivity and 
specificity when compared with TEE.58

Workup for Cancer-Related Coagulopathy
Although coagulation tests are being tested in most centers, 
such as antiphospholipid antibodies in younger stroke patients, 
they are often of little value in the evaluation of patients with 
stroke.59 Therefore, laboratory tests for coagulopathy may be 
reserved in selected patients. In clinical practice, a much more 
important cause of coagulapathy is cancer. In a recent analysis 
of patients with cryptogenic stroke, patients with active can-
cer were present (71 of 348 patients; 20%) and had distinctive 
D-dimer levels (a marker of coagulopathy, >20× higher than 
those without cancer) and infarct patterns (multiple lesions 
in multiple vascular territories).60 Interestingly, in this study, 
among 10 patients who showed such characteristics but no 
known cancer, workup for hidden malignancy reveled occult 
cancer in all patients (Figure 4). Therefore, patients who pres-
ent with characteristic symptoms and infarct patterns, and no 
other apparent explanation for their index stroke, D-dimer level 
and screening for hidden malignancy (serological or radiologi-
cal tests) should be considered. D-dimer level can also be used 
in monitoring the effect of anticoagulation therapy. However, 
treatment of cancer, cancer itself, and stroke itself can all cause 
elevated D-dimer levels, so it could be difficult to attribute a 
stroke definitively to hypercoagulability based on D-dimer level 
only. Further studies are needed, including evaluating the use of 
novel biomarkers such as tissue factor-bearing microvesicles. 
The detection of an embolic signal with TCD may provide clues 
on the cancer-specific mechanism related to hypercoagulopathy 
and may be used to monitor the effect of treatment in the acute 
stroke period.16 Unlike nonbacterial thrombotic endocarditis,61 
these patients usually had multiple small diffusion-weighted 
imaging (DWI) lesions with microembolic signals on TCD 
monitoring, and TEE usually did not reveal vegetations, sug-
gesting intravascular coagulopathy.

Figure 1. A, Recurrent infarcts within the same vascular  
territory in a patient with normal findings on vascular studies.  
A  71-year-old man experienced recurrent (3×) right middle 
cerebral artery infarcts within 2 months as shown in diffusion-
weighted imaging (DWI). Vascular studies, including MR angi-
ography (MRA) and conventional angiograph showed normal 
carotid and intracranial arteries. Workups for cardioembolic 
sources were negative. Microembolic signals were detected 
on transcranial Doppler monitoring of the right middle cerebral 
artery. Carotid Duplex revealed small protruding thrombi on the 
right carotid arteries (arrow head). The patient underwent carotid 
endarterectomy and no further stroke occurred. B, Plaque 
located adjacent to the orifices of penetrating arteries causing 
small deep infarct without significant stenosis. DWI shows small 
deep infarction on the right basal ganglia and corona radiate, 
whereas MRA shows no significant stenosis on the relevant ves-
sel. Plaque located at the superior half of the middle cerebral 
artery is shown in  high-resolution wall MRI (arrow head). PD indi-
cates proton density; and TOF, time-of-flight.
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Advanced	  Monitoring	  for	  
Covert	  AF	  Detection

• Longer	  monitoring	  (more	  than	  24-‐h)	  or
• Implantable	  loop	  recorder	  (LRP)	  
• TEE,	  Coronary	  CT	  angiography	  (CTA), and	  

Cardiac	  MRI	  for	  left	  atrial	  appendage	  
thrombus

• Non-‐ or	  sub-‐stenotic atherosclerosis:	  vulnerable	  plaque
• Occur	  in	  arteries	  with	  50	  %	  o	  less	  stenosis	  (rupture	  plaque)

Potential	causes	of
	ESUS	

Cancer	associated,	1.2%	

Paradoxical	embolism	

Minor-risk	poten6al	
CE	sources	

Arteriogenic	emboli	23.9%	

Covert	AF	29.3%	

Mitral	valve	4.7%	
Aor6c	valve	5.5%	
Non-AF	atrial	dysrhythmias	&	stasis	5.9%	
Atrial	structural	abnormali<es	(ASA)	3.6%	

