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Background: Akinetopsia, or visual motion blindness, is a perceptual distortion 
characteristic of Alice in Wonderland syndrome in which people see moving 
objects as disjointed ‘jumps’ or ‘freeze frames.’ Despite its profound impact, the 
condition remains poorly understood beyond the established centrality of cortical 
area V5/MT in visual motion perception.

Methods: We carried out a systematic review of case descriptions on motion 
blindness, including those where additional symptoms were described.

Results: Our search yielded data on 25 clinical and 27 experimental cases, 
the latter induced by cortical stimulation. Of the clinical cases, 12% showed 
hemiakinetopsia, 50% continuous or progressive symptoms, and 52% a chronic 
course. Pathophysiologically, in right-handed individuals, the left area V5/MT was 
found to be particularly susceptible to acute interference, as evidenced by the 
experimental studies. In contrast to earlier studies, we found a greater prevalence 
of right-hemispheric afflictions in clinical cases, suggesting that the right area V5/
MT plays a more dominant role in motion perception. Bilateral lesions to V5/MT 
most often coincided with global akinetopsia and chronicity, although we found 
that the severity of the condition also depends on surviving components of the 
visual motion network as a whole, and—in line with the dynamic parallellism 
theory—the speed of moving objects. Aetiologically, most cases were associated 
with structural neurological conditions such as stroke and neurodegenerative 
disease, and fewer with intoxications or paroxysmal neurological disorders such 
as epilepsy. Treatments were mostly successful when they were aimed at the 
underlying condition, while cases due to organic lesions tended to be therapy-
resistant. Although individual reports confirm that akinetopsia may have 
detrimental effects on people’s lives, data were insufficient for a proper analysis of 
such experiential aspects.

Conclusion: Phenomenologically, pathophysiologically, and etiologically, 
akinetopsia is more heterogeneous than previously thought. We  provide 
recommendations for clinical practice and further scientific research.
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1 Introduction

‘Life is motion’ is the title of an early poem by the 20th-century poet and philosopher, 
Wallace Stevens (1). If there is any truth to that, what would it mean to be suffering from motion 
blindness? Wouldn’t that be a crisis of truly existential proportions? This rare condition, also 
known as visual motion blindness or akinetopsia, involves a selective deficit in the ability to 
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visually perceive movement (2). Taken for granted by most of us in 
everyday life, visual motion perception crucially enables us to detect and 
analyse changes in optical information across spatial and temporal 
dimensions, thus allowing us to interpret and make sense of dynamic 
cues, and helping us to judge the speed and direction of stimulus 
movement (3–5).

Akinetopsia may manifest suddenly or gradually, either as an 
isolated condition or as part of a broader complex of phenomena (6, 7). 
It involves an absent or strongly diminished capacity to discern the 
smooth movement of objects. Instead, people tend to see moving 
objects as freeze frames or still-shots that make jumps between 
locations, akin to a stroboscope’s effect (8, 9). They report that birds in 
flight appear disjointed, people walking down a flight of stairs 
materialise in ever lower positions, and liquids appear frozen mid-pour 
like a glacier (10–12). Since visual motion perception serves a critical 
role beyond mere perception, deficits influence our daily lives and shape 
our experiences and interactions in profound ways. Routine activities 
like walking, using public transport, watching television, reading, 
socialising, and cooking become challenging and sometimes nigh 
impossible (10, 12–15). What is more, our safety and chances of survival 
hinge on this skill in uncountable instances involving depth perception, 
transportation, sports, functional activities such as catching and 
reaching, and even nonverbal communication (e.g., interpreting 
gestures and body language; lipreading) (5, 8, 12, 13, 15–17). These 
examples underscore the centrality of visual motion perception in 
ensuring our everyday safety and well-being. And yet, despite this 
centrality, impairments are not always recognised for what they are by 
health professionals or even by the people experiencing them. The main 
reason for this is that the condition is not widely known, even among 
neurologists, psychiatrists, and ophthalmologists, the medical specialists 
most likely to encounter it in clinical practice. This is complicated 
further by the fact that people with akinetopsia may have a hard time 
verbalising what is going on, and may therefore never show up in the 
consulting rooms of said specialists (10).

Perhaps as a consequence, the number of publications on 
akinetopsia is still scarce. A recent review counted 16 unique cases, 
published on over the past 40 years, meaning that on average, only a 
singe case had been published every 2.5 years (18). Arguably, most 
insights stem from the extensive research carried out in a single 
person experiencing the condition, addressed in the literature as ‘L.M.’ 
Zihl et al. (12) initiated this exploration, and in 1991 Zeki (7) was the 
one who coined the term akinetopsia. During the 1980s, the seminal 
publications on L.M. led to a swift acceptance of akinetopsia as a 
distinct neurological phenomenon in the scientific community, and 
profoundly altered our ideas on the neurological mechanisms 
underlying visual motion perception (15, 19). With hindsight though, 
L.M.’s case was certainly not the first to have been published on this 
intriguing phenomenon. Akinetopsia avant la lettre had previously 
been described in war-time publications such as those by Wagner (20), 
Hoff and Pötzl (21), and Goldstein and Gelb (22), with the first 
account possibly dating back to 1911 (23, 24). It may even be that the 
famous German magistrate Daniel Paul Schreber (1842–1911) sought 
to describe akinetopsia in his autobiographical Memoirs of My Nervous 
Illness of 1903, where he  frequently referred to people seemingly 
popping up at random, designated by him as flüchtig hineingemachte 
Männer [‘fleetingly improvised men’ (25)]. These early publications 
were hardly noted though, and it was the flurry of publications on 
L.M. instead that moved akinetopsia into the centre of scientific 

attention. The name given it by Zeki (7) moreover helped to secure its 
status as a nosological concept.

