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Abstract

:

Infective endocarditis in the setting of acute stroke poses a clinical challenge given the high mortality and morbidity associated with the condition. The pathophysiological mechanisms including clinical and imaging biomarkers that can provide insights into clinical trajectories of such patients are of immense interest. The current paper aims to provide a comprehensive overview of acute stroke with infective endocarditis and provide insights into various clinical factors mediating outcomes and therapeutic strategies, specifically in the setting of reperfusion therapy. Prognostic and therapeutic pathways to potentially improve functional outcomes in these patients are also discussed.
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1. Main Messages


	
Management of acute ischaemic stroke patients with presumed or confirmed IE is challenging and treatment guidelines are far from optimal due to limited evidence.



	
A comprehensive overview of acute stroke in the background of infective endocarditis is provided.



	
Various clinical factors mediating outcomes and therapeutic strategies, specifically in the setting of reperfusion therapy, are also discussed.







2. Introduction


Stroke is a leading cause of mortality and morbidity worldwide [1]. Infective endocarditis (IE) in the setting of acute ischaemic stroke (AIS) may complicate treatment in AIS. Patients with IE may present with a neurovascular emergency such as AIS, haemorrhage or mycotic aneurysm [2]. Previous studies have reported mortality rates as high as 55–58% in IE secondary to stroke [3,4]. IE is increasingly involving elderly patients: more than one-third of patients in Western nations are now beyond the age of 70 [5], with lower surgical treatment rates and a high mortality rate being the noticeable characteristics [6]. Moreover, reperfusion therapies are often less efficacious in these patients [7]. The data on risk factors and prognostic determinants of short-term and long-term clinical outcomes in patients with IE, especially those with comorbid stroke, is very limited [3,8,9]. This article aims to provide an overview of the pathophysiology and epidemiology of IE and stroke and outcomes in AIS patients with a background in IE.




3. Epidemiology of Infective Endocarditis


Whilst the burden of IE globally ranges between 1.5–11.6 cases per 100,000 people, IE remains a serious disease with a high five-year mortality rate of 40% [10]. In high-income countries, degenerative valve disease, prosthetic valves and staphylococcus accounted for the majority of IE cases with recent increases in nosocomial IE [11]. In the state of New South Wales in Australia, between 2000–2006, the most frequent organism causing IE was staphylococcus aureus (32%) with a non-rheumatic valvular disease-causing 20% of IE and rheumatic valvular disease accounting for only 10%. Furthermore, healthcare-associated IE occurred in 30% of cases [12]. A recent review in Eastern China found 30.5% of IE cases were due to degenerative valve disease with a mean age of 47.8 years [13]. In contrast, in low-income countries, the majority of IE cases occur secondary to streptococci infection and rheumatic heart disease with patients being younger [11]. A 10-year retrospective study from Tunisia found rheumatic heart disease was responsible for 45.2% of native valve IE cases with a mean patient age of 32.4 [14], whilst a 2006 Argentinian national survey reported streptococci as the most frequent IE pathogen (27%) [15].




4. Aetiology of Infective Endocarditis


The large majority of IE cases are caused by gram-positive bacteria, with staphylococcus aureus responsible for 44% of cases in a prospective cohort study of over 3000 patients [16]. Other causes of gram-positive IE included coagulase-negative staphylococci (e.g., staphylococcus epidermis), streptococcus bovis, Streptococcus viridans and enterococci [17]. IE predisposing conditions include native valve predisposition (32%), such as degenerative valve disease (e.g., mitral or aortic valve regurgitation), history of invasive procedures in the previous 60 days (27%), congenital heart disease (12%), having an endocavitary device (11%), intravenous drug use (10%) and chronic intravenous access (9%) [17]. Prosthetic valve IE (21%) occurs due to predisposition to an increased risk of turbulent blood flow and thrombosis formation [17,18].




