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Thanks to a more widespread knowledge of the disease, and improved diagnostic 
techniques, the clinical spectrum of cerebral amyloid angiopathy (CAA) is now 
broad. Sporadic CAA, hereditary CAA, CAA-related inflammation (CAA-ri) and 
iatrogenic CAA (iCAA) create a clinical and radiological continuum which is 
intriguing and only partially discovered. Despite being relatively rare, CAA-ri, 
an aggressive subtype of CAA with vascular inflammation, has gained growing 
attention also because of the therapeutic efficacy of anti-inflammatory and 
immunomodulating drugs. More recently, diagnostic criteria have been proposed 
for an unusual variant of CAA, probably related to an iatrogenic origin (iCAA), 
toward which there is mounting scientific interest. These atypical forms of CAA 
are still poorly known, and their recognition can be challenging and deserve to 
be pursued in specialized referral centres. The aim of this brief review is to focus 
current developments in the field of rare forms of CAA, its pathogenesis as well as 
clinical and biological features in order to increase awareness of these rare forms.
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Introduction

Cerebral amyloid angiopathy (CAA) is characterized by deposition of amyloid-β (Aβ) in 
cortical and leptomeningeal vessels. The clinical features are lobar intracerebral hemorrhage 
(ICHs), progressive cognitive impairment, transient neurological episodes (TFNEs) 
(Viswanathan and Greenberg, 2011; Charidimou et al., 2012), and epilepsy (Tabaee Damavandi 
et al., 2023). Imaging findings of CAA include multiple strictly lobar cerebral microbleeds 
(CMBs) (Pasi et al., 2018), cortical superficial siderosis (cSS) or subarachnoid hemorrhage 
(SAH), white matter hyperintensities (WMHs), enlarged perivascular spaces in the centrum 
semiovale (CSO-PVS), and cortical atrophy (Samarasekera et al., 2012; Sharma et al., 2018). A 
definite diagnosis requires a neuropathologic confirmation (Greenberg and Vonsattel, 1997), 
but probable and possible CAA can be  diagnosed on clinical and neuroimaging grounds 
(Greenberg and Charidimou, 2018), with relatively high sensitivity, e.g., by using MRI sequences 
sensitive to paramagnetic material (T2* sequences: GRE, echo-planar, SWI) such as hemoglobin 
deposits (Knudsen et al., 2001; Linn et al., 2010). As CAA is increasingly recognized worldwide, 
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the definition of the clinical, radiological and biological phenotype is 
evolving, and diagnostic criteria are continuously updated. Within the 
spectrum of CAA, some subgroups of patients with diverse clinical 
presentations and characteristic radiological findings are emerging. 
CAA patients presenting with subacute cognitive impairment, seizures 
or headache, rather than intracerebral or subarachnoid hemorrhage, 
and with brain MRI and neuropathological evidence of inflammation, 
have been reported (Greenberg et al., 2010; Chung et al., 2011); this 
peculiar phenotype is known as CAA-related inflammation (CAA-ri) 
(Yamada, 2015; Auriel et al., 2016; Singh et al., 2022). The possibility 
of treatment with immunomodulatory and anti-inflammatory drugs 
makes its prompt identification imperative (Kozberg et al., 2021). 
Interestingly, in the last decade, several cases of iatrogenic Creuztfeld 
Jakob and concomitant CAA have been observed in patients exposed 
to cadaveric material many years earlier. This had occurred by 
administration of human pituitary-derived growth hormone 
(Jaunmuktane et al., 2015; Ritchie et al., 2017; Cali et al., 2018) or 
human-derived dura during major neurosurgical procedures 
(Frontzek et  al., 2016; Hamaguchi et  al., 2016; Cali et  al., 2018). 

Thereafter, cases of patients with similar exposure, but without CJD, 
were reported (Hervé et al., 2018; Jaunmuktane et al., 2018) leading to 
a hypothesis of iatrogenic CAA (iCAA) (Banerjee et  al., 2019; 
Greenberg and Charidimou, 2023). Proposed diagnostic criteria for 
this form, which seems to more often affect younger individuals than 
the sporadic form, have recently been published (Jaunmuktane et al., 
2018) and a relatively large collection of Dutch cases has been 
described (Kaushik et al., 2023). This review article aims at providing 
an overview of the current state of knowledge of new amyloid 
angiopathy forms, increasing clinician awareness of the broad 
CAA spectrum.