1.1 Demarcating the field

Akinetopsia can be experienced in the absence of any other visual 
impairments such as those of visual acuity, contrast sensitivity, and the 
preception of colour (19, 26). In terms of descriptive pathology, it is 
considered a visual distortion rather than a hallucination (where 
something is perceived that is not there) or an illusion (where an actual 
object is perceived as something else, such as a face seen in the pattern 
of a rug or a tree trunk) (2). As a consequence, it is classified as one of 
the >40 visual distortions (or metamorphopsias) that fall under the 
umbrella term of Alice in Wonderland syndrome (27). 
Phenomenologically and pathophysiologically, akinetopsia should 
be  differentiated from related perceptual distortions such as 
tachypsychia (the speeding up or slowing down of perceived time in 
accordance with one’s overall mental and physical state), the Zeitraffer 
phenomenon (a pathological sense of time speeding up), the Zeitlupen 
phenomenon (a pathological sense of time slowing down), and 
motion-induced blindness (23). The Zeitraffer and Zeitlupen 
phenomena are classified as time distortions, and likewise considered 
characteristic of Alice in Wonderland syndrome. Motion-induced 
blindness, unlike visual motion blindness, is an attentional 
phenomenon where salient objects intermittently shift into and out of 
awareness when overlaid on global moving patterns (23, 28). 
Distinguishing these phenomena from another and akinetopsia is 
crucial as their different underlying mechanisms hold important 
implications for both diagnosis and treatment.

1.2 Etiopathology

The fact that akinetopsia can be  experienced in isolation is 
considered proof that the brain treats motion as a distinct aspect of 
vision (11). Although the mechanism underlying it is not fully 
understood, a crucial role in the encoding of visually perceived 
movement is attributed to the middle temporal area (MT or area V5) 
and the adjacent medial superior temporal area or MST (collectively 
known as MT+) (29). These areas specialise in the assessment of speed 
and direction, and are located bilaterally near the lateral temporo-
parieto-occipital junction (30, 31). It has been suggested that 
akinetopsia arises primarily due to bilateral damage to—or 
dysfunctioning of—area V5 (16, 32–36). Such deficits can arise from a 
variety of structural lesions, typically ischemic or traumatic in nature, 
although paroxysmal neurological conditions such as epilepsy have 
also been reported (11, 37–40). While bilateral V5 damage is often 
considered a necessary condition for akinetopsia to arise, case reports 
suggest that unilateral hemispheric afflictions may suffice. However, 
some authors consider such cases subtler in nature, or construe them 
as being limited to the contralateral visual field (‘hemiakinetopsia’), 
leaving motion perception in the ipsilateral hemifield intact (6, 14, 32, 
34, 35, 37, 39, 41–43).

In all, there is a fairly high degree of agreement on the primary 
cortical areas implicated in (impaired) visual motion perception, 
although the exact nature of the broader network involved is still 
shrouded in veils (44, 45). As far as currently known, this network 
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encompasses interconnected cortical areas such as the lateral geniculate 
nucleus (LGN), V1, V3, the cerebellum, and MT+ (29, 46–50). It is 
generally believed that surviving components of that network may 
compensate for some motion perception deficits (4, 32, 47, 51). Since 
approximately 10% of the neurons located in V1/V2 have been found to 
be direction-selective, it is believed that especially those may contribute 
to residual motion perception in cases of V5 impairment. This may well 
have been the case with L.M., who showed a preserved ability to perceive 
slow-moving objects (4, 47, 51). All this indicates that the degree and 
severity of akinetopsia is not only linked to the type of affliction, but, 
importantly, also to parts of the wider network that may still 
be  functioning. It moreover indicates that people may experience 
akinetopsia for certain velocities and not for others, and for the visual 
field as a whole or only part thereof (4, 15, 42, 47, 52). An anatomic and 
schematic depiction of the cortical areas involved in visual motion 
perception and their interconnections can be seen in Figure 1. In the 
schematic diagram included in Figure 1, the visual motion-perception 
pathway is shown by the thick blue lines. The thinner grey lines indicate 
other pathways involved in visual perception, but not believed to 
be directly involved in motion perception.

1.3 Clinical aspects

Given the scarcity of documentation on akinetopsia, standardised 
protocols for diagnosis and treatment have not yet been developed. 
Primarily, practice-based treatments as described in the literature tend 

to address the underlying aetiological factor rather that the impaired 
motion perception itself. The efficacy of other interventions for 
akinetopsia, such as visual motion perception rehabilitation or 
developing compensatory strategies, are only infrequently reported on. 
As far as we know, even the burden of akinetopsia has gone largely 
unexplored, with practical support for this debilitating condition being 
developed only in a haphazard way.

1.4 Aim

In the current systematic review we aim to summarise what is 
known about akinetopsia and address the knowledge gaps outlined 
above. With it, we intend to raise awareness and stimulate interest in this 
field to encourage further scientific research with the ultimate goal of 
facilitating and improving diagnosis, treatment, and support for this 
small and underserved group (which in reality may well be larger than 
we currently know).