5. Infective Endocarditis Risk Factors and Pathophysiology


IE develops in patients with prosthetic valves, implanted cardiac devices (e.g., pacemaker), or native valve damage creating foreign non-endothelialised surfaces. Disruption to the endothelial surface increases the risk of turbulent blood flow. Subsequent platelet and fibrin deposition form thrombotic vegetation(s), promoting bacterial adhesion [16,19]. Native valve abnormalities include congenital heart disease, rheumatic heart disease, mitral valve prolapse, hypertrophic cardiomyopathy or bicuspid/calcific aortic valves [19]. The likelihood of bacterial adhesion is greater in patients with a higher risk of bacteria entering their bloodstream. These patients include intravenous drug users, those on immunosuppressive medications (e.g., cancer patients), receiving a recent antibiotic course, having a recent dental procedure or open wounds and having indwelling catheters (e.g., haemodialysis) or intravenous lines [16]. Once bacteria adhere to the valve, they promote platelet, neutrophil and macrophage aggregation and the activation of the clotting cascade, promoting the proliferation of infectious thrombotic vegetation, which protects the embedded bacteria [19]. The pathogenesis of IE is summarised in Figure 1.




6. Epidemiology of Stroke


Stroke is defined as rapidly developing signs indicating a focal or global disturbance of cerebral function occurring due to vascular interruption and lasting longer than 24 h (unless interrupted by death) [20]. Stroke is classified as either ischaemic or haemorrhagic due to the occlusion or rupture, respectively, of a blood vessel [20]. Stroke affects 13.7 million people and causes 5.5 million deaths annually worldwide making it the second leading cause of death worldwide [1]. The global disability-adjusted life-years and mortality for AIS have decreased relatively over the 1990–2013 period by 21.2% and 19.6%, respectively, whilst global prevalence has increased relatively by 0.024% [21]. Reductions in stroke mortality and consequent increase in prevalence may have occurred due to improved detection, management and prevention strategies [1].



Risk Factors for Stroke


Risk factors for AIS are classified as either non-modifiable or modifiable [1]. 91.5% of risk factors attributable to AIS are modifiable including hypertension (>160/90 mmHg), sedentary lifestyle, hypercholesterolaemia, diabetes, smoking, high alcohol consumption, obesity (high waist-to-hip ratio) and cardiac disease (e.g., atrial fibrillation or past myocardial infarctions) [1]. Amongst these, hypertension is attributable to 60–70% of AIS and increases the risk of AIS by over three times [1,21]. Non-modifiable risk factors include age, gender, and genetics. For every decade after 55 years of age, the risk of stroke doubles, primarily due to increased exposure to risk factors [21]. Men have higher age-specific stroke rates and experience strokes at a younger age [21]. Finally, genome-wide analysis has found the heritability of AIS is approximately 37.9% [1].





7. Pathophysiology of Acute Ischaemic Stroke


The brain receives 20% of total cardiac output at rest and is extremely sensitive to ischaemia [22]. AIS occludes blood supply and the resultant reduction in delivery of oxygen and glucose causes inadequate adenosine triphosphate production within neurons. This results in the dysfunction of the sodium-potassium pump, an influx of calcium ions and resultant cellular swelling. The increase in intracellular calcium and lack of oxygen can cause the release of pro-inflammatory cytokines [22]. These generate reactive oxygen species whilst also causing protein misfolding, cytoskeleton breakdown and necrosis. Reactive oxygen species cause mitochondrial injury and cytochrome c release, which begins a cascade resulting in apoptosis [1]. Initially, the greatest region of hypoperfusion causing irreversible infarction is the ischaemic core. However, the regions with less hypoperfusion that are functionally impaired but structurally intact represent the ischaemic penumbra and its salvage remains the focus of AIS therapy [1,23].




8. Aetiology of Stroke


AIS accounts for 80–85% of all strokes and is sub-classified by differing aetiologies [20]. These include large artery thrombotic strokes, small-vessel lacunar strokes, cardiogenic embolic strokes (e.g., IE or atrial fibrillation), other causes (e.g., coagulation disorders) or undetermined causes [24].




