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Thesis Overview

This thesis investigates lesion location and lesion network analyses in anterograde and retrograde
amnesia using a systematic review of amnesia case reports and case series in the published peer-
reviewed medical literature. We classified amnesia cases into three categories according to the
severity of memory loss: predominately anterograde amnesia, predominately retrograde amnesia,
and proportionate anterograde and retrograde amnesia.

Advances in neuroimaging techniques have enabled us to locate and segment brain lesions with
research-grade accuracy and answer questions about human brain disease and symptoms. In this
thesis, we used brain lesion analysis to identify differential brain structures associated with
anterograde and retrograde amnesias. We also employed lesion network mapping to localize
functional and structural brain networks underlying anterograde and retrograde amnesias,
lending insight into dissociable processes for encoding and retrieving episodic memory in
humans.

Our findings shed light on the specific brain networks contributing to anterograde and retrograde
amnesias and provide insights into potential intervention targets for patients with memory
disorders.

Overall, this thesis work contributes to understanding the neural basis of episodic memory by
elucidating discrete encoding and retrieval functions impacted in anterograde and retrograde
amnesia. This brain network understanding of discrete episodic memory processes has
translational implications for developing effective interventions and treatments for patients with

memory disorders.



Lesion location analysis: An anterograde and retrograde amnesia study

ABSTRACT

Background: Neurological injuries can lead to the loss of new memories (anterograde amnesia),
loss of prior memories (retrograde amnesia), or both. Although many cases of lesion-induced
amnesia have been reported, these cases have not been systematically examined in terms of
lesion localization regarding anterograde versus retrograde amnesia.

Methods: We performed a systematic literature search for case reports of lesion-induced
amnesia, including information on anterograde versus retrograde amnesia and traceable brain
scans showing lesion location. Using a novel scoring system, we characterized demographics,
lesion etiology, and amnesia profile (predominately anterograde, predominately retrograde, or
combined). Lesion locations were traced on to a standard brain template, and the associations
between lesion location and amnesia type were examined. We utilized the tool for evaluating the
methodological quality of case reports for our lesion location study. Cases of acceptable quality
were included to test the robustness of our findings.

Results: We identified 118 cases of lesion-induced amnesia meeting our criteria. 67 cases (57%)
had combined anterograde and retrograde amnesia, 37 cases (31%) had predominately
anterograde amnesia, and 14 cases (12%) had predominately retrograde amnesia. Retrograde
amnesia was more common in younger patients (P=0.023), with non-stroke lesion etiologies (P<
0.003), and with lesions intersecting the insular cortex (P= 0.015), predominantly on the right
(P=0.015). This result survived our subgroup analysis in cases of acceptable quality.
Conclusion: Focal brain damage may result in combined anterograde and retrograde amnesia,

with predominately anterograde or retrograde amnesia being relatively rare. Patient



demographics, lesion etiology, and lesion location may all influence whether new memories or

past memories are more affected.

Keywords: remote memory; systematic review; temporal lobe; insular lobe; frontal lobe; right

hemisphere

INTRODUCTION

Memory is a complex cognitive process involving information encoding, storage, and
retrieval(1). Amnesia is a severe memory disorder in which a person is unable to form new
memories (anterograde amnesia, AA) and/or recall previously-acquired memories (retrograde
amnesia, RA), despite otherwise intact cognitive functions(2). In this study, we classified
amnesia into three categories: predominately anterograde amnesia, predominately retrograde
amnesia, and combined anterograde and retrograde amnesia.

There is no consensus regarding the neural systems supporting retrograde and anterograde
amnesia(3). Animal experiments and human case reports provide divergent results regarding the
respective roles played by the neocortex and the Papez circuit in amnesia(2—17). Animal studies
are costly and difficult to conduct(3,17), and their results may not translate to humans.
Furthermore, there is a great deal of heterogeneity in the methodology used to describe people
with amnesia; as a result, it is challenging to draw conclusive results.

Currently, there are no available data on the incidence or prevalence of amnesia in the general
population, as the manifestation of memory impairments can vary depending on the specific
condition and population studied. In this lesion location analysis, we synthesized and critically

evaluated the available human case reports of amnesia from both anterograde and retrograde



memory perspectives. We analyzed the etiology of amnesia, patient demographics, and lesion
location in these patients. Using brain lesion location analysis, we identified human brain
structures specifically associated with anterograde and retrograde amnesia.

