Pathobiology and Forensic
Diagnostics of Cumulative
Cumulative Polytrauma

A Multidisciplinary Analysis of Non-Fatal
Strangulation, Pseudohypoxia, and
Adrenergic Oncogenesis.

A comprehensive scholarly review integrating clinical,
forensic, and medico-legal findings for the objective
reconstruction of systemic structural failure.
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Chronic, non-fatal strangulation
(NFS) fundamentally alters victim
biology and exponentially increases

the risk of future fatal encounters. In 50% of NFS patients, no visible acute external
injuries are found upon examination. This absence
(REhard Aiak 2017-Miasswt al S of superficial bruising masks profound internal

vascular, neurological, and metabolic decay,
creating severe hidden risks.
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IAFN Strangulation Documentation Toolkit, 2016; StatPearls, 2023.

Venous Obstruction

Occlusion of the jugular leads to
rapid vascular congestion, severely
increased intracranial pressure, and
the formation of petechiae above the

site of compression.

Arterial Obstruction

Direct occlusion halts cerebral blood
flow, plunging the brain into acute
cerebral hypoxia within seconds.

Autonomic Disruption

Sustained mechanical pressure on
the carotid sinus triggers sudden,
acute bradycardia and potential
cardiac arrest.




Chronic Musculoskeletal Decay via Repetitive Restraints

Repetitive use of pinning restraints against a fight-less
victim forces extreme axial loading and rotational stress
without the option to tap out or actively resist, driving the

abuser’s full weight through an anchored spine.

Clinical & Forensic Pathology of Repetitive Submission Restraints, 2024.

The Crucified Clench
(Benediction Sign)

Permanent failure of finger flexion
(median neuropathy) caused by
extreme, repeated traction on the
brachial plexus.

Spinal Failure

MRI-detectable crushed intervertebral
discs in the cervical and thoracic spine,
alongside torn deep capsular tissues
(e.g., psoas major).

Laryngeal Distortion

Chronic vocal cord dysfunction,
dysphonia, and odynophagia resulting
from repetitive thyroid cartilage and
laryngeal trauma.




The Dual Hypoxic Pathways: Trauma-Induced Oncogenesis

The Pseudohypoxia Pathway

Environmental or mechanical hypoxia

The Adrenergic Pathway

Catecholamine overdrive (adrenaline storms)

Eagee (strangulation). from chronic systemic torture/trauma.
Primary Stabilization of Hypoxia-Inducible A i b e R RS
Marker Factors (HIFs). J RES
Metabolic | Forces a localized shift to anaerobic s :
Shift glycolysis. Hyper-activation of the YAP/TAZ axis.
Resulting Drives Carotid Body Tumors (CBT) via | Rapid expansion of Malignant Peripheral
Pathology | rapid glomus cell hyperplasia. Nerve Sheath Tumor (MPNST) stem cells.

Extracted from Multidisciplinary Clinical
Assessment of Cumulative Polyt & NotebookLM



Metabolic Reprogramming & The Pseudohypoxic Cascade

Step 1: The Enzymatic Block

Mechanical strangulation paired with germline SDHx gene mutations impairs the conversion of
succinate to fumarate. Accumulating succinate acts as an oncogenic metabolite, inhibiting PHD
enzymes (specifically PHD2).

Step 2: HIF Stabilization

Due to PHD inhibition, Hypoxia-Inducible Factors (HIF-1a and HIF-2a) stabilize and translocate to
the nucleus even under normoxic conditions (Pseudohypoxia).

Step 3: The Glycolytic Shift
HIF-1a transcribes PDK1, inactivating the pyruvate dehydrogenase (PDH) complex. Metabolism
shifts entirely to anaerobic glycolysis to fuel rapid glomus cell division.

Step 4: Pathological Angiogenesis

Trauma-induced localized hypoxia triggers massive release of Vascular Endothelial Growth Factor
(VEGF) and inflammatory cytokines, priming genetically vulnerable tissue for rapid hyperplasia.

Multidisciplinary Clinical Assessment of Cumulative Polytrauma, 2024. A NotebookLM



Carotid Body Tumors (Paragangliomas): Genetic and Radiological Profiles

Viewbox

Radiological Signature: Pathognomonic salt and pepper
appearance; high-signal foci of hemorrhage (salt) mixed
with low-signal high-flow vascular voids (pepper).

Pathology & Genetics

Rare neuroendocrine neoplasms arising from
chemoreceptors at the carotid bifurcation.

Approximately 30% are linked to germline mutations in
the mitochondrial SDH complex (SDHD, SDHB).

The SDHB Threat

Presence of the SDHB mutation is a severe predictor of
mortality and is heavily associated with early-onset,
metastatic disease.

The Malignancy Standard (2017 WHO Guidelines)

Malignancy is not defined by tumor size, hypervascularity,
or mitotic figures. All paragangliomas possess metastatic
potential; malignancy is defined strictly by metastasis
occurring in non-endocrine tissues.

