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ABSTRACT  

Background: There is little evidence about either prevention or treatment of childhood arterial 

ischaemic stroke (AIS). However drugs that regulate the immune and inflammatory response 

could theoretically prevent occurrence or recurrence of AIS. Additionally, as an acute 

treatment they may limit the neurological damage caused by AIS. Here we systematically 

review the evidence on the use of immunotherapy in childhood AIS. 

Design: A systematic review of publications in databases Embase and Medline from 

inception. All types of evidence were included from trials, cohorts, case-control and cross-

sectional studies, and case reports.  

Results: Thirty-four reports were included: 32 observational studies and two trials. 

Immunotherapy was used in two key patient groups: arteriopathy and acute infection. The 

majority were cases of varicella and primary angiitis of the CNS. All three cohorts and 80% 

of the case studies were treated with steroids. Recurrence rates were low. Analytic studies 

weakly associated steroids with lower odds of new stroke and neurological deficits, and better 

cognitive outcomes in the context of Moyamoya disease and tuberculosis.  

Conclusions: Immunotherapies are used in children with AIS, mainly as steroids for children 

with arteriopathy. However there is currently little robust evidence to either encourage or 

discourage this practice. There is weak evidence consistent with the hypothesis that in certain 

children at-risk, steroids may both reduce the risk of occurrent/recurrent stroke, and enhance 

neurological outcomes. As the potential benefit is still uncertain, this indicates that a trial of 

steroids in childhood AIS may be justified. 

 

 

BACKGROUND 
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Childhood Arterial Ischaemic Stroke (AIS) affects 1.6 per 100,000 children per year in the 

UK.[1] Case fatality is estimated as 9-15%[2-4] and many survivors have neurological or 

functional impairments.[4-6] Estimates of recurrence vary from 1-37%, with the highest rates 

consistently found in children with vascular pathologies.[4 7 8] Currently there is little 

evidence on how to prevent childhood AIS, or how to best to treat it.  

 

Immunotherapy can be defined as the prevention or treatment of disease via substances that 

modulate the body's immune and inflammatory responses.[9] Theoretically immunotherapy 

has a potential for two roles in AIS: firstly to prevent either primary or recurrent AIS, and 

secondly as a potential treatment of AIS which may improve neurological outcomes.  

 

Prevention: 

Many cases of childhood AIS have an immunological/inflammatory aetiology that causes an 

arteriopathy. E.g. primary or latent-reactivated varicella zoster virus (VZV) can lead to 

infection and inflammation of the cerebral arteries, thereby increasing the risk of AIS.[10] 

Other infections such as enterovirus[11], mycoplasma pneumonia[12-14] and herpes 

virus[15] have also been implicated in arteriopathy-related childhood stroke. Recent studies[1 

16] have found arteriopathy in over a third of cases, and earlier studies have had even higher 

estimates.[7 17-20] In cases of arteriopathy, immunotherapy may ameliorate the disease 

process by reducing arterial inflammation. In theory this should reduce the occurrence or 

recurrence of AIS. 

 

Treatment: 

The acute and adaptive inflammatory immune response to ischaemic insult contributes to 

brain tissue damage[21 22] and it was recently demonstrated in a small pilot study that 
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inflammatory markers were elevated in children with AIS compared to controls.[23] This 

implies that pharmacological control of the immune response could help limit this damage, 

and thereby improve outcomes. In animal models, immunotherapy has been associated with 

smaller total infarct size and improved cognitive and functional outcomes.[24-29] In humans, 

steroid trials in the 1970s-80s in adults found little or no evidence of efficacy, and treatment 

was sometimes associated with worse outcome.[30-32] One was a small trial[32] (n=53) 

which found that patients given dexamethasone within 24 hours of cerebral infarction had 

slightly worse outcomes than those given placebo, with lower improvement in neurological 

deficit at 29 days, slightly higher mortality and higher rate of treatment complications 

(mainly infections). However a larger trial[31] (n=113) carried out a decade later by the same 

group found no significant difference in outcome and in fact the dexamethasone group in this 

trial had fractionally lower mortality. A still larger but retrospective study[30] (n=556) 

compared patients given dexamethasone to those given only anti-platelet therapy and glucose. 

Patients receiving dexamethasone had slightly worse outcomes than those who did not, but 

this result is confounded by severity as it was patients who were worse off at baseline who 

were treated with steroids. 

More recently minocycline, a tetracycline antibiotic that modulates the immune response via 

inhibition of T cell migration and microglial activation, has been investigated in adult AIS 

and was associated with improved neurological outcomes.[33] However, inference from adult 

trials is not straightforward as the aetiology of stroke in adults is significantly different to 

children, in whom the predominant risk factors related to lifestyle and old age[34] do not 

apply. If steroids were effective in the population of strokes with an 

immunological/inflammatory aetiology, as is more common in children, this is unlikely to 

have been picked up in adult trials. Although immunotherapies have not been formally 

trialled in childhood AIS specifically, they have been demonstrated to be a safe and effective 
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treatment in children in other inflammatory conditions of the CNS, such as vasculitis and 

lupus.[35-38]  

 

These considerations suggest that immunotherapy could have two potential roles in AIS: 

firstly to prevent either primary or recurrent AIS, and secondly as an acute treatment which 

may improve neurological outcomes. In line with these theoretical considerations, a recent 

survey has shown that there is consensus among experts in the field that the most important 

trial to be done in childhood stroke is an RCT of steroids in AIS.[39]  

 

One complication in considering treatment is that after the active immune response in the 

acute phase of AIS, there follows a generalised immunodepression which leaves patients 

susceptible to infection, significantly increasing morbidity and mortality from stroke in 

adults.[40 41] This has not yet been studied in children, but clearly risk of infection would 

have to be monitored carefully in the context of steroid treatment. A recent systematic review 

of toxicity of short-course oral corticosteroids in children (in a range of diseases) found that 

the rate of major secondary effects was low.[42] The most common adverse effects were 

vomiting, changes in behaviour, and sleep disturbances, with an incidence around or below 

5% of cases. The most serious side effect of treatment was infection, although this occurred 

in less than 1% of cases. 