Overall, this work contributes to our understanding of the neural basis of amnesia, with potential

implications for developing effective interventions and treatments for memory disorders.

METHODS

Data Selection

We enlisted the expertise of a systematic review expert (P.B.) to help build the search builder for
amnesia case reports and case series included by PubMed and Embase until July 20th, 2022
(Supplementary Table 1). Two independent cognitive scientists (M.O.C. and M.D.) reviewed the
literature, including paper identification, screening based on title and abstract, full-text case
review, and case inclusion, using Covidence and Zotero. We followed a predefined protocol for
case selection and extraction to ensure consistency across reviewers. The inclusion and exclusion
criteria are listed in Supplementary Table 2.

The study design and selection process were intended to maximize the reliability of our findings
and reduce the risk of bias. By leveraging the expertise of multiple reviewers and using a

rigorous selection process, we aimed to identify the most relevant case reports for our analysis.

Data Collection and Data Assessment
Two cognitive scientists (M.O.C. and M.D.) independently rated the severity of anterograde and
retrograde amnesia categories using a four-point rating scale based on the extent of memory

damage (Intact/around normal range [0-25% damage, 1 point], mild compromise [25-50%



damage, 2 points], moderate impairment [50-75% damage, 3 points], and severe/dense damage
[75-100% damage, 4 points]). In cases of disagreement, a third cognitive scientist (M.A.F.)
provided the final rating assessment.

The cases were then classified into three categories based on the severity scores of memory
damage in anterograde amnesia and retrograde amnesia: predominately anterograde amnesia,
defined as cases with more than a 2-point disparity in the anterograde memory score being more
severe than the retrograded memory score; predominately retrograde amnesia, defined as cases
with more than a 2-point disparity in the RA score being more severe than the anterograde
memory score; and combined anterograde and retrograde amnesia, defined as cases with a 1 or 0-
point disparity between anterograde memory and retrograde memory scores.

Two cognitive scientists (M.D. and C.H.) independently collected the following information
through a case-by-case review: etiology related to amnesia onset event, age, gender, case origin
(country), neuropsychological symptoms, comorbidities, time from onset-to-memory assessment,
time from onset-to-image, follow-up time of memory performance, memory trajectory (stable,
improve, decline), and neuropsychological tests. We selected these items based on our
knowledge of variables and evidence related to lesion assessment and amnesia.

The use of multiple independent reviewers and predefined rating scales aimed to ensure the
reliability and accuracy of our data collection and assessment. By standardizing our data
collection process and focusing on key variables related to lesion assessment and amnesia, we

aimed to obtain a comprehensive and accurate dataset for our analysis.

Study Risk of Bias Assessment



We used a modified version of the Methodological Quality and Synthesis of Case Series and
Case Reports(18) and JBI Critical Appraisal Checklist for Case Reports(19) to assess the
methodological quality of the included cases for our lesion analysis purpose (Supplementary
Table 3). We evaluated each case for eight items under four categories: selection bias,
ascertainment, relevance, and reporting. We categorized each case into four response options for
each item: good, poor, unclear, or N/A.

We made an overall appraisal of methodological quality for each case based on the three most
critical items: item 2 (event contributed to amnesia onset), item 3 (convincing quantitative test
results/scores on both anterograde and retrograde memory assessment), and item 7 (time
relevance between memory tests and lesion images). We considered all other items as
supplementary data. The overall appraisal for each case was classified as low quality, high
quality, or with some concerns. Two independent cognitive scientists (M.D. and C.H.) conducted
the quality appraisal, and any disagreements were resolved by a third cognitive scientist
(M.O.C.).

We used Zotero, Excel, and Stata/BE 17.0 to assess bias and calculate inter-rater reliability. By
using a modified version of a validated tool and involving multiple independent reviewers, we
aimed to ensure the reliability and accuracy of our methodological quality assessment. Focusing
on key methodological quality items related to lesion assessment and amnesia, we aimed to

obtain a comprehensive and reliable dataset for our analysis.