LeB	ventricle	20.2%	

•  Aor<c	arch	atherosclero<c	plaque	3.3%	

•  Cerebral	artery	non-steno<c	plaque	with	ulce

ra<on	10.6	%	

Patent	foramen	ovale	4.0%	

Atrial	septal	defect	1.1%	
Pulmonary	arteriovenous	fistula	0%	

•  AF	detected	on	stroke	recurrence	11%	

•  AF	detected	on	monitoring	during	f/u	18.3%		

Ntaios G.	  et	  al.	  Stroke	  46:2087,	  2015



Advanced	  Monitoring	  for	  Covert	  AF	  Detection

Event	  Monitor	  Belt	  for	  Recording	  AF	  after	  a	  
Cerebral	  Ischemic	  Event	  (EMBRACE)1

Cryptogenic	  Stroke	  and	  Underlying	  
Atrial	  Fibrillation	  (CRYSTAL-‐AF)2

CRYSTAL-‐AF	  trial	  8.9	  % within	  6	  m.,	  30%	  within	  36	  m.EMBRACE-‐AF	  15	  %	  detection	  

Two	  Post-‐stroke	  prolonged	  monitoring	  trials	  of	  AF	  

1. Gladstone	  DJ	  et	  al.	  NEJM	  370:2467,	  2014	  	  2.	  Sanna T et	  al.	  NEJM	  370:2478,	  2014

Ambulatory	  30-‐d	  ECG	  vs.	  conventional	  24-‐h monitoring Insertable cardiac	  monitor	  (ICM)	  vs.	  control	  group

Diagnostic  strategy  of  ESUS

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 370;26 nejm.org june 26, 20142484

12 months, probably as a result of the higher rates 
of detection of atrial fibrillation. Fewer patients 
had a recurrent stroke or TIA in the ICM group 
than in the control group; however, our study 
was not powered for this end point.

Systematic reviews assessing the detection of 
atrial fibrillation with external ECG monitoring 
in patients after cryptogenic stroke have shown a 
detection rate of newly diagnosed atrial fibrilla-
tion of 5 to 20%.10,32 Observational studies using 
an ICM in similar populations have suggested a 
detection rate of approximately 25%.29 The lower 
rates of detection in the current study may be 
related to the comprehensive assessment required 
before the diagnosis of cryptogenic stroke, the 
duration of atrial fibrillation used to define the 
primary end point, independent adjudication of 
episodes of atrial fibrillation, and differences in 
baseline characteristics associated with atrial 
fibrillation, including younger age and a lower 
prevalence of hypertension. The rate of detection 
in the control group was low. At 6 months, 
atrial fibrillation was detected in only 1.4% of 
patients in the control group (three patients), 
and only one patient received a diagnosis of 
atrial fibrillation during the next 6 months. 
Most of the episodes of atrial fibrillation that 
were detected in our study were asymptomatic 
(74% at 6 months and 79% at 12 months in the 
ICM group). This finding, in combination with 
the paroxysmal nature of atrial fibrillation af-
ter cryptogenic stroke, may account for the low 
yield of diagnostic strategies based on symp-
tom occurrence or the use of intermittent 
short-term recordings, which were found in our 
study to represent conventional follow-up at more 
than 50 centers across Europe, the United States, 
and Canada.

The benefit of an ICM strategy for the detec-
tion of atrial fibrillation in patients with crypto-
genic stroke was clear; the number of ICMs that 
would need to be implanted to detect a first 
episode of atrial fibrillation is 14 for 6 months 
of monitoring, 10 for 12 months, and 4 for 36 
months. Further studies are needed to determine 
which risk factors identify the patients who 
would derive the most clinical benefit from 
detection of atrial fibrillation by prolonged 
monitoring with an ICM, as well as the cost-
effectiveness of this approach.