2 Methods

2.1 Literature search

For the purpose of the present review we carried out a systematic 
literature search in PubMed, Embase, PsycINFO, Google Scholar, and 
the historical literature up until October 1, 2024. Filters were set to 

FIGURE 1

Anatomical and schematic depiction of the visual motion-perception network (side view). LGN, lateral geniculate nucleus.
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anytime and all types of papers; language was restricted to English, 
Dutch, and German. The primary keywords used were ‘akinetopsia’ and 
‘motion blindness’. Based on the articles found, related search words 
were identified from the thesaurus issued by the National Library of 
Medicine and were added to the MeSH terms, e.g., ‘visual agnosia’, 
‘visuospatial agnosia’, and ‘motion-induced blindness’. Despite having 
distinguished the latter phenomenon from motion blindness in our 
introduction, we thought it relevant to include the term in our search in 
an effort to overcome the variability in terminologies used to describe 
akinetopsia, and to thus include as many relevant cases as possible. 
We implemented these terms and their variations in our search, and 
supplemented the digital searches with reverse searches by examining 
the references of the relevant literature. Papers were only considered 
eligible for inclusion when they contained case descriptions or case 
series on akinetopsia, including experimentally induced cases [e.g., with 
the aid of transcranial magnetic stimulation (TMS)]. Importantly, 
we included all studies that reported on akinetopsia, even when other 
symptoms co-occurred. We thus aimed to maximise the number of 
empirically available data and thereby provide a more nuanced 
representation of the condition’s complexity and heterogeneous nature. 
Publications were excluded when they did not align with our eligibility 
criteria or described related, but different phenomena (e.g., time 
distortions, motion-induced blindness).

2.2 Data extraction

The data extracted from each text comprised, as far as available, (i) 
demographics (i.e., gender, age at symptom onset, handedness), (ii) 
phenomenological characteristics of akinetopsia (e.g., frequency of 
symptoms, duration), (iii) aetiology, (iv) hemispheric lateralisation, (v) 
impacted visual field, (vi) impact on well-being, (vii) diagnostic 
procedures used, (viii) treatments and other interventions applied, and 
(ix) outcome. Of note, we operationalised symptom frequency as either 
continuous in nature (persisting without interruption), progressing 
(with symptoms worsening over time), transient (with symptoms 
having a sudden onset and rapid resolution in the order of hours or 
days), sporadic (with symptoms occurring at irregular intervals) or 
improving (with symptoms showing improvement over time, usually 
gradually). Since symptom duration varied widely, consequently 
individuals were consolidated into the categories of 1–10 days, 
11–30 days, 31–150 days, >150 days, or progressive (for cases with 
worsening and indefinite symptoms). From the experimental studies 
we also extracted (x) stimulus methods and parameters. Given the 
small sample we mainly used descriptive statistics, and occasionally 
MATLAB (53).

3 Results

3.1 Search results

The search terms defined by us yielded 1,669 hits across all 
databases. After removing 1,125 duplicate records and excluding 383 
publications for not meeting the eligibility criteria when screening titles 
and abstracts, the remaining 161 texts were sought for retrieval. Of 
these, 24 reports could not be retrieved due to language restrictions 
(n = 14) or inaccessibility (n = 10). The remaining 137 reports were 
assessed for eligibility, after which 96 additional records were excluded 

as they did not meet our eligibility criteria. As a result, 47 studies were 
included in the final review. This total comprised 37 studies identified 
from the database search and 10 studies added through reverse 
searches, which helped capture older or missed studies (Figure  2 
depicts the PRISMA flow diagram).

In this collection of 47 clinical texts, 25 unique individuals with 
akinetopsia had been described, with L.M. being the most frequently 
reported case (for case details, see Supplementary Table S1 as well as 
Supplementary Table S2). Additionally, we  identified 27 reports of 
experimentally induced motion blindness, caused either by invasive 
electrical stimulation (e.g., during awake brain surgery, n = 2) or TMS 
(n = 25) (see Supplementary Table S3 for a detailed overview). By 
applying inclusion criteria that did not rule out cases with co-occurring 
symptoms, we captured a broad spectrum of cases and studies. Thus 
we included a total number of 52 individuals with either clinical or 
experimentally-induced akinetopsia in our analysis. It is noteworthy 
that some case descriptions were reconstructed from multiple 
publications on the same individual.

3.2 Attributes of akinetopsia

3.2.1 Clinical cases
The demographic and aetiological characteristics of the 25 clinical 

cases that we  analysed are summarised in Table  1; for a more 
comprehensive overview, see Supplementary Tables S1, S2. The age of 
onset of akinetopsia varied from 19 to 73 years, with a mean age of 
50 years. Of the 25 people analysed, 44% were female. Handedness data 
were available for a subset of eight persons (32%), of whom 87.5% were 
right-handed (n = 7), 12.5% left-handed (n = 1), and none ambidexter. 
As to phenomenology, 44% (n = 11) of the people reported on exhibited 
akinetopsia that affected the entire visual field, and 12% (n = 3) 
hemiakinetopsia. Underlying aetiologies had been established in 92% 
(n = 23) of the cases reviewed. They included stroke (28%, n = 7), 
epilepsy (12%, n = 3), neurodegenerative disease (specifically posterior 
cortical atrophy; 16%, n = 4), nefazodone toxicity (8%, n = 2), and 
traumatic brain injury (12%, n = 3). Four cases (16%) were due to other 
causes, comprising surgery, subcortical hemorrhage, Creutzfeld-Jakob 
disease, and brain metastases (each n = 1). As to pathophysiology, 84% 
(n = 21) of the reports had specified an affliction as involving some 
combination of the parietal, occipital, and temporal lobes. Five case 
reports (20%) detailed the involvement of area V5/MT. An analysis of 
lesion lateralisation showed that 48% (n = 12) of the people described 
had had bilateral lesions. Of the nine cases with unilateral lesions, 14% 
(n = 3) involved the left hemisphere, 29% (n = 6) the right hemisphere.