9. Pathophysiology of Acute Ischaemic Stroke in the setting of Infective Endocarditis


Stroke in the setting of IE may be caused by embolization of endocardial vegetations followed by blockage of an intracerebral artery (Figure 1 and Figure 2) [25,26]. The thrombus in acute IE can be caused by the invading organism (e.g., S. aureus) (spontaneous bacteraemia) or by valvular damage resulting from invasive procedures such as intravenous catheters or pacing wires [27,28,29]. Staphylococcus aureus can infiltrate endothelial cells, also called endotheliosis, and amplify the expression of adhesion molecules and procoagulant function on the cellular surface [29]. When bacteria colonise the surface of the vegetation, the process of platelet aggregation and fibrin buildup accelerates. As the bacteria proliferate, they are shielded from neutrophils as well as other host immunity by expanding layers of platelets and thrombin. Because of the nutrient scarcity, organisms at the deeper levels of vegetation hibernate, making them less vulnerable to bactericidal antimicrobials that infringe the bacterial cell membrane production. Besides, embolisation to cerebral or meningeal arteries can also cause meningitis or intracerebral abscess.




10. Aetiology of Acute Ischaemic Stroke in the Setting of Infective Endocarditis


Neurological complications in the setting of IE occurs in 25–70% of cases; however, AIS is the most common complication, manifesting in up to 40% of these patients [10,30]. Whilst IE is a relatively uncommon stroke risk factor due to a low global prevalence and causes less than 10% of all cardioembolic strokes, there is a high magnitude of association between IE and consequent stroke [31]. Further, embolic events secondary to IE have a 50% chance of recurrence [26]. Stroke is most common in the early stages of IE and can be its presenting symptom.



In IE, specific factors that increase the risk of AIS include prior strokes, staphylococcus infection, vegetations on the mitral valve, especially the anterior leaflet, multivalvular vegetations, valvular abscesses and vegetations larger than 10 millimetres in length [32,33,34]. Staphylococcus infection (HR = 2.0), mitral valve vegetations (HR = 2.2) and valvular abscesses (HR = 2.7) all increase the risk of AIS by equal to or more than double [33]. One study found a 57% risk of emboli with vegetations above 10 millimetres in length compared to a 22% risk of emboli with vegetations below 10 millimetres in length [35]. Furthermore, there was a 48% risk of an embolism if the vegetation was mobile compared to 9% if it was fixed; however, these results closely correlated to the size of vegetations since larger vegetations were more likely to be mobile [35]. Larger and more mobile vegetations heighten the risk of AIS in IE patients due to the greater likelihood of vegetations fragmenting and embolising [35]. While no definite conclusions have been elucidated, staphylococcus infection could lead to larger vegetations and greater tissue destruction at the valve causing an increased risk of AIS [33]. Similarly, hypotheses exist that the greater shear stress around the mitral valve allows larger vegetations to form and increase the likelihood of emboli fragmenting and occluding an intracerebral artery [33]. Future studies should be aimed at the impact these risk factors in IE have upon the severity of stroke.



In IE, cardioembolic AIS occurs from the fragmentation of endocardial vegetations and subsequent occlusion of an intracerebral artery [36]. Potential bleeding into the infarct can cause haemorrhagic transformation (HT) [26]. The presentation of AIS in IE is similar to other ischaemic strokes; however, there may be the presence of fever due to the bacterial nature of IE [36]. Whilst intravenous thrombolysis (IVT) is contraindicated in the setting of IE, it is often administered due to IE diagnosis occurring later [7]. The mainstay treatment method includes endovascular thrombectomy (EVT) [7], whilst cardiac valve surgery is considered to prevent further neurological complications in the setting of IE alongside reducing mortality rates [37]. A schematic summarising the aetiology, presentation, and treatment of AIS in IE patients is displayed in Figure 2.




11. Clinical Outcomes of Acute Ischaemic Stroke in Infective Endocarditis


The outcomes of AIS due to IE include cerebral complications such as HT, meningitis, mycotic aneurysms and recurrent strokes [2]. Thuny et al. [38] found AIS was a strong predictor of five-year mortality (HR = 1.7; 95% CI 1.09–2.43; p = 0.02) in IE patients compared to patients not experiencing any cerebrovascular complication (CVC) (38% vs. 31%) whereas silent cerebral embolism or transient ischaemic attack (TIA) had a similar risk of mortality as no CVC [38]. Conducting valvular surgery for AIS influenced outcomes as 13.8% of AIS patients receiving surgery experienced five-year mortality compared to 66.7% of AIS patients receiving conservative medical treatment [38]. Furthermore, it is noted that IE outcomes are influenced by multiple IE aetiology factors with CVC occurring most frequently with mitral valve IE (58%) and staphylococcus infection (28%) [38].