A strength of the study was the use of a com-
prehensive, systematic baseline diagnostic evalu-
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Figure 2. Time to First Detection of Atrial Fibrillation.
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Challenges  in  the  Diagnosis  of  ESUS

Bang	  OY	  et	  al.	  Stroke	  45:1186,	  2014

Paradoxical	  or	  Aortogenic
Embolic	  Source	  Evaluation	  	  

• PFO	  study	  :	  TEE,	  TCD	  monitoring
• AAA:	  TEE,	  Coronary	  CT	  angiography	  (CCTA)

Bang et al  Pathogenic Evaluation in Cryptogenic Stroke   1189

Practical Approach to Working Up Cases of 
Suspected Cryptogenic Stroke
Targeted selection and judicious use of appropriate tests 
in the workup of cryptogenic stroke are crucial. Although 
extensive pathogenic workup generally decreases cause-
undetermined cases, it may also paradoxically increase the 

prevalence of cryptogenic stroke: for instance, imprudent 
use of TEE may inadvertently lead to a rise in cases with ≥2 
determined causes. As such, diagnostic investigations of sus-
pected cryptogenic stroke, particularly advanced diagnostic 
techniques, should be guided and chosen in accordance with 
patients’ characteristics at the time of clinical presentation. 
The cost-effectiveness of advanced diagnostic technologies 
will greatly depend on the appropriate selection of patients 
for the various diagnostic tests.

Lesion Pattern Analysis
In application of advance diagnostic techniques, including 
cardiac telemonitoring, high-resolution wall imaging, and aor-
tocardiac workups, topography of lesion could be analyzed in 
the following order (Figure 5):

1. DWI infarct pattern: embolic versus deep and large ver-
sus small scattered.

2. DWI infarct distribution: ≥1 vascular territory involved.
3. Past stroke on history or fluid-attenuated inversion 

recovery image: the same side versus different territory.

Baseline DWI
The knowledge of the clinical and radiological features of 
cryptogenic strokes will help physicians understand the 
pathogenic mechanisms involved in stroke development. 
This information is essential for focused planning and imple-
mentation of secondary prevention programs in patients 
with cryptogenic stroke. Because comprehensive workup 
of stroke mechanisms is time-consuming, there have been 

Figure 3. Diffusion-weighted imaging (DWI) and coronary com-
puted tomographic angiographic (CTA) findings of patients with 
paradoxical and aortogenic embolism. DWIs show multiple 
small scattered cortical infarcts on cerebral cortex in patients 
with both paradoxical and aortogenic embolism. Coronary CTA 
shows (A) a contrast agent jet from left atrium to right atrium 
toward the inferior vena cava and (B) ≈10 mm soft plaque with 
ulceration at aortic arch.

Figure 2. Atrial fibrillation (AF) detection rate of various cardiac monitoring techniques. CE indicates cardioembolic; ILR, implantable loop 
recorder; TIA, transient ischemic attack; and TM, telemonitoring.
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Tests	  for	  Coagulopathy	  
and	  Cancer	  Screening

• D-‐dimer
• Cancer	  work	  up

1190  Stroke  April 2014

efforts to identify mechanisms of stroke using DWI. Single 
cortico/subcortical lesions and multiple bilateral lesions in 
the anterior and posterior circulation on DWI have been 
associated with cardiac embolic sources, whereas multiple 
unilateral lesions in the anterior circulation have been linked 
with arterogenic embolism, such as atherosclerosis62 or dis-
section.63 When compared with final diagnoses, pre-MRI 
Trial of ORG 10172 in Acute Stroke Treatment (TOAST) 
diagnoses matched final diagnoses in 48%, improving to 
83% after DWI, and 94% after both DWI and MR angiogra-
phy.64 In addition, embolic stroke has unique clinical features 
and infarct patterns depending on the embolic sources (ie, 
cardiogenic versus paradoxical versus aortogenic sources).65 
Moreover, DWI lesion pattern may help in recognition of 
the likely differences in the early prognostic end points 
(ie, recurrence and infarct growth) after ischemic stroke.66 
Therefore, DWI is advantageous as a guide to specific diag-
nostic workups and therapy.