Table 2 provides details on the frequency and duration of symptoms, 
as well as on the visual hemifields affected. Half of the patients had 
reported on having continuous (40%, n = 7) or progressing symptoms 
(16%, n = 4), while 12% (n = 3) had reported transient symptoms, 16% 
(n = 4) sporadic symptoms, and 4% (n = 1) gradual improvement. Three 
case reports (12%) did not specify symptom frequency. The duration of 
akinetopsia ranged widely, from 5 days to over 30 years. The majority of 
cases reviewed (44%, n = 11) mentioned symptoms persisting 
>150 days. All individuals in this category had experienced symptoms 
for more than 5 months, with some cases describing symptoms 
exceeding 1 or 2 years, 10 years, and even over 30 years. One person 
(4%) had experienced symptoms for 31–150 days, two people (8%) for 
<30 days, and one (4%) for <10 days. In 12% of the cases symptom 
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duration was not mentioned. The impacted visual fields were specified 
in 56% of the cases (n = 14), with 44% (n = 11) experiencing akinetopsia 
in both hemifields; of these, 55% (n = 6) showed bilateral cortical 
involvement, 9% (n = 1) left unilateral involvement, and 36% (n = 4) 
right unilateral involvement. Two people (8%) had described symptoms 
restricted to the left visual field (one of them accompanied by bilateral 
hemispheric lesions, the other one unspecified), and one other person 
(4%) had described symptoms restricted to the right visual field (in 
combination with a left hemispheric lesion).

3.2.2 Experimental cases
Six publications detailed studies on experimentally induced motion 

blindness, comprising a total of 27 participants. Details regarding age, sex, 
and handedness were generally lacking. All participants experienced brief 
and transient akinetopsia upon stimulation of area V5/MT. Two studies 
involved the application of cortical electrical stimulation (ES) on two 

43-year-old female participants who were undergoing cranial surgery. 
The latter studies, conducted by Becker et al. (41) and Blanke et al. (54), 
will be denoted as study A and study B, respectively. The ES studies 
targeted V5, with one of them focusing on the left hemisphere (A), and 
the other on the right (B). For evaluation, the studies primarily used 
motion-direction discrimination tasks and verbal forced-choice 
paradigms. Results indicated that unilateral stimulation of area V5/MT 
induced motion blindness, impacting both contralateral and ipsilateral 
visual fields in case A. Additionally, study B noted that the direction-
discrimination abilities of their participant varied depending on the 
movement direction of stimuli. The authors found that discrimination 
was weakened more in the ipsilateral (right) direction (63%) then in the 
contralateral (left) direction (19%), downwards (13%), and upwards (5%).

The remaining four studies used TMS to induce motion blindness 
in n = 25 participants. These studies, conducted by Beckers and 
Hömberg (55), Beckers and Zeki (56), Schenk et al. (57), and Walsh 

FIGURE 2

PRISMA flow diagram.

https://doi.org/10.3389/fneur.2024.1510807
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Browne et al. 10.3389/fneur.2024.1510807

Frontiers in Neurology 06 frontiersin.org

TABLE 1 Clinical cases of akinetopsia (n = 25): demographics and etiopathology.

Descriptives All cases Bilateral hemispheric 
affliction

Right unilateral Left unilateral N/A

N = % of Total 25 100% 12 48% 6 24% 3 12% 4 16%

Age (onset)

Mean ~50 53 ~48 49 ~45

Range 19–73 20–73 19–60 24–68 ~20–61

Gender

Male 14 56% 4 3 3 3

Female 11 44% 5 3 1

Handedness

Right 7 28% 4 3

Left 1 4% 1

Ambidexter

Not specified (N/A) 17 68% 7 3 3 4

Aetiology

Stroke 7 28% 4 2 1

Epilipsey/Seizure 3 12% 1 2

Neurodegeneration (PCA) 4 16% 3 1

Substances 2 8% 2

Trauma 3 12% 2 1

Other 4 16% 1 2 1

N/A 2 8% 1 1

Lobules Affected

Occipital 3 12% 3

Temporal 1 4% 1

Parietal 2 8% 1 1

Occipito-Temporal 4 16% 2 2

Temporo-Parietal 2 8% 2

Parieto-Occipital 6 24% 3 1 2

Temporo-Parieto-Occipital 3 12% 3

N/A 4 16% 1 3

V5/MT Affected

Yes 5 20% 2 2 1

No 1 4% 1

N/A 19 76% 10 3 2 4

Visual hemifield affected

Bilateral 11 44% 6 4 1

Left 2 8% 1 1

Right 1 4% 1

N/A 11 44% 5 2 1 3

Symptom duration

1–10 days 1 4% 1

11–30 days 2 8% 1 1

31–150 days 1 4% 1

≥150 days 11 44% 6 3 1 1

(Continued)
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et al. (58), will be referred to as studies C, D, E, and F, respectively. 
These studies predominantly employed left unilateral hemispheric 
stimulation, apart from study C, which also utilised unilateral 
stimulation of the right hemisphere. Tasks performed during the 
experiments varied, but they included motion-direction discrimination, 
catching tasks, reach-to-grasp tasks, and search-array tasks. Most 
studies employed control or comparative sites, such as V1 (C & D) or 
neighbouring extrastriate areas (D & E). Stimulation of V5/MT 
consistently disrupted visual motion perception, with the left area V5 
being particularly sensitive to this type of stimulation. Stimulation 
timing played a significant role, with optimal disruption occurring at 
specific intervals after visual stimulus onset (−20 to +10 ms). In one 

study, stimulation of V1 was also found to induce some visual motion 
perception deficits, at delays of 60–70 ms after stimulus onset. However, 
this was not nearly as potent as V5 stimulation. Further details and 
descriptives of these experimental studies can be  found in 
Supplementary Table S3.

