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Abstract
Thrombotic thrombocytopenic purpura (TTP) is a rare and potentially fatal condition, with >90% mortality if untreated; deficiency of ADAMTS13 leads to widespread microvascular thromboses and organ injury particularly affecting organs with high shear stress, including the brain. The acute neurological complications have historically been those most feared by clinicians and synonymous with a poor prognosis. TTP, however, is no longer perceived as two extremes of acute presentation and remission, rather once diagnosed a chronic condition with the potential for a long-term symptom burden. Optimal neuroimaging timing and modality lacks consensus and as we learn more about the changes seen during the acute and chronic stages of TTP, there is scope for neuroimaging to play a greater role in guiding management and the secondary prevention of vascular disease. Reduced ADAMTS13 activity levels have been associated with increased thrombotic risk and novel therapies including caplacizumab and recombinant ADAMTS13 may offer a neuroprotective role. Given the increasing evidence of the neurocognitive and psychological disease in TTP, the importance of screening and timely intervention should not be underestimated. As more patients are surviving their initial TTP presentation, it is crucial for us to develop a greater understanding of the longer-term morbidity affecting these patients.





Introduction 
Thrombotic thrombocytopenic purpura (TTP) is a rare, life-threatening condition driven by genetic mutation or auto-antibody driven removal of the enzyme ‘A disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13’ (ADAMTS13) giving rise to congenital (cTTP) or immune-mediated TTP (iTTP) respectively. Understanding of both the acute and long-term complications of TTP and their management has evolved dramatically over the last few decades leading to the development of targeted therapies and improved disease monitoring. The neurological manifestations of the disease have historically been the acute complication most feared by clinicians, synonymous with a poor prognosis and severe disease course1. This traditional, acute clinical phenotype has extended with time to include the now more well-recognised, long-term neurological features of the disease.  Such symptoms are often most troublesome for patients and have the potential to impact significantly on quality of life. It has become evident that the spectrum of clinical disease extends beyond the two extreme states of acute disease and remission, and levels of ADAMTS13 activity persisting at the lower end of normal in remission may correlate with overt neurological sequelae at a later stage2. Undoubtedly, a deeper insight of the neurological manifestations of TTP will bear significant benefits for patients affected by this aspect of the condition.
ADAMTS13 and neurological complications of TTP
ADAMTS13 deficiency leading to von Willebrand factor (VWF)-dependent platelet adhesion is responsible for the cardinal features of TTP: microangiopathic haemolytic anaemia and thrombocytopenia. Under high-shear conditions, condensed VWF multimers extend in the direction of elongational blood flow unfolding a VWF-A2 domain, which is recognisable by ADAMTS133, 4 and responsible for proteolytic cleavage of the A2 domain Tyr-Met bond to release smaller VWF multimer units. 
With severe ADAMTS13 deficiency, ultra-large VWF multimers accumulate in the circulation and bind platelets, creating widespread occlusion of the microvasculature leading to tissue ischaemia and organ damage5. The microthrombi consist of predominantly platelets with little fibrin6, 7 and can occur in any tissue, but appear most frequently in organs with high pressure and shear forces which promote VWF-platelet binding, including the heart, kidney and brain8. 
[bookmark: _Hlk94862678]The level of ADAMTS13 activity and associated thrombotic risk is not fully understood. Patients with inherited ADAMTS13 deficiency may remain asymptomatic until adulthood9 and around 50% of women affected develop their first acute presentation in pregnancy10. There is increasing evidence of recurring, non-overt neurological symptoms in patients with cTTP. In one study, recurrent headaches, non-hemiplegic migraine and lethargy were the most frequently reported symptoms in untreated patients, with around one quarter having experienced transient ischaemic attacks or stroke at presentation or following diagnosis. Of cTTP patients receiving regular prophylactic plasma infusions, more than 80% reported symptomatic relief with commencement of prophylaxis. Furthermore, the authors reported a significantly reduced incidence of stroke (2% vs. 17%) in this group compared to those not receiving prophylaxis11. 