Lesion Tracing and Brain Masks
Four researchers (M.D., T.K., K.B., R.C.) participated in lesion tracing according to the images

provided in the case reports. We used the MNI152 standard-space T1-weighted average



structural template image (2mm) and Slicer 2 for lesion tracing. A senior neuroscientist (F.S.)
reviewed and confirmed all traced lesions before image processing and analysis.

We included the grey matter masks of the frontal lobe, temporal lobe, parietal lobe, occipital
lobe, insular lobe, and cerebellum from the MNI Structural Atlas as regions of interest (ROIs) for
lesion location analysis. To obtain left and right lateralization analysis, we divided each ROI
mask into left and right. We created a binary brain left/right hemisphere mask by subtracting the
brainstem(20) and cerebellum masks from the whole brain mask. We used MATLABR2022b,

Python 3.9, and fslmaths for mask preparation.

Lesion Location Analysis

We performed a lesion location analysis in three subtypes of amnesia: predominately anterograde
amnesia, predominately retrograde amnesia, combined anterograde and retrograde amnesia. Our
analysis included testing the lesion location in the five main lobes (frontal, temporal, parietal,
occipital, and insular lobes), cerebellum, and brain hemisphere (left, right, and bilateral
hemispheres) among the three groups using the above masks. Lesions in each above region of
interest (ROI) were counted as having any voxel overlap between the patient's brain lesion mask
and our ROI brain mask. We set the lower threshold of display for our probability ROIs at 0 and
0.5 to test our results' robustness and avoid any lesion overflow outside the masks. We conducted
a post hoc left/right analysis for ROIs that showed differences in the three-group comparisons.
We conducted two pre-defined subgroup analyses on lesion location by restricting our analysis to
an acceptable quality [including cases of high quality and with some concerns]) subgroup and a

restricted solid lesion subgroup (amnesia etiology including stroke and post-brain surgery).
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Our lesion location analyses were developed by W.D. and modified by M.D. We performed the

analyses on the Jupyterhub server of Mass General Brigham using Python3.9.

Statistical Analysis

Continuous variables were presented as the mean and standard deviation for normally distributed
data, while categorical variables were shown as frequency and percentage. Descriptive analysis
was performed for all study variables, such as country, gender, age, etiology, and lesion location
for all cases.

The univariate analysis compared age, gender, etiology, and lesion location among the three
amnesia groups (predominately anterograde amnesia, predominately retrograde amnesia, and
combined anterograde and retrograde amnesia). Fisher’s exact test, Pearson's chi-squared test, or
Bartlett's equal-variances test (one-way-ANOVA) was used for three amnesia group comparisons
based on the data characteristics. Post hoc two-group comparisons were carried out using
Bonferroni correction.

We calculated the inter-rater reliability of anterograde and retrograde amnesia severity ratings
and overall case quality appraisals between two independent reviewers using Kendall’s Tau-b
statistic. A tau-b score of 0.6 or higher was considered good inter-rater reliability.

All p-values were set at <0.05. We performed all statistical analyses on Stata/BE 17.0 for Mac,

and data visualization was conducted using GraphPad Prism 9.5.1.

RESULTS

Overview
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Our final amnesia study enrolled 118 cases from 108 studies published and included by Embase
and PubMed till 20th July 2022. The PRISMA flow diagram (Figure 1) described the framework
of the amnesia case selection and listed the exclusion cases with reasons. The top four exclusion
reasons were the lack of both anterograde and retrograde evaluation (169, 41.02%), the lack of
traceable image (123, 29.85%), not being published in English (45, 10.92%), and brain atrophy
(43,10.44%). We listed the case characteristics in Supplementary Table 4 and the quality
appraisal for each case in Supplementary Table 5.

We did an inter-rater reliability test on anterograde and retrograde memory severity ratings. The
two reviewer’s Kendall's tau-b score on anterograde memory was 0.76 (SE= 303.95 corrected for
ties, P<0.0001 continuity corrected) and 0.87 on retrograde memory (SE= 379.10 corrected for
ties, P<0.0001 continuity corrected), which indicated good inter-rater reliability. We also did an
inter-rater reliability test on case overall appraisal ratings (low or high quality, or with some
concerns). The two reviewer’s Kendall's tau-b score on overall appraisal for case reports was
0.92 (SE=368.90 corrected for ties, P<0.0001 continuity corrected).