The incidence of neurological complications, such as AIS, secondary to IE has been increasing gradually [3]. Whilst speculative, this may be due to an increasing number of invasive procedures leading to transient bacteraemia and gradual increases in high-risk populations, such as the elderly, diabetics and patients on haemodialysis or with prosthetic cardiac valves [3]. However, initiation of antibiotics is a preventative method for CVC secondary to IE with one study reporting 25% of IE patients not receiving antibiotics experienced CVC compared to 6% of those receiving antibiotic therapy [38]. Further, antimicrobial therapy should be implemented post-stroke in IE patients to prevent CVC recurrence [25].




12. Reperfusion Therapy in Acute Ischaemic Stroke Patients with Infective Endocarditis


Reperfusion therapy, via IVT and/or EVT, is the mainstay treatment available for AIS [7,39]. Whilst the factors mediating outcomes of reperfusion therapy in AIS have been well documented [40,41,42,43,44,45,46,47], our understanding of such clinical, imaging and systems variables in the setting of IE remains sub-optimal. Current guidelines for AIS recommend the use of IVT before EVT if presentation occurs within 4.5 h of symptom onset [48]. This does not apply in the setting of IE due to the substantial risk of haemorrhage, although IE diagnosis is difficult to achieve in this time period and thus sometimes leads to IVT being administered [7]. However, EVT treatment is associated with approximately 50% of patients achieving a good functional outcome (modified Rankin Scale (mRS) score 0–2) at three months [49]. A systematic review found the risk of intracranial haemorrhage (ICH) was 4.14 times higher in AIS patients with IE receiving IVT compared to EVT alone [7]. Furthermore, in AIS patients with IE, a 1.85 times higher likelihood of achieving a good functional outcome (mRS 0–2) existed if patients received EVT compared to IVT [7]. However, this systematic review included several small sample-sized, low-quality studies including case reports and series, and in total analysed less than 50 patients. Further, publication bias likely exists due to the majority of patients undergoing EVT having a diagnosis of IE before treatment and potentially receiving antibiotics which may mediate outcomes due to emboli being smaller whilst all patients undergoing IVT had not yet been diagnosed with IE [7].



A similar systematic review and case series publication investigating AIS in IE patients found ICH occurred in 63% of patients receiving IVT; however, in only 18% of patients receiving EVT [50]. Dramatic neurological recovery, defined by a 10 point or greater decrease in the National Institute of Health Stroke Scale (NIHSS) score or a 0–1 NIHSS score at 24 h post-therapy, occurred in 58% of patients receiving EVT compared to 32% of IVT treated patients. Furthermore, 62% of EVT patients achieved a good functional outcome (mRS 0–2) compared to 37% of IVT patients at 90 days. Whilst this study included a detailed description of patient characteristics, it included older endovascular methods and devices reducing the generalisability of the results. Also, reporting bias exists due to the inclusion of several case reports and series, which sometimes did not include justifications for treatment choice or reports on ICH [50]. Further, in both systematic reviews, outcomes were not segregated by the exact thrombolysis agent or thrombectomy method utilised.



A large retrospective analysis of a nationwide inpatient sample over eight years found IE patients experiencing AIS receiving IVT demonstrated significantly lower rates of favourable outcomes and higher rates of post-thrombolytic ICH compared to AIS patients without IE [51]. However, this study did not include results on mortality and the exact agent utilised for IVT in every case was unknown. Moreover, the severity of neurological deficits and baseline functional status of patients was not assessed [51]. The IE cohort possibly had more severe pre-existing disabilities, reducing the validity of results obtained from this retrospective analysis. A six patient case series investigating EVT as a treatment modality reported no ICH post-EVT, while four of the six patients experienced dramatic early recovery post-EVT [52]. However, due to the low sample size, the generalisability of these results is debatable. Overall, our understanding of the best treatment options in AIS patients on the background of IE is suboptimal due to the lack of randomised control trials and studies with large sample sizes [7]. The following outcome results along with other studies’ results are summarised in Table 1.