3.3 Mediating factors

3.3.1 Hemispheric involvement
To assess the potential mediating role of afflictions to either the 

left or right hemisphere in the frequency, duration, and visual-field 

TABLE 2 Clinical cases of akinetopsia (n = 25): symptom patterns and involvement of visual fields.

Descriptives All cases Bilateral hemispheric 
affliction

Right unilateral Left unilateral N/A

N=% of Total 25 100% 12 48% 6 24% 3 12% 4 16%

Symptom frequency

Transient 3 12% 1 2

Sporadic 4 16% 1 2 1

Improving 1 4% 1

Continuous 10 40% 7 1 1 1

Progressing 4 16% 3 1

N/A 3 12% 1 1 1

Symptom duration

1–10 days 1 4% 1

11–30 days 2 8% 1 1

31–150 days 1 4% 1

≥150 days 11 44% 6 3 1 1

Progressive 4 12% 3 1

N/A 6 24% 2 1 2 1

Visual hemifield affected

Bilateral 11 44% 6 4 1

Left 2 8% 1 1

Right 1 4% 1

N/A 11 44% 5 2 1 3

TABLE 1 (Continued)

Descriptives All cases Bilateral hemispheric 
affliction

Right unilateral Left unilateral N/A

Progressive 4 12% 3 1

N/A 6 24% 2 1 2 1

Symptom frequency

Transient 3 12% 1 2

Sporadic 4 16% 1 2 1

Improving 1 4% 1

Continuous 10 40% 7 1 1 1

Progressing 4 16% 3 1

N/A 3 12% 1 1 1
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involvement of akinetopsia, we first analysed the data from the 25 
clinical cases. Each variable was subdivided into categories. 
Hemispheric lateralisation was coded as either non-applicable (N/A), 
unilateral left, unilateral right, or bilateral; frequency as N/A, 
transient, sporadic, improving, continuous, or progressing; duration as 
N/A, 1–10 days, 11–30 days, 31–150 days, >150 days, or progressive; 
and visual-field involvement as N/A, left, right, or bilateral. Using 
these data, we  constructed contingency tables or ‘heatmaps’ in 
MATLAB to illustrate the frequency distributions 
(Supplementary Figures S1–S3). In examining the interactions 
between lateralisation and frequency among people with continuous 
or progressive symptoms (n = 14), the majority (71.4%) exhibited 
bilateral hemispheric afflictions, while a smaller proportion 
presented with left unilateral or right unilateral afflictions (both 
7.1%). For those with transient, sporadic, or improving symptoms, 
right unilateral hemispheric afflictions were predominant (50%), 
compared to bilateral and left unilateral afflictions (both 12.5%). 
Three case reports did not report on the frequency of symptoms 
(N/A). The distribution of symptom duration also varied, with 60% 
of the patients experiencing long-term symptoms (>150 days or 
‘progressive’), primarily associated with bilateral afflictions (60%), 
and in 20% with right unilateral afflictions. Six of the 25 cases did 
not specify duration. As to the involvement of the visual fields, this 
was specified in 56% of the cases. Bilateral visual field impairment 
was reported in 44% of the cases, with bilateral hemispheric 
afflictions being the predominant correlate (54.5%), followed by 
right unilateral afflictions (36.6%).

Unlike these clinical cases, where affliction lateralisation and 
symptomology varied, the experimental cases were invariably 
characterised by transient and very brief episodes of akinetopsia, 
mainly brought about by unilateral cortical stimulation. Given the 
absence of diversity in symptom frequency and duration, for the 
experimental group we only carried out an analysis of hemispheric 
involvement in relation to visual-field impairment. None of the six 
studies employed bilateral hemispheric stimulation of V5. In four 
studies, V5 stimulation was conducted exclusively to the left 
hemisphere (41, 56–58). In stimulating V5 in the left hemisphere, 
Becker et al. (41) and Schenk et al. (57) reported that they induced 
akinetopsia bilaterally across hemifields, while Beckers and Zeki (56) 
found that left cortical TMS stimulation of V5 affected only the right 
(contralateral) visual field. Walsh et al. (58) did not specify the visual 
field affected by TMS stimulation despite reporting on successful 
motion-perception impairment in their participants. Beckers and 
Hömberg (55) applied TMS unilaterally to V5 in both hemispheres, 
with akinetopsia manifesting in the hemifield contralateral to the 
stimulation site. Blanke et al. (54) exclusively stimulated V5 in the 
right hemisphere, finding that they could induce visual motion 
perception deficits in the contralateral (left) visual field. In summary, 
33.3% of the experimental studies found that left unilateral 
stimulation of area V5 induced bilateral visual-field impairments, and 
50% affected only the contralateral visual field; 16.7% of the studies 
did not specify this.