[bookmark: _Hlk94862760]Patients with iTTP treated for an acute clinical episode may enter a haematological remission despite incomplete recovery of ADAMTS13 activity. Sustained ADAMTS13 deficiency appears to increase the risk of relapse and below a certain threshold, most patients will receive elective treatment with rituximab to restore the activity to within normal range12-14. For iTTP patients where the ADAMTS13 activity persists below normal, but is not considered low enough for pre-emptive treatment, the effect of prolonged low ADAMTS13 activity on the integrity of the vascular endothelium is unclear. 
In mice, complete ADAMTS13 deficiency does not invariably result in stroke, but may lead to an augmented prothrombotic state15. Exploring further the role of ADAMTS13 as a risk factor for ischaemic stroke, a murine ischaemia-reperfusion model showed reduced regional blood flow after reperfusion in ADAMTS13 -/- mice and an accumulation of inflammatory cells in the brains of these mice. Here, the authors proposed a neuroprotective role of ADAMTS13 through regulation of VWF-dependent inflammation after reperfusion16. Emerging evidence from subsequent experimental studies suggest manipulation of the different conformational states of ADAMTS13 may further enhance the dose-dependent activity of wild type ADAMTS13 in murine models17.
[bookmark: _Hlk94862785]For TTP patients who are in remission, a lower baseline ADAMTS13 activity is associated with an increased risk of stroke (13.1% TTP in remission vs. 2.6% in the general population)18. Even within the general population, a prospective study of almost 6000 volunteers >55 years of age (with no preceding history of stroke) showed that individuals with lower ADAMTS13 activities had a higher risk of ischaemic stroke versus those with normal levels. These findings were independent of age, sex and traditional cardiovascular risk factors19. This could be due to the reduced clearance of high molecular weight VWF multimers, leading to a pro-thrombotic state and localised thrombus formation. ADAMTS13 deficiency may also be a risk factor through accelerated consumption in response to acutely elevated VWF19, 20.
Further characterisation of ADAMTS13 activity and its role in acute and chronic TTP states will inform its potential as a neuroprotective agent. This is of particular relevance in the context of ongoing clinical trials studying recombinant ADAMTS13 therapy in both congenital and iTTP21, 22.
Neurological complications in acute TTP
The diversity of neurological manifestations may be explained by the development of multiple, microthrombi plus the location of thrombotic burden in a major vessel with an available collateral blood supply. Partially occlusive thrombus or transient occlusion of blood vessels typically manifests as the intermittent or fleeting neurological signs observed clinically23. Fluctuating neurological signs at presentation is well-described and reported in the very first case studies of TTP24.
More than half of all patients with TTP experience neurological complications at presentation or throughout the course of their illness25-27. Most frequently reported acute symptoms include impaired conscious level, seizures, headaches, confusion and focal cerebral manifestations, such as paresis, dysphasia, paraesthesia and visual disturbance (Table 1)1, 23, 25, 28. The Oklahoma TTP-HUS registry described 53% of patients (n=41) experiencing severe neurological abnormalities during their initial presentation with TTP, namely coma, stroke, generalised seizures, and transient focal signs (motor/sensory abnormalities, diplopia, and aphasia). The most common of these severe abnormalities was a transient focal deficit which occurred in 40% of patients (n=30)25. Scully et al found 10% of TTP patients with neurological complications were admitted to hospital in a coma and required mechanical ventilation; and this in turn conveyed a poor prognosis1. Intubation in severely ill TTP patients is not uncommon; a recent report, described one quarter of patients with TTP requiring intubation acutely, prompted by neurological compromise in 100% of