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Abstract
Lifelong brain health consequences of traumatic brain injury (TBI) include the risk of neurodegenerative disease. Up to one-
third of women experience intimate partner violence (IPV) in their lifetime, often with TBI, yet remarkably little is known 
about the range of autopsy neuropathologies encountered in IPV. We report a prospectively accrued case series from a single 
institution, the New York City Office of Chief Medical Examiner, evaluated in partnership with the Brain Injury Research 
Center of Mount Sinai, using a multimodal protocol comprising clinical history review, ex vivo imaging in a small subset, 
and comprehensive neuropathological assessment by established consensus protocols. Fourteen brains were obtained over 
2 years from women with documented IPV (aged 3rd–8th decade; median, 4th) and complex histories including prior TBI 
in 6, nonfatal strangulation in 4, cerebrovascular, neurological, and/or psychiatric conditions in 13, and epilepsy in 7. At 
autopsy, all had TBI stigmata (old and/or recent). In addition, white matter regions vulnerable to diffuse axonal injury showed 
perivascular and parenchymal iron deposition and microgliosis in some subjects. Six cases had evidence of cerebrovascular 
disease (lacunes and/or chronic infarcts). Regarding neurodegenerative disease pathologies, Alzheimer disease neuropatho-
logic change was present in a single case (8th decade), with no chronic traumatic encephalopathy neuropathologic change 
(CTE-NC) identified in any. Findings from this initial series then prompted similar exploration in an expanded case series of 
70 archival IPV cases (aged 2nd–9th decade; median, 4th) accrued from multiple international institutions. In this secondary 
case series, we again found evidence of vascular and white matter pathologies. However, only limited neurodegenerative 
proteinopathies were encountered in the oldest subjects, none meeting consensus criteria for CTE-NC. These observations 
from this descriptive exploratory study reinforce a need to consider broad co-morbid and neuropathological substrates con-
tributing to brain health outcomes in the context of IPV, some of which may be potentially modifiable.

Keywords Cerebrovascular disease · Diffuse axonal injury · Domestic violence · Neurodegeneration · Chronic traumatic 
encephalopathy · Traumatic brain injury

Introduction

Traumatic brain injury (TBI) is recognized as one important, 
potentially modifiable risk factor for neurodegenerative dis-
ease, with an estimated 15–16% [13, 32, 60] of dementia in 
the community attributable to TBI. The relationship between 
TBI and lifelong brain health has attracted particular atten-
tion through recognition of the high risk of neurodegenera-
tive disease among elite male contact sports athletes with 
exposure to TBI and repetitive head impact (RHI), among 
whom a specific pattern of neuropathology, termed chronic 
traumatic encephalopathy, has been found [8, 29–31, 33, 

48]. Chronic traumatic encephalopathy neuropathologic 
change (CTE-NC) is characterized by a patchy deposition 
of hyperphosphorylated tau (p-tau) in neurons, at the depths 
of cortical sulci, typically in a perivascular distribution, with 
or without colocalized glial p-tau in thorn-shaped astrocytes 
[7].

TBI is of course not limited to the sports world. An esti-
mated one-third of women worldwide experience physical 
and/or sexual intimate partner violence (IPV) during their 
lifetime [51], the majority of whom have sustained at least 
one TBI [56], though multiple TBIs are typical [63]. Nev-
ertheless, in contrast to contact sport and wider community 
TBI exposures, remarkably little is known about the lifelong 
brain health and neuropathological sequelae of IPV-related 
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TBI. In contrast to the growing literature describing late 
neuropathologies among former athletes, only isolated case 
reports describe outcomes in those exposed to IPV. Thus, 
more than 3 decades ago, features consistent with CTE-NC 
were described following autopsy examination of a so called 
“punch-drunk wife” [47] and, more recently, in a young 
woman with a mixed exposure history of both IPV and con-
tact sports exposure [17].