Among 118 amnesia cases (Figure 2), 22 were deemed high quality (18.64%), 46 (38.98%) were
reserved with some concerns, and 50 (42.37%) were evaluated as low quality. The comparison of
overall appraisal ratings among the three amnesia groups showed statistical significance
(P=0.004). The post hoc two-group comparisons revealed that predominately retrograde amnesia
had higher quality appraisal ratings than predominately anterograde amnesia (£<0.003) but not
between predominately retrograde amnesia and combined amnesia (P=0.054) or predominately
anterograde amnesia and combined amnesia (P=0.453), indicating a potential publication bias in

predominately retrograde amnesia cases.
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In all 118 amnesia cases (Table 1), 67 (56.78%) cases were combined amnesia, 37 (31.36%)
were predominately anterograde amnesia, and 14 (11.86%) were predominately retrograde
amnesia. Forty-eight cases (40.68%) had lesions in the temporal lobes (Table 2), followed by the
frontal lobes (46, 38.98%), parietal lobes (35, 29.66%), and occipital lobes (29, 24.58%).
Twenty-six cases (22.03%) had lesions in the left hemisphere, 16 (13.56%) in the right
hemisphere, and 76 (64.41%) in the bilateral hemispheres. We compared the three amnesia
groups on age, gender, and etiology (Table 3). Patients in predominately retrograde amnesia
group were younger (F(2, 115) = 6.03; P=0.003; post hoc two-group comparisons, Bonferroni
corrected, Retrograde vs. Anterograde, P= 0.023; Retrograde vs. Combined, P= 0.002;
Anterograde vs. Combined, P> 0.999), but sex did not differ (Pearson Chi’(2)=0.005, P=0.998)
among the three. The etiology of amnesia onset differed among the three amnesia groups
(Fisher’s exact, P<0.001). The top three events related to predominately retrograde amnesia
were traumatic brain injury (8, 57.14%), CNS inflammation (3, 21.43%), and post-brain surgery
(2, 14.29%). In contrast, in predominately anterograde amnesia, those events were stroke (26,
70.27%), post-brain surgery (5, 13.51%), and CNS inflammation (3, 8.11%).

Lesion Location Analysis

The predominately retrograde amnesia group had more right-sided lesions than other groups. The
frontal lobes (P=0.009), temporal lobes (P<0.001), and insular lobes (P<0.001) showed group
differences among the three amnesia types, where the predominately retrograde amnesia showed
more lesions in the frontal (P=0.009), temporal (P<0.003) and insula lobes (P<0.003) than the

predominately anterograde amnesia group (Table 4).
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Further analysis revealed that predominately retrograde amnesia had a right-sided preference
over left in the frontal lobe (P<0.003), temporal lobe (P<0.003), and insular lobe (P<0.003)
compared to predominately anterograde amnesia (Table 5).

Overall, our analysis indicates that there are significant differences in lesion location between the
anterograde and retrograde amnesia, with more lesions observed in the frontal, temporal, and

insular lobes in retrograde amnesia, especially in the right hemisphere.

Subgroup Analyses in Acceptable-quality Cases and Restricted Solid Lesion Cases

We performed a subgroup analysis in acceptable-quality cases to assess the robustness of our
lesion location results. We had 68 cases of acceptable quality, in which predominately retrograde
amnesia showed more lesions in the temporal (P=0.009) and insular lobes (P=0.003) than
predominately anterograde amnesia (Table 6). We did not find a hemisphere laterality preference
(P=0.263) among groups, which further convinced our findings that the temporal lobe (P=0.003)
and insular lobe (P<0.003) had a right-sided preference in retrograde amnesia over anterograde
amnesia (Table 7). Also, we conducted another subgroup analysis in cases with restricted solid
lesions caused by stroke or brain surgery. Among 73 cases with solid lesions, we observed a
significant difference between predominately retrograde amnesia and predominately anterograde
amnesia in the ratio of cases that damaged the insular lobes (P=0.015) (Supplementary Table 6).
No hemisphere preference was detected (P=0.192) in lesion location among the three groups,
yet, predominately retrograde amnesia showed a significant right-sided preference over the left
compared to predominately anterograde amnesia (P=0.015) (Supplementary Table 7). What’s
worth mentioning is that our sample size for predominately retrograde amnesia lesions in this

analysis was relatively small (n=3); thus, these findings should be tested in future studies.
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DISCUSSION

