Expiratory (Obstructive) Flow Limitations
Obstructive ventilatory defects:  patients can’t exhale properly.  Maximal expiration rate is low.
Restrictive ventilatory defects:  patients can’t inhale properly.

Diffusion defects:  gases don’t diffuse efficiently into the blood.

Normal FEV1/FVC is >80%.

A Flow-Volume graph is useful to demonstrate expiratory flow limitation, which can then be 
used to plot an isovolume effort-flow relationship:
(Raymond removed graphs of flow-volume and effort-flow relationships.)
Notice that at each lung colume, expiratory flow rate increases only until a certain flow is reached.

After that, more effort doesn’t increase expiratory flow.  In a normal subject, this flow limitation 
occurs at 60-70% maximal effort.  Maximal flow rates are higher at higher lung volumes.
Causes of Flow Limitation
(Raymond removed images of pressures during exhalation.)
The problem arises when we try to exhale with above a 60-70% effort.  In that case, the airway tends to collapse under the pleural pressure, trapping air in the lung.  But that trapped air builds up pressure, forcing the closed airway back open.  This creates a paradox – the airway can’t be open because if it were the lumenal pressure would be too low to keep from collapsing under the pleural pressure, but at the same time it can’t be closed because the alveolar pressure would build up behind the closure and force it open.
One resolution to the paradox would be a rapid “fluttering” of the airway.  This isn’t what happens.
**Instead, the airways narrow to a smaller diameter.  This increases resistance.  Therefore, at 
higher expiratory efforts our airways constrict in order to maintain patency, but the 
increased resistance leads to flow limitation.
Determinants of Maximal Expiratory Flow
1.  Elastic recoil of the lung.  Elastic recoil is the key determinant of the alveolar pressure that 
forces the airway open during expiration.  Pleural pressure doesn’t play a part, because it 
surrounds both the alveoli and the airway, so it’s effects are canceled.  It’s all about the 
elastic recoil.  In emphysema, elastic recoil is lost, so airways collapse more easily.  
Maximal expiratory airflow is reduced because of this low elastic recoil.  In pulmonary 
fibrosis, the high elastic recoil increases maximal expiratory airflow.
2.  Resistance of the bronchi.  Narrowing of the airways increases resistance to airflow.

3.  Tendency of the airways to close.  Healthy airways resist collapse using cartilage, smooth 
muscle, and tethering to the parenchyma.  In bronchitis, mucosal inflammation closes off 
part of the airway.  In emphysema, tethering is lost.  In asthma, smooth muscle spasm 
closes off the airway.  All of these allow the airways to collapse and impede expiration.
At RV, the airways close and alveolar pressure is no longer high enough to keep them open.  

Asthma and emphysema allow airways to close prematurely, so there is air trapping and high RV.
(Raymond removed images of flow-volume curves in normal vs obstructed lung.) 

Flow Limitation in Other Contexts
--Inspiratory flow limitation causes snoring and apnea
--Venous blood flow limitation

--Micturition flow limitation