A narrow focus on RHI and CTE-NC would fail to con-
sider the complex patterns of brain injury exposure expe-
rienced by IPV survivors, which might include TBI (i.e., 
an external force to the head, neck or face that results in 
altered mental status) [3], RHI (i.e., cumulative exposure to 
repeated injuries to the head, neck or face that may not meet 
TBI diagnostic criteria), and nonfatal strangulation (NFS, 
i.e., any injury that alters cerebral blood flow secondary 
to manual or ligature strangulation, suffocation, or nonfa-
tal drowning) [39]. These distinct injury etiologies, which 
commonly co-occur and can escalate over time among those 
living with IPV, beg the question of how to recognize their 
neuropathological signatures. For example, diffuse traumatic 
axonal injury secondary to rotational/torsional force is a 
hallmark of isolated TBI [42], and microvascular lesions are 
commonly observed [14, 50]. NFS-related blood pressure 
fluctuation can strain vessel elasticity, resulting in micro-
vascular injury, microhemorrhage, compromised cerebral 
blood flow, and stroke [12, 34, 62]. Additionally, factors 
other than brain injury such as high rates of cardiovascular 
and cerebrovascular disease [11, 45], concurrent alcohol or 
substance use, and HIV infection [21, 43], alongside limited 
care-seeking and poor treatment adherence [35], may confer 
additional detriment to brain health.

In light of these complex factors, we sought to charac-
terize the pathological substrate(s) of multi-etiology IPV-
related brain injury with particular emphasis on neurode-
generative and vascular pathologies.

Methods

Overview

We performed neuropathological examinations on a prospec-
tive, discovery sample of brains of individuals with a recent 
and/or remote history of IPV through partnership between 
the New York City Office of the Chief Medical Examiner 
(NYC OCME) and the National Institutes of Health-funded 
Late Effects of TBI (LETBI) study [18]. Findings from this 
case series then prompted exploration in a second series of 
cases collated from the Province of Manitoba and multiple 
international archives via the CONNECT-TBI program [53]. 
Study procedures were approved and/or deemed not human 
subjects research (NHSR) by the Mount Sinai Program for 

the Protection of Human Subjects; cases without informed 
consent for research were deemed NHSR by the New York 
State Department of Health and Mental Hygiene Institu-
tional Review Board and NYC OCME Legal Department.

Initial case series

Cases were prospectively identified over a 24-month period 
(2020–2021) in the NYC OCME based on the following 
criteria: (1) females with a history of IPV documented at 
the time of medicolegal death investigator review (with 
or without reports generated separately by police), avail-
able recent/remote medical records, and/or family inter-
view; and (2) absence of decomposition and/or postmortem 
intervals > 72 h (since last known to be alive). Subjects fell 
under the jurisdiction of the OCME as part of its public 
health mandate to investigate deaths, especially those not 
attributable to known medical illness or with evidence of 
violence and/or toxicologic exposure(s), from the catchment 
area of the Manhattan office which corresponded to a total 
of 948 autopsies of women aged 18 years or older over that 
interval. IPV-associated brain specimens were submitted 
prospectively to the OCME Neuropathology Service (led 
by RDF) for diagnosis.

For annotation of clinical history, a combination of 
approaches was employed. At minimum, all cases entering 
the OCME system were evaluated by certified Medicolegal 
Death Investigators, who perform scene investigations of 
the decedent, discussions on site with next-of-kin (NOK), 
documentation of medications or other substances at the 
scene, and procurement of medical records from healthcare 
facilities. Medical Examiners performed complete autopsies 
to document all injuries and natural disease, supported by 
ancillary tests necessary for determination of the cause and 
manner of death. LETBI staff at Mount Sinai (led by KDOC) 
attempted contact with known NOK of all cases for whom 
any NOK contacts were available for informed consent. (Of 
note, IPV cases resulting from homicide are especially chal-
lenging to consent, as often the perpetrators are the NOK.) 
Informants were invited to participate in a postmortem semi-
structured informant interview [18, 46] to query lifetime IPV 
and head trauma exposure, health comorbidities, and inform-
ant characterization of cognition, motor function, mood, and 
functional independence, per National Institutes of Health 
Common Data Elements protocols for TBI-related neurode-
generation [46]. Informant interviews were completed for 
four cases, and medical and forensic records were available 
for all cases. All available records and data were reviewed 
(by KDOC, AP, ES, and RDF) to confirm head/brain trauma 
exposure characterization and medical, psychological, and 
other comorbidities.