Past Stroke on History and Fluid-Attenuated Inversion 
Recovery Imaging
In addition to DWI, fluid-attenuated inversion recovery imag-
ing can be informative because the stroke subtype and infarct 
pattern of past stroke greatly influence on the index stroke.67,68 
Specifically, patients with cortical infarcts by atheroembo-
lism often have recurrent stroke with cortical infarcts within 
the same arterial system, whereas patients with deep infarcts 
because of branch occlusive disease developed recurrent branch 
occlusion.67 The same is true for small arterial occlusion and 
cardioembolism, regardless of the presence of asymptomatic 
stenosis on the cerebrovascular system. In patients with first 
ever stroke, the presence of cardioembolic sources (eg, AF) 
was associated with unrecognized cerebral infarcts involving 
multiple territories on fluid-attenuated inversion recovery.69

However, about DWI lesion pattern association with hid-
den pathogeneses, the proposed patterns have been described 
mostly in series of patients with the underlying disease being 
the probable cause of stroke (ie, large artery disease or AF). 

Figure 4. Concealed cancer and intravascular 
coagulopathy. A 75-year-old man presented with 
sudden onset and progressive visuospatial dys-
function. Extensive workups, including vascular 
study and transesophageal echocardiogram, were 
negative. The patient readmitted because of vomit-
ing by duodenal obstruction. The serum level of 
D-dimer was elevated but lowered after the start 
of anticoagulation. Microembolic signals were 
detected during transcranial Doppler monitoring 
but disappeared after treatment. Position emis-
sion tomographic-computed tomography (PET-
CT) shows duodenal obstruction and colorectal 
cancer with multiple metastasis. DWI indicates 
 diffusion-weighted imaging; MES, microembolic 
signal; and MRA, MR angiography.

Figure 5. Application of advanced techniques in 
cryptogenic stroke. CCTA indicates coronary com-
puted tomographic angiography; DWI, diffusion-
weighted imaging; FLAIR, fluid-attenuated inversion 
recovery; PFO, patent foramen ovale; and TEE, 
transesophageal echocardiographic. *Carotid 
plaque image or  high-resolution (HR) wall MRI for 
intracranial arterial disease. †HR wall MRI for intra-
cranial arterial disease.
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Therefore, it remains to be determined which patterns are 
associated with a not overt underlying disease in patients 
with cryptogenic stroke. More studies are needed in patients 
with cryptogenic stroke to see if the recommendations of this 
review on predictive DWI patterns are true.

Selection of Advanced Diagnostic Techniques

Advanced Vascular Imaging
For patients with infarcts within 1 arterial system, advanced 
vascular imaging, such as high-resolution wall imaging, may 
help in documentation of unstable plaque, arterial dissection, 
or vasculitis. This is particularly helpful in patients with (1) 
past stroke within the same vascular territory, (2) multiple 
small scattered infarcts within 1 arterial system, and (3) deep 
infarct that is suspected to have branch occlusive disease 
(those who have  comma-shaped infarcts extending adjacent to 
parent artery or deep infarcts on brain stem).70

Advanced Monitoring for AF Detection
A longer monitoring may be particularly important in patients 
with large stroke or strokes involving multiple vascular terri-
tories.65 Because the clot from the left atrium or LAA usually 
large  (fibrin-containing) and occlude distal internal carotid 
artery, proximal middle cerebral artery, or distal basilar artery, 
AF is associated with more severe ischemic stroke and longer 
(>60 minutes) TIAs than arteroembolic stroke from carotid or 
intracranial disease. Several clinical (women, diabetes mellitus), 
genetic, and electrophysiological (premature atrial complex, left 
atrial dilation, and reduced left ventricular ejection fraction) fea-
tures have also been reported as predictors of paroxysmal AF, 
which may guide performing a longer monitoring in patients 
with cryptogenic stroke.32,38,41,43 In addition, blood biomarkers, 
such as high pro–brain natriuretic peptide levels, may be predic-
tors for incident AF in patients with cryptogenic stroke.71–73