Our systematic review included 118 amnesia cases from 108 studies published on Embase or
PubMed by July 20th, 2022, of which 12% of cases were predominately retrograde amnesia,
31% predominately anterograde amnesia, and 57% combined anterograde and retrograde
amnesia, consistent with previous reports(5). Patients in the predominately retrograde amnesia
group were younger than those in other groups and were most observed in TBI (57%), while
stroke (70%) was the major cause of anterograde amnesia. Our findings indicate that lesions
leading to predominately retrograde amnesia are more likely to impact the insular lobe,
particularly on the right side, than those causing predominately anterograde or combined
amnesia. Also, we noted that lesions resulting in retrograde amnesia (predominately or combined
with anterograde amnesia) are more prone to intersect the temporal lobe than those causing
predominately anterograde amnesia. This disparity stems from the lower likelihood of lesions
causing predominately anterograde amnesia to intersect the temporal lobe.

A key aspect of novelty in our study is our focus on differentiating lesions causing
predominately retrograde amnesia versus lesions causing predominately anterograde amnesia.
Previous studies have observed that remote memory is less vulnerable or more resilient to
damage than recent memory(2). However, the majority of amnesia cases represent a combination
of both retrograde and anterograde amnesia. As such, prior work has been largely unable to
differentiate locations specifically associated with anterograde functions (for example, memory
encoding) versus locations specifically with retrograde functions (for example, memory

retrieval).
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Our findings support the idea that remote memory interacts with the neocortex(3,21), especially
the insular lobe with a right-sided preference, within an unknown time boundary and through
unknown mechanisms(2,13). Not many studies examine the insular lobes' role in remote
memory. Still, previous research indicates that the insular cortex is crucial for consolidating
object and taste recognition memory, relating conscious attention to stimuli(22), and storing
recognition memory of different sensory modalities. Meanwhile, the temporal lobe is essential
for object recognition memory storage(23), suggesting that these two lobes may cooperate(24) in
remote memory functioning. The neocortex may be a tertiary or reciprocal "clouding site" for
remote memory consolidation(2,9,12,21), or it may serve as a storage site for distant remote
memory(21), according to Ribot's law(25). Experimental evidence has shown that the MTL
directs and reactivates neocortex consolidation by binding them together for a single memory
event(8,21), and changes in input lead to morphological changes in the neocortex and modify the
connectivity strength among them(17,21), in a gradual but long-lasting way(21,26).

Future research should also explore the differences between remote episodic and semantic
memory and their associations with lesion locations, as evidence is scarce concerning these two
types of memory in brain regions. Current evidence does not rule out the existence of episodic
and semantic memory systems(27). In our study, we assessed the severity of semantic and
episodic memory in predominately retrograde amnesia patients (unpublished data), where 3 cases
(21.43%) (n=14, 3 cases NA) displayed predominately episodic over semantic damage (severity
scale 1-4 as above, thresholded > 2 points) in remote memory. This discrepancy may partially
explain the right-sided preference in these predominately retrograde amnesia patients since right
laterality in remote episodic memory has been previously seen in small sample human

studies(28—-30) and case reports(31,32).
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Our study has multiple strengths. Amnesia cases are rare, particularly for predominately
retrograde amnesia. Previous studies have not comprehensively reviewed human amnesia cases
from both anterograde and retrograde memory perspectives. Our study contributes to a better
understanding of amnesia cases and explores brain regions that differentiate between anterograde
and retrograde amnesia. This research lays the foundation for future insights into the brain
networks underlying anterograde and retrograde amnesia. Additionally, with a systematic review
and pre-defined subgroup analyses, our study provides robust evidence for the involvement of
neocortices in remote memory in humans. Also, our modified quality appraisal for lesion studies
of case reports can serve as a valuable tool for future lesion studies.