The current standard treatment in adult acute AIS is thrombolysis. A trial of thrombolysis in 

paediatric stroke, the TIPS trial, has recently been attempted (2012) but was closed early due 

to challenges in recruiting sufficient numbers.[43] One of the key issues is that thrombolysis 

needs to be given in the first 4-5 hours after onset of AIS. Although there is excellent 

recognition of adult stroke enabling prompt treatment, paediatric stoke is often not diagnosed 

until well after this treatment window has passed. A recent study in the UK demonstrated that 
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the median time from symptom onset to diagnosis in childhood AIS was 24 hours (IQR 7-76 

hours).[44] 

 

 

 

METHODS 

We carried out a systematic review of the evidence for the use of immunotherapy in 

childhood AIS. Aims were to elucidate how immunotherapies are being used, and review 

evidence on whether immunotherapy is associated with reduced risk of recurrence, and 

improved neurological outcomes. 

 

Inclusion/Exclusion criteria: 

Types of study included were randomised and non-randomised trials, cohort, case-control and 

cross-sectional studies, case series and case reports. The rationale for such broad inclusion 

criteria is that evidence on this topic was expected to be scarce. 

 

Populations included were children age 30 days to 18 years with AIS confirmed by 

neuroimaging. Children with Haemorrhagic Stroke or Cerebral Venous Sinus Thrombosis 

were excluded as neither of these have a theoretical basis for response to immunotherapy. 

Children with sickle-cell disease were excluded as they comprise a well-delineated sub-

population, in whom much more is known about stroke treatment and prevention. Stroke in 

the context of systemic arteritides such as juvenile systemic lupus erythematosus or Takayasu 

Arteritis was excluded, as these children are likely to be on steroid therapy for their prior 

disease rather than specifically as treatment for stroke. 
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Treatments included were any immunosuppressant (steroid-based or steroid-sparing) given in 

any format, dose and regimen, and whether as a sole or combination therapy. Again the 

rationale is that there was unlikely to be sufficient data on any one type of therapy alone. 

 

Primary outcomes of interest were incidence of recurrent AIS, and general neurological 

recovery (motor, functional, cognitive, behavioural and affective outcomes). Secondary 

outcomes were death, other cerebrovascular events, and other adverse events related to 

treatment. Follow-up periods of any duration were included.  

 

For the purposes of summarising data, outcomes were categorised as: complete recovery; 

mild residual deficits; moderate residual deficits (enough to require daily support); severe 

residual deficits (e.g. quadrepareis, severe cognitive impairment). Categorisation of outcome 

was made on the basis of the description given by the original report authors.  

 

Search and data collection: 

Search strategies were constructed and run on the electronic databases Embase and Medline. 

Search terms were concepts/synonyms for AIS and immunotherapy. A complete search 

strategy is available from the authors. There were no date restrictions. 

 

Search results were exported into the electronic referencing system Endnote X7. Titles and 

abstracts were screened and then full text reviewed for all potentially relevant results. 

References of included studies and reviews were screened for identification of further 

potentially eligible results. 
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A standardised electronic data collection form was used to abstract data. This included study 

type, demographic and clinical data, treatment data, follow-up and outcomes.  

 

Analysis: 

Planned analyses were, as far as data allowed, to examine for the association between 

immunotherapeutic treatment and each outcome of interest. If results allowed we intended 

sub-group analyses by aetiology (suspected infectious/inflammatory, or not), type of 

immunotherapy, dose, duration of therapy, lead time to treatment, and age group.  

 

 

RESULTS 

From 432 initial search results and 83 potential extras from reference lists, 34 reports were 

included (Figure 1). Clarification was sought from authors for reports that potentially 

included overlapping cases,[45-47] and all necessary clarifications were provided.  

  

Of the included results (see online supplement) there were 18 case reports, 10 case series, 

four cohort studies and two RCTs. In some reports only a sub-section of patients were 

relevant. The date range of publications was 1984-2013. Twenty-nine reports gave 

individual-level data and five reports gave group-level data only. The individual-level data 

collectively described 37 children (mean age 8.9 years (sd 4.8), 21/37 (57%) female). The 

group-level data collectively described 115 relevant patients.  

 

Individual data: 

Immunotherapies were used in two main patient groups: vasculitis/arteriopathy; and acute 

infections (Figure 2). The most frequent suspected causes were VZV (13/37, 35%) and 
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childhood Primary Angiitis of the CNS (cPACNS, also called CNS Vasculitis and Isolated 

Angiitis of the CNS) (12/37, 32%). Eight of the 12 cPACNS cases (66%) affected the large-

medium vessels. When combining all cases of arteriopathy together, 30/34 (88%) affected the 

large/medium vessels.  

 

Eleven types of immunotherapy were reported, and more than one immunotherapy was used 

in 16/37 cases (43%).The mean number of immunotherapies used was 1.8. When considering 

all uses of immunotherapies together, 80% were steroids, most commonly prednisone and 

methylprednisolone (Figure 3).  