Aortogenic Embolic Source Evaluation
TCD microembolism study showed that AAA has embolic 
potential,74 and DWI patterns are characterized by multiple 
small scattered lesions in multiple vascular territories that are 
mainly located in cortical and borderzone regions.75 These are 
in line with an autopsy study of cases with cerebral athero-
matous embolism, which showed that atheromatous emboli 
containing mostly cholesterol crystals are associated with 
borderzone infarct, whereas large emboli containing fibrin are 
associated with large territory infarcts.76 Therefore, additional 
workup to document aortogenic sources are recommended in 
elderly patients with vascular risk factor and infarct patterns 
associated with complex AAA; (1) multiple brain infarcts 
involving multiple vascular territories,77 (2) small-sized 
infarcts,65 and (3) location of cortical and borderzone region.75

Paradoxical Embolic Source Evaluation
Because PFO could be an incidental finding, it is important to 
elucidate the specific infarct patterns related to paradoxical 
embolism. DWI lesion pattern may differ depending on the 
presence and the degree of right-to-left shunt. Specifically, 
patients with PFO showed a higher incidence of multiple 
lesions in the posterior circulation,78 and the majority (80%) 
of patients with a large amount of right-to-left shunt have 
small infarcts.79 Therefore, additional workup to identify 

paradoxical embolism may have to be considered in young 
(<55 years old) patients without conventional risk factors, 
history of migraine, and infarct pattern of small, multiple 
infarcts involving posterior circulation.65,78,79 A recent anal-
ysis of data from 12 studies showed that among patients 
who were <30 years and had none of the conventional risk 
factors, and a superficially located lesion, the likelihood 
of detecting a PFO was nearly three fourths (a fourth in 
general population), and the PFO-attributable fraction was 
≈90%.80 Beside right-to-left shunt, AF-like pathophysiology 
(atrial dysfunction and concomitant AF) has been suggested 
as a mechanism of stroke related to PFO.81,82 Therefore, a 
longer ECG monitoring should be considered for patients 
with larger infarcts or echocardiographic findings of left 
atrial dysfunction.

Tests for Coagulopathy and Cancer Screening
Measurement of D-dimer and screening tests for concealed 
cancer may be needed in patients with cryptogenic stroke, 
who had (1) vascular risk factors that cannot sufficiently 
explain the stroke, (2) atypical presentation of symptoms, 
and (3) multiple infarcts involving multiple vascular ter-
ritories.15 Patients with  cancer-related stroke often present 
with progressive neurological deficits for hours to days (or 
even weeks) rather than sudden catastrophic events with 
initial maximum deficits at onset. In many patients, multifo-
cal thromboembolism culminates in widespread infarcts of 
various sizes, producing confusion, lethargy, or dementia.

Conclusions
The proportion of patients diagnosed with cryptogenic stroke 
using current classification systems remains high, thereby 
potentially exposing several people to an underdiagnosis of 
underlying causes that may be amenable to treatment for 
preventing recurrence. Our review of the literature, as well 
as cases presented within this article, suggest the need for 
broader yet systematic application of advanced technologies 
in patients with suspected cryptogenic stroke. Conceivably, 
such application of advanced diagnostic technologies may 
reduce the proportion of patients diagnosed with cryptogenic 
stroke (Figure 6).

Figure 6. Changes in stroke subtypes with application of 
advanced diagnostic techniques. *Either intracranial or extracra-
nial vessels. †Intracranial vessels.
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Warfarin-‐Aspirin  Recurrent  Stroke  study  (WARSS)

• Multicenter	  double-‐blind	  study	  comparing	  ASA	  to	  Warfarin	  (goal	  INR	  1.4-‐2.8)	  

Treatment  strategy  of  ESUS

Mohr JP,	  et	  al.	  NEJM	  345:1444,	  2001

 

A COMPARISON OF WARFARIN AND ASPIRIN FOR THE PREVENTION OF RECURRENT ISCHEMIC STROKE
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course of our study supported our concern about
safety.
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 Higher rates of major hemorrhage could
have stopped the trial before efficacy could be validly
tested, as happened for the Stroke Prevention in Re-
versible Ischemia Trial, an open-label comparison of
warfarin with lower-dose aspirin after transient ische-

mic attacks and stroke that used an INR range of 3.0
to 4.5 (mean, 3.5).
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 Higher INR ranges than those
we used in other, nonstroke settings have had mixed
results with respect to safety as compared with stud-
ies of warfarin alone
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 or in combination with as-
pirin.
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Figure 2.