3.3.2 Velocity
Since akinetopsia may be  observed for objects with certain 

velocities only, i.e., above or below certain speed thresholds, we had 
intended to conduct a correlation analysis on this topic. However, 
we were unable to do so because of limited data on this aspect in the 

clinical papers and the different ways in which velocity had been 
assessed across studies. We nonetheless gathered relevant data to 
explore this issue a bit further. Among the 25 clinical cases, five (20%) 
reported on object velocity, and showed that higher velocities tend to 
induce more severe motion-perception deficits. For example, 
L.M. perceived short-range motions below 6°/s correctly, struggled 
with velocities above 8°/s, and experienced akinetopsia at 12°/s. Two 
people referred to as A.F. and T.D. likewise experienced deficits with 
increasing velocities. Another person called M.B. reported impaired 
motion perception when looking at objects moving with a speed of 
2°/s, while S.F. reported it at a speed interval of 11–17°/s. Across 
these cases, the mean threshold velocity for akinetopsia to 
be experienced was 11.9°/s (range: 2–16.5°/s). In all the experimental 
studies analysed by us, such object velocities had been established 
with the aid of motion-perception tests. The studies by Becker et al. 
(41), Blanke et al. (54), Beckers and Hömberg (55), Beckers and Zeki 
(56), and Walsh et al. (58) rendered object velocity in degrees per 
second (°/s), whereas the study by Schenk et  al. (57) did this in 
metres per second (m/s). Table 3 shows an overview of the velocities 
found, which had a mean value of 4.1o/s, i.e., substantially lower than 
the mean velocity found in the clinical studies (and together 
combining to a mean velocity of 7.5o/s).

3.4 Clinical aspects

3.4.1 Impact on well-being
The burden caused by akinetopsia was rarely assessed in the 

literature reviewed. As a consequence, we were unable to perform any 
analyses. Nonetheless we singled out a few examples to illustrate the 
extent to which akinetopsia may affect people’s lives. M.B., for 
instance, had never had a dog phobia, but developed one because 
he no longer saw them coming and felt frightened when they were 
suddenly at his side (16). L.M. started avoiding situations where more 
than two people would be present, since, as she said, ‘people were 
suddenly here or there but I have not seen them moving’ (12, 15). A 
patient with undiagnosed akinetopsia became inactive and apathetic, 

TABLE 3 Velocity thresholds of objects for akinetopsia.

Studies documenting 
velocity in akinetopsia 
presentation

Akinetopsia-
inducing 
factor

Velocity 
threshold for 
akinetopsia

L.M (12, 17, 50, 72) Stroke 6–8 ⁰/s

A.F (63, 68) Stroke <16.5 ⁰/s

T.D (73) Stroke ~15 ⁰/s

M.B (16) Stroke 2 ⁰/s

S.F (26, 73) Seizure ~11–17 ⁰/s

(41) ES 6 ⁰/s

(54) ES 2 ⁰/s

(55) TMS 4–9 ⁰/s

(56) TMS 5 ⁰/s

(57) TMS ~0.25–0.5 m/s

(58) TMS 1 ⁰/s
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chiefly lying on the couch, wasting away decades during which 
he was treated to no avail with all kinds of pharmacological agents—a 
time during which he might have built a career, started a family, and 
perhaps even seen his children off to start a life of their own (10).

3.4.2 Diagnostic procedures
In the absence of any standardised tools, the diagnostic work-up 

of akinetopsia described tended to include history-taking, general 
physical, ophthalmologic, neurological, and psychological/psychiatric 
examinations, blood work, and auxiliary investigations such as a 
brain CT or MRI, an EEG, and sometimes psychophysical tests. These 
tests included ocular tracking, motion-direction discrimination, 
contrast sensitivity for moving striped patterns, random dot patterns, 
motion-speed discrimination, and tasks involving motion cues (6, 8, 
16, 41, 48, 50). These often require advanced technology and expert 
interpretation. As noted, diagnosis may be thwarted by patient delay, 
which is not uncommon due to a lack of awareness of akinetopsia 
among health professionals and those affected, as seen in the clinical 
case reports by Blanke et al. (16), Blom (10), Burns (9), and Maeda 
(48). This may well be especially relevant in cases of hemiakinetopsia 
(32, 59).

3.4.3 Treatment and other interventions
As to treatment, again insufficient data was available for a proper 

analysis. When detailed, studies tended to focus on addressing the 
underlying cause where possible, as is customary in the clinical 
management of Alice in Wonderland syndrome (10). Successes were 
notably observed for medications for epilepsy- and substance-induced 
deficits (39, 60, 61). In addition, several compensatory strategies were 
described, including avoidance behaviour and active adaptation (15). 
For instance, L.M. found that avoiding watching moving stimuli had a 
positive effect on guiding finger and hand movements, as well as on 
writing (12, 62). While walking in crowded places, linking arms gave 
her reassurance (15). Additionally, she developed an active adaptation 
strategy that involved prolonging observation times while relying on 
auditory cues and spatial displacement information of moving objects 
to estimate their velocity (12, 17, 57). Finally, some studies indicated 
potential for rehabilitation through restorative training of surviving 
components of visual motion perception (9, 32, 41).

4 Discussion

Our analysis of 25 clinical and 27 experimental cases of 
akinetopsia indicates that this seemingly unequivocal motion-
perception disorder shows heterogeneity at several levels of 
conceptualisation. Starting at the phenomenological level, akinetopsia 
can impact either the full field of vision or just one half, with 
hemiakinetopsia reported on in 12% of the clinical cases. The speed 
threshold for moving objects to appear in a disjointed fashion was 
7.5o/s on average, with most clinical studies reporting higher 
velocities and all experimental studies lower ones (probably due to 
greater measuring precision in controlled environments and the 
possibility to correct for compensatory mechanisms). We also found 
that half of the clinical group experienced continuous or progressive 
symptoms, with 52% of the whole group experiencing akinetopsia for 
half a year or longer. Due to the limited follow-up of most studies, 
this is probably an underestimate. As to the pathophysiological level, 