 

In 13/37 cases (35%) treatment was solely with immunotherapy. In the other cases acyclovir 

(12/37, 32%), aspirin (9/37, 24%), and antibiotics (4/37, 11%) were the most commonly 

reported conjunctive therapies. Antimalarials, antiepileptics, verapamil, Heparin and 

unspecified antithrombotics were reported in ≤3 cases each. In total 15/37 (41%) were 

reportedly treated with some form of antithrombotic (combining those on aspirin, heparin, 

LMWH, and unspecified antithrombotics). It is possible that these and other conjunctive 

therapies were used more frequently, but not reported by the study authors.  

 

Median follow-up time was 12 months (range 3 days to 9 years) although in four cases 

duration of follow-up was not reported. There was only one recurrent stroke (3%) in a case of 

stroke after a severe episode of VZV and vasculitis[48], and two deaths (5%). One death was 

in a case of stroke after persistent VZV infection in the context of AIDS, where the child 

secondarily developed pneumonia[49]. The other death was in the case of a young girl with 

isolated angiitis of the CNS and stroke who had recently started the contraceptive pill[50]. 

17/37 (46%) were described as complete recoveries/asymptomatic at last follow up, 10/37 
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(27%) with mild residual deficits, 5/37 (14%) with moderate, and 2/37 (5%) with severe 

residual deficits. In 1/37 the outcome was not sufficiently reported (Figure 4). Sub-group 

analysis was not appropriate due to the small number of cases, but a breakdown of further 

data on individual cases is given in Appendix A. 

 

  

Group data: 

One cohort was 68 medium-to-large vessel cPACNS cases, including 50 with previous 

AIS,[51] mean age 8.5 years (sd 3.5). As arteriopathies, all of these cases would be at-risk of 

AIS occurrence/recurrence. All were treated with immunotherapy: IV prednisone and 

immunoglobulin acutely, followed by oral prednisone and azathioprine for cases the authors 

categorised as ‘progressive, obliterative’ arteriopathies based on neuroimaging. Follow-up 

was 24 months. There were no recurrent strokes. 2/50 died (4%). General neurological 

outcomes were: 20% complete recovery, 25% minor disabilities, 20% moderate, and 35% 

severe disabilities. Sub-group analysis of neurological outcomes was not given for those with 

and without previous AIS. 

 

Another cohort was 45 cPACNS cases,[45] median age 9.8 years (range 3.3-17.8). 19/45 had 

angiography-positive disease (affecting the large/medium vessels) and 26/45 had 

angiography-negative disease (affecting the small vessels). Treatment was as per institutional 

protocol. For angiography-positive disease, the treatment protocol appeared to be heparin 

plus antiplatelet therapy. It is stated that more recently corticosteroids was added to the 

protocol for this group but it is unclear how many received steroid therapy. For angiography-

negative disease, the treatment protocol appeared to be induction with IV cyclophosphamide 

and prednisone, followed by maintenance therapy with either azathioprine or mycophenolate 
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mofetil. The exact number receiving azathioprine or mycophenolate mofetil or both was not 

clear. Within the whole cohort, 19 cases had evidence of previous probable AIS, 2 of which 

had angiography-negative disease. Median follow-up for the whole cohort was 21.6 months 

(range 3-36 months). There were no reported deaths nor any new or recurrent strokes in any 

of the children in this cPACNS cohort, either in the angiography negative disease group (all 

of whom will have been receiving immunotherapy) or the angiography positive group (an 

undetermined number of whom will have received immunotherapy in the form of steroids in 

addition to heparin and an anti-platelet agent). For the overall cohort, the median Pediatric 

Stroke Outcome Measure (PSOM) score improved from 2.25 at the time of diagnosis to 0.5 at 

12 months, and 0 at 24 months (zero indicating no neurological deficits). The PSOM scores 

were unfortunately not broken down by treatment group or by history of previous AIS.  

 

A cohort of 166 children with bacterial meningitis included 14 presenting with AIS, and 6/14 

treated with immunotherapy (dexamethasone) in addition to antibiotics.[52] The mean age 

was 1.3 years (range 3-36 months). Follow-up was for a minimum of 12 months. There were 

no recurrent strokes. 3/14 (21%) died and 8/14 (57%, including all 6 on immunotherapy) 

were reported as ‘poor outcome’ (including blindness, hydrocephalus, institutionalisation, 

quadriplegia, severe mental retardation and uncontrolled seizures). Outcomes were not 

consistently separated for those on treatment.  Authors felt there was no evidence of the 

effectiveness of dexamethasone, although as it was only given to the most severe/clinically 

deteriorating cases, these results are confounded by severity.  

 

There were two RCTs that while not directly trialling immunotherapy in AIS, did contain 

relevant results. One compared anti-tuberculosis treatment plus prednisone, to anti-

tuberculosis treatment alone in 138 children with Tuberculous Meningitis.[53] 16/68 (24%) 
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in the steroid group and 17/70 (24%) in the non-steroid group presented with AIS. At 6 

months the steroid-treatment group had lower incidence of new stroke (OR 0.67) although 

this was not statistically significant (p=0.14). They also had significantly greater 

improvement in cognitive function (OR 2.19, p=0.038 for IQ>75); and lower mortality (OR 

0.32, p=0.015) compared to controls. Outcome data applied to the whole group so it is not 

clear if the effects are the same in the sub-group with previous stroke.  