However, our study also has several limitations. First, we limited our amnesia cases to those
long-lasting, focal lesions induced, both retrograde and anterograde memory-measured ones.
Amnesia cases involving other mechanisms, such as brain atrophy and neuropsychological
factors, or measured old or new memories only, may not be generalizable to our conclusions.
Second, we measured lesion locations in different brain regions as a binary outcome (lesions
hitting the brain ROIs or not). Lesions in each case may range from partial to complete damage
of the relevant brain structures, potentially biasing the results towards none. The actual effect and
brain regions involved in anterograde and retrograde amnesia could be more extensive than we
observe in the current study. Third, our lesions were traced in 2D NIfTIs from brain scans in
published case reports. Our study did not adjust for lesion size, and undetected lesions by clinical
brain scans may contribute to memory impairment, introducing an unknown bias. However, we
performed lesion tracing on a common brain template and had a senior cognitive scientist review
and approve all hand-traced lesions to minimize the impact of brain size variability and lesion

measurement accuracy of 2D hand-tracing NIfTIs. Moreover, we selected the most available,
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traceable brain scans close to the time point of patients' memory tests. Fourth, our lesion-focused
systematic review is based on published English case reports, inherently subject to publication
and language bias. In our study, we attempted to analyze the heterogeneity of case reports by
quality appraisal and conducted a grey literature search to minimize such bias by contacting
well-known cognitive scientists for unpublished cases, reports, and other materials. Finally, we
cannot draw any causal conclusions due to the nature of case reports/series and lesion location

analysis.

CONCLUSION
In conclusion, patient demographics, lesion etiology, and lesion location may all influence
whether new memories or old memories are more affected. Future research should focus on

elucidating the distinct neural networks involved in anterograde and retrograde memory.
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Figure 1 PRISMA flow diagram
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Figure 2 Quality appraisal of case reports in three amnesia groups
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There was a difference in case quality among the three amnesia groups (Fisher’s exact test,
P=0.004). Post hoc two-group comparisons, Bonferroni corrected, revealed significant
differences between predominately retrograde and predominately anterograde amnesia (marked
as *** P<(0.003) but not between predominately retrograde and combined amnesia (marked as

ns, P=0.054), or predominately anterograde and combined amnesia (marked as ns, P=0.453).
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Table 1 Case characteristics on age, gender, amnesia type, and etiology
Mean/No. SD/Percentage

Age (years) 49.22 14.78
Gender

Female 42 35.59
Male 76 64.41
Amnesia type

Retrograde 14 11.86
Anterograde 37 31.36
Combined 67 56.78
Etiology

Stroke 54 45.76
Inflammation 21 17.80
Traumatic brain injury 13 11.02
Post-brain surgery 19 16.10
Metabolism 6 5.08
Neoplasm 5 4.24

Table 2 Lesion location in amnesia cases

Lesion location No. of cases Present
within % of
cases

Frontal lobes 46 38.98

Temporal lobes 48 40.68

Parietal lobes 35 29.66

Occipital lobes 29 24.58

Insular lobes 23 19.49

Cerebellums 24 20.34

Lateralization

Left hemisphere 26 22.03

Right hemisphere 16 13.56

Bilateral hemisphere 76 64.41
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Table 3 Case characteristics in amnesia groups