cases (n=22)29. Around a third of patients experience less severe neurological symptoms which can be much more difficult to detect clinically, such as headaches, blurred vision, mild ataxia and subtle mental status changes1, 25. Bugarin-Estrada et al summarised studies of over 1000 patients from eight different countries across the developing world; here, the percentage of TTP cases (based on clinical diagnosis) with neurological symptoms ranged from 61 – 91.7%28. This highlights the value of astute interpretation of clinical symptoms when considering TTP as a differential diagnosis, especially in areas where there may be limited access to testing of ADAMTS13 activity.  
[bookmark: _Hlk94862923][bookmark: _Hlk94863088]The UK TTP registry compared patients with iTTP and secondary TTP (defined as TTP with a specified precipitating event) and described 78% of all patients having neurological features at clinical presentation. Although the incidence of neurological symptoms was similar between the two groups, those with iTTP presented with more severe neurological symptoms compared to the secondary TTP group1. For patients in the acute phase of iTTP, it has also been demonstrated that neurological symptoms are more common and severe in those patients with lower VWF:collagen binding ratios, reflecting loss of VWF high molecular weight multimers. This was attributed by the authors to the sequestration of these multimers within microthrombi in the circulation30.
Signs of ischaemic stroke may be the initial manifestation of iTTP; in one case series, 41% of strokes were multi-focal, consistent with multiple microvascular thrombi, however, both large and small vessel artery strokes were also observed indicating occlusions were not wholly restricted to the microvasculature31. Most of the patients were under 50 years old and thus a diagnosis of iTTP should remain a consideration in young patients presenting with otherwise unexplained ischaemic stroke. 
Around one third of patients with cTTP present with neurological symptoms acutely, which is less when compared to iTTP. In the cohort of cTTP presenting in pregnancy, the neurological symptoms experienced are similar to those of iTTP and include headache, migraine, blurred vision and transient ischaemic attacks10.
Neurological symptoms are heterogenous in acute TTP, and the frequency appears highest in iTTP compared to cTTP or secondary TTP. Neurological symptoms are less frequent and less severe on subsequent relapse of disease25, as a result of increased symptom awareness, long-term monitoring and early intervention with immunosuppressive therapies such as rituximab12, 32, 33. 
Neuroimaging in TTP
Due to the high frequency of neurological symptoms, brain imaging is often sought during an acute clinical episode of TTP. Computed tomography (CT) and magnetic resonance imaging (MRI) are the most common choices amongst clinicians. Not all patients with acute TTP undergo neuroimaging during their hospital admission and there is inconsistency in the timing. There is a lack of prospective randomised controlled trials determining both the most informative modality and the optimal timing of imaging for patients with TTP (Table 2). 
Early neuroimaging studies in TTP from 1995-2001 consisted of small case series. These early reports showed that CT brain imaging was reported as normal in almost all cases, regardless of the presence of neurological symptoms acutely34, 35. CT appears to have a lower sensitivity for detecting the multiple widespread but rapidly reversible microvascular thromboses sustained in TTP34. Conversely, MRI appears more likely to detect intracranial abnormalities associated with TTP and has been shown to detect lesions including posterior reversible encephalopathy syndrome (PRES) in cases which had not been previously identified on CT35, 36. 
More recently, Alwan et al reported the largest study of cerebral MRI findings from 131 patients with TTP who either presented with neurological symptoms or reported persistent headache after platelet count recovery; overall 56% had abnormal MRI imaging, and abnormal imaging was significantly more likely in those with neurological symptoms compared to headaches alone (80% versus 18%, p<0.0001)37.