CAA-related inflammation: a severe, 
but potentially treatable form of CAA

CAA-ri is an aggressive condition with specific clinical and 
neuroradiological features, characterized by an inflammatory reaction 
to cerebral vascular deposits of Aβ (Salvarani et al., 2016). Table 1 

TABLE 1 Key elements of rare forms of cerebral amyloid angiopathy compared to CAA.

CAA-ri i-CAA CAA

Pathogenesis Not fully understood. Current hypothesis: (a) 

Aβ deposition because of inflammation; (b) 

inflammatory reaction to cerebral vascular 

deposits of Aβ; (c) coexistence of Aβ and 

vascular inflammation

Prion like transmission of Aβ by human 

pituitary derived growth hormone, prior 

neurosurgical intervention with exposure to 

cadaveric material

Sporadic or hereditary deposition of Aβ 

in cortical and leptomeningeal vessels

Age at diagnosis Mean age at diagnosis ~66 years Symptom onset before the age of 55 years is 

possible, depending on exposure and latency; 

however diagnosis should be considered in 

people aged 55 years or above

Incidence is strongly age dependent; 

diagnosis is made in individuals over 

55 years of age

Clinical presentation Usually subacute cognitive impairment, focal 

neurological signs, seizures or headache, 

rather than ICH

TFNEs, focal seizures (with or without 

secondary generalization), cognitive 

impairment not attributable to another causes 

including AIS

ICH, cognitive impairment, TFNEs, 

epilepsy, headache

MRI findings in T2* 

sequences: GRE, echo-

planar, SWI

CMBs, T2 FLAIR hyperintensities, often 

asymmetrical with contrast enhancement and 

confluent large distribution between the 

frontal, temporal, parietal, and occipital lobes

Multiple lobar CMBs, cSS (focal or 

disseminated), SAH, WMHs, CSO-PVS, cortical 

atrophy

Multiple lobar CMBs, cSS (focal or 

disseminated), SAH, WMHs, CSO-PVS, 

cortical atrophy

Diagnostic criteria Similar to Boston 2.0 criteria, but definite 

diagnosis requires brain biopsy or autopsy

UCL diagnostic proposed criteria; definite 

diagnosis requires brain biopsy or autopsy

Boston 2.0 criteria; definite diagnosis 

requires brain biopsy or autopsy

CSF Elevated protein, pleocytosis; rarely anti-β-

amyloid antibodies

Reductions of Aβ − 42 and Aβ − 40. Reduction up to 50% in levels of Aβ − 42 

and Aβ − 40. Possible mildly increased 

total tau levels

ApoE genotype Mostly ε4/ε4 ε3/ε3 predominance Carriers of alleles ε2 and ε4 appear to 