In the following subsections, the majority of outcomes are obtained from Feil et al. [54] and Marnat et al.’s [55] retrospective observational studies. These are the two largest studies investigating outcomes of AIS in IE post-thrombectomy, which is the first-line treatment method due to IVT being contraindicated (if IE diagnosis is known). Furthermore, both studies compared outcomes of AIS secondary to IE with outcomes of AIS secondary to atrial fibrillation (AF) due to AF being the typical model for cardioembolic AIS with the majority of cardioembolic AIS occurring secondary to AF. However, differential rates of good functional outcomes, mortality and ICH occurrence corresponding to EVT/IVT alone, or combined treatment (EVT + IVT) groups were not reported. Further research into outcomes segregated by treatment groups and various IE aetiological factors is necessitated.




13. Association with Good Functional Outcomes


IE patients experiencing AIS were less likely to achieve good functional outcomes post-IVT and/or EVT than AIS patients without IE [51,54]. The retrospective analysis of a nationwide inpatient database found 10% of IE patients experiencing AIS achieved a good functional outcome compared to 37% of AIS patients without IE. However, this study defined good functional outcome as discharge into home or self-care rather than utilising the mRS score [51]. A retrospective analysis comparing two different cardioembolic aetiologies of AIS found 25.9% of IE patients achieved a good functional outcome (mRS 0–2) compared to 50.6% of the atrial fibrillation cohort [55]. This study had a relatively small sample size with only 28 IE patients and introduced possible bias by matching each IE patient with three AF patients [55]. However, comparable results were reported in a separate similar comparative analysis, with 20% of patients experiencing AIS secondary to IE achieving a good functional outcome (mRS 0–2) compared to 43.3% of the AF cohort experiencing AIS [54]. Furthermore, this multicentre study had the largest sample size of IE patients experiencing AIS receiving EVT to date [54].




14. Association with Mortality


Previous studies have found higher mortality rates in IE patients experiencing AIS than other AIS patients [54]. A retrospective study on patients experiencing AIS secondary to either IE or AF found no significant difference in mortality rate [55]. In contrast, another similar study on a relatively larger study population found a significantly higher mortality rate at the three-month follow-up in the IE cohort (60%) compared to the AF cohort (28.8%). However, the cause of mortality was not specified and thus it was unknown whether the death occurred due to stroke or underlying disease (IE). Furthermore, IE patients had poor comorbidity profiles, possibly influencing mortality rates. The causative pathogen for IE and affected heart valves were only known in 25.4% of patients in the study. Given IE is a heterogeneous disease with varying clinical outcomes dependent on the pathogen and valve affected [54], impact on mortality due to these factors alongside severity of stroke merits further research.




15. Association with Adverse Events


15.1. Intracranial Haemorrhage


IE patients experiencing AIS are associated with higher rates of ICH [51,54]. A nationwide retrospective study of AIS patients reported a post-IVT ICH rate of 19.8% in the IE cohort compared to only 6.5% in patients without IE [51]. However, due to recruiting patients from a database, ICH was classified using codes and severity was unable to be ascertained and categorized [51]. Another study found no difference in ICH occurrence rate between the IE and non-IE (AF) AIS cohorts [55]. However, whilst the rate of symptomatic ICH (sICH) was higher in the IE cohort, due to the small number of patients (six) experiencing an sICH, any statistical analysis was not possible. Further, due to the small sample size and a low number of patients receiving IVT, the influence of IVT on ICH in the IE cohort was unable to be determined [55]. A prospective case series found 50% of IE patients experiencing AIS and treated with EVT with or without IVT experienced HT, however, this study included a small sample size of only 12 patients. Both patients receiving IVT experienced HT whilst of the three patients experiencing sICH, all three died by the three-month follow-up [53]. Similarly, in a matched control-case analysis of AIS secondary to IE or AF, 30.9% of the IE cohort experienced an ICH (determined in post-intervention imaging), compared to only 21.2% in the AF cohort [54]. However, detailed radiological or clinical descriptions of the ICH were not provided [54].




