Outline of Lecture 29 (01-26 PP; Newman-Toker)

Review of Localization in Neurology
What is a functional anatomic system?
Functional sys = neurons + end organs linked synaptically that serve a shared purpose


- In this mental construct, a lesion usually results in loss of function and corresponding symptoms


- Input (sensory), output (motor) and processing (cognition) are the general categories of functions
Nonlinear system structure (subserves higher motor, consciousness)

1. Reciprocal loops:
eg basal ganglia loops for motor control [Rev 51]


2. Diffusely projecting:
eg widely divergent projections of brainstem for arousal/awakeness

3. Distributed network:
eg communication between and coordination of multiple modalities


Failure of higher order distributed processes may result in agnosia (inability to integrate complex sensations), apraxia (inability to plan or execute complex motor task), abulia (lack of will to plan or execute motor task)

Linear system structure (subserves basic sensory and basic motor)

Sensory:  3 neurons in series
receptor/transducer ( neuron 1 ( neuron 2 ( neuron 3 ( cortex

Motor:     2 neurons in series
cortex ( neuron 1 (UMN) ( neuron 2 (LMN) ( transducer/end organ
What is the approach to localization?

3 questions

1. What’s the level?  

Upstairs, downstairs, or basement?  Qualities and pattern
2. Intra or extraaxial?  
Qualities and pattern.  UMN always intraxial, but LMN can be either (bridges CNS to PNS)
3. Is there more than one lesion?
Occam’s razor.  Can tissue type or vascular geography tie them together?  Is there a more general pathophys process pointing to multiple lesions?
Upper vs lower motor neuron lesions (see Pillar 2, below)
	
	UMN

Acute/Chronic
	LMN

Acute/Chronic
	Notes

	Weakness
	+/+
	+/+
	Weakness is present in both

	Bulk
	normal / normal
	normal / atrophic
	

	Tone
	( / (
	( / (
	

	Reflexes
	( / (
	( / (
	

	Babinski
	+ / +
	- / -
	Only distinguishing feature of acute UMN

	Clonus
	- / +
	- / -
	

	Fasciculations
	- / -
	+ / -
	Only distinguishing feature of acute LMN

	Aberrant regeneration
	- / -
	- / +
	

	Mental theme
	UMN’s keep LMN in check
	LMN provide trophic support to muscle
LMN degeneration leads to rewiring ( fasciculations & aberrant regeneration
	


What are the 10 pillars of nervous system organization (for linear systems)?
	BETWEEN NEURONS
	BETWEEN SYSTEMS

	1. cell type specificity

- Cell-specific dz ( function dissociation

- Differential susceptibility or resistance
- Admixture of cells ( can’t selectively damage one type of cell ( no differential susceptibility

A part of the chain that is differentially susceptible (or resistant) to disease suggests localization towards (or away from) this part of the chain.


	8. orientation

segmental (run in and out, cross-sectional) vs long tracts (run up and down, almost all unidirectional)
Segmental symptoms define a narrow “level” of the nervous system that is dysfunctional.  By contrast, long tract symptoms only help localize a lesion if they fit a pattern.


	2. trophic influences

Clinical symptoms can be localized to UMN vs LMN lesions based on the different trophic influences of the two neurons (see table above)

	9. adjacency

like proximity, but between systems

Dissociated loss of function can be due to a lesion where the two pathways are adjacent.  Different levels of crossing lead to adjacencies that vary with the segmental level affected, eg brainstem lesions cause ipsi face and contra body deficits.


	3.  information complexity

info becomes more abstract as you move up a sensory chain and more concrete as you move down a motor chain

Thus, when only a subset of sensory or motor function is lost, the more “abstract” the function, the lesion is more likely localized “upstairs” (located in or near the cerebral cortex)


	10. direct connections

A reflex circuit directly connects motor and sensory systems, bypassing higher order processing.  Thus, reflex integrity implies a lesion in the brain beyond the reflex arc.
Deep tendon reflexes are contained to one spinal segment; a damaged reflex localizes to that segment

	

	BETWEEN CHAINS

	4. density

Extent of impairment is proportional to both lesion size & density of chains in the bundle.  Knowing the functional impairment and approximate lesion size, the “map” of bundle density will dictate localization
	6. proximity

Pathways with changing (diverging or converging) proximities, patterns of loss will indicate a particular localization. If chains from disparate body regions abut one another, lesions will produce discontiguous deficits.  Proximity may be irrelevant if a bundle is densely packed.


	5. magnification

homunculus

Because cortical representation are magnified in proportion to “importance”, lesions of important areas (such as face and hand) will produce relatively smaller regions of impairment, while those of less important areas will yield large body zones of loss


	7. redundancy

Unilateral cortical lesions don’t produce loss of “bulbar” functions that receive redundant cerebral innervation


