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    The fifth volume of the book series: Frontiers in Clinical Drug Research – Hematology comprises seven comprehensive chapters covering various important topics. These include diagnosis and management of pulmonary embolism, treatment of thalassemia patients with iron chelators, treatment of iron overload in thalassemia patients, biological and clinical aspects of preeclampsia, haematological modulations, use of eculizumab, and hematological markers used as therapeutic targets in preeclampsia.




    In Chapter 1, Gunasekaran and Rahi summarize advances in the diagnosis and management of pulmonary embolism. Babu and Panachiyil describe an evidence-based approach to treat transfusion- dependent thalassemia patients with iron chelators in chapter 2 of the book. Chattipakorn et al., in chapter 3, review the current and future treatments of iron overload in thalassemia patients. In the next chapter Kannan et al., discuss biological and clinical aspects of preeclampsia. Chattopadhyay et al., in chapter 5 briefly describe the haematological modulations by fixed dose combination (FDC) of tramadol hydrochloride/paracetamol (THP). Lazarowski, in chapter 6 of the book explains the possible use of eculizumab in patients infected with COVID-19 and the role of complement C5, neutrophils, and neutrophil extracellular traps (NETs) in the induction disseminated intravascular coagulation (DIC), sepsis, and multiple organ failure (MOF). Ali and Khaliq in the last chapter of the book present the role of hematological markers as emerging diagnostic and therapeutic targets in preeclampsia.




    I hope that the readers will find value in this collection of reviews and draw inspiration for conducting further drug discovery research in the field of hematology.
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      Abstract




      Acute pulmonary embolism (PE) is a form of venous thromboembolism (VTE) and has varied clinical manifestations with significant morbidity and mortality. The general population's overall incidence is on the rise due to the increasing availability of D-dimer and computed tomographic pulmonary angiography. The incidence is higher in males than females (58 versus 48 per 100,000, respectively), increasing with age. In the United States, PE accounts for approximately 100,000 deaths annually. Specific populations, including patients with malignancy, pregnant females, hospitalized medical and surgical patients, or patients with total joint replacement, or arthroplasty, are at a higher risk for PE. Patients presenting with hemodynamic compromise due to PE need to be treated with intravenous thrombolytic therapy unless contraindicated, followed by anticoagulation. For over six decades, traditional anticoagulants like unfractionated heparin (UFH) are used for short-term anticoagulation. For patients who require long-term anticoagulation, low molecular weight heparin (LMWH) like enoxaparin and a vitamin K antagonist like warfarin are used to achieve therapeutic anticoagulation. Options for anticoagulation have been expanding steadily over the last decade with the introduction of the first direct oral anticoagulant (DOAC). Since their introduction, DOACs have changed the landscape of anticoagulation. This narrative review aims to summarize for clinicians managing pulmonary embolism (PE) the main recent advances in patient care, including risk stratification, current data regarding the use of thrombolytic treatment, and direct oral anticoagulants.
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      INTRODUCTION




      Hemostasis is achieved by a fine balance between coagulation and fibrinolytic factors in the blood. Imbalance due to certain inherited and acquired risk factors can predispose one to bleed or thrombose. Venous thromboembolism is one such condition with significant health and economic impact around the globe. Venous thromboembolism (VTE) encompasses deep venous thrombosis (DVT) and pulmonary embolism (PE). Virchow’s triad, which includes blood stasis, hypercoagulability, and endothelial damage or dysfunction, underlies the thrombus formation. Inherited risk factors which contribute to this triad include hereditary thrombophilia like factor V Leiden mutation, antithrombin III deficiency, or deficiencies in fibrinolytic factors like protein C and protein S. Acquired risk factors that contribute to this triad include critical illness like bacterial sepsis or acute pancreatitis, immobility, orthopedic surgery, and systemic inflammatory states like coronavirus disease 2019 predispose patients to thrombus formation. Hematologic conditions, such as paroxysmal nocturnal hemoglobinuria, heparin-induced thrombocytopenia, and myeloproliferative disorders are associated with thrombosis. Malignancy is another important risk factor that can cause thrombosis by a complex interplay of endothelial damage, activation of clotting factors by cancer itself, and chemotherapeutic agents. Pulmonary embolism carries significant mortality and long-term morbidity among survivors.




