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Gross neuropathology represents the foundational pillar of diagnostic neuroscience, serving as the critical bridge

between clinical radiology and microscopic histopathology. While modern medicine increasingly relies on molecular

sequencing and advanced neuroimaging, the macroscopic examination of the central nervous system (CNS)

remains the gold standard for correlating clinical symptoms with physical structural changes. This comprehensive

guide explores the principles of gross neuropathology, drawing on methodologies established over decades of

autopsy practice, including the systematic analysis of over 400 distinct pathological states as documented in

authoritative clinical atlases.

The Critical Role of Gross Neuropathology in Modern Medicine

In the context of post-mortem examination, gross neuropathology involves the systematic visual and physical 

inspection of the brain, spinal cord, and peripheral nerves. The primary objective is to identify abnormalities in size, 

shape, symmetry, color, and consistency. These macroscopic findings provide immediate diagnostic clues that 

guide subsequent sampling for microscopic analysis. The practical approach to neuropathology is not merely about 

identifying lesions but understanding the pathophysiological mechanismsthat lead to specific gross

morphological changes.

Technical proficiency in this field requires a deep understanding of neuroanatomy and the specific artifacts that can 

occur during fixation and processing. As highlighted in the Atlas of Gross Neuropathology, the ability to interpret

these changes is often the result of longitudinal study—frequently spanning 30 years or more—to capture the full

spectrum of neurological diseases, from common vascular events to rare neurodegenerative conditions.

Methodological Framework: The Systematic Neuropathological Autopsy

To ensure diagnostic accuracy, a standardized technical workflow must be followed during the gross examination of

the brain. Failure to adhere to a rigorous protocol can result in the destruction of vital diagnostic evidence or the

misinterpretation of post-mortem artifacts as pathological lesions.

1. External Examination and Evisceration

The process begins with the external inspection of the intact brain. Key metrics include the total brain weight

(standardized against age and body size), the symmetry of the cerebral hemispheres, and the integrity of the

leptomeninges. Specific attention must be paid to signs of herniation, such as uncal grooving or tonsillar herniation

through the foramen magnum, which indicate increased intracranial pressure.

2. Fixation Protocols

While some examinations are performed on fresh tissue (essential for certain biochemical or microbiological 

studies), the standard practice for gross neuropathology is formalinfixed tissue. Suspending the brain in a large

volume of 10% neutral buffered formalin for 10 to 14 days allows the tissue to harden, preventing distortion during

slicing. This process, known as 'fixing,' is crucial for identifying subtle changes in cortical thickness and the

boundaries of white matter lesions.



3. The Coronal Slicing Technique

The brain is typically sectioned coronally at 1 cm intervals. This systematic approach allows for the comparison of

symmetrical structures across both hemispheres. The examination focuses on:

•  Cortical Ribbon: Looking for thinning (atrophy) or discoloration.

•  White Matter: Identifying demyelination, softening (malacia), or hemorrhages.

•  Deep Gray Matter: Evaluating the basal ganglia and thalamus for lacunar infarcts or pigmentary changes.

•  Ventricular System: Assessing for dilation (hydrocephalus) or compression.

Technical Analysis of Vascular Neuropathology

Vascular diseases are among the most common findings in gross neuropathology. Understanding the macroscopic

evolution of an infarct is critical for determining the timing of the clinical event.

Temporal Evolution of Cerebral Infarction

The appearance of an ischemic stroke changes predictably over time. A senior neuropathologist can estimate the

'age' of an infarct based on the following physical characteristics:



Timeframe Gross Morphological 
Characteristics

Tissue Consistency

0 - 12 Hours Minimal changes; slight blurring of the 
gray-white junction.

Firm/Normal

24 - 48 Hours Visible edema, midline shift, dusky 
discoloration of the cortex.

Soft/Friable

3 - 10 Days Maximum edema; distinct softening; 
liquefactive necrosis begins.

Gelatinous

Weeks to Months Tissue resorption; formation of a 
cystic cavity (pseudocyst).

Cystic/Hollow

Intracranial Hemorrhage Classification

Hemorrhages are categorized by their anatomical compartment, each carrying different clinical implications:

•  Epidural Hemorrhage: Typically associated with skull fracture and rupture of the middle meningeal artery; 

appears as a lens-shaped (biconvex) clot.

•  Subdural Hemorrhage: Usually results from tearing of bridging veins; appears as a crescentic collection over 

the hemisphere.

•  Subarachnoid Hemorrhage: Often caused by ruptured berry aneurysms; blood is localized within the sulci and 

basal cisterns.

•  Intraparenchymal Hemorrhage: Frequently linked to hypertension or amyloid angiopathy; localized within the 

brain substance itself.

Neurodegenerative Diseases: Macroscopic Signatures of Atrophy

In the study of neurodegeneration, gross examination focuses on patterns of regional atrophy. Unlike the localized

lesions of vascular disease, neurodegenerative conditions often manifest as symmetrical, widespread loss of

neurons and synaptic connections.