Amnesia group Total Pearson Chi?/ P
Retrograde Anterograde Combined (n, %) Fisher’s exact/
(n=14) (n=37) (n=67) F statistics
Age® 37.21(10.90)  49.32(13.72) 51.69(15.66)49.23(14.78)  F(2,115)=6.03 0.003
(mean, SD)
Gender (n, %)
Female 5(35.71) 13(35.14) 24(35.82) 42(35.59) Pearson 0.998
Male 9(64.29) 24(64.86) 43(64.18)  76(64.41) Chi*(2)=0.005
Etiology (1, %)%
Stroke 1(7.14) 26(70.27) 27(40.30)  54(45.76) <0.001
TBI 8(57.14) 1(2.70) 4(5.97) 13(11.02)
Brain surgery 2(14.29) 5(13.51) 12(17.91)  19(16.10)
CNS 3(21.43) 3(8.11) 15(22.39)  21(17.80)
inflammation
Neoplasm 0(0) 1(2.70) 4(5.97) 5(4.24)
Metabolism  0(0) 1(2.70) 5(7.46) 6(5.08)
Post-hoc two-group comparison (Bonferroni corrected): “:Retrograde vs. Anterograde,
$:Retrograde vs. Combined, *: Anterograde vs. Combined
Age: "P=0.023, $P=0.002, “P>0.999; Etiology: “P<0.003, *P<0.003, *P=0.106.
Table 4 Brain lesion location analysis in amnesia groups
Brain region Frequency of lesions presented within Total Pearson Chi® P
each amnesia group (n) (n, %)
Retrograde  Anterograde Combined
(n=14) (n=37) (n=67)
Frontal lobe” 10 9 27 46(38.98) 0.009
Temporal lobe**
11 7 30 48(40.68) <0.001
Parietal lobe 6 8 21 35(29.66) Pearson 0.300
Chi*(2)=2.41
Occipital lobe 4 7 18 29(24.58) 0.645
Insular lobe™ 10 1 12 23(19.49) <0.001
Cerebellum 3 5 16 24(20.34) 0.485
Lesion Lateralization™ (7,%)
Left 0(0) 14(37.84) 12(17.91)  26(22.03) 0.003
hemisphere
Right 5(35.71) 5(13.51) 6(8.96) 16(13.56)
hemisphere
Bilateral 9(64.29) 18(48.65) 49(73.13)  76(64.41)
hemispheres

Post-hoc two-group comparison (Bonferroni corrected): "Retrograde vs. Anterograde,
$:Retrograde vs. Combined, *: Anterograde vs. Combined

Frontal lobe: *P=0.009; Temporal lobe: *P=0.030, *P<0.003; Insular lobe: *P<0.003, * P<0.003.
Lesion lateralization: “P=0.021, P=0.042, “P=0.117
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Table 5 Lesion laterality in frontal, temporal and insular lobes in amnesia groups

Brain Frequency of lesions presented within ~ Total Pearson Chi?/ P
region each amnesia group (n) (n, %) Fisher’s exact
Retrograde Anterograde Combined
(n=14) (n=37) (n=67)
Frontal lobe
Left 5 6 19 30(25.42) Pearson 0.254
Chi*(2)=2.74
Right®* 10 6 17 33(27.97) 0.001
Temporal lobe
Left” 6 6 27 39(33.05) Pearson 0.031
Chi*(2)=6.94
Right™” 11 5 26 42(35.59) <0.001
Insular lobe
Left 3 1 8 12(10.17) 0.079
Right** 9 0 8 17(14.41) <0.001

Post-hoc two-group comparison (Bonferroni corrected): "Retrograde vs. Anterograde,
$:Retrograde vs. Combined, *: Anterograde vs. Combined
Right frontal lobe: *P<0.003, $P=0.006; Left temporal lobe: ¥P=0.045; Right temporal lobe:

“P=0.021, $P=0.024, *P<0.003; Right insular lobe: $P<0.003, *P<0.003.

Table 6 A subgroup analysis of lesion locations in cases with acceptable quality

Brain region Frequency of lesions presented within ~ Total
each amnesia group (n) (n, %)
Retrograde  Anterograde Combined
(n=13) (n=16) (n=39)
Frontal lobe 9 5 16 30(44.12)
Temporal lobe”
11 4 20 35(51.47)
Parietal lobe 6 2 11 19(27.94)
Occipital lobe 4 2 12 18(26.47)
Insular lobe*” 9 1 8 18(26.47)
Cerebellum 3 3 9 15(22.06)
Hemisphere Lateralization
Left 0 4 8 12(17.65)
hemisphere
Right 4 2 5 11(16.18)
hemisphere
Bilateral 9 10 26 45(66.18)
hemispheres

P

0.109

0.006
0.132
0.335
<0.001
>0.999

0.263

Post-hoc two-group comparison (Bonferroni corrected): "Retrograde vs.