      Blood clots can travel to the pulmonary circulation from deeper veins in the lower extremities, pelvis, or upper extremities. Thrombosis can occur intrinsically in the pulmonary circulation as well as in conditions like sickle cell disease. Clinical manifestations range from an asymptomatic state or mild shortness of breath to hemodynamic collapse and cardiac arrest, depending on the location and burden of thrombosis in the pulmonary circulation. Prompt recognition, diagnosis, and institution of anticoagulation are the key to survival. Scoring systems and algorithmic approaches should also be followed. Patients with significant hemodynamic instability or cardiac arrest are managed with systemic thrombolysis followed by systemic anticoagulation and close monitoring in the intensive care setting. These usually require respiratory and hemodynamic support with invasive mechanical ventilation and vasopressors, respectively. In others, systemic anticoagulation should generally suffice. Given the significant risk of bleeding with thrombolytic therapy, catheter-directed therapies have been introduced, reducing the bleeding risk. Anticoagulation treatments come with a risk of bleeding, and shared decision-making discussing risks and benefits is necessary before long-term treatment is started. The duration of anticoagulation depends on the risk of recurrent PE and the presence of reversible, persistent, or non-identifiable risk factors. The long-term complication of pulmonary embolism is chronic thromboembolic pulmonary hypertension (CTEPH), challenging to treat. Therefore, close follow-up and early referral to a CTEPH center are necessary.




      

        Epidemiology




        The exact incidence of disease will change with changing demographics, location, and the particular population being studied. A systematic review showed the significant burden of VTE across Western Europe, North America, Australia, and Argentina. The annual incidence ranged from 0.75 to 2.69 per 1,000 individuals in the population. A higher incidence of 2 to 7 per 1,000 individuals was observed in a population aged 70 years or above [1]. There are about 250,000 cases annually among United States whites [2]. Population-based studies have been conflicting in terms of incidence according to sex. Population-based research has reported a slightly higher incidence in men than women (130 versus 110 per 100,000) with a male:female sex ratio of 1.2:1 [3]. Higher incidence in males is supported by another population-based study with male to female incidence of 134 versus 115 per 100,000 [4]. On the other hand, a Norwegian population-based study demonstrated a slightly higher incidence in women than men. In the same study, the incidence of VTE was 1.43 per 1,000 person-years, DVT was 0.93 per 1,000 person-years, and PE was 0.50 per 1,000 person-years [5]. A prospective Swedish study found similar incidence in men and women [6].