All specimens were fixed in 20% formalin for 1–2 weeks, 
and then either cut at NYC OCME using routine examination 
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protocols (described below) or transferred to 10% formalin. 
Four whole brain specimens underwent ex vivo imaging and 
sectioning protocols [18], as detailed previously [57]. Each 
imaging dataset was reviewed by a board-certified CAQ neu-
roradiologist (BND) with expertise in the interpretation of 
ex vivo MRI. Findings of potential interest were marked for 
histologic sampling.

In all cases, histologic sampling followed standardized 
protocols for evaluation of neurodegenerative disease, 
including CTE, with histochemical and immunohisto-
chemical staining as previously reported [7, 40]. Briefly, 
for each case, a minimum of 16 anatomical regions were 
evaluated, consistent with consensus recommendations 
for evaluation of CTE-NC and Alzheimer’s disease-NC 
[7, 36]. Sections from these regions were then prepared 
for immunocytochemistry employing antibodies to p-tau 
(AT8, Invitrogen, catalogue # ENMN1020, concentra-
tion 1:1000), amyloid-beta (6E10, BioLegend, catalogue 
# 803,015, concentration 1:5000), phospho-TDP ((1D3): 
BioLegend, catalogue # 829,901, concentration 1:5000), 
and alpha-synuclein (MilliporeSigma, catalogue # MAB-
N824MI, concentration 1:3000). Additional sections were 
prepared for Perls’ Prussian blue stain for hemosiderin using 
the standard protocols. Immunostains for amyloid precur-
sor protein (APP; monoclonal antibody clone 22C11, Mil-
lipore Cat#MAB348) and CD68 (KP-1; monoclonal anti-
body, Ventana REF#790–2931) [25] were performed, and 
immunostain for fibrinogen was used to detect blood–brain 
barrier dysfunction (mouse monoclonal antibody, Abcam, 
Cat#AB58207) per the manufacturer’s directions.

Secondary exploration in archival specimens

To explore the generalizability of our findings from the ini-
tial prospective case series, we identified women with IPV 
exposure from retrospectively available autopsy case series, 
from files of the Province of Manitoba and from the col-
laborative CONNECT-TBI (see Supplementary Tables). The 
same standardized methods for evaluation of neurodegen-
erative disease pathologies described above were employed 
in assessment of all CONNECT-TBI cases [7, 53]. Of the 
61 Manitoba-derived cases with documented history of 
IPV, 29 were fixed for complete examination [7, 53] by a 
neuropathologist; p-tau immunostains were performed on 
4–7 brain regions. The remaining 32 brains had been photo-
graphed before and after slicing fresh by a forensic patholo-
gist; sampling for histology was limited to 1–4 samples. The 
neuropathologist retrospectively reviewed the history, gross 
photographs, H&E stained slides, as well as p-tau immu-
nostains on the hippocampus and medial temporal ± frontal 
cortex. All neuropathology evaluations in both the initial 
and archival case series were performed by reviewers blind 
to patient demographic and clinical information.

Statistical analysis

No statistical analysis plan was pre-specified for this case 
series. Thus, demographic characteristics, substance use his-
tory, psychiatric symptoms, medical history, injury history 
(remote and recent), and features of neurodegeneration are 
presented in a descriptive format. This exploratory study is 
intended to be hypothesis-generating for targeted investiga-
tions in larger samples, including appropriate prospective 
controls.