 

Another trial compared general anaesthesia (GA) plus nerve block 

(methylprednisolone+bupivacaine) to GA only, in 39 children (mean age 8 years, range 3-13) 

undergoing surgery for Moyamoya disease.[54] Within 24 hours of surgery there was higher 

incidence of new stroke, and neurological deficits in the control group compared to those 

treated with methylprednisolone+bupivacaine (OR 3.2, 95% CI 0.6 to 18.4). The study was 

underpowered to detect a statistically significant difference in outcome, but results are 

suggestive of a protective effect of treatment. The report’s authors speculate that the lower 

incidence of stroke in the treatment group may be related to better pain control and/or more 

stable cerebral blood flow, but it may also be related to the immunomodulating and anti-

inflammatory effect of methylprednisolone.  

 

 

DISCUSSION 

This review was a systematic evaluation of the evidence on the use of immunotherapy in 

childhood AIS. The majority of results were descriptive (case studies, series, cohorts) as 

would be expected for a rare neurological condition. These demonstrate that 

immunotherapies are used in childhood AIS, commonly as steroids in children with 
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arteriopathy. However, with no internal controls or comparison groups they provide very 

weak evidence on the association between treatment and outcomes.  

 

Prevention: 

In previous AIS cohorts, estimates of recurrent stroke have varied from 1%-37%[4 7 8 55]. 

The higher rates of recurrence tend to be found in children with arteriopathies[7]. The cases 

in this review were predominantly arteriopathies, so arguably one might expect to see a high 

rate of recurrence here. However, contrary to this, there was a low rate of recurrence: only 

1/37 (2.7%) in the individual cases, and none in any of the cohorts. 

 

One possible explanation for the low recurrence found in this review is a publication bias. If 

cases with a good outcome were more likely to be written up by clinicians, this could lead to 

an underestimate of recurrence. However, this would not apply to the cohorts. Also 

publication bias may be more likely to go in the other direction: it is commonly the 

complex/severe cases that are written up as case studies, which would if anything lead to an 

overestimate of poor outcomes including recurrence. 

 

The observation of low recurrence in this review is also consistent with, and perhaps 

sympathetic to the theory that the immunotherapy received by these children reduced the risk 

of recurrent AIS. This possibility is supported by the finding in both trials that children 

treated with steroids had reduced odds of recurrent stroke compared to those untreated. The 

key limitation of the trials is that they were underpowered to detect a statistically significant 

difference in recurrence. 

 

Treatment: 
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Broader neurological outcomes in the cases here also appear positive when considered in the 

context of other AIS cohorts: the mortality rate in the cases found here was 5%, whereas the 

best estimate from prospective, population-based studies of childhood AIS is 10%[4]. Other 

cohorts have variously estimated between 4-15% mortality[2 3 56] although the study that 

found the lowest mortality may be vulnerable to sampling bias – as a study of patients in a 

paid-for US healthcare plan, it may under-represent poorer children and thereby 

underestimate poor outcomes. The cohorts in this review reported 0%, 4% and 21% mortality 

respectively, although the latter represented children with stroke in the context of bacterial 

meningitis, who may be expected to have particularly poor outcome. Direct comparisons are 

difficult due to selection biases that affect both systematic reviews, and some of the previous 

studies. However, results are consistent with the theory that immunotherapy has a 

neuroprotective role in treatment of acute AIS due to an inflammatory pathology. This 

possibility is given stronger support from the one trial that was adequately powered to detect 

statistically significant differences, which found that children treated with steroids had 

statistically significantly lower mortality, and improved cognition compared to those 

untreated.[53] The limitation of this trial was that the population was specifically children 

with Tuberculous Meningitis, who although at risk of AIS are not likely to be fully 

representative of AIS. 

 

Overall this review found little robust evidence either in favour or against the use of 

immunotherapy in childhood AIS. There is weak evidence consistent with the hypotheses that 

in certain children at-risk, steroids may reduce the risk of recurrent stroke, and enhance 

neurological outcomes.  
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To our knowledge this is the first systematic review of the role of immunotherapies in 

childhood AIS. A strength of this review is the inclusive search criteria, which should have 

limited the possibility of missing any relevant evidence in an area with very little research so 

far.  

 

A limitation is heterogeneity in the data. Due to the scarcity of the evidence, this review has 

grouped together cases of AIS with different aetiologies, which may be expected to vary in 

both treatment response and overall outcome. Also there may be variations in how clinicians 

classify severity of outcome. Points of homogeneity are that these were almost all cases of 

arteriopathy or acute infection, and mainly treated with steroids. 

Confounding by severity may also be affecting results: if the most severe cases tend to be 

treated with immunotherapy, then the prevalence of poor outcomes in the cases in this review 

will be overestimated. 

The main challenge to interpretation is the scarcity of high-quality, analytic studies, which 

precludes firm conclusions on the efficacy of immunotherapies. 

 

Several points justify further investigation of immunotherapy in childhood AIS. Firstly there 

is good theoretical basis for the hypothesis that immunotherapy could be an effective 

strategy, primarily to prevent recurrence, but also as a treatment in acute stroke to minimise 

neurological damage. Secondly although there is so far no strong positive evidence, the 

findings of this review are compatible with the concept of immunotherapy as an effective 

strategy in some cases. Specifically the findings were sympathetic to the hypothesis that 

steroids may be protective in cases of stroke with an infectious or inflammatory aetiology. 

Thirdly this review demonstrates that children with or at risk of AIS are being treated with 
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immunotherapies, and this practice should either be encouraged or discouraged on the basis 

of better evidence.  