        A retrospective study using the Nationwide Inpatient Sample (NIS) assessed the impact of computed tomography pulmonary angiogram (CTPA) on PE incidence and mortality. The incidence of PE was unchanged before CTPA but increased after CTPA (from 62.1 to 112.3 per 100,000, p < 0.001). Mortality due to PE decreased more before CTPA than after. Similarly, the case fatality rate decreased from 13.2% to 12.1% (p = 0.02) before CTPA and from 12.1% to 7.8% (p < 0.001) post-CTPA [7]. A study from Australia described the mortality rate from PE to be 1.73 per 100,000 population per year [8]. Analysis from the RIETE registry by Jimenez et al. showed a reduction in all-cause mortality from 6.6% (2001 to 2005) to 4.9% (2010 to 2013). The use of thrombolytic therapy and surgical embolectomy increased in the period of 2001 to 2013. The mean length of stay for PE patients decreased from 13.6 to 9.3 days (p < 0.001) in the same period [9]. In a similar study from the US analyzing the NIS sample from 1998 to 2005, the case fatality rate decreased from 12.3 to 8.2% (p < 0.001), and the length of stay decreased from 9.4 days to 8.6 days (p < 0.001) [10]. A recent study that examined mortality rates due to PE in the US from 1999 to 2018 found mortality rates reversed after an inflection point in 2008. The age-adjusted mortality rate was 5.0 per 100,000 population in 1999, decreased to 3.4 per 100,000 population in 2008, and then increased slightly to 3.5 per 100,000 population in 2018. Black men and women had 2-fold higher mortality rates compared to white men and women [11]. Multiple autopsy studies have also shown that PE is one of the most commonly missed diagnoses, and early diagnosis could have changed management with improved survival. In addition, diagnosis of pulmonary embolism could be missed if symptoms of dyspnea, chest pain, and palpitations are present in preexisting conditions, such as COPD and atrial fibrillation [12]. A systematic review found that PE was prevalent in almost 25% of COPD patients hospitalized for exacerbation [13]. In a retrospective analysis from Spain, the recurrence rate for PE was 5.6 per patient-year. Risk factors associated with increased risk of recurrence were unproved PE, delay in initiation of anticoagulation, a greater degree of pulmonary artery obstruction, and a higher D-dimer level during treatment [14]. In a retrospective study from Korea, the recurrence rate of PE was 21.5% with longer anticoagulation duration and body mass index ≥ 25 [15].


      




      

        Pathogenesis and Pathophysiology




        The underlying pathogenesis is similar to Virchow’s triad, which consists of an underlying hypercoagulable state, venous stasis, and endothelial injury. Several inherited and acquired risk factors influence the components of Virchow’s triad, predisposing it to thrombus formation.




        Pulmonary Embolism commonly involves lower lobe pulmonary arteries [16]. Small thrombi can travel distally and obstruct the smaller sub-segmental vessels, which can cause pleuritic chest pain with hemoptysis [17]. Vascular obstruction alters ventilation-perfusion matching. Studies have shown that it causes surfactant alteration, increased platelet-activating factor, and neutrophils in broncho-alveolar lavage from patients with PE [18]. The ensuing inflammation causes atelectasis and intrapulmonary shunting. Respiratory drive stimulation leads to tachypnea and hypocapnia though the mechanism of tachypnea is unclear. Large pulmonary infarction only occurs in less than one-third of patients as lung parenchyma is supplied with oxygen by three sources: pulmonary arteries, bronchial arteries, and conducting airways. PE and pulmonary vascular constriction ensuing from PE increase pulmonary vascular resistance, resulting in an increase in right ventricular afterload and a reduction in the right ventricular stroke volume. Right ventricular pressure overload causes bowing of the interventricular septum towards the left, increases the left ventricular end-diastolic pressure (LVEDP), impedes left ventricular filling, and reduces left ventricular output. This is called ventricular interdependence, which can lead to hypotension and obstructive shock [19]. In severe cases, this can lead to cardiovascular compromise, myocardial ischemia, or cardiac arrest.


      




      

        Risk Factors




        Risk factors can be divided into two categories, hereditary and acquired risk factors Table 1. A detailed review of the patient’s past medical history, medicat-ion use, and family history is important. The presence or absence of these risk factors influences the duration of anticoagulation. Co-morbidities play a significant role in influencing patient outcomes, and some may predispose patients to the development of thrombus [20]. PE is often overlooked and should be considered in patients with unexplained COPD exacerbations as it may contribute to higher mortality [21]. PE was detected in 5.9% of the patients admitted with COPD and worsening respiratory symptoms in a recent cross-sectional study using a predefined diagnostic algorithm for PE. Higher mortality was observed in patients who had VTE on admission than those who did not [22]. Moreover, COPD patients are at an increased risk of PE, likely related immobilization, venous stasis, pulmonary hypertension, right ventricular failure, low-grade pulmonary and systemic inflammation, and recurrent bacterial superinfection due to poor airway clearance [23]. Also, patients with COPD have increased pulmonary vascular resistance, increasing the risk of adverse outcomes even with a small pulmonary embolus [24, 25].




