Non-invasive airway resistance (Raw) and functional residual capacity (FRC) in conscious sheep
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The scope of pulmonary mechanical tests in awake or sedated animals remains limited.   In a thorough investigation of respiratory disease, one would like to have access to static lung volumes (FRC, TLC), Raw, compliance, diffusion capacity, and dead space measurements.  However, methods that are well-tolerated, yet accurate, are scarce.  The purpose of this study was to investigate a novel technique of head-out constant volume plethysmography for measurement of Raw and FRC, applicable to small animals and small ruminants.  Sheep were used as initial test subjects, due to the ease of measuring pulmonary resistance (RL) in this species.  Fasted sheep (n=10, 52-62Kg, female) were sedated with midazolam (0.3 mg/kg IV) and placed within a constant volume plethysmograph (330L, (=10 sec), with the head exteriorized through a seal. They were instrumented for measurements of esophageal pressure and flow.   Flexible tubing (5.1 cm I.D.) was attached distally to the pneumotach and routed back into the box through a sealed connector.  Sheep, therefore, breathed in/out of the sealed box.  Calibrated box pressure (Pbox), pleural pressure, and flow were recorded using commercial software.   We measured the slope of the Pbox-flow X-Y plot to obtain specific airway resistance (sRaw) according to Krell (3) and Agrawal (2) for non-panting subjects.  FRC was measured using Helium dilution (FRC-He) and by the added resistance (FRC-Radd) method according to Agrawal(1), and sRaw divided by each to derive Raw (He and Radd) at baseline for comparison with pulmonary resistance (RL -- isovolume method).   sRaw was compared to RL at several levels of external load (0, 1.5, 5, and 20 cm H2O/L/sec).   Results:  sRaw was highly correlated with RL across added resistances (r = 0.936, P<0.0001) and within individual resistances.  Raw correlated significantly with RL at baseline whether FRC-Radd (r = 0.931, P<0.0001) or FRC-He (r = 0.79, P=0.011) were used for derivation.  FRC-Radd was not significantly correlated with FRC-He at baseline (P = 0.083) although there was a narrow range of lung volumes to investigate.   In conclusion, it was feasible to obtain precise measurements of sRaw and Raw using non-invasive plethysmographic technology.  This method should have application to veterinary patients or research subjects where non-invasive measurements in the conscious state are desired. 
1.  Baseline Raw vs RL

2.  sRaw vs RL (added resistances)
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