Polish Journal of Surgery, 2020; Razavi Journal of N & NotebookLM



Shamblin Class lll Progression & Vascular Ticking Clocks

Shamblin Class | Shamblin Class I Shamblin Class lli

Shamblin Class lll Pathology R Vascular Decay & Ticking Clocks ~

Fueled by trauma-induced VEGF release, Class llI Chronic mechanical trauma (daily strangulation) inflicts severe
represents the most aggressive local growth, resulting in carotid artery contusions, intimal tears, and localized
360-degree vascular encasement of the internal and microvascular bleeding. This creates a 12-month high-risk
external carotid arteries, frequently infiltrating the arterial ticking clock pathology where the survivor remains vulnerable
wall. to delayed Internal Carotid Artery Dissection (TCAD) and

b ¢ thromboembolic stroke long after the violence ceases. )

Polish Journal of Surgery, 2020; Notes on Cumulativ: A NetebookLi



The Paradox Defined

Chronic mechanical trauma fuels
aggressive local growth
(Shamblin |l encasement) while
paradoxically restricting distant
dissemination of the cancer.

Repetitive physical trauma and
chronic inflammation trigger
massive deposition of dense
collagen and extracellular matrix
within the carotid sheath,
structurally trapping tumor cells
inside a dense scar network.

Vascular Obliteration

Recurrent shearing and
mechanical injury cause
repeated microvascular
thrombosis, literally destroying
the tumor's own capillary bed.

This prevents tumor cells from
establishing a viable pathway for
hematogenous dissemination
(entering the bloodstream).

Multidisciplinary Forensic
Reconstri A NetebookLM




The Neurodegenerative Cascade: DV-Related CTE

The Kindling Effect

Repetitive mild traumatic brain injury (rTBI), sub-
concussive blunt force impacts, and recurrent
hypoxia turn on a progressive neurodegenerative
cascade, even without symptomatic concussions.

Pathological Tau in Cortical Sulci

Pathological Mechanism
Irregular deposition of

phosphorylated tau (p-tau) protein
accumulates specifically at the depths
of cortical sulci.

Clinical Manifestations

Results in CA1 neuronal death,
persistent memory deficits, profound
executive dysfunction, and irreversible

personality changes.

Landmark Evidence
The first definitive CTE pathology in a young

(29-year-old) female domestic violence victim :
was formally documented via postmortem Danielsen et al., JNEN, 2021;

immunohistochemical staining in 2021. Cellular basis of learning and

memory in the carotid body, 2021.
&1 NotebookLM




Systemic Clinical Symptomology of Non-Fatal Strangulation

Physical Neurological Psychological

* Dysphagia (difficulty | , Dizziness » Severe executive « Hyperarousal
swallowing) dysfunction

* Odynophagia * Visual/auditory I Significant memory |, :
(painful swallowing) changes deficits Hypervigilance

* Petechiae * Ptosis (eyelid » Disorientation * Profound PTSD

drooping) |
» Vocal cord paralysis |« Sydden incontinence © Processingspeed |+ Active suicidal
failures Ideation

o Structural neck e
damage elzures

 Elevated strokerisk | * Localized paralysis

» Cardiac arrest

BPIFVP Non-Fatal Strangulation & netebsokum



Forensic Diagnostics & The Threshold of Lethality
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[V] Defining the Threshold:
The medicolegal point where mechanical force
achieves lethal kinetic energy transfer, causing absolute
structural failure or profound autonomic collapse.

[Vl Objective Hard Signs:
¥ Involuntary urination/defecation (indicating
profound autonomic failure occurring within 15-40
seconds of sustained pressure).
[i Carotid artery contusions and intimal tears.
[V Fractures of the larynx and the hyoid bone
(frequently underdiagnosed).

[V Rigorous Evidence Collection:
[vi Swabbing for dried and moist secretions
(saliva/blood) using sterile saline.
[¥f Detailed, standardized body mapping utilizing an
ABFO No. 2 ruler.
[v1 Precise, serial neck circumference measurements to
track delayed edema.

Chnlcal Photograph r.:of Prufnund Bllateral
Subconjunctival Petechial Hemorrhaging.

JAFN Documentation Ti A Netebookii



Overcoming the Distracted Physician Effect

Current Pitfalls (The Challenge)

» Standard medical records heavily index on
acute, superficial bruising.

In 50% of strangulation cases lacking
external marks, physicians fail to capture
the profound cumulative internal trauma,
dismissing life-threatening structural
failure as minor soft-tissue injury.

| _"'Objectiife' Reconstruction Protocol

(The Solution) =

Implement standardized, high-sensitivity
radiographical workups (CTA/MRA

protocols) immediately upon suspicion of |
IPV/NFS to identify delayed carotid injuries. |

The Paradigm Shift:

Medical evaluation must pivot from treating
“acute superficial injury” to the “objective |
forensic reconstruction of cumulative
structural and cellular failure.”

Clinical and Forensic Pathology of '
' Repetitive Submission Restrail & notebooiiy



Synthesis: Translating Clinical Findings to Medico-Legal Action

Cellular / Structural Forensic Translation Legal Ramification
Data & Accountability

The documented N The;;ge;‘;lf ;gzzfsded By shifting focus to these

presence of ’ gpmvi g oy hard internal signs,
pseudohypoxic ‘ unas;?cgljfbtlﬁ ’af Fd:ctlve » forensic experts

neoplasia, CTE kindling, e A (iGIETTR empower the justice
DI'DQFESSiOn, and crushed repeatedly crossed charges from Simple
intervertebral discs. the threshold assault to attempted

of lethality. manslaughter or murder.

Core Conclusion: Advancing high-sensitivity clinical imaging and forensic awareness saves
lives, prevents delayed mortality, and establishes rigorous, undeniable legal accountability.

Clinical and Forensic Pathology of '
Repetitive Submission Restrail & notebookin
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