Neuroimaging findings have also been studied for TTP patients in remission; earlier studies reported the majority of cases had resolution of the previously abnormal scan findings by 12 weeks after acute presentation35, 38. However, Cataland et al reported diffusion-weighted MRI being superior for TTP patients in remission and revealed evidence of ischemia in 39% of patients (n=9/23)39. Therefore, MRI may be able to detect clinically latent although permanent brain damage, which could be contributing to long-term neurocognitive effects of TTP. There was no significant difference noted in the presence of abnormalities on MRI between patients who were within 1 year of last acute episode compared to those who were greater than 1 year since last acute episode. Perhaps paradoxically, it appeared that patients with a single acute episode of TTP were more likely to have MRI abnormalities than those with greater than one acute episode (62 vs. 13%, p=0.017)39.
There are very limited data on the use of other forms of imaging including single-photon emission computed tomography (SPECT) scanning in TTP. SPECT scanning uses radio-labelled compounds to assess cerebral blood flow40; it is most often used in the UK to investigate seizures and dementia, but is currently not widely available. In one study, two cases of TTP underwent SPECT scanning during acute presentation; the SPECT scans were both abnormal showing evidence of hypoperfusion and reduced cerebral blood flow acutely, which resolved when scans were repeated following clinical recovery. Further evidence is needed to assess the benefits of SPECT scans in TTP, however practically this imaging modality is likely to be impeded by availability.  
The neuroimaging findings of patients with TTP are diverse; most commonly reported abnormalities include reversible bilateral cerebral oedema, ischaemic infarcts and haemorrhage35, 36, 41. Other less frequently reported findings include multiple haemorrhagic infarcts42, reversible stenosis of major cerebral arteries43 as well as progressive cerebral microbleeds44, 45. As is the case with rare disease, observations are often limited to small case numbers, but there is some suggestion that patients with findings of cerebral oedema alone have a more favourable outcome compared to those with either infarction or haemorrhage36.
Reversible bilateral cerebral oedema seen in TTP patients is similar in nature to PRES. PRES is a reversible clinico-radiological syndrome presenting with headache, altered mental functioning, seizures and visual disturbance; neuroimaging shows white matter oedema in the posterior cerebral hemispheres46. Unlike adult patients, PRES is uncommon in the paediatric setting; however, when present with a diagnosis of TTP, it appears to confer a worse prognosis. Bhat et al reported n=4/7 paediatric TTP cases with PRES who died, however alternative contributory factors could not be excluded in this report47. The mechanism for PRES in TTP is unclear; but may be the result of cerebrovascular hypoperfusion leading to endothelial damage and leakage at the blood-brain barrier, as can occur with systemic inflammation36, 44. This may also explain the pathophysiology of cerebral micro-haemorrhages.
Long-term neurological complications of TTP
There is a growing literature describing the long-term symptom burden of TTP. Importantly, patients who survive beyond their 1st episode experience worse overall survival than age and sex-matched controls, and have higher rates of comorbidities including hypertension and obesity18, 48.
Feedback from TTP patient support groups set up through the Oklahoma TTP-HUS registry in 199649 provided the first recognition that patients were experiencing persistent problems beyond acute episodes, in particular with memory, concentration and endurance48. Patients are now known to demonstrate a significantly reduced health-related quality of life as well as increased neurocognitive impairment when compared to the general population50, 51. Health-related quality of life scores have been compared between iTTP versus other types of thrombotic microangiopathy (including following stem cell transplantation, pregnancy/postpartum, drug induced or bloody diarrhoea prodrome) with no significant difference found between these groups50. Interestingly, there were no differences observed in long-term neurological symptoms detected in patients with high versus low ADAMTS13 activities during remission from TTP50, 52. 