have greater risk for CAA-related ICH

Therapy Immunomodulatory and anti-inflammatory 

drugs, steroids

No therapy known, reduction of risk factors is 

proposed: i.e. hypertension, antithrombotic 

therapy, head injury

Reduction of risk factors: antithrombotic 

therapy, hypertension, potential head 

injury

Outcome High effectiveness of immunosuppressive 

therapy

Data published to date suggest a better 

prognosis and evolution compared to sporadic 

CAA

Unfavorable features including lobar 

ICH, recurrent ICH and presence of cSS 

indicates much higher risk of ICH

FLAIR, Fluid attenuated inversion recovery; CAA, Cerebral amyloid angiopathy; CAA-ri, CAA-related inflammation; i-CAA, iatrogenic cerebral amyloid angiopathy; MRI, magnetic 
resonance imaging; GRE, gradient echo sequences; SWI, susceptibility weighted imaging; CSF, cerebrospinal fluid; ApoE, Apolipoprotein E; Aβ, amyloid-β; AIS, acute ischemic stroke; ICH, 
intracerebral haemorrhage; TFNE, transient neurological episode; CMBs, cerebral microbleeds; cSS, cortical superficial siderosis; SAH, subarachnoid haemorrhage; WMH, white matter 
hyperintensities; ARIA, amyloid-related imaging abnormalities; CSO-PVS, enlarged perivascular spaces in the centrum semiovale; PANCS, primary angiitis of the central nerval system.
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summarizes the key elements of the disease. Several recent reviews 
have compiled hundreds of reported cases, revealing a wide range of 
clinical features and findings on imaging and other diagnostic tests 
(Castro Caldas et al., 2015; Corovic et al., 2018; Theodorou et al., 
2023). The mean age at diagnosis is around 70 and the sex distribution 
is roughly equal (Castro Caldas et  al., 2015; Corovic et  al., 2018; 
Theodorou et  al., 2023). CAA-ri most commonly presents with 
chronic to subacute cognitive impairment (in 50–70%), headache (in 
approximately 30%), seizures (in approximately 35%), and often 
various focal neurological symptoms; about 10–20% present acutely 
(Castro Caldas et al., 2015; Corovic et al., 2018; Theodorou et al., 
2023). Cerebral MRI demonstrates microbleeds (CMBs) (in 40–96%) 
at T2* or SWI sequences and diffuse WMHs (in 60–98%) at T2/fluid-
attenuated inversion recovery (FLAIR) sequences, often with contrast 
enhancement, and with an even distribution between the frontal, 
temporal, parietal, and occipital lobes (Castro Caldas et al., 2015; 
Corovic et al., 2018; Theodorou et al., 2023). Cerebrospinal fluid (CSF) 
examination shows elevated protein in most cases (65–80%), while 
there is an elevated white cell count of >5 cells/mm3 in 45–65% of 
cases (Castro Caldas et al., 2015; Corovic et al., 2018). The diagnosis 
is challenging due to the varying clinical presentation and lack of 
specific non-invasive tests. While a definite diagnosis requires brain 
biopsy or autopsy, a set of criteria similar to those for CAA, including 
lobar CMBs, cSS, WMHs and clinical features, has recently been 
proposed to identify probable cases, one report demonstrating a 
sensitivity of 82% and a specificity of 97% (Auriel et al., 2016). CAA 
is often identified during diagnostic workup of CAA-ri but might also 
be known for years prior to the inflammatory exacerbation (Yang 
et  al., 2023). Although there are similarities between CAA-ri and 
primary CNS vasculitis (PACNS) there are differences suggesting that 
these are distinct entities: CAA-ri patients tend to be older, more likely 
to present with cognitive impairment, seizures and intracerebral 
hemorrhage (Salvarani et  al., 2013). However, the underlying 
mechanism behind CAA-ri has not yet been satisfactorily elucidated. 
Several mechanisms have been proposed including (1) the 
accumulation of Aβ because of inflammation or (2) the induction of 
inflammation by the Aβ aggregates (Bogner et al., 2014). Interestingly, 
anti-β-amyloid antibodies have been found in CSF (DiFrancesco et al., 
2011; Piazza et al., 2013) and blood (Hermann et al., 2011) of CAA-ri 
patients which might suggest an immunological basis. Also, imaging 
features like those found in CAA-ri are sometimes found in patients 
treated with therapeutic anti-β-amyloid antibodies: amyloid-related 
imaging abnormalities (ARIA) which has mostly been observed in the 
context of recent treatment of Alzheimer disease (Jeong et al., 2022). 
One study reported their presence in 17% of treated subjects of which 
a fourth experienced symptoms (e.g., headache and confusion) 
(Sperling et al., 2012). However, the role of anti- β-amyloid antibodies 
in the pathogenesis of CAA-ri is unclear and no systematic testing has 
been performed to date. Also, a possible clue to the pathophysiology 
is the strong association between CAA-ri and the ApoE ε4/ε4 
genotype, which was present in 76.9% (10/13) of CAA-ri patients 
versus 5.1% (2/39) in those with non-inflammatory CAA (Kinnecom 
et al., 2007). The ApoE ε4/ε4 genotype is also seen more frequently in 
patients with ARIA (Sperling et al., 2012). There is little systematic 
evidence evaluating treatment strategies for CAA-ri, but the 
effectiveness of immunosuppressive therapy has been observed in 
relatively large patient series (Castro Caldas et al., 2015; Corovic et al., 
2018; Regenhardt et  al., 2020). The mainstay of treatment is 

corticosteroids, administered in 80% of patients and 
cyclophosphamide which is used in 30% of cases (Castro Caldas et al., 
2015; Corovic et al., 2018). After a mean follow up of 2 years 50% of 
patients, irrespective of treatment strategy, are alive with no or mild 
disability while 35% are dead. It is unclear if there are differences in 
outcome between patients treated with corticosteroids alone or 
combinations of other agents.