15.2. Recurrent Stroke


Previous studies suggest IE patients presenting with AIS are at higher risk of recurrent stroke. A retrospective study comparing IE and AF cohorts found 25% of the IE cohort experienced a recurrent stroke within three months, whilst no patients in the AF cohort had a recurrent stroke in that time period [55]. Whilst there was a small sample size, the control cohort was matched using major confounders and had similar early neurological conditions, thus suggesting IE may delay systemic complications and be associated with worse clinical outcomes. Despite matching on major confounders, 42.9% of the IE cohort had a pre-stroke mRS greater than or equal to 1 compared to only 17.9% of the AF cohort, suggesting possible selection bias in these results [55]. These findings have supported another study, with significantly higher rates of recurrent stroke during their hospital stay in the IE cohort (12.7%) compared to the AF cohort (3.8%) (p = 0.036) [54]. Although there was no significant difference in pre-stroke mRS between the two cohorts, differing lengths of hospital stays or differing severity of strokes could confound the association with recurrent stroke.




15.3. Association with Successful Reperfusion


Previous studies have reported greater rates of successful reperfusion defined by a modified Thrombolysis in Cerebral Infarction (mTICI) score between 2b-3 in AIS patients without IE than with IE [54,55]. A retrospective analysis comparing IE and AF cohorts experiencing AIS found 85.7% of the IE cohort achieved successful reperfusion post-EVT with or without IVT [55], compared to 95.2% of the AF cohort. However, this difference was not statistically significant (p = 0.11). Near-complete reperfusion (mTICI 2c-3) was achieved in 71.4% of the IE cohort relative to 88.1% in the AF cohort (p = 0.014). Similar procedural times and complication rates indicated similar reperfusion success levels between the two cohorts [55]. Another retrospective study reported successful reperfusion in 74.5% of the IE cohort compared to 87.5% of the AF cohort (p = 0.039) [54]. However, differential rates of successful reperfusion corresponding to the EVT alone, or combined treatment (EVT + IVT) groups were not reported. Future studies investigating the reperfusion success among treatment groups would provide insights on the comparative efficacy of the treatments in IE patients.





16. Stroke Prevention in IE


Acute ischaemic stroke is a common complication of IE [7]. The key treatment strategy involves early antibiotic treatment to reduce secondary stroke risk. AIS secondary to IE is associated with an increased risk of mortality and morbidity. Previous retrospective studies have reported worse outcomes in AIS secondary to IE relative to other aetiologies. Acute treatment centres around the administration of IVT and/or EVT, however, the safety and efficacy of these methods are undetermined through existing studies. Currently, in AIS patients with suspected IE, IVT is not indicated. The evidence supporting EVT in such patients is also sub-optimal and incidents of haemorrhages, some multifocal, have been reported. In select cases of IE patients with TIA or AIS, early valve replacement should be considered. Antibiotic treatment is also recommended in IE patients with unruptured mycotic aneurysms, though neurosurgical consultation may be desirable in select patients with growing ruptured/unruptured mycotic aneurysms despite antibiotic therapy.



Antibiotic therapy should be initiated as soon as blood cultures are drawn in suspected or confirmed IE cases. The duration of the antibiotic regimen is determined based on the cause of the IE and valve affected. For example, whilst the treatment duration of six weeks is recommended for prosthetic valve IE patients; it is variable in native valve IE from two weeks (in uncomplicated IE due to common bacterial infections) to six weeks (enterococcal IE), respectively. Antibiotic therapy, especially early regimen, in IE is associated with a significant reduction in the risk of primary and secondary AIS. A large multicentric, multinational prospective cohort study of 1437 left-sided IE patients revealed a dramatic reduction in the risk of stroke on initiating antibiotic therapy [63]. While promptly initiating empirical antibiotic treatment on a high suspicion of IE, the antimicrobial selection approach based on the sensitivity of the antibiotic to the specific microbial, once confirmed, is recommended [64]. Moreover, an interprofessional team approach in selecting optimal antibiotic regimens involving treating physicians/neurologists, nurses, primary care physicians and pharmacists is recommended [64].