 

There is recent consensus among experts that the most important RCT to be undertaken in the 

field of child stroke is a trial of steroids in AIS.[39] We suggest that as the evidence so far is 

unclear, and as steroids are being used in some cases with uncertain benefit, a trial to 

determine safety and efficacy is justified. The most appropriate target group is likely to be 

children with arteriopathy, as this is the aetiological group most commonly treated in the 

literature and the group with most theoretical chance of benefit. The primary outcome should 

be preventing recurrent AIS, and secondarily measuring the effect on general neurological 

outcomes at a minimum of 12 months. A multicentre collaboration would be crucial to 

achieve sufficient recruitment.  
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What is already known on this topic: 

 Little is known about the prevention or treatment of arterial ischaemic stroke (AIS) in 

children. 

 Theoretically, immunotherapy may reduce the risk of occurrence/recurrence of AIS in 

cases of arteriopathy. It may also help limit neurological damage in acute AIS. 

 Adult trials of steroids in AIS do not give consistent results, and cannot be generalised 

to children. 

 There is expert consensus that the most important trial to be undertaken is an RCT of 

steroids in childhood AIS. 

 

What this study adds: 

 Steroids are used to treat children with AIS, particularly those with an 

infectious/inflammatory aetiology. 

 Although the data is consistent with benefit in some children, so far there is no robust 

evidence on whether or not treatment is associated with better outcomes. 
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 Treatment of childhood AIS should be based on more robust evidence from a 

randomised controlled trial.  

 

 

REFERENCES  

1. Mallick AA, Ganesan V, Kirkham FJ, et al. Childhood arterial ischaemic stroke incidence, 

presenting features, and risk factors: a prospective population-based study. The Lancet 

Neurology 2014;13(1):35-43 doi: 10.1016/S1474-4422(13)70290-4. 

2. Kleindorfer D, Khoury J, Kissela B, et al. Temporal Trends in the Incidence and Case Fatality of 

Stroke in Children and Adolescents. Journal of Child Neurology 2006;21(5):415-18 doi: 

10.1177/08830738060210050301. 

3. Fullerton HJ, Wu YW, Zhao S, et al. Risk of stroke in children: Ethnic and gender disparities. 

Neurology 2003;61(2):189-94 doi: 10.1212/01.wnl.0000078894.79866.95. 

4. Mallick AA, Ganesan V, Kirkham FJ, et al. Outcome and recurrence one year after paediatric 

arterial ischaemic stroke in a population-based cohort. Ann Neurol 2016 doi: 

10.1002/ana.24626. 

5. Ganesan V, Hogan A, Shack N, et al. Outcome after ischaemic stroke in childhood. Developmental 

Medicine & Child Neurology 2000;42(7):455-61 doi: 10.1111/j.1469-8749.2000.tb00348.x. 

6. Mallick AA, O’Callaghan FJ. Risk factors and treatment outcomes of childhood stroke. Expert 

Review of Neurotherapeutics 2010;10(8):1331-46 doi: doi:10.1586/ern.10.106. 

7. Fullerton H, Wu YW, Sidney S, Johnston SC. Risk of recurrent childhood arterial ischemic stroke 

in a population-based cohort: the importance of cerebrovascular imaging. Pediatrics 

2007;119(3) doi: http://dx.doi.org/10.1542/peds.2006-2791. 

8. Ganesan V, Prengler M, Wade A, et al. Clinical and Radiological Recurrence After Childhood 

Arterial Ischemic Stroke. Circulation 2006;114(20):2170-77 doi: 

10.1161/circulationaha.105.583690. 

9. Oxford Concise Colour Medical Dictionary. Fourth Edition ed. Oxford, UK: Oxford University 

Press, 2007. 

10. Askalan R, Laughlin S, Mayank S, et al. Chickenpox and Stroke in Childhood: A Study of 

Frequency and Causation. Stroke 2001;32(6):1257-62 doi: 10.1161/01.str.32.6.1257. 

11. Ribai P, Liesnard C, Rodesch G, et al. Transient cerebral arteriopathy in infancy associated with 

enteroviral infection. European Journal of Paediatric Neurology 2003;7(2):73-75 doi: 

http://dx.doi.org/10.1016/S1090-3798(03)00016-3. 

12. Leonardi S, Pavone P, Rotolo N, et al. Stroke in two children with mycoplasma pneumoniae 

infection a causal or casual relationship? The Pediatric Infectious Disease Journal 

2005;24(9):843-45 doi: 10.1097/01.inf.0000177284.88356.56 

13. Kim G-H, Seo WH, Je B-K, et al. Mycoplasma pneumoniae associated stroke in a 3-year-old girl. 

Korean Journal of Pediatrics 2013;56(9):411-15 doi: 10.3345/kjp.2013.56.9.411. 

14. Bashiri FA. Mycoplasma pneumoniae Infection: Risk Factor for Childhood Stroke. Global 

Pediatric Health 2015;2 doi: 10.1177/2333794x15592764|. 

15. Elkind MSV, Hills NK, Glaser CA, et al. Herpesvirus Infections and Childhood Arterial Ischemic 

Stroke: Results of the VIPS Study. Circulation 2016 doi: 10.1161/circulationaha.115.018595. 

16. Wintermark M, Hills NK, deVeber GA, et al. Arteriopathy Diagnosis in Childhood Arterial 

Ischemic Stroke: Results of the Vascular Effects of Infection in Pediatric Stroke Study. Stroke 

2014;45(12):3597-605 doi: 10.1161/strokeaha.114.007404. 

17. Braun KPJ, Bulder MMM, Chabrier S, et al. The course and outcome of unilateral intracranial 

arteriopathy in 79 children with ischaemic stroke. Brain 2009;132(2):544-57 doi: 

10.1093/brain/awn313. 