Results

Initial case series

Demographic and clinical information

Fourteen brains were collected prospectively from 2020 to 
2021 (Table 1), ranging in age from 20s to 70s (median, 
35 years; exact ages not provided to protect privacy). Eight 
cases were Latina, 4 were Black, and 2 were White. Nine of 
14 had alcohol and/or substance use disorders; 7 had known 
psychiatric disorders (e.g., anxiety, depression, bipolar dis-
order), and 7 had epilepsy (Table 1). Four had known histo-
ries of NFS. Six had a known history of TBI; all others had 
documented evidence of physical IPV but insufficient detail 
to characterize head trauma exposure. Other known prior 
injuries included extremity and facial injury, and severe 
abrasions (one—from fleeing the abusive partner—requir-
ing skin grafts). The five eldest women had known hyper-
tensive, atherosclerotic, or other heart disease (three with 
pacemakers).

Ex vivo neuroimaging

Four prospective cases (all third or fourth decade in age) 
underwent ex vivo neuroimaging (Table 2). (The findings 
of this exploratory step are reported descriptively herein, 
with their potential import addressed in the Discussion.) 
Briefly, Case NY6 showed appreciable signal in the perive-
ntricular white matter, the neurohistologic substrate of which 
was subtle but definitive perivascular rarefaction and pro-
teinaceous (fibrinogen-immunoreactive) fluid accumulation 
(Fig. 1). This acute finding, unaccompanied by inflamma-
tion, reflects the grossly observed acute TBI in this woman, 
who also had a history of prior TBI and NFS (see below). 
Case NY2 had an old left inferior temporal lobe infarct, and 
susceptibility changes of frontal periventricular white matter 
correlating with HIV encephalopathy. The other two cases 
had no specific findings.
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Table 1  Clinical histories of initial prospective IPV case series per available data

Case Age (decade) Ethnicity Prior TBI Nonfatal 
strangula-
tion

Epilepsy Mental health 
disorder

Other medical 
conditions

Cause and manner 
of death

Postmor-
tem family 
interview

NY1 3rd H – – – – – Cause: Blunt force 
trauma of the 
head

Manner: Homi-
cide

–

NY2 3rd B – – – – HIV/AIDS; 
COVID–19

Cause: COVID–
19

Manner: Natural

 + 

NY3 3rd W  + – – SUD Asthma; preg-
nancy

Cause: Acute 
intoxication by 
the combined 
effects of fenta-
nyl, heroin, and 
cocaine

Manner: Accident 
(substance use)

 + 

NY4 4th H –  + – AUD; SUD; 
depression; 
anxiety disorder; 
ADHD

Graves’ disease, 
s/p radiotherapy, 
with hypothy-
roidism

Cause: Positional 
asphyxia due 
to lodgment 
and suspension 
within garbage 
chute compli-
cating acute 
intoxication 
by the com-
bined effects 
of cocaine and 
ethanol

Manner: Accident

–

NY5 4th H – – – – HIV/AIDS; prior 
meningitis; 
pregnancy

Cause: Multiple 
blunt trauma

Manner: Undeter-
mined

–

NY6 4th H  +  + – AUD; SUD Asthma Cause: Acute 
fentanyl intoxi-
cation

Manner: Accident 
(substance use)

 + 

NY7 4th B  +  +  + AUD – Cause: Homicidal 
asphyxia includ-
ing compression 
of neck

Manner: Homi-
cide

–

NY8 4th H  +  +  + SUD; bipolar 
disorder

– Cause: Asphyxia 
including neck 
and chest com-
pression

Manner: Homi-
cide

–

NY9 5th H – –  + AUD; anxiety 
disorder

Asthma; 
COVID–19

Cause: Undeter-
mined

Manner: Undeter-
mined

–

NY10 5th B – – – SUD; bipolar 
disorder

HIV/AIDS; 
hypertension; 
CAD; asthma

Cause: Probable 
viral menin-
goencephalitis

Manner: Natural

–
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Postmortem and neuropathologic findings