we found that the bilateral area V5/MT was of key importance to the 
mediation of akinetopsia, although motion perception clearly 
depends on the proper functioning of the motion-perception network 
as a whole. Testament to this is the sparing of motion perception for 
relatively low velocities, the possibility to experimentally induce 
akinetopsia by targeting V1, and a unique case of akinetopsia with 
sparing of area V5/MT where lesions to the inferior parietal lobe and 
parietal-occipital junction were held responsible for the ensuing 
deficit (11). Our analysis of lesion lateralisation indicated that 
bilateral hemispheric damage is more likely to result in continuous 
or progressive symptoms affecting the entire visual field than 
unilateral damage. In contrast, unilateral lesions, particularly on the 
right side, were initially thought to produce ‘milder’ symptoms. 
However, our findings revealed these unilateral lesions can not only 
cause visual deficits in one hemifield (hemiakinetopsia) but also 
induce motion blindness across the entire visual field, for an extended 
amount of time. Furthermore, the experimental studies showed that 
akinetopsia is induced most effectively by targeting the left area V5/
MT. Therefore it may be that—in right-handed persons—the left area 
V5/MT is the one most vulnerable to acute interference, whereas its 
right-sided homologue is of vital importance in the long run. This is 
in need of further study, but an argument in favour of this hypothesis 
is that right unilateral lesions in the clinical group appeared to trigger 
akinetopsia in the whole visual field more often than left unilateral 
lesions (16% versus 4%). In all, this would seem to indicate that the 
right-sided area V5/MT has a more dominant role in visual motion 
perception. At the aetiological level we  saw that most cases of 
akinetopsia are associated with structural neurological conditions 
such as stroke, neurodegenerative disease (particularly posterior 
cortical atrophy), and traumatic brain injury, but that the whole range 
of underlying disorders also included intoxications and paroxysmal 
neurological disorders. Treatment, whenever possible and detailed, 
was usually aimed at these underlying conditions. At the experiential 
level, finally, we found that the impact on people’s daily lives was 
assessed insufficiently in most studies to allow for a proper analysis, 
although individual case reports indicated that these were profoundly 
life-altering. Importantly, akinetopsia is bound to affect one’s 
emotional well-being, social functioning, and adaptive-learning 
capacities, and may lead to fear learning, phobias, passivity, and 
social isolation.

4.1 Implications for the visual 
motion-perception network

Our findings suggest a primacy of the non-dominant hemisphere 
in visual motion perception. This is in opposition to the conclusions 
drawn by van Swol et al. (18) in their recent review, and aligns with 
studies that implicate the right ventral visual cortex and the integrity 
of the dorsal pathway, including area V5, as critical for 
uncompromised motion perception (32, 46, 48, 63). However, it is 
as yet too soon to decide how firmly this conclusion can be drawn. 
After all, the experimental studies cited above revealed that left-
hemispheric stimulation of V5 was followed by a greater reduction 
in performance than right-hemispheric stimulation. This finding is 
supported by earlier PET scan results (7), and highlights the need 
for further research to clarify the role of these two homologous 
areas. The clinical and experimental findings on object velocity here 
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presented align with Beckers and Zeki (56), and with ffytche et al. 
(64), who demonstrated that varying speeds alter input to area V5, 
which is activated before V1 by fast-moving stimuli, and vice versa 
at smaller velocities. This is in line with the dynamic parallelism 
theory, which proposes the existence of different cortical pathways 
for slow- (<6o/s) and fast- (>22o/s) moving stimuli, highlighting the 
importance of area V5 in high-speed processing, and suggesting a 
supportive role for other cortical areas (64). However, since 
empirical findings are not always in line with this proposed ‘double 
dissociation’ of speed-detection areas (4, 47), the validity of the 
dynamic parallelism theory is likewise in need of further 
empirical testing.

4.2 Recommendations for clinical practice

The primary treatment options for akinetopsia are currently 
limited to practice-based methods aimed at alleviating either the 
underlying condition (mostly through medication) or its secondary 
effects. For example, some studies indicate potential for rehabilitation 
through restorative training of surviving components of visual 
motion perception (9, 32, 41). Compensatory strategies, such as 
learning to judge vehicle speed by sound, have also shown promise 
in improving daily functioning and promoting independence (4, 47). 
Obviously the potential successes of such interventions stand and fall 
with insight and motivation. If a patient is unaware of the existence 
or the extent of their deficit, or is not ready to accept it, they may 
become unmotivated or intolerant of diagnostic processes and 
interventions (9). Our review identified a few incidences of people 
unaware of their deficit until it resulted in negative consequences (i.e., 
phobia, car crash), highlighting that unawareness of this perceptual 
deficit is not uncommon and not without its dangers. Finally, insights 
into akinetopsia and acknowledgement of its consequences can help 
raise awareness of the condition across scientific, clinical, and societal 
domains, and may help to inform policymakers and healthcare 
providers about the need for support systems tailored to address the 
multifaceted challenges it poses. By prioritising the improvement of 
the quality of life of people with akinetopsia, we can strive towards a 
more inclusive and supportive environment for those effected. That 
said, presently the best thing to do in clinical practice is a careful 
workup, followed by treatment of any underlying conditions, 
restorative training of surviving capacities to perceive movement, 
and psychoeducation.