20 

 

18. Eleftheriou D, Ganesan V, Hong Y, et al. Endothelial injury in childhood stroke with cerebral 

arteriopathy: A cross-sectional study. Neurology 2012;79(21):2089-96 doi: 

10.1212/WNL.0b013e3182752c7e. 

19. Fullerton HJ, Elkind MS, Barkovich AJ, et al. The vascular effects of infection in Pediatric Stroke 

(VIPS) Study. Journal of child neurology 2011;26(9):1101-10  

20. Ganesan V, Prengler M, McShane MA, et al. Investigation of risk factors in children with arterial 

ischemic stroke. Annals of Neurology 2003;53(2):167-73 doi: 10.1002/ana.10423. 

21. Macrez R, Ali C, Toutirais O, et al. Stroke and the immune system: from pathophysiology to new 

therapeutic strategies. The Lancet Neurology 2011;10(5):471-80 doi: 10.1016/S1474-

4422(11)70066-7. 

22. McCombe PA, Read SJ. Immune and Inflammatory Responses to Stroke: Good Or Bad? 

International Journal of Stroke 2008;3(4):254-65 doi: 10.1111/j.1747-4949.2008.00222.x. 

23. Buerki SE, Grandgirard D, Datta AN, et al. Inflammatory markers in pediatric stroke: An attempt 

to better understanding the pathophysiology. European Journal of Paediatric Neurology 

2016;20(2):252-60 doi: http://dx.doi.org/10.1016/j.ejpn.2015.12.006. 

24. Tsai S-Y, Papadopoulos CM, Schwab ME, et al. Delayed Anti-Nogo-A Therapy Improves 

Function After Chronic Stroke in Adult Rats. Stroke; a journal of cerebral circulation 

2011;42(1):186-90 doi: 10.1161/STROKEAHA.110.590083. 

25. Gillani RL, Tsai S-Y, Wallace DG, et al. Cognitive recovery in the aged rat after stroke and anti-

Nogo-A immunotherapy. Behavioural Brain Research 2010;208(2):415-24 doi: 

http://dx.doi.org/10.1016/j.bbr.2009.12.015. 

26. Arumugam TV, Tang S-C, Lathia JD, et al. Intravenous immunoglobulin (IVIG) protects the brain 

against experimental stroke by preventing complement-mediated neuronal cell death. 

Proceedings of the National Academy of Sciences 2007;104(35):14104-09 doi: 

10.1073/pnas.0700506104. 

27. Yu G, Hess DC, Borlongan CV. Combined cyclosporine-A and methylprednisolone treatment 

exerts partial and transient neuroprotection against ischemic stroke. Brain Research 

2004;1018(1):32-37 doi: http://dx.doi.org/10.1016/j.brainres.2004.05.056. 

28. Furuichi Y, Maeda M, Matsuoka N, et al. Therapeutic time window of tacrolimus (FK506) in a 

nonhuman primate stroke model: Comparison with tissue plasminogen activator. 

Experimental Neurology 2007;204(1):138-46 doi: 

http://dx.doi.org/10.1016/j.expneurol.2006.10.003. 

29. Bertorelli R, Adami M, Di Santo E, et al. MK 801 and dexamethasone reduce both tumor necrosis 

factor levels and infarct volume after focal cerebral ischemia in the rat brain. Neuroscience 

Letters 1998;246(1):41-44 doi: 10.1016/S0304-3940(98)00221-3. 

30. De Reuck J, Vandekerckhove T, Bosma G, et al. Steroid treatment in acute ischaemic stroke. A 

comparative retrospective study of 556 cases. European neurology 1988;28(2):70-2  

31. Norris JW, Hachinski VC. High dose steroid treatment in cerebral infarction. British Medical 

Journal (Clinical research ed.) 1986;292(6512):21-23  

32. Norris JW. Steroid therapy in acute cerebral infarction. Archives of Neurology 1976;33(1):69-71 

doi: 10.1001/archneur.1976.00500010071014. 

33. Lampl Y, Boaz M, Gilad R, et al. Minocycline treatment in acute stroke: An open-label, 

evaluator-blinded study. Neurology 2007;69(14):1404-10 doi: 

10.1212/01.wnl.0000277487.04281.db. 

34. O'Donnell MJ, Xavier D, Liu L, et al. Risk factors for ischaemic and intracerebral haemorrhagic 

stroke in 22 countries (the INTERSTROKE study): a case-control study. The Lancet 

2010;376(9735):112-23 doi: http://dx.doi.org/10.1016/S0140-6736(10)60834-3. 

35. Boman S, Ballen JL, S. Seggev J. Dramatic responses to intravenous immunoglobulin in 

vasculitis. Journal of Internal Medicine 1995;238(4):375-77 doi: 10.1111/j.1365-

2796.1995.tb01213.x. 

36. Sen ES, Leone V, Abinun M, et al. Treatment of primary angiitis of the central nervous system in 

childhood with mycophenolate mofetil. Rheumatology 2010;49(4):806-11 doi: 

10.1093/rheumatology/kep453. 

37. Falcini F, Capannini S, Martini G, et al. Mycophenolate mofetil for the treatment of juvenile onset 

SLE: a multicenter study. Lupus 2009;18(2):139-43 doi: 10.1177/0961203308094999. 



21 

 

38. Chang PY, Giuliari GP, Shaikh M, et al. Mycophenolate mofetil monotherapy in the management 

of paediatric uveitis. Eye (London, England) 2011;25(4):427-35 doi: 10.1038/eye.2011.23. 