Macroscopic postmortem findings of trauma comprised 
acute and older visible bruising of face, extremities, torso, 
and scalp (seen in 8 cases) (Table 2). Old fractures of neck 
cartilages were found in 2, corroborating the histories of 
nonfatal strangulation; 1 of these cases plus one other case 
also had neck soft-tissue hemorrhage indicative of signifi-
cant acute compression. Past evidence of TBI (e.g., healed 
cortical contusions, old subdural neomembranes) was docu-
mented in 8. Fenestration of the septum pellucidum was pre-
sent in one. Recent focal TBI pathologies such as subdural 
and/or subarachnoid hemorrhage and contusions were pre-
sent in 6. Of note, 6 had brain weights lower than expected 
for age [61].

Microscopically, in sections of the corpus callosum, 
internal capsule, and dorsolateral brainstem, in 9 cases, we 
identified APP-immunoreactive axons that were entirely 
consistent with stereotypical descriptions of acute diffuse 

axonal injury (DAI) in terms of their morphology, pattern, 
and distribution [26, 44] (Fig. 2). Over and above acute 
DAI, clusters of CD68-immunoreactive microglia were 
present in 12/14 cases, with or without axonal swellings, 
consistent with post-TBI associated ongoing neuroinflam-
mation and axonal degeneration as previously described 
(Fig. 2) (see Discussion) [25].

Elsewhere, cerebral microvessel abnormalities were 
detailed as either: (1) typical for arteriolosclerotic (hyper-
tensive, small vessel) disease (i.e., with hyaline mural 
thickening, mural or perivascular macrophages contain-
ing pigment, and perivascular rarefaction of neuropil); or 
(2) foci of perivascular/parenchymal Perls’ Prussian blue-
positive iron deposition, without hyaline mural thicken-
ing. Examples of the former process, marked by lacunar 
infarcts, were noted in 3 cases. By contrast, the latter pat-
tern was detected in 9 of the prospective 14, in 2 to a 
marked degree (Fig. 3) (see Discussion). Cerebral cortical 

Table 1  (continued)

Case Age (decade) Ethnicity Prior TBI Nonfatal 
strangula-
tion

Epilepsy Mental health 
disorder

Other medical 
conditions

Cause and manner 
of death

Postmor-
tem family 
interview

NY11 6th W – –  + SUD; anxiety 
disorder

HIV/AIDS; 
hypertension; 
CHD; pace-
maker

Cause: Com-
plications of 
acute intoxica-
tion including 
methadone

Manner: Accident 
(substance use)

–

NY12 6th H – –  + – Hypertension; 
Hepatitis C; 
DM; AVR; 
pacemaker

Cause: Com-
plications of 
chronic and 
acute substance 
use including 
cocaine

Manner: Accident 
(substance use)

–

NY13 7th H  + –  + AUD; depression DM; HLD Cause: Chronic 
alcohol use

Manner: Natural

–

NY14 8th B  + –  + Depression Remote temporal 
lobectomy for 
post–traumatic 
epilepsy; 
hypertension; 
pacemaker; 
“memory loss”

Cause: Hyper-
tensive and 
atherosclerotic 
cardiovascular 
disease

Manner: Natural

–

Data were obtained from available medical records, scene investigations, and/or next-of-kin. Data reported herein do not reflect objective post-
mortem findings; see Table 2 for postmortem data. See Supplement for details of findings in archival cohorts
 +  assessed and present, – assessed and evidence not found, ADHD attention deficit-hyperactivity disorder, AUD alcohol use disorder, AVR 
aortic valve replacement, B Black, CAD coronary artery disease, CHD congenital heart disease, DM diabetes mellitus, H Hispanic/Latina, HIV/
AIDS human immunodeficiency virus/acquired immune deficiency syndrome, HLD hyperlipidemia, NY# from New York City Office of Chief 
Medical Examiner, SUD substance use disorder, W White
See text for further explanation and definitions used
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infarcts were identified in 4, of which 3 were older women 
with known cardiac disease and pacemakers.