Embolism is a potentially fatal complication of IE [65]. The risk of embolisation is apparently increased in patients with increasing vegetation size, especially in patients with mitral endocarditis and staphylococcal endocarditis [65]. Another important consideration akin to stroke prevention in IE patients is the use of anticoagulation or antiplatelet therapy. Anticoagulation is not recommended as a stroke prevention strategy in IE patients due to increased risk of neurological complications including fatal haemorrhage and anticoagulant therapy should be promptly discontinued until the septic stage of the IE is appropriately managed [32,66]. In patients requiring systemic anticoagulation, the recommendation from the European Society of Cardiology is to pause anticoagulation for a minimum of 14 days for IE patients on an antibiotic regimen (low level of evidence) [67]. Should anticoagulation be necessary, oral anticoagulation may be replaced with heparin for two weeks in IE cases presenting with AIS. Consistent with indication against anticoagulation in IE patients, antiplatelet therapy is also not indicated in reducing the risk of embolism towards early management of IE patients [68], due to increased bleeding or haemorrhage risks [69]. An RCT examining the effect of aspirin in IE patients already on antibiotic therapy, on the risk of embolic events in IE reported an increased risk of bleeding [69]. However, a retrospective study reported a reduction in symptomatic emboli associated with IE in patients on continuous daily prior antiplatelet therapy for a minimum of 6 months prior to IE related hospitalization [70]. Moreover, while there is an indication in favour of cardiac valve replacement surgery in preventing embolism during the first week of antibiotic therapy, its exact role in mitigating embolism is still debatable [67].




17. Conclusions


In conclusion, the management of AIS patients with presumed or confirmed IE is challenging and treatment guidelines are far from optimal due to limited evidence. High-quality evidence, drawn from large cohort studies and/or randomised control trials investigating the outcomes of EVT as compared to IVT or combination therapy in AIS secondary to IE, is needed. Future studies investigating the role of baseline clinical or imaging factors in determining prognosis in IE patients after AIS is also warranted.
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Figure 1. Risk factors and pathogenesis of infective endocarditis, Abbreviations: IE: Infective endocarditis; RHD: Rheumatic heart disease; CHD: Congenital heart disease; MVP: Mitral valve prolapse; IVDU: Intravenous drug user; IV: Intravenous. 
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Figure 2. Aetiology, presentation, and treatment of acute ischaemic stroke secondary to infective endocarditis. Abbreviations: IE; Infective endocarditis; IVT: Intravenous thrombolysis; EVT: Endovascular thrombectomy. 
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Table 1. Outcomes of acute ischaemic stroke in patients with and without infective endocarditis.
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AIS with a History of IE

	
AIS without a History of IE




	

	
IVT Only

	
EVT Only

	
IVT + EVT

	
IVT Only

	
EVT Only

	
IVT + EVT






	
Mortality (mRS = 6 at three months post-treatment)

	
5/18 (28%) [7]

	
5/22 (23%) [7]

4/21 (19%) [50]

3/6 (50%) [52]

5/10 (50%) [53]

	
3/10 (30%) [7]

* 4/19 (21%) [50]

* 33/55 (60%) [54]

* 7/27 (26%) [55]

1/2 (50%) [53]

	
59/267 (22%) [56]

7/35 (20%) [57]

28/147 (19%) [58]

12/97 (12%) [59]

16/103 (16%) [60]

191/1107 (17%) [61]

	
16/131 (12%) [62]

	
* 30/104 (29%) [54]

* 15/77 (20%) [55]

* 49/233 (21%) [56]

* 3/35 (9%) [57]

* 17/164 (10%) [58]

* 9/98 (9%) [59]

* 19/103 (18%) [60]

* 213/1312 (16%) [61]

13/160 (8%) [62]




	
Total

	
5/18 (28%)

	
17/59 (29%)

	
48/113 (42%)

	
313/1756 (18%)

	
16/131 (12%)

	
368/2286 (16%)




	
ICH (post-treatment)

	
11/18 (61%) [7]

	
0/22 (0%) [7]

3/17 (18%) [50]

0/6 (0%) [52]

4/10 (40%) [53]

	
4/10 (40%) [7]

* 12/19 (63%) [50]

* 44/222 (20%) [51]

* 17/55 (31%) [54]

* 10/25

(40%) [55]

2/2 (100%) [53]

	
17/267 (6%) (sICH) [56]

2/35 (6%) (sICH) [57]

4/150 (3%) (sICH) [58]

53/1110 (5%) (sICH) [61]

	
No studies

	
* 8730/134,048 (7%) [51]

* 22/104 (21%) [54]

* 38/77 (49%) [55]

* 18/233 (8%) (sICH) [56]

* 0/35 (0%) (sICH) [57]

* 6/165 (4%) (sICH) [58]

* 66/1313 (5%) (sICH) [61]




	
Total

	
11/18 (61%)

	
7/55 (13%)

