Pulmonary Vascular Diseases
Things to remember:  all CO goes through the lungs, which are a low pressure, low resistance 
circuit parallel to the systemic circulation.  Increased flow will passively decrease 
pulmonary vascular resistance because of vascular distention and recruitment.
FRC (end tidal exhalation) is the point of lowest resistance.  Above the FRC, alveolar vessels 
increase resistance.  Below the FRC, extra-alveolar vessels increase resistance.
The pressure gradient across the lungs is 10 mmHg, so this is a low pressure circuit.

PVR is determined as the slope of the pulmonary pressure-volume curve. 
A pathologically high PVR results in pulmonary hypertension.
PAH is defined as a mean Ppa >25 mmHg.

(Raymond removed graph of P-V curve due to vasoconstriction.)
Mechanisms of Pulmonary Hypertension
Ppa = (CO)(resistance)+Pla
Pulmonary parenchyma can actively increase PVR in three ways:

1.  Active Parenchymal Resistance 

**Alveolar Hypoxia is the most important active mechanism of PAH.  Pulmonary arteries 

constrict in response to hypoxia.  The threshold for this response is 60 mmHg.  


Hypoxic causes of PAH include COPD (V/Q mismatch), altitude, and hypoventilation 

(sleep apnea, obesity, kyphoscoliosis).

--Pulmonary artery occlusion decreases the number of available upstream channels.  This 


will cause right heart failure and dyspnea.  Common causes of pulmonary arterial 


occlusion include schistosomiasis, air, fat, or pulmonary emboli.  Pulmonary emboli 

may cause acute right heart failure or more chronic PAH.

--Primary (Idiopathic) PAH is caused by inexplicable pulmonary artery vasculopathy, often 

with mean Ppa >45 mmHg.  Some cases of primary PAH are associated with diet drugs, 

HIV infection, or liver cirrhosis.

--Circulating mediators such as leukotrienes, prostaglandins, cytokines, and serotonin all 


stimulate pulmonary vasoconstriction.


--CREST-type scleroderma, SLE, and other rheumatoid diseases sometimes cause vascular 

fibrosis, intimal hyperplasia, and increased PVR.
2.  Increased Pulmonary Blood Flow  Pulmonary blood flow usually only increases due to congenital 
heart defects such as left-to-right shunt (no cyanosis!), VSD, or patent ductus arteriosus.  


The PVR may become so severe that the shunt reverses.  Eisenmenger’s Syndrome is the 
development of a right-to-left shunt and fibrotic pulmonary vasculature due to chronic PAH.  
These patients are permanently cyanotic.
3.  Elevated Left Atrial Pressure  Elevated Pla (left heart failure or mitral stenosis) will cause PAH 
and eventual remodeling of pulmonary vasculature.  This can cause irreversible PAH and PVR.
Pulmonary veno-occlusion:  Intimal hyperplasia and medial hypertrophy increase PVR and close 
off pulmonary veins.  This is often associated with pulmonary edema.  Bad prognosis.
Passive Parenchymal Resistance:  Pulmonary parenchyma can passively increase PVR in three ways:

--Decreased capillary cross-sectional area (lung resection, emphysema)


--Distorted or compressed capillaries (IPF, scleroderma, sarcoidosis, ARDS)


--Hyperinflation, which shifts Zone 3 more toward Zones 1 and 2 (asthma, PEEP therapy)

(Raymond removed image of the three lung zones due to PA and PV.)

Consequences of PAH
--Acute PAH will reduce venous return to the left heart and cause acute right heart failure.  There 
will by tachycardia, hypotension, and shock.  The right ventricle can’t handle these pressures.
--Chronic PAH strains the right heart.  Higher pressures must be generated to maintain CO, so the 
Starling curve for the RV flattens out.  The body compensates with AGT-II, aldosterone, 
and sympathetics to prop up systemic blood pressure and heart contractility.  These effects 
restore CO at the cost of higher right heart pressures and increased total body volume.  Over 
time there will be salt retention, edema, ascites, hepatomegaly, and very high JVP.

Cor Pulmonale describes this endstage right heart failure due to pulmonary hypertension.  
Left heart failure is not a cause of Cor Pulmonale.  Cor Pulmonale is characterized by 
edema, hepatomegaly, elevated JVP, a loud S2 (from pulmonic valve), and tricuspid 
regurgitaion.
(Raymond removed graph of CO and venous return vs right atrial pressure.)


Same cardiac output, but now at a higher basal right atrial pressure