        

          Table 1 Risk Factors for Pulmonary Embolism [26-33].




          

            

              

                	Hereditary/Genetic

              


            



            

              

                	Factor V Leiden mutation

              




              

                	Prothrombin gene (G20210A) mutation

              




              

                	Antithrombin deficiency

              




              

                	Protein C deficiency

              




              

                	Protein S deficiency

              




              

                	Sickle cell disease

              




              

                	Family history of thrombophilia or thrombotic disease

              




              

                	Acquired

              




              

                	Hospitalization of especially critically ill patients (for example, pneumonia, sepsis, acute pancreatitis)

              




              

                	Major surgery like knee or hip replacement surgery

              




              

                	Congestive heart failure

              




              

                	Chronic obstructive pulmonary disease

              




              

                	Trauma

              




              

                	Hormonal therapy or oral contraceptive pills

              




              

                	Acquired antiphospholipid antibodies

              




              

                	Active malignancy

              




              

                	Acquired

              




              

                	Chronic kidney disease like nephrotic syndrome

              




              

                	Immobilization

              




              

                	Male sex

              




              

                	Obesity, metabolic syndrome

              




              

                	Air pollution

              




              

                	Cigarette smoking

              




              

                	Advanced age

              




              

                	Hyperlipidemia

              




              

                	Long travel (> 4-6 hours)

              




              

                	Past history of venous thromboembolism

              


            

          




        


      




      

        Source




        Most emboli originate from the lower extremity veins, especially the deeper draining veins like iliac, femoral, and popliteal veins, of which the most identified and clinically significant thromboemboli (> 90%) originate from above-knee DVT [34]. Calf vein DVT, although distal, can embolize to the lungs by proximal extension and propagation to the popliteal and femoral venous system. In one study, 11% of the patients with confirmed PE had isolated calf vein DVT [35]. Although rare, PE can also arise from DVT in renal veins and upper extremity veins. Rare sources of pulmonary emboli have been reported as well, for example, peri-prostatic venous plexus in a patient undergoing corporoplasty, popliteal vein aneurysm, papillary fibroelastoma of the right atrium, and pulmonary artery aneurysm, to name a few [36-39].


      




      

        



        Non-thrombotic Pulmonary Embolism




        Though pulmonary embolism mainly originates from thrombus, there can also be other origins such as infection (septic emboli), tumor (neoplastic embolic), fat, amniotic fluid, cement, and fat Table 2 [12, 40]. Tumor emboli can be either macroscopic such as in sarcomas, hepatocellular, renal cell, or breast carcinomas or microscopic as in gastric, pancreatic, and choriocarcinoma. An amniotic fluid embolism occurs due to the entrance of amniotic fluid into maternal circulation from the tearing of uterine blood vessels during normal labor trauma or C-section. Fat embolism is an embolism of bone marrow into the pulmonary circulation, usually due to a long bone fracture [41].




        

          Table 2 Types of Non-thrombotic Pulmonary Embolism.




          

            

              

                	Types



                	Origin

              


            



            

              

                	Septic Emboli



                	Tricuspid valve endocarditis, infected central venous catheters, septic thrombophlebitis (Lemierre syndrome)

              




              

                	Cement Emboli



                	Polymethylmethacrylate embolism from percutaneous vertebroplasty

              




              

                	Tumor Emboli



                	Breast, gastric, prostate, lung, renal, and choriocarcinoma

              




              

                	Amniotic Embolism



                	From fetal skin cells, mucin, meconium, vernix caseosa, and lanugo hairs

              




              

                	Fat Embolism



                	Long bone fracture, pelvic trauma, burns, liposuction, pancreatitis

              