Iatrogenic cerebral amyloid 
angiopathy (iCAA): a new clinical 
concept

Iatrogenic cerebral amyloid angiopathy (iCAA) represents a rare 
but increasingly reported spectrum of amyloid pathology, 
characterized by an accumulation of Aβ in leptomeningeal and small 
cortical vessels, assumed to originate from a prion-like transmission 
after a previous neurosurgical intervention or cadaveric human 
growth factor intake (Banerjee et al., 2022). According to the proposed 
diagnostic criteria for iCAA, clinical and radiological features are 
consistent with a diagnosis of sporadic CAA; nonetheless, 
instrumental analyses suggestive of amyloid pathology (positivity at 
PET with amyloid tracer, decrease in abeta40 and abeta42 levels in 
CSF) may be helpful in supporting the diagnosis, especially when a 
peculiar young clinical onset before the age of 55 has been observed 
(Banerjee et al., 2022). Based on case series, diagnosis is most often 
made at a latency of three to four decades after exposure, affected 
patients being identified during single or repetitive intracranial 
hemorrhages, cognitive decline, seizures or transient neurological 
deficiency (Kaushik et al., 2023). Depending on the age at exposure 
and the latency of clinical and radiological features, patients can 
present at a relatively young age (<55) but might also be affected at an 
advanced stage of life. Considering the lack of long-term follow up 
data, a gradual progressive cognitive decline is rarely described, but 
the condition rather seems to predispose to the occurrence of clinical 
events such as intracranial hemorrhages (Kaushik et al., 2023). The 
main proposed underlying pathophysiological mechanism is seeding 
and aggregation in a prion-like manner (Jaunmuktane et al., 2015) 
where contamination with misfolded protein cascades furthers 
aggregation which consecutively leads to widespread structural and 
functional disturbance. This hypothesis is underlined by the diffuse 
distribution of Aβ irrespective of the location of the trigger 
intervention. Experiments in rodents have suggested that peripheral 
inoculation of human derived Aβ leads to deposit of amyloid in vessel 
walls (Eisele et  al., 2010; Hamaguchi et  al., 2021), whereas the 
transmission routes in humans are proposed to originate from 
cadaveric dura graft (Lyodura) (Frontzek et  al., 2016; Hamaguchi 
et al., 2016; Kovacs et al., 2016; Cali et al., 2018; Kaushik et al., 2023), 
cadaveric human growth hormone intake (Jaunmuktane et al., 2015; 
Ritchie et al., 2017; Cali et al., 2018) or embolisation material (Banerjee 
et al., 2022) and contaminated medical devices (Gibbs et al., 1994; 
Collins et al., 1999; Bonda et al., 2016). Interventions do not only refer 
to brain or spinal cord related interventions, but also other surgical 
procedures with the need of cadaveric dura tissue are considered as 
potential transmission sources (Raposo et al., 2020; Caroppo et al., 
2021). The notion of a prion-like mechanism is supported by eight 
described cases of individuals with iatrogenic Creutzfeldt-Jakob 
disease (iCJD) after treatment with cadaver derived human growth 
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hormone (c-hGH) from pituitaries due to short stature (Jaunmuktane 
et al., 2015). Autopsy revealed Aβ disposition in the central nervous 
system parenchyma, in local brain regions or Aβ entrapment in prion 
protein plaques in these patients. Prion disease itself as the cause of 
precipitation or acceleration of Aβ pathology seems less likely since a 
control population of 116 individuals diagnosed with sporadic and 
variant CJD or inherited prion disease, did not demonstrate a 
comparable prevalence of intraparenchymal Aβ dispositions 
(Jaunmuktane et  al., 2015). An alternative hypothesis involves an 
acquired failure of perivascular clearance of Aβ because of prior 
trauma or surgery. The breakdown of the complex cerebral fluid 
draining system might lead to amyloid deposition in capillary 
basement membranes of the cortex as proposed by fluorescent tracer 
studies (Hawkes et  al., 2014). This concept might explain the 
prevalence of Aβ accumulation in young patients without a confirmed 
transmission route or neurosurgical intervention but with a history of 
traumatic brain injury (Nakayama et al., 2017). It is believed that 
genetic factors play a minor role in iCAA in young individuals; 
indeed, the exclusion of duplications or mutations in the APP, PSEN1 
and PSEN2 genes has been suggested as diagnostic criteria (Banerjee 
et al., 2022). In many cases of iCAA an ApoE E3/E3 phenotype has 
been observed. To date, evidence for the attribution of iatrogenic Aβ 
pathologies to Alzheimer’s disease is discussed controversially. 
Although individual case reports indicate concomitant pathological 
levels of phosphorylated tau these are not present in the majority of 
the reported patients (Jaunmuktane et  al., 2018), which is 
indispensable for confirming the diagnosis of Alzheimer’s disease 
(Jack et  al., 2018). Nonetheless, the ability of Aβ to enhance tau 
pathology has been demonstrated in vitro and in vivo experiments 
before, and an impending confirmation of tau pathogens in the long 
run is possible (He et al., 2018; Vergara et al., 2019). Interestingly, in 
iCAA cases known so far, the onset of symptoms has been reported to 
occur at least 25 years after surgery. The age of exposure, on the other 
hand, is variable, suggesting a greater importance of latency, rather 
than early exposure. The use of Lyodura graft was discontinued before 
the 90s, when its relationship with the onset of Creutzfeldt-Jakob was 
attested. It is therefore reasonable that the first cases of iCAA were 
only described in recent years, some 30 years after its ban. It can 
be assumed that further cases of iCAA will be observed in the future, 
the manifestation of an unfortunate exposure that occurred up to four 
decades ago.