Only the oldest case (eighth decade of life) had evidence 
of Alzheimer Disease neuropathologic change and cerebral 
amyloid angiopathy. Regarding other abnormal tau depo-
sition, "aging-related" tau astrogliopathy (ARTAG) was 
seen in 3 cases, 2 only in their third and fifth decades of 
life. Slight tau in neurites or rare neurons was detected in 
the neocortex in 4, hypothalamus in 3, hippocampus in 2 
(both in fourth decade, possibly representing primary "age-
related" tauopathy), amygdala in 2, and brainstem in 1. None 
met pathognomonic or supportive criteria for the diagnosis 
of CTE-NC. Lewy body pathology was absent.

Secondary archival case series

These cases comprise archival IPV sets from the CONNECT-
TBI study and from the Province of Manitoba. The former 
collection (n = 9; age range 3rd–9th decade; median, 6th) 
was notable for macroscopic postmortem findings of recent 
torso or extremity trauma in 4 cases; soft-tissue hemorrhage 
of the neck indicative of significant acute compression in 2; 

macroscopic evidence of old TBI (as characterized above) 
in 1, and of recent TBI in 4. Microscopic white matter 
microglia/macrophages (i.e., marker of prior TBI, though 
not specific to TBI) were noted in the one case for which 
this stain was available, and arteriolosclerosis in one. One 
case had ARTAG. Two cases, both in 7th decade or older, 
showed high Alzheimer’s disease neuropathologic change 
(AD-NC) and cerebral amyloid angiopathy (Supplementary 
Table 1). The Province of Manitoba archival set (n = 61; age 
range 2nd–9th decade (median, 4th) had clinical history of 
depression in 6; epilepsy in 3; and alcohol use disorder in 31 
(combined with other substance use in 19). Macroscopically, 
15 cases had acute TBI and 4 had old subdural hemorrhage; 
7 had acute hypoxic-ischemic brain damage related to the 
circumstances of death; and 1 had old hypoglycemic brain 
damage. None had old contusions. Twenty-nine cases had 
comprehensive microscopic examination, including a full 
CTE workup, while the remainder had tau immunostain-
ing of hippocampus and frontal cortex. With respect to tau 
pathology, 45 had no abnormality (median age,  3rd decade); 
12 had rare neurofibrillary tangles and neurites, mainly in 
the hippocampus and parahippocampal region (median age, 

Fig. 1  Ex vivo neuroimaging and detection of subtle vascular neuro-
pathology in IPV. Neuroimaging of frontal lobes at level of striatum 
(NY6), revealing signal abnormalities in the periventricular white 
matter (a., left per neuroradiologic convention; box outlines left 
frontal mirror-image areas of histology in b., c.). Neurohistology of 
boxed area in a., demonstrating ill-defined zone of myelin pallor on 
Luxol-fast blue/hematoxylin-and-eosin (b., 20x), as well as local-
ized perivascular rarefaction indicating loss of vascular integrity 

(arrows) (c., 40x). T1 map of different periventricular white matter 
region, with signal features of perivascular edema (d.), corresponding 
to perivascular accumulation of proteinaceous fluid in perivascular 
space (e., 200x); inset, detail of eosinophilic perivascular fluid, indi-
cating vasogenic edema (400x). Immunostain for fibrinogen indicat-
ing leakage of plasma protein (brown reaction product, seen in vessel 
lumen) into perivascular neuropil (f., 200x)
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5th decade); 1 had ARTAG; and 2 had AD-NC, one low and 
one high (7th and 9th decade, respectively) (Supplementary 
Table 2). No CTE neuropathologic change or Lewy body 
pathology was found in either archival case series.

Discussion

Despite the magnitude of the problem posed by physical 
intimate partner violence—the prevalence of which toward 
women is estimated at between 33 and 61% [23, 51]—the 
empirical investigation of IPV-related brain injury has been 
conspicuously sparse in the medical literature. It was our aim 
to begin the process of systematic case analyses of the brains 
of IPV victims, by crucial collaboration among academic 
centers and medical examiner/coroner settings under whose 
jurisdictions these victims fall. Our data indicate that such 

partnership can be successful and can begin to delineate the 
specific research questions for hypothesis generation in this 
population.