4.3 Recommendations for scientific 
research

The incidence and prevalence rates of akinetopsia are as yet 
unknown, but given the obscurity of this condition there may 
be many more undiagnosed individuals in society at large, unaware 
of what they are suffering from. Therefore, we  would firstly 
recommend to screen clinical as well as nonclinical populations for 
akinetopsia, preferably with the aid of a standardised diagnostic 
tool. The condition’s unfamiliarity across societal, clinical, and 
scientific domains perpetuates the lack of standardised assessments 

and systematic investigations, especially when contrasted with the 
more extensive research dedicated to other perceptual deficits such 
as prosopagnosia (face blindness). This underscores the need for 
greater awareness, improved diagnostic criteria and assessment 
methods, and further scientific research into the neural circuitry of 
motion perception to better identify and understand the prevalence, 
variability and causes of akinetopsia. On the basis of the findings 
here presented we also recommend research into the mediating role 
of object velocity in akinetopsia, which might benefit from studying 
a wider range of velocities and a systematic assessment of their 
interactions with visual motion perception. Ideally, this should 
be done in double-dissociation studies, which have the potential to 
enhance our understanding of the motion-perception pathways and 
test the dynamic parallelism theory. More generally, we suggest that 
future studies on akinetopsia enhance the detail of phenomenological 
descriptions, and prioritise cross-sectional as well as longitudinal 
study designs while integrating protocols to ensure standardised 
documentation in larger and more diverse samples. Longitudinal 
clinical studies have the potential to provide valuable insights into 
the progression and prognosis of (hemi)akinetopsia, shedding light 
on symptom frequency, duration, and other aspects over time. 
Experimental studies, on the other hand, might compare the effects 
of unilateral and bilateral stimulation across different regions of the 
visual motion-perception network and incorporate neuroimaging 
techniques to map the neural correlates of the motion-perception 
network. For example, diffusion tensor imaging (DTI) or fMRI 
studies in healthy participants performing motion-perception tasks 
might inform us about the velocity at which area V5 becomes active, 
and further elucidate the roles of different components within the 
motion perception network as a whole. Developing an 
understanding of the impact of hemispheric lateralisation on the 
expression of akinetopsia could be used for rehabilitation strategies 
and potentially improve outcomes for affected individuals. This 
understanding could be enhanced through data analysis techniques 
such as lesion network mapping (LNM), which can identify critical 
brain regions and networks linked to the condition. This approach 
not only enables targeted therapeutic interventions but also aids to 
deepen insight into the factors that may mediate symptom 
heterogeneity (65). Inspired by the experimental studies cited, 
we also propose the development of a diagnostic psychophysical tool 
for akinetopsia. For example, a computerised display of various 
movement types combined with a verbal motion discrimination task 
could be used to identify visual motion-perception impairments. 
This tool would preferably offer an accessible as well as cost- and 
time-efficient alternative to existing methods. Finally, 
we  recommend to probe the potential connection between 
akinetopsia on the one hand and motion-perception deficits in 
multiple sclerosis on the other. Studies suggest that motion-
perception deficits in multiple sclerosis may arise from disruptions 
in visual processing pathways (66), with optic neuritis being the 
most commonly affected afferent visual pathway manifestation (67). 
This may result in difficulties in tracking moving objects or 
perceiving motion at certain speeds or in certain visual contexts. It 
is as yet unknown whether this may also present as akinetopsia, so 
it would be interesting whether there is a connection or perhaps an 
extension of the phenomenological continuum.
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4.4 Limitations

Given the limited literature on akinetopsia, the present study had 
to rely on a modest number of publications which were moreover 
heterogeneous in design and which had sometimes used different 
names to address similar phenomena. This lack of uniformity and 
comprehensiveness across studies moreover precluded proper insight 
into such aspects as handedness, symptom frequency and duration, 
involvement of the visual hemifields, burden, and course. Our rather 
broad inclusion approach allowed us to uncover a rich array of 
clinical presentations of akinetopsia, but also made it harder to 
establish one-on-one correlations with brain lesions. Moreover, the 
TMS studies here reviewed lacked sufficiently detailed methodologies 
and well-optimised motion-detection tasks, limiting their capacity to 
demonstrate robust effects based on effect size and distribution.

5 Conclusion

Even if Stevens’s (1) adage that ‘life is motion’ is debatable, the 
present systematic review shows that motion perception is vital to 
everyday life. Drawing from our overview of 25 clinical and 27 
experimental cases of akinetopsia, we  conclude that this visual 
motion-perception impairment has far-reaching consequences for 
those affected, irrespective of its presentation as either continuous or 
intermittent, as affecting the whole field of vision or only half of it, or 
as becoming better or worse for different ranges of object velocity. 
We also conclude that it is being mediated by a diversity of factors 
(ranging from stroke to epilepsy and intoxications) that affect the 
cortical area V5 or the broader motion-perception network, with the 
right-sided area V5 (contrary to previous findings) being the most 
important hub in that network, even though its left-sided homologue 
was found to be  most vulnerable to acute disturbances under 
experimental conditions. Our study moreover indicates that the 
phenomenological presentation of akinetopsia is influenced by a 
multitude of components, including, importantly, hemispheric 
lateralisation and object velocity. Due to a lack of data in the original 
studies, the burden of akinetopsia could not be  assessed 
systematically, but individual cases confirm the condition’s negative 
impact on individuals’ functioning and well-being. Treatment options 
are currently limited to practice-based attempts to treat the 
underlying disorder, although studies in other areas (e.g., the agnosia) 
suggest that additional effects can be  obtained with the aid of 
restorative training of surviving components of the visual motion-
perception network. To overcome the gaps in understanding and to 
help people unaware of their condition to find their way to proper 
care, we need to raise awareness of akinetopsia and its burden in 
scientific, clinical, and societal spheres, thus stimulating further 
research, refining diagnostic approaches, developing novel 
therapeutic interventions, and improving the quality of life of those 
affected. Finally, even when nothing can be done in a practical sense, 
people with akinetopsia and those who care for them may be helped 
by knowing the name of their condition, by being reassured that it is 
not a mental disorder, by realising that one is not alone in 
experiencing this, and by mapping out in which ways this condition 
affects their daily functioning.
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