The underlying pathophysiology of the long-term neurological complications is not clearly understood, or whether the presence of neurological symptoms at diagnosis has a bearing on the likelihood of long-term neurocognitive impairment50, 52, 53. It is hypothesised that thrombotic microangiopathy leads to chronic small vessel ischaemia resulting in subtle but persistent neurocognitive and psychological disturbances. These neurological symptoms can easily go unrecognised by both patient and clinician, whilst potentially having a significant impact on physical and mental health.  Characterisation of the long-term complications to improve management and quality of life is now acknowledged to be of comparable importance to the more acute management strategies. 
Neurocognitive complications of TTP
[bookmark: _Hlk94866926]There have been a steady number of primarily observational studies performed describing long-term neurocognitive deficits in TTP patients spanning the last decade (Table 3). Studies have in general reviewed a single time point in follow up and comparisons have been made with healthy cohorts. Consistent findings from retrospective studies have conferred that TTP patients suffer from significant neurocognitive morbidity including poor long and short-term memory, reduced concentration and fatigue37, 50, 54, often with persistent symptomatology despite remission status48. Interestingly, neurocognitive deficit does not appear to correlate with number or severity of episodes of TTP and evidence is conflicting regarding the influence of acute neurological symptoms on long-term cognitive status48, 50, 51. We are not aware of any studies comparing TTP patients with patients demonstrating a comparable clinical phenotype, however the inherent limitations associated with rare disease and small patient numbers may make comparisons challenging. 
A range of assessment tools have been used across studies, for example the Montreal Cognitive Assessment tool (MoCA) as a rapid screening tool, followed by more focused questionnaires such as the Repeatable Battery for Assessment of Neuropsychological Status (RBANS)55 or Short Form-36 (SF-36), a validated, widely used health-related quality of life questionnaire tool39, 50. Han et al reported that TTP patients demonstrated significantly lower RBANS scores than the population norm (P <0.05), and there was a significant association between MoCA scores and RBANS suggesting the use of the simpler faster screening tool in identifying patients who may benefit from support55.
Studies by both Lewis and Cataland et al employed the SF-36 and assessed a number of patients at more than one time point. Despite patients having apparently recovered completely with no additional health problems, their physical and mental health scores were significantly worse than those of the US population norms39. 
More recently, Alwan et al correlated changes in cerebral white matter with neurocognitive function. Hyperintense white matter lesions were found predominantly in the frontal lobe of those TTP patients with marked intellectual impairment compared to those without impairment (67% vs 19%, p=0.002) and abnormal MRI imaging was associated with a lower median verbal and performance IQ (85 vs 99, p=0.02; 83 vs 100, p=0.02)37.
Neuropsychological complications of TTP
Neurocognitive deficits and neuropsychological symptoms often co-exist. Several studies report the strong correlation between these two long-term complications suggesting that self-estimated cognitive impairment may be related to the presence of depression and/or anxiety51, 52. 
A high incidence of low mood and depression in TTP is reported in multiple studies; almost a third of TTP patients scored as suffering from severe depression using the Beck Depression Inventory II (BDI-II)55, and at least 80.8% of patients (n=236) scored as at least mild depression using online surveys (PCL-5 PTSD checklist and BDI-II) at a single time point (compared to 10.5% of the general population). Such statistics have been linked to higher rates of unemployment as a consequence56. Interestingly, the Oklahoma group did not find any correlation in the severity of the acute TTP episode with those suffering from depression versus those who were not48. This implies vigilance for such complications should be a part of follow-up for all patients. 
For those exhibiting more severe symptoms, post-traumatic stress disorder (PTSD) is not uncommon and formal psychological support should be considered here. In one study, 35.1% of TTP patients had a positive screening test for PTSD from three to 11 years following their first episode (compared to 3.5% of the general primary care population)56. 