While TBI was detected grossly or microscopically in all 
14 women with IPV in our prospectively accrued group, 
none of them had CTE-NC on comprehensive neuropatho-
logic analysis. Likewise, in an additional convenience sam-
ple of 70 women with IPV, many had appreciable old or 
recent trauma, but only a few had minor age-related pro-
teinopathies, none meeting consensus criteria for CTE-NC 
(see discussion of limitations, below). Our combined case 
series was notable for low brain weight suggestive of diffuse 
atrophy [24].

The finding of “age-related” tau astrogliopathy (ARTAG) 
in two relatively young subjects  (3rd and  5th decades) in the 
prospective case series is of uncertain significance. Notably, 
our group’s prior observations that glial tau enhanced the 

Fig. 2  Histopathologic evidence of recent and old diffuse axonal 
injury in IPV. APP immunohistochemistry (brown reaction product) 
showing loose groupings (a., 200x; NY9, corpus callosum), or many 
clusters (arrows) of beaded axons (b., 100x; NY6, corpus callosum), 
indicating recent traumatic axonal injury, distinct from sparse stain-
ing in normal controls (not shown) or from the “zigzag” staining pat-
tern expected in ischemic damage (not shown). CD68 immunostains 

highlighting single small (c., 200x; NY12, posterior limb of internal 
capsule) or larger grouped (d., 200x; NY6, corpus callosum) clusters 
of microglia and macrophages, considered markers of prior diffuse 
axonal injury. Microscopic focus of old, organizing diffuse axonal 
injury as detected by APP-immunopositive linear swollen axons 
(arrow), amid many unstained macrophages (arrowheads) (e., 200x; 
NY11, internal capsule). See text for discussion
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detection of CTE-NC lent reassurance to us that we were not 
“missing” that diagnosis [2], and did not trigger additional 
sampling. Regarding the suggestion of primary “age-related” 
tauopathy (PART) in two subjects  (4th decade), this obser-
vation is not in itself outside of published experience [9]. 
The potential relationship of ARTAG or PART to TBI is an 
active topic of study in the field, and cannot be addressed 
meaningfully in this study.

In addition to the absence of CTE-NC in our case series, 
we were struck by microscopic findings which, although 
subtle, suggest old and recent traumatic axonal and vascular 
injury. These changes may reflect both mechanical (impact 

or torsional) injury as well as hypoxic-ischemic factors, such 
as may result from nonfatal strangulation (NFS).

With respect to NFS, some estimates suggest 3–10% of 
women in the general population [55], and 27–68% of IPV 
survivors have experienced it at least once [28]. Of relevance 
to this type of injury exposure, reported neuropathologic 
examination of 36 hanging deaths highlighted two key phe-
nomena: “perivascular (perivenular) edematous neuropil” 
(resembling the vascular changes detected by ex vivo neu-
roimaging and histology, illustrated in Fig. 1), and “conges-
tive bleeding around a venule” [52], which could be visible 
at later timepoints as iron deposition around small vessels. 

Fig. 3  Histopathologic evidence of old vascular injury in IPV. Iron 
stains highlighting deposition of iron (blue granules; arrows) free and 
in macrophages in neuropil around non-arteriolosclerotic blood ves-
sels in basal ganglia (a., 200x; NY10) and hypothalamus (b., 400x; 
NY7). Microvessels with arteriolosclerosis denoted by hyaline thick-
ening of walls, and with iron in perivascular neuropil (arrow in  c., 