	
89/333 (27%)

	
76/1562 (5%)

	
N/A

	
8880/135,975 (7%)




	
Reperfusion Status (mTICI 2b-3)

	
N/A

	
5/6 (83%) [52]

4/10 (40%) [53]

	
* 41/55 (75%) [54]

* 24/28 (86%) [55]

2/2 (100%) [53]

	
N/A

	
No studies

	
* 91/104 (88%) [54]

* 80/84 (95%) [55]

* 115/196 (59%) [56]

* 25/29 (86%) [57]

* 113/156 (72%) [58]

* 73/83 (88%) [59]

* 67/102 (66%) [60]




	
Total

	
N/A

	
9/16 (56%)

	
30/85 (35%)

	
N/A

	
N/A

	
564/754 (75%)




	
Good Functional Outcome (mRS 0–2 at three-month follow-up)

	
7/17 (41%) [7]

	
15/22 (68%) [7]

13/21

(62%) [50]

3/6 (50%) [52]

3/10 (30%) [53]

	
* 23/222 (10%) (discharge into home or self-care) [51]

6/10 (60%) [7]

* 7/19 (37%) [50]

* 11/55 (20%) [54]

* 7/27 (26%) [55]

1/2 (50%) [53]

	
51/267 (1%) [56]

14/35 (40%) [57]

43/147 (29%) [58]

33/93 (35%) [59]

29/103 (28%) [60]

351/1107 (32%) [61]

	
61/128 (48%) [62]

	
* 49,572/134,048 (37%) (discharge into home or self-care) [51]

* 45/104 (43%) [54]

* 39/77 (51%) [55]

* 76/233 (33%) [56]

* 25/35 (71%) [57]

* 87/164 (53%) [58]

* 59/98 (60%) [59]

* 45/103 (44%) [60]

* 557/1312 (42%) [61]

90/156 (58%) [62]




	
Total

	
7/17 (41%)

	
34/59 (58%)

	
55/335 (16%)

	
521/1752 (30%)

	
61/128 (48%)

	
50,595/136,330 (37%)








Abbreviations: AIS: acute ischaemic stroke; IE: infective endocarditis; mRS: modified Rankin Score; IVT: intravenous thrombolysis; EVT: endovascular thrombectomy; sICH: symptomatic intracerebral haemorrhage; N/A: not applicable. * Outcome results were not segregated by treatment group. Ref. [7]: Systematic review comparing IVT alone and EVT alone and EVT + IVT in AIS secondary to IE. However, combined treatment results from this study are not included in the table. Ref. [50]: Systematic review comparing IVT ± EVT to EVT alone in AIS secondary to IE. However, out of the 19 patients in the IVT ± EVT cohort, 18 received IVT only. Ref. [51]: Compared 222 AIS secondary to IE patients with 134,048 AIS patients without IE. All patients received IVT with 15 IE and 8263 non-IE patients receiving EVT as well. Ref. [52]: Case series analysing outcomes of 6 patients receiving EVT only in AIS secondary to IE. Ref. [54]: Compared 55 AIS secondary to IE patients with 104 AIS secondary to AF patients. All patients received EVT with 8 IE and 38 AF patients receiving IVT as well. Ref. [55]: Compared 28 AIS secondary to IE patients with 84 AIS secondary to AF patients. All patients received EVT with eight IE and 24 AF patients receiving IVT as well. Ref. [53]: Case series of 12 patients experiencing AIS secondary to IE, with 10 patients receiving EVT only and two patients receiving EVT + IVT. Refs. [56,57,58,59,60]: These trials compared EVT ± IVT against the control of usual care (e.g., IVT) in AIS patients. However, a minority of patients in the control group in all five studies did not receive IVT. However, outcome results were not segregated for these patients and were still presented as percentages of the total number of patients in the control groups. Also, all patients in the study group received EVT but not all received IVT, but outcome results were not segregated by treatment groups for these patients. Ref. [61]: Systematic review and meta-analysis of seven studies comparing EVT ± IVT against the control of usual care (e.g., IVT) in AIS patients. However, a minority of patients in the control group did not receive IVT. Five of the seven studies are [56,57,58,59,60]. Ref. [62]: A pooled analysis of studies comparing EVT + IVT with EVT alone in AIS patients.
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