$:Retrograde vs. Combined, #: Anterograde vs. Combined
Temporal lobe: “P=0.009; Insular lobe: $P=0.006, *P=0.003.
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Table 7 A subgroup analysis of lesion laterality in temporal and insular lobes in cases with
acceptable quality

Brain Frequency of lesions presented within ~ Total P
region each amnesia group (n) (n, %)

Retrograde Anterograde Combined

(n=13) (n=16) (n=39)
Temporal lobe
Left 6 3 19 28(41.18) 0.125
Right®* 11 3 17 31(45.59) 0.001
Insular lobe
Left 3 1 6 10(14.71) 0.510
Right®* 8 0 5 13(19.12) <0.001

Post-hoc two-group comparison (Bonferroni corrected): "Retrograde vs. Anterograde,
$:Retrograde vs. Combined, *: Anterograde vs. Combined
Right temporal lobe: $P=0.036, *P=0.003; Right insular lobe: $P=0.003, *P<0.003.
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Supplementary Table 1 Search builder

PubMed

1. (stroke OR cerebrovascular OR ischemia OR infarct OR hemorrhage) AND ((remote memory)
OR (autobiographical amnesia) OR (retrograde amnesia) OR (retrograde memory) OR
(autobiographical memory)) Filters: Case Reports, Humans

2. ("Tomography, X-Ray Computed"[Mesh] OR "Magnetic Resonance Imaging"[Mesh] OR
computed tomograph*[tiab] OR computer assisted tomograph*[tiab] OR ct scan*[tiab] OR cat
scan*[tiab] OR magnetic resonance[tiab] OR mri[tiab]) AND

("Amnesia, Retrograde"[Mesh] OR "Amnesia, Anterograde"[Mesh] OR remote memor*[tiab] OR
autobiographical memor*[tiab] OR retrograde amnesia*[tiab] OR retrograde memory loss*[tiab]
OR pre-ictal amnesia*[tiab] OR pre-ictal memory loss*[tiab] OR autobiographical amnesia*[tiab]
OR anterograde amnesia*[tiab] OR anterograde memory loss*[tiab] OR post ictal amnesia*[tiab]
OR post-ictal memory loss*[tiab]) AND (casereports[Filter] OR case report*[tiab] OR case
series*[tiab])

Embase

1. ('anterograde amnesia'/exp OR 'retrograde amnesia'/exp OR ((retrograde or anterograde or 'pre
ictal' or 'post ictal' or autobiographical) NEAR/3 (amnesia* OR 'memory loss*')):ab,ti,kw OR
'remote memory':ab,ti,kw) AND ('x-ray computed tomography'/exp OR 'nuclear magnetic
resonance imaging'/exp OR (‘computed tomograph*' OR 'magnetic resonance' OR 'ct scan*' OR
'cat scan*' OR mri):ab,ti,kw) AND (‘case report'/de OR ('case report*' OR 'case series*'):ab,ti,kw)

Supplementary Table 2 Eligibility criteria

Inclusion Criteria
1.Amnesia case reports and case series included by PubMed or Embase until July 20th, 2022

Exclusion Criteria

1.Transient amnesia, reversible amnesia symptom, severe confabulation or drug use, toxicity,
epilepsy-related confusion, psychological or psychiatric-related amnesia (functional amnesia)
2.Did not examine/report both retrograde and anterograde memory domains

3.Without descriptive/qualitative/quantitative data on amnesia severity/memory
tests/questions/scenarios/details

4.Had global cognitive impairment disproportionate to memory loss

5.Without measurable lesion-related brain MRI/CT scans

6.Had focal or widespread brain atrophy

7.Atypical cases with selective (e.g., semantic) memory loss or material/topographic-specific
memory loss

8.Not published in English

26



Supplementary Table 3 Modified tool for evaluating the methodological quality of case
reports for lesion analysis

Domains Major Components Response options
Selection bias 1. Does the patient(s) represent(s) Good Poor Unclear N/A
the whole experience of the
investigator (center) or is the
selection method unclear to the
extent that other patients with
similar presentation may not have
been reported?

Ascertainment 2. Was patient’s exposure Good Poor Unclear N/A
clearly described?
3. Were diagnostic tests or Good Poor Unclear N/A

assessment