              

                	Parasitic Emboli



                	From echinococcosis, also known as hydatid cyst

              




              

                	Trophoblastic Emboli



                	Hydatiform mole, choriocarcinoma, placental site trophoblastic tumors

              




              

                	Gas or Aim Embolism



                	Air through manipulation of a central venous, hemodialysis catheter, surgeries, diving

              


            

          




        




        Apart from this, there are also mimickers of pulmonary embolism such as pulmonary artery sarcoma and in situ thrombus [42]. In situ thrombus is a clot originating in the pulmonary artery from embolus, usually resulting from inflammation from viral pneumonia, sickle cell, or vasculitis such as from Behcet’s disease.


      




      

        Clinical Presentation




        Pulmonary embolism is unique in terms of clinical presentation, ranging from no or mild symptoms to shock, cardiovascular collapse, and cardiac arrest Table 3. Many of the presenting symptoms are non-specific; therefore, a high index of suspicion is required, especially in high-risk patients (as described above). Typical presenting symptoms leading to consideration of pulmonary embolism are dyspnea, chest pain, especially pleuritic in nature, and symptoms of deep venous thrombosis. Other symptoms include cough, hemoptysis, pre-syncope, or syncope [43]. Typical clinical signs are tachypnea, tachycardia (sometimes supraventri-cular arrhythmias like atrial fibrillation), and hypoxia in some. In a cohort of 4,044 patients, 18.6% of patients had delayed presentation of PE (more than seven days), and most of these patients had centrally located PE [44].




        

          Table 3 Common Symptoms, Signs, Electrocardiogram, and Echocardiographic Findings of Pulmonary Embolism [17, 45-48].




          

            

              

                	Common Presenting Symptoms

              


            



            

              

                	Dyspnea at rest or exertion

              




              

                	Pleuritic chest pain

              




              

                	Cough

              




              

                	Hemoptysis

              




              

                	Orthopnea

              




              

                	Wheezing

              




              

                	Leg swelling or pain

              




              

                	Less Common Presenting Symptoms

              




              

                	Pre-syncope or Syncope

              




              

                	Cardiovascular collapse

              




              

                	Obstructive shock

              




              

                	Cardiac arrest (pulseless electrical activity)

              




              

                	Hoarseness

              




              

                	Clinical Signs on Examination

              




              

                	Tachycardia (mostly sinus tachycardia)

              




              

                	Tachypnea

              




              

                	Hypocapnia

              




              

                	Fever, usually low grade

              




              

                	Unilateral calf or thigh swelling, erythema, or tenderness

              




              

                	Jugular venous distension

              




              

                	Crackles or decreased breath sounds

              




              

                	Hypotension

              




              

                	Accentuated pulmonic component of the second heart sound

              




              

                	Tricuspid regurgitation may be present

              




              

                	Electrocardiogram Findings Suggestive of Pulmonary Embolism

              




              

                	S1Q3T3 (deep S wave in lead I, Q wave and T wave inversion in lead III)

              




              

                	Atrial fibrillation or sinus tachycardia

              




              

                	Incomplete or complete right bundle branch block

              




              

                	Qr pattern in lead V1

              




              

                	T wave inversion in leads III and aVF

              




              

                	Clockwise rotation: Transition zone from S to R wave shifting after V4

              




              

                	Right ventricular strain pattern: simultaneous T wave inversion in inferior and right precordial leads

              




              

                	Right axis deviation

              




              

                	P pulmonale

              




              

                	Echocardiogram Findings

              




              

                	Direct visualization of thromboemboli in the right side of heart and PA

              




              

                	Septal flattening

              




              

                	RV dilatation

              




              

                	An unusual degree of tricuspid or pulmonary valve regurgitation

              




              

                	McConnell’s sign

              




              

                	RVOT midsystolic notching

              


            

          




        


      




      

        