39. Steinlin M OCF, Mackay M. EAST Delphi: Evaluation of Arterial ischaemic stroke treatment trial 

in childhood stroke: A Delphi process to find agreement on the study design. International 

Child Neurology Association Conference. Amsterdam, 2016. 

40. Dirnagl U, Klehmet J, Braun JS, et al. Stroke-Induced Immunodepression: Experimental Evidence 

and Clinical Relevance. Stroke 2007;38(2):770-73 doi: 

10.1161/01.STR.0000251441.89665.bc. 

41. Meisel C, Meisel A. Suppressing Immunosuppression after Stroke. New England Journal of 

Medicine 2011;365(22):2134-36 doi: doi:10.1056/NEJMcibr1112454. 

42. Aljebab F, Choonara I, Conroy S. Systematic review of the toxicity of short-course oral 

corticosteroids in children. Archives of Disease in Childhood 2016 doi: 10.1136/archdischild-

2015-309522. 

43. Rivkin MJ, deVeber G, Ichord RN, et al. Thrombolysis in Pediatric Stroke Study. Stroke 

2015;46(3):880-85 doi: 10.1161/strokeaha.114.008210. 

44. Mallick AA, Ganesan V, Kirkham FJ, et al. Diagnostic delays in paediatric stroke. Journal of 

Neurology, Neurosurgery & Psychiatry 2014 doi: 10.1136/jnnp-2014-309188. 

45. Cellucci T, Tyrrell PN, Sheikh S, et al. Childhood primary angiitis of the central nervous system: 

identifying disease trajectories and early risk factors for persistently higher disease activity. 

Arthritis and rheumatism 2012;64(5):1665-72 doi: 10.1002/art.34527. 

46. Hutchinson C, Elbers J, Halliday W, et al. Treatment of small vessel primary CNS vasculitis in 

children: an open-label cohort study. The Lancet Neurology 2010;9(11):1078-84  

47. Benseler SM, deVeber G, Hawkins C, et al. Angiography-negative primary central nervous 

system vasculitis in children: a newly recognized inflammatory central nervous system 

disease. Arthritis and rheumatism 2005;52(7):2159-67 doi: 10.1002/art.21144. 

48. Shuper A, Vining EP, Freeman JM. Central nervous system vasculitis after chickenpox--cause or 

coincidence? Archives of disease in childhood 1990;65(11):1245-48  

49. Frank Y, Lim W, Kahn E, et al. Multiple ischemic infarcts in a child with AIDS, varicella zoster 

infection, and cerebral vasculitis. Pediatric Neurology 1989;5(1):64-67  

50. Nagaratnam N, James WE. Isolated angiitis of the brain in a young female on the contraceptive 

pill. Postgraduate Medical Journal 1987;63(746):1085-86 doi: 10.1136/pgmj.63.746.1085. 

51. Malik Muhammad Akbar  MZ-u-R, Malik Muhammad Nadeem, et al. Childhood Primary Angiitis 

of the Central Nervous System. Journal of the College of Physicians and Surgeons Pakistan 

2012;22(9):4 doi: (full paper at http://www.jcpsp.pk/archive/2012/Sep2012/06.pdf); (for conf 

abstract see http://dx.doi.org/10.1159/000343765). 

52. Chang C-J, Chang W-N, Huang L-T, et al. Cerebral infarction in perinatal and childhood bacterial 

meningitis. QJM 2003;96(10):755-62 doi: 10.1093/qjmed/hcg128. 

53. Schoeman JF, Van Zyl LE, Laubscher JA, et al. Effect of Corticosteroids on Intracranial Pressure, 

Computed Tomographic Findings, and Clinical Outcome in Young Children With 

Tuberculous Meningitis. Pediatrics 1997;99(2):226-31 doi: 10.1542/peds.99.2.226. 

54. Ahn HJ, Kim JA, Lee JJ, et al. Effect of preoperative skull block on pediatric moyamoya disease. 

J Neurosurg Pediatr 2008;2(1):37-41  

55. Goeggel Simonetti B, Cavelti A, Arnold M, et al. Long-term outcome after arterial ischemic 

stroke in children and young adults. Neurology 2015;84(19):1941-47 doi: 

10.1212/wnl.0000000000001555. 

56. Fox CK, Johnston SC, Sidney S, et al. High critical care usage due to pediatric stroke: Results of a 

population-based study. Neurology 2012;79(5):420-27 doi: 

10.1212/WNL.0b013e3182616fd7. 

 

 

FIGURE LEGENDS 

http://www.jcpsp.pk/archive/2012/Sep2012/06.pdf


22 

 

Figure 1: Flow chart of results included/excluded 

Figure 2: Aetiologies of childhood AIS treated with immunotherapy 

Figure 3: Immunotherapies used in childhood AIS  

Figure 4: Neurological outcomes in immunotherapy-treated childhood AIS  

 

 











Appendix A: Further individual data 

(a) Cases with a presumed infectious/inflammatory aetiology: 

Case 

ID 

Paper Main suspected 

aetiology 

Small/Large 

Vessel 

arteriopathy 

Child age 

(years) 

Gender Immunotherapies used Follow up 

(months) 

Recurrence Outcome / 

Recovery i 

24 Kutlesa 2009 Adenoviral 

infection 

Large 4 M Corticosteroids (unspecified) 1 No Moderate deficits 

(motor) 