Other mental health disorders are prevalent in patients diagnosed with TTP, including anxiety, in over 50% of patients2, 37, 52. Both depression and anxiety have been found to be more common in iTTP compared to cTTP37. 
Given the significant neurological symptom burden in patients with TTP, it would seem prudent that routine screening and psychological support should be built into the long-term follow-up and care for these patients. 
Therapies for acute and long-term neurological complications of TTP
There are no prospective clinical trials to date to determine which patients may be more at risk of developing long-term neurocognitive and/or neuropsychological complications; equally, there is currently no data to support the best management of TTP survivors with a reduced quality of life secondary to their neurological morbidity. 
Caplacizumab, a humanised immunoglobulin fragment targeting the A1 domain of VWF to prevent interaction with the glycoprotein Ib-IX-V receptor on platelets, was approved for the treatment of iTTP by the Food and Drug Administration in 2018. Phase 2 and Phase 3 clinical trials demonstrated a reduction in time to platelet count normalisation compared with placebo57, 58 and early administration may reduce ischaemic tissue injury. With novel therapies such as caplacizumab, the thrombotic risk of cerebral TTP may reduce, whilst the potential risk of intracranial haemorrhage requires consideration29, 59-61. 
For cTTP patients, the mainstay of treatment is regular prophylactic plasma infusions; cTTP patients who do not receive maintenance plasma therapy have a higher risk of cerebrovascular events in later life11, however, the long-term neurovascular risk for this subset of TTP patients may be influenced by the introduction of recombinant ADAMTS13 therapy.
Despite the high prevalence of depression reported in patients with TTP37, 48, 51, 52, 56, it is suggested that depression is sub-optimally treated. Falter et al. highlighted that of their patient population, only 7% of patients were receiving any form of treatment including medication or psychological therapy51. TTP patients with a history of pharmacologically treated depression appeared to view medication favourably, with the most significant reported barrier to taking medication being the side effect of emotional blunting. A qualitative study reported that TTP patients (both those who received pharmacological and non-pharmacological therapy for depression) expressed counselling was a beneficial treatment for depression. In this study, black TTP patients were more likely to state cultural barriers to pharmacological treatment, and those patients who had not tried medication raised concerns over potential side effects and addiction62.
Further research is required to improve the management of long-term neurological sequelae in TTP survivors to ensure this component of care is not overlooked, but provided in a timely fashion to meet patient need.
Conclusions and future perspectives
The neurological manifestations and consequences of TTP have an impact on patients from the point of diagnosis until many years later. Their presentation is common but variable, and an astute awareness of the more subtle neurological signs and symptoms, alongside those which may indicate impending deterioration, is paramount for long-term health and survival outcomes. 
In an era of precision medicine, more work is needed to explore the role of ADAMTS13, in particular for patients in remission who demonstrate chronically low ADAMTS13 activity levels with potentially increased risk of stroke18. Prospective studies are needed to determine optimal neuroimaging, timing and frequency and inform secondary prevention of cerebrovascular events. 
As TTP services grow and evolve, education and empowerment of patients in managing neurological disease is of prime importance. The value of formal psychological support has been recognised in funding for integrated psychology services in the UK and there are now studies observing serial measurements of neurological function over time to encourage more responsive care in a dynamic spectrum of disease63. Well-designed research studies addressing neurological disease in TTP will continue to inform how the needs of patients can be better served, both at presentation and life-long.
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Table 1. Studies of acute neurological complications in immune-mediated TTP