 

 Kaplan–Meier Analyses of the Time to Recurrent Ischemic Stroke or Death According to
Treatment Assignment.
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*Maximal follow-up was 25 months. Hemorrhages occurring on the day of the primary event
(death or recurrent ischemic stroke) are included. CI denotes confidence interval.

†P values were calculated by the exact test of two independent proportions.
‡The first hemorrhage is the first or only hemorrhage for each patient.
§P values were calculated by the exact conditional binomial test for two independent Poisson

processes.
¶All hemorrhages include all hemorrhages in any patient.

TABLE 3. ADVERSE EVENTS ACCORDING TO TREATMENT ASSIGNMENT.*

EVENT
WARFARIN
(N=1103)

ASPIRIN
(N=1103)

ODDS RATIO
(95% CI)

P
VALUE†

no. (%)

Death 47 (4.3) 53 (4.8) 0.88 (0.58–1.32) 0.61
Related to hemorrhage 7 (0.6) 5 (0.4) 1.40 (0.42–5.13) 0.77

First hemorrhage‡
Major 38 (3.4) 30 (2.7) 1.28 (0.78–2.10) 0.39
Minor 261 (23.7) 188 (17.0) 1.51 (1.22–1.87) <0.001

RATE RATIO
(95% CI)

P
VALUE§

no. of events 
(rate/100 patient-yr)

All hemorrhages¶
Major 44 (2.2) 30 (1.5) 1.48 (0.93–2.44) 0.10
Minor 413 (20.8) 259 (12.9) 1.61 (1.38–1.89) <0.001
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Primary	  outcome	  (stroke	  or	  death	  within	  2years) Subgroup	  analyses	  for	  primary	  outcome

number

Probability	  of	  
event	  at	  2	  years

Hazard	  
ratio 95%	  CI P	  warfarin aspirin

Cryptogenic	   576 15.0 16.5 0.92 0.61-‐1.39 0.68

lacunar 1237 17.1 15.2 1.15 0.88-‐1.52 0.31

Large artery 259 18.8 15.7 1.12 0.67-‐2.22 0.51

Other 63 36.7 21.2 1.99 0.77-‐5.15 0.15



WASS  sub-‐analysis:  cryptogenic  stroke
Treatment  strategy  of  ESUS

In	  569	  patients	  Cryptogenic	  stroke	  subgroup	  of	  WASS	  
• Interaction	  (Treatment	  *	  HTN)	  P=0.02

Exploratory	  Analyses	  

Sacco RL,	  et	  al.	  Cerebrovasc Dis.	  22:4,	  206

21.1%
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16.5% 16.7%
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20.0%
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Hypertension No	  hypertension

RR=1.32
P=0.29

RR=0.45
P=0.04

(N=152	  WAR,	  158	  ASA) (N=127	  WAR,	  132	  ASA)

Aspirin

Warfarin



Treatment  strategy  of  ESUS

WARSS/APASS:	  Effect	  of	  warfarin	  vs aspirin	  on	  recurrent	  
stroke/death	  among	  those	  with	  elevated	  NT-‐proBNP

Longstreth,	  et	  al.	  Stroke.	  44:714,	  2013

NT-‐proBNP ≤	  750pg/ml
(n=979)

NT-‐proBNP >750pg/ml
(n=49)

WARSS/APASS: Effect of warfarin vs aspirin on recurrent stroke/death among 
those with elevated NT-proBNP

Longstreth WT et al. Stroke 2013.

NT-proBNP < 750 
pg/ml

NT-proBNP > 750 
pg/ml

WARSS/APASS: Effect of warfarin vs aspirin on recurrent stroke/death among 
those with elevated NT-proBNP

Longstreth WT et al. Stroke 2013.