1 Abe 2006 CNS Vasculitis Large 12 M Prednisone 36 No Severe residual 

deficits 

31 Salih 2006 Congenital 

toxoplasmosis 

Large 3 days M Prednisolone 58 No NR iii 

7 Bitter 2006 cPACNS Large 5 F IV Cyclophosphamide, IV 

Methylprednisolone, Oral 

Cyclophosphamide, Prednisone 

108 No Complete 

recovery 

30 Rosati 2013 cPACNS Large 6 F Prednisone, Steroids 

(unspecified), Mycophenolate 

6 No Complete 

recovery 

8 Bitter 2006 cPACNS Small 7 F Dexamethasone, IV 

Cyclophosphamide, Prednisone 

14 No Complete 

recovery 

16 Gallagher 

2001 

cPACNS Large 7 F Dexamethasone, Prednisone, IV 

Cyclophosphamide, Azathioprine, 

Methylprednisolone, 

Cyclophosphamide 

12 No Complete 

recovery 

17 Gallagher 

2001 

cPACNS Large 8 F Prednisone, Methylprednisolone, 

IV Cyclophosphamide 

12 No Moderate deficits 

(behavioural) 

15 Gallagher 

2001 

cPACNS Large 11 M Methylprednisolone, Prednisone, 

IV Cyclophosphamide, 

Methotrexate 

21 No Mild deficits 

(motor) 

38 Volcy 2004 cPACNS Large 16 F Steroids (unspecified) NR  No Complete 

recovery 

37 Volcy 2004 cPACNS Large 18 M Steroids (unspecified) NR No Complete 

recovery 

27 Mineyko 

2012 

Focal Cerebral 

Arteriopathy 

Large 14 F IV Methylprednisolone, 

Prednisone, Cyclophosphamide 

18 No Mild deficits 

(functional) 

28 Mineyko 

2012 

Focal Cerebral 

Arteriopathy 

Large 15 M Methylprednisolone, Prednisone 12 No Severe residual 

deficits 



Case 

ID 

Paper Main suspected 

aetiology 

Small/Large 

Vessel 

arteriopathy 

Child age 

(years) 

Gender Immunotherapies used Follow up 

(months) 

Recurrence Outcome / 

Recovery i 

35 Sokol 2000 Henoch-

Schonlein 

purpura 

Small 15 F Corticosteroids (unspecified) NR No Complete 

recovery 

13 Francois 

1996 

HZO Large 4.5 F IV Prednisone 5 NR Mild deficits 

(motor) 

6 Bhat 2002 HZO Large 17 M Steroids (unspecified) 3 No Mild deficits 

29 Nagaratnam 

1987 

Isolated angiitis 

of the CNS 

Large 15 F IV Dexamethasone 3 days No Death 

25 Lanthier 

2001 

Isolated angiitis 

of the CNS 

Small 10 F Prednisone, Cyclophosphamide 72 No Complete 

recovery 

26 Lanthier 

2001 

Isolated angiitis 

of the CNS 

Small 16 F Dexamethasone, Prednisone 8 No Complete 

recovery 

21 Ilia 2011 Pneumococcal 

meningitis with 

vasculitis 

Small 4 F Dexamethasone, 

Methylprednisolone 

2 No Mild deficits 

18 Ganesan 

1997 

VZV Large 8 

months 

F IV Immunoglobulin 0.7 No Complete 

recovery 

36 Tiah 2004 VZV Large 4 M IV Methylprednisolone NR No Complete 

recovery 

14 Frank 1988 VZV Large 4.5 F Dexamethasone 4 NR Death 

2 Alehan 2002 VZV Large 5 F IV Methylprednisolone 12 No Complete 

recovery 

4 Baker 2007 VZV Large 6 M IV Methylprednisolone, oral 

Steroids (unspecified) 

24 No Complete 

recovery 

9 Bodensteiner 

1992 

VZV Large 6 F Prednisone 2 No Mild deficits 

33 Silverstein 

1995 

VZV Large 6 NR Steroids (unspecified) 1 No Mild deficits 

(motor) 

5 Baker 2007 VZV Large 7 F Oral Steroids (unspecified) 2 No Mild deficits 

(motor) 

12 Caruso 2000 VZV Large 7 F IV Methylprednisolone, 

Prednisone 

12 No Complete 

recovery 



Case 

ID 

Paper Main suspected 

aetiology 

Small/Large 

Vessel 

arteriopathy 

Child age 

(years) 

Gender Immunotherapies used Follow up 

(months) 

Recurrence Outcome / 

Recovery i 

32 Shuper 1990 VZV Large 7.5 M IV Methylprednisolone, 

Prednisone 

2 Yes Moderate deficits 

19 Hausler 1997 VZV Large 8 M Prednisolone 5 No Complete 

recovery 

20 Hausler 1997 VZV Large 8 M Prednisolone 14 No Moderate deficits 

(motor) 

34 Singhal 2001 VZV Large 14 M Prednisone 36 No Complete 

recovery 

3 Alexander 

2006 

West Nile Virus Large 9 F IV Methylprednisolone, 

Cyclophosphamide 

24 No Mild deficits 

(motor) 

i. As described by original report authors 

iii. NR = not reported 

 

 

(b) Cases without a presumed infectious/inflammatory aetiology: 

Case 

ID 

Paper Main suspected 

aetiology  

Child age 

(years) 

Gender Immunotherapies used Follow up 

(months) 

Recurrence Outcome 

/Recovery i 

22 Jain 1984 Idiopathic 16 F IV Dexamethasone 6 No Moderate deficits 

(motor) 

11 Byrd 1996 Trauma 5 M Oral Prednisolone 10 No Complete 

recovery 

23 Ko 1990 Trauma 9.5 M IV Dexamethasone 28 No Mild deficits 

(motor) 

i. As described by original report authors 


