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Learning Objectives:

At the conclusion of this activity, the participant will be able to:

A. Understand how respiratory muscle paralysis affects
inspiratory and expiratory muscle function in persons with SCI

B. Appreciate the potential role of autonomic imbalance and
airway inflammation in in the pathogenesis of airflow obstruction
and airway hyperreactivity in persons with tetraplegia

C. ldentify potential pharmacologic interventions to reduce
pulmonary complications in persons with SCI



OVERVIEW

Pulmonary Physiology in SCI

A Paralysis of Respiratory Muscles
1 Restrictive pulmonary dysfunction
1 Cough Effectiveness

A Airway Dynamics
1 Bronchodilator responsiveness
1 Nonspecific airwayhyperreactivity AHR)
1 Baseline airway caliber
1 Autonomic Nervous System
1 Airway Inflammation

Respiratory Symptoms

Augmenting Bronchodilation and Respiratory Muscle Strength
A Ongoing Research
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Inspiratory muscle weakness

A Diaphragmatic innervation retained
1 Suboptimal resting muscle length due to chest cage distortion

A Denervation ofntercostaimuscles with cervical injury

A Decreased TLC, static maximakpiratorypressure (MIP)
Expiratory muscle weakness

A Denervation ofntercastaimuscles and abdominal musculature
with higher levels of injury

A Decreased FVC, ERV, static maximal expiratory pressure (MEP)
A Increased RV
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Fitted Values for FVVC Percent Predicted by
Vertebral Level for Complete Motor Lesions
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Linn WS, Spungen AM, Gong H, Adkins RH, Bauman WA, Water RL. Forced vital capacity in
two large outpatient populations with spinal cord injury. Spinal Cord2001; 39: 263268.



EXPIRATORY MUSCLE WEAKNESS

Ineffective cough

Retalned secretions
A Atelectasis-> pneumonia

vyvod R|I sk of pul monar §
Amajor cause of morbidity and mortality

DeVivo MJ, Black KJ, Stover Sl. Causes of death during the first 1¥ears
after spinal cord injury. Arch Phys Med Rehabil 1993;74:248254.



RESIDUAL EXPIRATORY MUSCLE FUNCTION IN
TR ARG A

Clavicular Portion of
Pectoralis Major and
Cranial Portion of th
Serratus Anterior

De Troyer A, et al. Mechanism of active expiration in tetraplegic subjects. NEJM 1986; 31444740



AIRWAY DYNAMICS

Bronchodilator
Responsiveness

Airway Caliber

Nonspecific Airway
Hyperreactivity(AHR)
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41% of 34 subjects
had a significant
bronchodilator
response to
metaproterenol

sulfate(> 12%- FEV,
and- 200ml)

48% of 25 subjects
had a significant
bronchodilator

response to

SpungenAM, Dicpinigaitis PV, Almenoff PL, BaumanWA. Pulmonaryobstructionin |pratrop|umbrom|de
individuals with cervical spinal cord lesionsunmaskedy bronchodilatoradministration

Paraplegia 1993 31: 404-407.

Almenoff PL, Alexander LR, Spungen AM, Lesser M, Bauman \Bfonchodilatory
effects ofipratropiumbromide in patients witketraplegia Parapegial995; 33: 27487/.



BRONCHOCONSTRICTION UNMASKED IN
TR AIMLIBGILA.

Interruption of sympathetionervation
Heightenedragalairway tone

Role of Airway Inflammation

Bronchodilator responsiveness
Aipratropiumbromide > bet& adrenergic agonists



AUTONOMIC NERVOUS SYSTEM
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ANS CONTROL OF AIRWAY S
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Majority of subjects manifest nespecific AHR following
pretreatment with histaminmethacholineand UNDW

Response similar to that found in mild asthma
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