        Diagnosis




        Diagnosis of pulmonary embolism can be challenging due to its non-specific clinical presentation. It requires a combination of clinical pattern and clinical probability scores, supported by confirmatory testing (Fig. 1). Before considering the results, understanding the limitations of these confirmatory tests is important. The increasing availability of computed tomography pulmonary angiograms has led to an increased diagnosis of PE. In patients with high clinical suspicion of PE based on signs and symptoms, if CT is not possible due to resource limitations or clinical instability, a combination of positive D-dimer and doppler ultrasound evidence of DVT suffice for diagnosis and treatment of PE [49]. Treatment of PE involving sub-segmental arteries detected by CT is another area of controversy. Ventilation-perfusion scanning is usually the diagnostic test of choice in patients with contraindications for intravenous contrast required for CT.


      




      

        Clinical Probability Scores




        Clinical probability scores have been developed to aid in the diagnosis of pulmonary embolism and help to generate a pre-test probability of pulmonary embolism. Physician gestalt, even though subjective, has a similar sensitivity to clinical probability scores and, when combined with D-dimer testing, can safely exclude PE [52]. The most commonly used clinical probability scores are two or three-level Wells criteria and the Geneva rule Table 4 and 5). In a meta-analysis, for three-level Wells criteria, the pooled prevalence in the low, intermediate, and high prevalence group was 5.7%, 23.2%, and 49.3%. For two-level Wells criteria, the pooled prevalence in the “PE unlikely” and “PE likely” group was 8.4% and 34.4%. For the Geneva rule, the pooled prevalence in the low, intermediate, and high probability group was 12.8%, 34.7%, and 71.1% [53]. When validated in a prospective cohort, the simplified Geneva rule had a low, intermediate, and high clinical probability in 37.5%, 60.5%, and 2% of patients. None of the patients in the low and intermediate group had VTE [54].




        
[image: ]


Fig. (1))


        Approach to Diagnosis of Acute Pulmonary Embolism [50, 51].



        

          Table 4 Wells and Modified Wells Criteria [53, 56].




          

            

              

                	Clinical Variable



                	Score

              


            



            

              

                	Clinical symptoms of deep venous thrombosis



                	3.0

              




              

                	Other diagnosis less likely than pulmonary embolism



                	3.0

              




              

                	Heart rate >100 beats per minute



                	1.5

              




              

                	Immobilization or surgery in the last month



                	1.5

              




              

                	Previous history of DVT/PE



                	1.5

              




              

                	Malignancy



                	1.0

              




              

                	Hemoptysis



                	1.0

              




              

                	Wells criteria (three-level scoring)


                High probability


                Moderate probability


                Low probability



                	> 6.0


                2.0 to 6.0


                < 2.0

              




              

                	Modified Wells criteria (two-level scoring)


                PE likely


                PE unlikely



                	> 4.0


                ≤ 4.0

              


            

          




        




        

          Table 5 The Original, Revised, and Simplified Geneva Score [53, 54, 57].




          

            

              

                	



                	Clinical Variable



                	Score

              


            



            

              

                	Original Geneva Score



                	Age in years



                	60 – 79


                >80



                	1

              




              

                	2

              




              

                	Previous venous thromboembolism



                	2

              




              

                	Surgery in the last one month



                	3

              




              

                	Heart rate >100 beats per minute



                	1

              




              

                	The partial pressure of carbon dioxide (PaCO2) in mm of Hg



                	< 35


                35 – 39



                	2

              




              

                	1

              




              

                	Partial pressure of oxygen (PaO2) in mm of Hg



                	< 49


                49 – 59


                60 – 71


                72 – 82



                	4

              




              

                	3

              




              

                	2

              




              

                	1

              




              

                	Chest X-ray findings



                	Atelectasis


                Hemidiaphragm elevation



                	1

              




              

                	1

              




              

                	Low probability of PE


                Moderate probability of PE


                High probability of PE



                	< 5 points

              