	Study Information
	Neurological symptoms reported at 1st presentation of iTTP, number (%)

	Authors
	Year of publication/country
	Study design
	Study population
	Minor neurological symptoms*
	Coma
	Seizures
	Focal neurological symptoms
	Stroke
	TIA

	Page EE et al
	2017/USA
	Retrospective
	78
	21 (27)
	6 (8)
	12 (15)
	31 (40)
	9 (12)
	-

	Scully M et al
	2008/UK
	Retrospective
	121
	25 (21)
	12 (10)
	8 (7)
	-
	10 (8)
	18 (15)

	Bugarin-Estrada E et al
	2018/Mexico
	Retrospective
	20
	13 (65)
	12 (60)
	3 (15)
	10 (50)
	-
	-

	Vesely SK et al
	2003/USA
	Retrospective
	18
	4 (22)
	5 (28)†
	-
	-
	-
	-



Table 1 Legend
Where number/% is not provided, these symptoms were not reported in the study 
Scully 2008 - % is of all cases with neurological symptoms
*including headache, blurred vision, mild ataxia, and minor mental status changes such as confusion
†this study reported severe neurological presentation overall combining coma, seizure, focal neurological signs and stroke together









Table 2. Studies of neuroimaging in TTP

	Author, 
year of publication
	Study population & sample size
	Imaging modality
	Summary of findings

	Alwan F et al, 
2020 
	Acute TTP with neurology at presentation or severe headache after recovery, n=131 (cTTP n=12; iTTP n=119)
	MRI (n=131)
	· 56% abnormal MRI, main finding - hyperintense white matter lesions
· Imaging significantly more likely to be abnormal with neurological symptoms vs. headaches alone (80% versus 18%, p<0.001)
· Abnormal MRI associated with lower median verbal IQ (85 vs. 99, p=0·02) & performance IQ (83 vs. 100, p=0·02)

	Bhat RA et al, 
2020
	Children with acute TTP and PRES, n=7
	MRI
	· Posterior reversible encephalopathy lesions (PRES) uncommon in children with TTP
· PRES with TTP appears to confer worse prognosis in children  4/7 did not survive

	Cataland SR et al, 2011
	iTTP in remission, n=27
	MRI (n=23)
	· Diffusion-weighted MRI superior - evidence of ischemia in 39% (9/23) after recovery from TTP
· 7/23 small vessel ischaemic changes – majority multiple subcortical white matter lesions; 2/7 large vessel infarctions in addition to microvascular abnormalities
· No significant difference in MRI abnormalities between patients within 1 year of last acute episode vs. >1 year since last acute episode
· Patients with 1 acute episode of TTP more likely to have MRI abnormalities vs. those with >1 acute episode (62 vs. 13%, p=0.017)

	Burrus TM et al, 2009
	Episodes of acute TTP, n=47
	CT (n=40)
MRI (n=33)
	· Retrospective study from 1997 - 2007
· Abnormalities seen in 25% of CT & 82% of MRI brain scans. MRI brain more sensitive - PRES in 42% of cases, not previously identified on CT
· PRES most commonly occurring brain lesion, accounting for ~50% abnormalities seen on CT & MRI brain
· Acute cerebral ischaemia & haemorrhage uncommon
· Radiological lesions not associated with worse functional outcome

	Meloni G et al, 
2001
	Acute TTP, n=16
	CT (n=13)
MRI (n=3)
Serial imaging
	· CT brain normal in patient presenting without neurological features
· 13/16 had neurological symptoms at presentation, brain imaging normal in 92% (CT brain, n=10; MRI brain, n=2)

	Bakshi R et al, 1999
	Acute iTTP, n=12
	CT (n=15)
MRI (n=12)
Serial imaging*
	· 9/12 acute brain lesions at presentation
· 3 lesion types: reversible bilateral cerebral oedema (n=7), ischemic stroke (n=3), frank hematoma (n=1)
· Patients with infarction or haematoma had unfavourable outcomes
· MRI more likely to demonstrate abnormalities - lesions present in 88% acute TTP patients vs. abnormal CT findings in 45%
· Serial imaging - 5/6 complete resolution of previously abnormal scan findings, 1/6 partial resolution

	Fiorani L et al, 1995
	Acute TTP and TTP in remission, n=5
	MRI (n=5)
SPECT† scan (n=2)
	· All patients presented with neurological symptoms
· 3/5 MRI scans within 7-15 days of recovery, 2/5 MRI 2 & 9 years after recovery: all scans normal
· 2/5 patients SPECT scans showed reduced cerebral blood flow in acute phase of disease



Table 2 Legend
Where TTP is not defined as cTTP or iTTP, this information was not provided in the study
*Up to 12 weeks after acute imaging performed
†SPECT: single-photon emission computed tomography

Table 3. Studies of long-term neurological complications of TTP
	[bookmark: _Hlk93040827]Authors
	Study population & sample size
	Study design
	Assessment tools
	Summary of conclusions

