PULMONARY THROMBOEMBOLISM
Definitions 

· PE refers to obstruction of the pulmonary artery or one of its branches by material (e.g. thrombus, tumor, air, or fat ) that originated elsewhere in the body
Classification

· PE can be classified as acute or chronic. 
· Patients with acute PE typically develop symptoms and signs immediately after obstruction of pulmonary vessels. 
· In contrast, patients with chronic PE tend to develop slowly progressive dyspnea over a period of years due to pulmonary hypertension.

· Acute PE can be further classified as massive or submassive:

· Massive pulmonary embolism (PE) has been defined as a PE associated with a systolic blood pressure <90 mmHg or a drop in systolic blood pressure of 40 mmHg from baseline for a period >15 minutes, which is not otherwise explained by hypovolemia, sepsis, or a new arrhythmia 
· It is a catastrophic entity that often results in acute right ventricular failure and death.
· All PE not meeting the definition of massive PE are considered submassive PE
Pathophysiology 

· It is estimated that 65 to 90 percent of pulmonary emboli (PE) arise from thrombi in the deep venous system of the lower extremities; however, they may also originate in the pelvic, renal, or upper extremity veins and in the right heart. 
· Most lower extremity thrombi develop at sites of decreased flow, such as valve cusps or bifurcations
· Iliofemoral thrombi are the source of most clinically recognized PE 
· It is estimated that 50 to 80 percent of iliac, femoral, and popliteal vein thrombi (proximal vein thrombi) originate below the popliteal vein (calf vein thrombi) and propagate proximally. 
· The remainder arise within the proximal veins.
· After traveling to the lung, large thrombi may lodge at the bifurcation of the main pulmonary artery or the lobar branches and cause hemodynamic compromise. 
· Smaller thrombi continue traveling distally and are more likely to produce pleuritic chest pain, presumably by initiating an inflammatory response adjacent to the parietal pleura. 
· Only about ten percent of emboli cause pulmonary infarction, usually in patients with preexisting cardiopulmonary disease. 
· Most pulmonary emboli are multiple, with the lower lobes being involved in the majority of cases
· Impaired gas exchange due to PE cannot be explained solely on the basis of mechanical obstruction of the vascular bed and alterations in the ventilation to perfusion ratio. 
· Gas exchange abnormalities are also related to the release of inflammatory mediators, resulting in surfactant dysfunction, atelectasis, and functional intrapulmonary shunting
· Hypotension is due to diminished cardiac output (CO) which results from increased pulmonary vascular resistance (PVR) impeding right ventricular outflow and reducing left ventricular preload. 
· PVR is increased from physical obstruction of the vascular bed with thrombus and vasoconstriction, the latter due to the effects of inflammatory mediators and hypoxia. 
· In normal subjects experiencing pulmonary thromboembolism, the correlation of pulmonary artery pressure to thrombus size is limited by the variable contribution of vasoconstriction among and perhaps within subjects. 
· However, when obstruction of the vascular bed approaches 75 percent, the right ventricle must generate a systolic pressure in excess of 50 mmHg and a mean PAP approximating 40 mmHg to preserve pulmonary perfusion 
· The normal right ventricle is unable to accomplish this and may eventually fail. 

· Patients with underlying cardiopulmonary disease experience more substantial deterioration in CO than do normal individuals. 
· In addition, right ventricular failure following PE is more common in patients who have coexistent coronary artery disease
Clinical features

· The most common symptoms were dyspnea (73 percent), pleuritic pain (66 percent), cough (37 percent) and hemoptysis (13 percent). 
· Hemoptysis was blood tinged, blood streaked, or pure blood; it was rarely massive. 
· The most common signs were tachypnea (70 percent), rales (51 percent), tachycardia (30 percent), a fourth heart sound (24 percent), and an accentuated pulmonic component of the second heart sound (23 percent). 
· Circulatory collapse was uncommon (8 percent). 
· Fever, usually with a temperature <102.0ºF (38.9ºC), occurred in 14 percent of patients with pulmonary embolism and no other apparent source for an elevated temperature [35]. 
· Fevers >103.0ºF (39.4ºC) were rare. 

· In patients with massive PE, these physical findings may be accompanied by acute right ventricular failure, manifested by increased jugular venous pressure, a right-sided S3, and a parasternal lift.
Treatment

RESUSCITATION 
When a patient presents with suspected pulmonary embolism (PE), initial care should focus on stabilizing the patient. 

Respiratory support — Supplemental oxygen should be administered if hypoxemia exists. 
Severe hypoxemia and/or respiratory failure should prompt intubation and mechanical ventilation. 
The initiation of mechanical ventilation must be performed carefully since patients with coexistent right ventricular failure are prone to hypotension following intubation.
Hemodynamic support — PE that causes persistent hypotension (systolic blood pressure <90 mmHg) is referred to as massive PE. 
Hemodynamic support should be instituted promptly when a patient presents with massive PE.
Intravenous fluid administration may be beneficial, but should be administered cautiously for the following reasons [12-16]: 
Intravenous fluids can precipitate right ventricular (RV) failure 
Increased RV wall stress can decrease the RV oxygen supply/demand ratio, resulting in ischemia and deterioration of RV function 
The likelihood of tolerating intravenous fluids is less among patients with RV dysfunction 

We believe that it is acceptable to cautiously administer intravenous fluids initially; however, clinicians should be wary of administering more than 500 to 1000 mL during the initial resuscitation period [13]. 

If the patient's hypotension does not resolve with intravenous fluids, vasopressor therapy should promptly follow.
Anticoagulation — In addition to the supportive care described above, initiation of PE-directed therapy should be considered during the resuscitative period
Patients in whom anticoagulation was initiated during the resuscitative period should remain anticoagulated during the diagnostic evaluation. 
Long-term anticoagulation is indicated if PE is confirmed.
Thrombolysis should be considered once PE is confirmed. 
If thrombolysis is chosen, anticoagulation should be temporarily discontinued during the thrombolytic infusion, then resumed
Inferior vena caval filter placement should be considered if anticoagulation is contraindicated, fails, or causes complications (e.g. severe bleeding).
Patients whose presentation is severe enough to warrant thrombolysis (eg, persistent hypotension) should be considered for embolectomy if thrombolysis is contraindicated or unsuccessful.
ANTICOAGULATION — Anticoagulation reduces mortality due to pulmonary embolism (PE) [23]; thus, it is the primary therapy. Its goal is to decrease mortality by preventing recurrent PE
The efficacy of anticoagulant therapy depends upon achieving a therapeutic level of heparin within the first 24 hours of treatment
Anticoagulation should be initiated using subcutaneous low molecular weight heparin (SC LMWH) or intravenous unfractionated heparin (IV UFH).
THROMBOLYSIS — Thrombolytic therapy accelerates the lysis of acute pulmonary emboli (PE) (show figure 2) but may be associated with an increased likelihood of major hemorrhage, defined as intracranial hemorrhage, retroperitoneal hemorrhage, or bleeding leading directly to death, hospitalization, or transfusion
Persistent hypotension due to PE (ie, massive PE) is a widely accepted indication for thrombolytic therapy

