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Key points

• About 30% of ischaemic strokes are of unde-
termined origin. A large proportion of people 
without prior atrial fibrillation (AF) experience 
embolic events.

• Novel cardiovascular morphological and func-
tional assessment tools can be implemented in 
stroke risk scores.

• There is a need for an easy-to-apply transition 
in clinical practice from population 
based-scoring and traditional risk factors 
towards individualised stroke risk reclassifica-
tion tools. This will help guide preventive and 
therapeutic decisions.

Plain language summary

Ischaemic stroke is one of the major underlying 
causes of cardiovascular disease mortality and 
disability.

There is some ambiguity about the meaning of 
"reclassification" in the literature, which has led to the 
definition of two main problems:

• Primary prevention - to re-stratify individuals 
at intermediate risk for developing ischaemic 
stroke into low or high-risk groups (requiring 
interventions for risk reduction). While 
stroke-related risk factors (arterial hyperten-
sion, dyslipidemia, current smoking, history of 

diabetes mellitus, myocardial infarction) are 
relatively established [1], there is a residual risk 
for stroke, that cannot be entirely explained by 
conventional cardiovascular risk or AF recur-
rence (Figure 1). Prevention in individuals at 
intermediate risk is problematic as the poten-
tial benefit of treatment should outweigh the 
potential harm.

• Secondary prevention - to identify the exact 
origin of the undetermined (unknown origin) 
type of ischaemic stroke - an embolic stroke of 
undetermined source (ESUS) (31%), followed 
by cardiac embolisms (29%), small-vessel 
occlusion (21%), large-artery atherosclerosis 
(15%), other determined origins (5%) [1].

In this context, we reviewed easily applicable tools 
that can be added to known population-based scores to 
improve individual stroke risk reclassification (Figure 1).

Vascular risk modifiers

Circadian rhythm of blood pressure

Current arterial hypertension treatment focuses on 
achieving target blood pressure (BP) levels. Even if 
mean BP is controlled, impaired BP variability, abnor-
mal dipping pattern or morning surge increase the 
risk for unrecognised stroke. The circadian pattern of 
stroke incidence proved to be similar, regardless of 
stroke subtype [2]. Therefore, an ambulatory 24-hour 
BP profile yields additional prognostic value in stroke 
risk assessment in hypertensive patients.
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Arterial stiffness

Arterial stiffness is a marker of early vascular ageing 
(a result of the cumulative effect of risk factors) and 
a causative factor for developing hypertension and 
cardiovascular events. Increased pulse wave velocity 
(PWV), a direct marker of arterial stiffening, was 
found as an independent predictor for incident stroke 
and stroke recurrence in patients with lacunar infarc-
tions [3]. The mechanisms underlying the adverse 
effect of elevated PWV on cerebral vasculature include 
(1) high pulsatile energy flow reaching the 
high-flow-low-resistance target organ; and the hemo-
dynamic mismatch between aortic reverse/forward 
flow in the structurally modified aortic arch which 
may contribute to atherosclerotic embolic stroke via 
accelerated reverse/diastolic flow [4].

Atrial cardiopathy

Aortic stiffness is associated with impaired 
ventriculo-arterial coupling, followed by diastolic dys-
function of the left ventricle, symptoms of heart failure 
(with preserved ejection fraction), hemodynamic, and 
subsequently morphological changes in the left atrium 
(LA) [5]. Changes in the LA structure and function can 
be subclinical, but still associated with a significant risk 
for stroke. The Cardiovascular Health Study [6] found 
that among 3 723 adults ≥65 years without a history of 
stroke or atrial fibrillation (AF), 583 subjects had a stroke 
during a median of 12.9 years follow-up. The factors 
associated with stroke risk were atrial cardiopathy 

markers (i. e. P wave terminal force in V1 on ECG, 
NT-pProBNP, and incident AF). LA enlargement (LAE) 
was independently associated with an increased risk of 
ischaemic stroke in the absence of AF. When combined 
with Holter-recorded excessive atrial ectopy, LAE 
improves stroke risk prediction independently from 
CHA2DS2‐VASc in subjects with no known AF [7]. The 
functional assessment of LA strain and strain rate is a 
further approach to stroke risk reclassification. While LA 
may remain normal in size and volume, and the actual 
hemodynamic parameters may be compensated, LA 
function can be impaired [8]. The presence of aortic 
stiffness, a marker of hypertension-mediated organ dam-
age, is independently associated with LA function, even 
in the absence of overt cardiovascular disease, supporting 
the concept for screening and early diagnosis of atrial 
cardiopathy in hypertensive patients with increased PWV.

Reclassification tools

Nearly half of the patients with ESUS can be reclassi-
fied into cardio-embolic, atherogenic, or mixed 
between the two types. Intermediate carotid athero-
sclerotic plaques (<50%) may be a potential source of 
embolism. Furthermore, the detection of intraplaque 
haemorrhage (IPH) on carotid MRI is strongly asso-
ciated with future risk of stroke irrespective of symp-
toms or carotid stenosis degree and is a stronger 
predictor of stroke than any known clinical risk fac-
tors [9]. IPH can reclassify up to 15% of ischaemic 
strokes [10]. Given that cardio-embolic strokes had an 
ipsilateral unstable carotid plaque, cardio-embolic 

Figure 1. Visual interpretation of the need for new cardiovascular tools for stroke risk reclassification.
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strokes can be partially reclassified into multiple aeti-
ologies or large-artery atherosclerosis which has ther-
apeutic and secondary preventive implications. 
Ipsilateral carotid plaque, aortic arch plaque, or con-
tralateral carotid stenosis >50% may significantly 
increase the risk of large-artery stenosis stroke, 
explaining several potential ESUS origins [11]. In the 
NAVIGATE-ESUS trial [12] 41% of patients had mul-
tiple potential embolic sources and the recurrence 
rates between patients on rivaroxaban or aspirin were 
not significantly different. A better understanding of 
the pathogenesis and stroke phenotypic subtype is 
urgently needed to treat properly ESUS. The current 
multiple risk factor scores may not be the best choice 
for individual embolism risk assessment because their 
power is low, and adding specific risk factors may 
increase specificity. A recent meta-analysis showed 
that improving current scores may increase discrimi-
natory abilities in patients with AF [13], however 
patients without known AF may remain at an unrec-
ognised risk. A further promising approach in pre-
dicting atrial cardiopathy is the presence of biochemical 
markers for LA volume overload (BNP, galectin 3) 
and excessive fibrosis (Pro-collagen type III N-terminal 
pro-peptide (PIIINP), C-telopeptide of type I collagen 
(ICTP), and fibroblast growth factor 23 (FGF-23) [14].

Conclusion

A better understanding of the origin of strokes with 
an undetermined source is essential for appropriate 
treatment. Consideration of individual factors such 
as PWV, left atrial cardiopathy markers (i.e. electri-
cal, imaging, and biochemical), and carotid plaque 
characteristics may complement current population 
stratification scores and minimize individual 
stroke risk.
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