Alzheimer’s Disease (AD)

The gross hallmark of Alzheimer’s is generalized cortical atrophy, most pronounced in the temporal, parietal, and 

frontal lobes. Macroscopically, this presents as 'narrowed gyri' and 'widened sulci.' A key diagnostic feature is 

hydrocephalus ex vacuo, where the ventricular system enlarges to fill the space left by the shrinking brain

parenchyma.

Pick’s Disease and Frontotemporal Dementia (FTD)

FTD often presents with more localized, 'knife-edge' atrophy, primarily affecting the frontal and anterior temporal

lobes. This sharp contrast between the severely atrophied anterior regions and the relatively preserved posterior

regions is a primary diagnostic clue during gross inspection.

Movement Disorders: Substantia Nigra Depigmentation

In Parkinson’s disease and related synucleinopathies, the gross examination of the midbrain is critical. The loss of 

neuromelanin-containing neurons results in the pallor of the substantia nigra, a finding that can be immediately

identified upon horizontal sectioning of the brainstem.



Neuro-Oncology: Differential Diagnosis of CNS Tumors

Gross neuropathology is essential for the preliminary identification of CNS neoplasms. The location,

circumscription, and presence of secondary features like necrosis or hemorrhage provide high-confidence

indicators of the tumor type.

Primary vs. Metastatic Tumors

The distinction between a primary brain tumor (e.g., glioma) and a metastatic lesion is often apparent on the gross

bench:



Feature Primary Glioma (e.g., GBM) Metastatic Carcinoma

Number of Lesions Usually solitary Frequently multiple

Circumscription Infiltrative; poorly defined borders Well-circumscribed; 'punched out' 
appearance

Location Deep white matter involvement Often at the gray-white junction

Edema Variable Prominent 'finger-like' peritumoral 
edema

Meningiomas

These are typically benign, slow-growing tumors that arise from the arachnoid mater. On gross examination, they 

appear as firm, well-demarcated masses that compress the underlying brain tissue without infiltrating it. They often 

exhibit a 'gritty' texture due to the presence of psammoma bodies (calcifications).

Technical Workflow: A Field Guide for Pathologists

For practitioners using resources like the Atlas of Gross Neuropathology Book and Online Bundle, the following

step-by-step checklist ensures a high-fidelity examination:

1.  Documentation: Photograph the dorsal, ventral, and lateral aspects of the brain before sectioning.

2.  Vascular Inspection: Examine the Circle of Willis for atherosclerosis or aneurysms.

3.  Cranial Nerve Assessment: Check the integrity of the 12 pairs of cranial nerves at the base of the brain.

4.  Systematic Sectioning: Cut the cerebrum coronally, the brainstem transversely, and the cerebellum sagittally 

or coronally.

5.  Lesion Description: For every lesion found, document its Size, Shape, Color, Consistency, and Location 

(SSCCL).

6.  Tissue Sampling: Take 'mapping blocks' from standard regions (e.g., hippocampus, motor cortex, basal 

ganglia) even if they appear grossly normal.

Case Study Analysis: Traumatic Brain Injury (TBI)

Gross examination is indispensable in forensic neuropathology, particularly in cases of TBI. A classic example is 

the Coup and Contrecoup injurymechanism. When a moving head strikes a stationary object, a 'coup' contusion

occurs at the site of impact. Conversely, the 'contrecoup' injury occurs diametrically opposite the impact site due to

the brain's inertia within the skull. These contusions typically involve the crests of the gyri, distinguishing them from

old infarcts which tend to involve the depths of the sulci.

The Digital Evolution: Online Bundles and Interactive Atlases

The transition from traditional print atlases to integrated online bundles has revolutionized neuropathology 

education. Modern practitioners now have access to high-resolution, zoomable images that allow for the study of 

micro-macro correlations. The Atlas of Gross Neuropathology: A Practical Approachemphasizes this by

providing over 400 images that can be accessed digitally, enabling residents and senior pathologists to compare

their 'on-the-bench' findings with verified historical cases instantly.

Digital tools also facilitate the use of 3D reconstructions and virtual slicing, which are becoming invaluable for



surgical planning and forensic reconstructions. However, the core of the discipline remains the physical, tactile

examination of the tissue—a skill that requires years of hands-on experience to master.

Summary of Core Principles

Gross neuropathology remains an essential discipline in the diagnostic hierarchy of the central nervous system. By

combining systematic dissection techniques with an understanding of the temporal and regional patterns of

disease, pathologists can provide definitive diagnoses that inform clinical practice and forensic investigations. The

use of comprehensive resources, such as the 30-year collection of gross images found in the Kurian atlas, ensures

that the knowledge of past generations of neuropathologists is preserved and utilized by the modern medical

community.

As we look toward the future, the integration of macroscopic findings with molecular and genetic data will continue

to refine our understanding of brain disease. Yet, the foundational practice of looking, touching, and systematically

analyzing the gross specimen remains the first and most critical step in unraveling the mysteries of neurological

pathology. The commitment to a practical, methodical approach ensures that no detail, however subtle, is

overlooked in the pursuit of diagnostic excellence.
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