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Objective: Lung inflammation causes perivascular fluid cuffs to form around extra-alveolar blood vessels; however, the physiologic consequences of such cuffs remain poorly understood. Herein, we tested the hypothesis that perivascular fluid cuffs, without concomitant alveolar edema, are sufficient to decrease lung compliance.

Design: Prospective, randomized, controlled study. 

Setting: Research laboratory.
Subjects: One hundred twenty male CD40 rats.
Interventions: To test this hypothesis, the plant alkaloid thapsigargin was used to activate store-operated calcium entry and increase cytosolic calcium in endothelium. Thapsigargin was infused into a central venous catheter of intact, sedated, and mechanically ventilated rats.

Measurements: Static and dynamic lung mechanics and hemodynamics were measured continuously.

Main Results: Thapsigargin produced perivascular fluid cuffs along extra-alveolar vessels but did not cause alveolar flooding or blood gas abnormalities. Lung compliance dose-dependently decreased after thapsigargin infusion, attributable to an increase in tissue resistance that was attributed to increased tissue damping and tissue elastance. Airway resistance was not changed. Neither central venous pressure nor left ventricular end diastolic pressure was altered by thapsigargin. Heart rate did not change, although thapsigargin decreased left ventricular systolic function sufficient to reduce cardiac output by 50%. Infusion of the type 4 phosphodiesterase inhibitor, rolipram, prevented thapsigargin from inducing perivascular cuffs and decreasing lung compliance. Rolipram also normalized pressure over time and corrected the deficit in cardiac output.

Conclusions: Our findings resolve for the first time that perivascular cuff formation negatively impacts mechanical coupling between the bronchovascular bundle and the lung parenchyma, decreasing lung compliance without impacting central venous pressure. (Crit Care Med 2010; 38:1458 –1466)

Take home points:

· Thapsigargin (given IV to increase endothelial cytosolic calcium) increased endothelial permeability in extra-alveolar vessels but not in pulmonary capillaries, which resulted in perivascular cuffing; no alveolar edema occurred
· Perivascular cuffs (mostly fluid, devoid of inflammatory cells) decreases dynamic compliance of the lungs (dynamic compliance: at end inspiration, with air flow in the lungs)
· Increase airway resistance (unlikely)
· Increase tissue resistance: Under normal circumstances, force applied at the lung periphery by the chest wall and diaphragm is transferred along alveolar septa, such that distending pressure within any portion of the lung is equal to transpulmonary pressure. Perivascular cuffs may induce local heterogeneity within the lung parenchyma and decrease the efficiency with which force is transferred from the periphery to the alveolar walls, thereby interrupting the coordinated expansion of the lung as a whole
· Perivascular cuffs also decrease static compliance of the lungs (static compliance: when no air is flowing in the lungs)
· Perivascular cuff formation attenuated by PDE4 inhibitor (which decreases cytosolic calcium)
· Hypoxemia and decreased compliance that occurs in ALI and ARDS may be due to perivascular cuffing and increased tissue resistance (increased leakage of extra-alveolar vessels) rather than capillary leakage with overflow into alveoli and disruption of pulmonary surfactant as currently believed
· Different diseases can have different effects on pulmonary endothelium (capillary Vs extra-alveolar vessels), suggesting the transpulmonary vessels are heterogeneous in function
Questions:

1. As proposed by this article, the decreased compliance in ALI and ARDS patients is due to:
a. Capillary endothelial leakage
b. Extra-alveolar vessel leakage

c. Increased alveolar fluid accumulation and surfactant disruption

d. Increased pulmonary arterial pressure

Answer: b

2. Perivascular cuffing decreases dynamic compliance of the lungs by:

a. Increasing airway resistance by causing airway collapse

b. Increasing tissue resistance by uncoupling the bronchovascular bundle and the lung parenchyma
c. Decreasing static compliance

d. Increasing static compliance

Answer: b