	Lewis QF 
et al, 2008
	TTP with no relapse within 1 year, no other major medical disorder, n=118
	Observational, telephone and self-administered questionnaires
	SF-36
	· For the eight domains of physical and mental health, TTP patients found to be significantly worse than US population, suggesting patients with TTP have worse functioning and well‐being
· Some improved scores among patients with initial assessments later after recovery
· No significant improvement for any domains when serial assessments on individual patients >5 years after recovery analysed

	Kennedy AS et al, 2009
	TTP, ADAMTS13 activity <10% at diagnosis, n=24
	Observational
	..
	· TTP patients performed significantly worse on 4 of 11 cognitive domains, including complex attention and concentration skills, information processing speed, rapid language generation, and rote memorization, compared to US norm (p < 0.05).

	Cataland S et al, 2010
	iTTP, n=27
	Observational
	Groton maze learning test,
SF-36

	· 17/27 (63%) patients demonstrated neurocognitive impairment, particularly in tests of visual learning, attention and psychomotor function
· Health‐related quality of life scores significantly lower than age and gender matched US norms for both mental and physical component score

	Deford CC et al, 2013
	TTP - ADAMTS13 activity <10% at diagnosis, n=49
	Observational, Oklahoma TTP-HUS registry
	PHQ-8
	· 37/46 surviving patients evaluated
· 19% scores suggested major depression, significantly greater than expected value (6%; P = 0.005)
· No significant difference in severity of TTP for 7 patients with scores suggesting major depression versus other 30 patients

	Han B 
et al, 2015
	TTP – ADAMTS13 activity <10% at diagnosis, n=52
	Observational, Oklahoma TTP-HUS registry
	BDI-II +/- psychiatric interview,
MoCA, RBANS
	· Cognitive ability evaluated in 33 patients by MoCA and RBANS: Both tests detected significant cognitive impairment in TTP patients
· 59% patients screened positive for depression at least once; in 15 (29%), results suggestive of severe depression

	Falter T 
et al, 2017
	TTP, n=104
	Observational cohort study
	IDS-SR,
FLei

	· 71 (68%) TTP patients suffered from depression
· Cognitive performance significantly worse for TTP patients compared to healthy cohorts
· No correlation found between prevalence of depression and cognitive deficits and number/severity of acute episodes
· Impairment of mental performance correlated with severity of depression (R=0.779)

	Chaturvedi S et al, 2017
	TTP, n=236
	Cross-sectional, online survey tool
	PCL-5, BDI-II
	· BDI-II scores indicated at least mild depressive symptoms in 80.8% patients (15.8%, 28.2%, and 36.8% with mild, moderate and severe symptoms, respectively)
· 35.1% positive screen for PTSD (PCL-5 score ≥ 38)

	Riva S 
et al, 2020
	iTTP – at least 3 months after acute event, n=35
	Cross-sectional
	Psychologist assessment, HAM-A, HAM-D, SF-36
	· TTP patients demonstrated lower scores than Italian general population for direct, indirect and deferred memory
· Anxiety and depression found in 20% and 43% of TTP patients, respectively
· Health-related quality of life lower than the general population, mental domains impacted more than physical domains (mean difference 58.43, 95% confidence interval: 71.49–45.37)

	Alwan F 
et al, 2020
	TTP, n=131 completed neuropsychological assessments
	Observational, UK TTP Registry
	NART, WAIS-II Verbal/Performance Scale IQ, Hospital Anxiety and Depression Scale, PHQ-9, 7-item Generalized Anxiety Disorder Scale
	· 35/131 (35%) reported persistent cognitive symptoms in remission
· 65% (n=19/29) TTP patients reported depression, 55% (n=16/29) reported anxiety regardless of neurological involvement at diagnosis; both conditions more common in iTTP compared to cTTP (58% vs 8%, p=0.003 and 48% vs 8% respectively)
· Impairment of executive function most common finding in TTP remission, as well as memory and intellectual impairment