              

                	5 – 8 points

              




              

                	>8 points

              




              

                	Revised Geneva Score



                	Age ≥ 65 years



                	1

              




              

                	Previous venous thromboembolism



                	3

              




              

                	Recent surgery or fracture in the last month



                	2

              




              

                	Active malignancy



                	2

              




              

                	Unilateral lower limb pain



                	3

              




              

                	Hemoptysis



                	2

              




              

                	Heart rate in beats per minute



                	75 – 94


                ≥ 95



                	3

              




              

                	5

              




              

                	Pain and edema of lower extremity on examination



                	4

              




              

                	Low probability of PE


                Moderate probability of PE


                High probability of PE



                	0 – 3 points

              




              

                	4 – 10 points

              




              

                	>11 points

              




              

                	Simplified Geneva Score



                	Age >65 years



                	1

              




              

                	Previous venous thromboembolism



                	1

              




              

                	Recent surgery or fracture in the last month



                	1

              




              

                	Active malignancy



                	1

              




              

                	Unilateral lower limb pain



                	1

              




              

                	Hemoptysis



                	1

              




              

                	Pain and edema of lower extremity on examination



                	1

              




              

                	Heart rate in beats per minute



                	75 – 94


                ≥ 95



                	1

              




              

                	2

              




              

                	Low probability of PE


                Moderate probability of PE


                High probability of PE



                	< 2 points

              




              

                	2 – 4 points

              




              

                	>4 points

              


            

          




        




        The pulmonary embolism rule-out criteria (PERC) were introduced to help curtail over-investigation in low-risk patients Table 6. Using PERC with low gestalt suspicion (<15%) reduced the probability of venous thromboembolism to below 2% in 20% of patients visiting the emergency department. Low gestalt and negative PERC had a sensitivity of 97.4% and a specificity of 21.9% [55]. The PERC rule is not validated and should not be used in patients with high clinical gestalt pre-test probability.




        

          Table 6 Pulmonary Embolism Rule-out Criteria (PERC) [55].




          

            

              

                	Clinical Variable

              


            



            

              

                	Age ≥ 50 years

              




              

                	Heart rate ≥ 100 beats per minute

              




              

                	SpO2 breathing ambient air < 95%

              




              

                	Unilateral leg swelling

              




              

                	Hemoptysis

              




              

                	Recent surgery or trauma in the last month

              




              

                	Previous history of DVT/PE

              




              

                	Hormone use (oral contraceptives, hormone replacement therapy)

              


            

          




          

            All variables need to be negative to rule out pulmonary embolism.

          




        


      




      