200x; NY5, posterior limb of internal capsule), in contrast to an 
arteriolosclerotic vessel with no iron in perivascular space or paren-
chyma (d., 400x; NY13). Old microbleeds detected by iron stains in 
neuropil (arrow) at sites vulnerable to traumatic axonal injury, such as 
the midbrain (e., around arteriolosclerotic vessel) and pons (f.; both, 
400x; NY11). See text for discussion
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Thus, our observations of perivascular Perls’ Prussian blue-
positive iron deposition (in most instances not associated 
with hypertensive vascular changes) among our prospective 
subjects beg the question of a role for NFS in the brain dys-
function in IPV survivors. This speculation will of course 
require larger case–control studies, since it is known that at 
least coronary vascular disease is prevalent among women 
experiencing relationship distress and violence [22, 59]. Of 
note, recent work also suggests microvascular compromise 
among individuals with repetitive head impacts [27].

Ex vivo MRI, though performed in only a subset of our 
series, proved particularly useful in identifying lesions 
occult to standard sampling [18] and in permitting more 
robust characterization of some vascular pathologies. Its use 
in future studies among deceased subjects will be of interest, 
and of potential import to the analysis of living IPV victims.

Regarding neuropathologic evidence of torsional brain 
injury (with or without impact), our focus was on well-
characterized features published in subjects with known 
survivals after TBI, namely, microscopic collections of mac-
rophages, with and without APP-immunoreactive axons or 
iron deposition (i.e., old traumatic hemorrhagic tissue tears) 
in white matter sites known to be susceptible to DAI [25]. 
These were readily identified among our prospective cases, 
and lacked an alternative explanation (e.g., infection, lacunar 
infarction), pointing toward a hypothesis to be tested among 
larger cohorts.

Finally, despite lack of some clinical data (including 
tobacco use) in our cohorts, the prevalence of seizures, 
asthma, HIV, substance use [4, 41], and other medical condi-
tions known to contribute to vascular brain injury is striking. 
Elevated rates of multi-system chronic disease have been 
reported across multiple studies of IPV survivors, and mar-
ginalized individuals are at elevated risk for both IPV [38, 
54] and health care inequity [19]. We speculate whether our 
findings may reflect the cumulative effects of prolonged IPV 
alongside poorly managed chronic disease.

Limitations

Sampling bias must be carefully considered when inter-
preting the current findings. IPV cases that come through 
forensic settings may differ from individuals with incidental 
IPV histories identified in neurodegenerative disease banks 
[10]. Those whose deaths are related to IPV may be dis-
proportionately marginalized and disconnected from health 
care, and their younger age at death could imply either more 
severe IPV, shorter duration of exposure to IPV, or both. The 
absence of CTE neuropathologic change observed across the 
initial prospective and secondary case series studied herein 
could reflect a true paucity of CTE in this population (e.g., 
if the frequency and intensity of IPV-related brain trauma 
is inconsistent with that required to develop CTE [58]), a 

biological difference in response to repetitive head trauma 
among women [20], poor case ascertainment (i.e., women 
with longstanding RHI secondary to IPV not identified 
through available information), the young median age of 
this cohort, or suboptimal tissue sampling among some cases 
in the archival series [7]. Finally, unavailability of clinical 
data among potential “control” women decedents precluded 
inclusion of an appropriate comparative sample.

Conclusions

Data from the current series, reflecting close cooperation 
among forensic and academic centers, provide evidence 
of appreciable organic neurological disease, though con-
spicuously not CTE-NC, in women with IPV. Notably, our 
findings highlight the complex and likely contributory con-
founders of alcohol and/or substance use, epilepsy, HIV 
infection, and systemic vascular disease in this marginalized 
and highly vulnerable population. Larger investigations in 
a prospective IPV cohort, ideally leveraging some yet-to-
be-defined appropriate control population, will provide the 
opportunity to advance our understanding of the clinical 
phenotypes and pathological substrates of multiple-etiology 
dementia [1]. Perhaps most importantly, with increased soci-
etal awareness, the consequences of IPV may be prevent-
able and/or treatable with screening [15, 16] and life-saving 
intervention [5, 6, 37, 49].

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00401- 023- 02646-1.
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