Discussion

This review outlines recent developments and findings related to 
the amyloid pathology spectrum of diseases, highlighting the current 
lack of a comprehensive understanding. Many questions remain 
unanswered regarding the associated inflammatory condition known 
as CAA-ri. First of all, early recognition and treatment is crucial, 
therefore, a more precise definition of the phenotype and the 
identification of reliable biomarkers is necessary. Several diagnostic 
methods, including the detection of genotypes, CSF and blood 
biomarkers (including anti-Aβ autoantibodies), and various 
radiological techniques, could provide evidence for diagnosis and 
potentially eliminate the need for brain biopsy in suspected cases. 
Furthermore, greater knowledge of the therapeutic possibilities is 
necessary, as precise guidelines of CAA-ri treatment are still lacking 

and patient management can vary greatly from one hospital to another 
(Auriel et  al., 2016). Clinical trials, preferably randomized with 
standardized enrolment and follow-up strategies with opportune 
outcome evaluation are required. Lastly, despite various hypotheses, 
the pathogenesis of CAA-ri is unexplained. While impaired Aβ 
clearance is thought to be the cause of CAA, CAA-ri may represent an 
immune response that targets Aβ aggregates. However, it is unknown 
whether there are factors making certain CAA patients susceptible to 
developing CAA-ri and the role of APOE e4 is largely undiscovered 
(Szidonya and Nickerson, 2023). Also, the long-term effects of 
immunosuppression regarding prognosis and adverse effects needs to 
be  established. While available data on CAA-ri are scarce, only a 
relatively small number of clinical cases of iCAA have been reported 
so far. However, a failure of cerebral fluid drainage caused by amyloid 
overload can be hypothesized as a causative mechanism. Making the 
pathogenesis even more complex to understand, Aβ deposits could 
be  seen in post-mortem analysis in variable locations. Despite 
appropriate suggestions for the underlying pathogenesis of the 
accumulation of Aβ in young individuals, it remains unclear why only 
few patients have been described worldwide so far, although the 
seeding transmission processes might have been triggered much more 
frequently. The lack of diagnostic methods and awareness might have 
played a key role. Therefore, to reduce misdiagnosis, standardization 
of investigative approaches has been recently proposed (Auriel et al., 
2016; Banerjee et al., 2022). Missing clinical and imaging long term 
follow up data of iCAA patients limit our understanding of iCAA as a 
continuum with some forms being more prone to rapid progression 
of brain atrophy, hypometabolism and cognitive impairment. 
However, regular clinical follow-up of iCAA patients is needed to 
better understand the natural history of this condition and the 
similarities with sporadic CAA. Although the onset in young patients 
could support the diagnosis, iCAA (Rowe et al., 2013) might not be as 
obviously identifiable in people exposed at older ages, because 
sporadic disease could be a more likely diagnosis in these cases. In 
conclusion, international registries and large epidemiological studies 
are necessary to gather cases since CAA-ri and iCAA are rare entities 
within the CAA spectrum.
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