NT-proBNP < 750 
pg/ml

NT-proBNP > 750 
pg/ml

HR=1.30	  (95%	  CI	  0.12-‐0.84)
P=0.02

HR=1.21	  (95%	  CI	  0.87-‐1.69)
P=0.24

Interaction	  (Treatment	  *	  NT-‐proBNP)	  P=0.01



The  potential  for  DOAC  usage  in  ESUS
Ongoing	  trials	  with	  DOACs	  in	  patients	  with	  ESUS

Intervention  
Comparison Study  design Inclusion   Estimated  

enrolment NOAC  dosing information

ATTICUS

Apixaban vs
Aspirin	  

Open-‐label,	  
phase III	  RCT	  
in	  Germany

With ESUS	  and	  ≥1	  
suggestive	  risk	  fac
tor	  for	  cardiac	  em

bolism

500	  patients Apixaban 5mg	  bid ClinicalTrials.gov:	  
NCT02427126	  

RE-‐SPECT	  ESUS	  	  	  

Dabigatran vs
Aspirin	  

Double-‐blind,	  
phase	  III,	  

international	  RCT	  

Up	  to	  3	  m	  before	  
randomization 6000	  patients Dabigatan 110mg	  

or	  150mg	  bid

ClinicalTrials.gov:	  
NCT02239120	  

Diener HC	  et	  al.	  2015	  

NAVIGATE	  ESUS

Rivaroxaban vs
Aspirin	  

Double-‐blind,	  
Double-‐dummy,

phase	  III,	  
international	  RCT	  

7	  d to	  6	  m	  before	  
randomization	   7000	  patients Rivaroxaban

15	  mg	  od	  
ClinicalTrials.gov:	  
NCT02313909	  

Primary	  endpoint:	  Occurrence	  of	  ≥1	  new	  ischaemic	  lesion	  identified	  by	  MRI	  at	  12	  months	  when	  compared	  withbaseli
ne	  FLAIR/DWI	  MRI	  obtained	  at	  time	  of	  study	  drug	  initiation

Primary	  endpoint:	  me	  to	  first	  recurrent	  stroke	  (ischaemic,	  haemorrhagic	  or	  unspecified)

Primary	  endpoints:	  Time	  from	  randomisation	  to	  first	  occurrence	  of Stroke	  (ischaemic,	  haemorrhagic	  or	  undefined)	  o
r	  TIA	  with	  positive	  neuroimaging	  or	  SE,	  Major	  bleeding	  (ISTH	  criteria)



Current  Paradigm

Current	  treatment	  guideline	  of	  ESUS
(2014	  AHA/ASA) The	  Potential	  treatment	  of	  ESUS

ESUS	  

atrial	  fibrillation No	  atrial	  fibrillation

warfarin aspirin

ESUS

PFO Aortic	  arch	  atheroma	  or	  
non-‐stenosing
atheroma

aspirin
or	  PFO	  closer Statin,	  short	  term	  

DAPT

Atrial	  Fibrillation

OAC NOAC	  trials	  for	  
non-‐AF

CCTA,	  coronary	  CT	  angiography;	  HR-‐MRI,	  high-‐resolution	  MRI;	  	  OAC,	  oral	  anticoagulant;	  
DAPT,	  dual	  antiplatelet	  



Conclusions

• Most	  cryptogenic	  strokes	  are	  embolic	  (cardiogenic,	  arteriogenic,	  
paradoxic).
• ESUS	  (embolic	  strokes	  of	  undetermined	  source)	  is	  a	  new,	  clinically	  useful	  
construct	  for	  future	  RCTS.

• Extensive	  diagnostic	  efforts	  to	  define	  the	  specific	  cause	  are	  often	  futile	  
and	  may	  be	  unnecessary.

• No	  specific	  preventive	  strategies	  but,	  for	  secondary	  prevention	  of	  ESUS,	  
anticoagulants	  are	  likely	  to	  be	  more	  efficacious	  than	  antiplatelet	  drugs
• Ongoing	  trials	  for	  the	  secondary	  prevention	  of	  ESUS	  (NOAC	  vs.ASA)
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