        D-Dimer Testing




        With the formation of a thrombus, there is simultaneous activation of the fibrinolytic system. Fibrinolysis leads to the formation of fibrin degradation products and D-dimer. D-dimer is increased in acute PE but also in many other non-thrombotic states, sepsis, hemorrhage, and malignancy, to name a few [58]. D-dimer is a highly sensitive but not a specific diagnostic test in VTE. D-dimer testing should be used in conjunction with pre-test probability calculation using clinical probability scores. D-dimer is useful in excluding PE in patients with low to intermediate pre-test probability [59]. In patients with high pre-test probability, a normal D-dimer cannot safely exclude PE; therefore, D-dimer testing should not be performed. Sensitive D-dimer tests based on newer generation latex agglutination tests and rapid enzyme-linked immunosorbent assays (ELISA) are preferred due to their quick turn-around time and higher sensitivity, and negative predictive value. A level ≥ 500 ng/mL is considered positive. The failure rate with fixed level D-dimer testing is 0.5% [60]. D-dimer testing is not free from controversies, and certain nuances should be kept in mind. The PEGeD trial investigated the role of D-dimer testing adjusted to the pre-test probability for diagnosis of PE. Of a total of 2,017 patients, those who had low and intermediate pre-test probability in addition to D-dimer < 1000 ng/mL and < 500 ng/mL respectively, none had PE when followed over three months. This strategy reduced imaging by 17.6% compared to a single D-dimer cut-off of < 500 ng/mL [59]. The D-dimer value increases with age, further reducing its specificity in older patients. In the ADJUST-PE study, investigators prospectively validated an age-adjusted D-dimer cut-off in ng/mL calculated by age in years x 10 in patients with a non-high ore-test probability of PE. The three-month failure rate with age-adjusted D-dimer was only 0.3%, and this strategy was able to exclude PE in an additional 23.3% of patients without other false-negative findings [61]. A meta-analysis also suggested that using an age-adjusted D-dimer strategy is associated with an additional 5% of patients in whom diagnostic imaging can be safely withheld [56]. In the YEARS study, investigators tested an approach with a variable D-dimer cut-off range and presence or absence of YEARS criteria, including clinical signs of DVT, hemoptysis, the most likely diagnosis of PE in outpatients with suspected PE. PE was excluded in patients with zero YEARS and D-dimer < 1000 ng/ml and patients with any YEARS and D-dimer < 500 ng/mL. At the three month follow-up, the failure rate was only 0.6% [62]. This strategy resulted in a 14% reduction in diagnostic imaging compared to the traditional fixed D-dimer value and Wells criteria [63]. Further validation of YEARS criteria is warranted before it can be routinely used in practice. Though rare, in cases of low clinical suspicion of PE and an alternate diagnosis of patient symptoms but with filling defects in CTPA and features suggestive of non-thrombotic etiology, sometimes negative D-dimer can be used to exclude PE [64].


      




      

        Computed Tomography Pulmonary Angiography (CTPA)




        A CTPA examination is done with intravenous contrast precisely timed for maximal enhancement of the pulmonary arteries. CTPA is now considered the diagnostic modality of choice because it is sensitive and specific for the diagnosis of PE when combined with clinical probability scoring. CTPA is an excellent choice for detecting filling defects in large, main, lobar, and segmental pulmonary arteries. Accuracy decreases for smaller sub-segmental PE although newer scanners with increased resolution can detect smaller emboli as well. Most studies report a sensitivity of > 90% in patients with low to intermediate clinical pre-test probability and > 96% in patients with high clinical pre-test probability [65-67]. A meta-analysis showed a pooled incidence of VTE at three months of 1.2% [95% CI 0.8-1.8] and a negative predictive value of 98.8% in patients with a normal CTPA baseline. Results were similar to the rate of VTE failure of 1.7% after a normal invasive pulmonary angiography [68]. The PIOPED II study reported a sensitivity of 90% and specificity of 96% in patients with high pre-test probability with CTPA compared to pulmonary angiography [69]. The sensitivity of diagnosing sub-segmental PE ranges from 71-84% [70]. The clinical significance of sub-segmental PE is still under debate.




        In the Christopher study, 3,306 patients from an inpatient and outpatient setting with suspected PE were evaluated with a CTPA based algorithm in combination with modified Wells criteria and fixed D-dimer of <500 ng/mL. In 1,028 patients in whom PE was excluded using the D-dimer and modified Wells criteria, the failure rate was 0.4% for PE. In patients with a negative CTPA, the failure rate was 0.2% for PE [60]. The ADJUST-PE study examined 3,346 patients with suspected PE in the emergency department using a clinical probability scoring and age-adjusted D-dimer protocol. In 1,481 patients, PE was excluded, and at the three-month follow-up, the failure rate was 0.2% for PE [61]. A randomized controlled trial compared CTPA with a V/Q scan in patients with suspected PE with high pre-test probability on Wells score or a positive D-dimer. CTPA detected 5% more PE compared to the V/Q scan (19.2% vs 14.2%). The three-month follow-up failure rate of CTPA was 0.4%, and the V/Q scan was 1.0%, but this difference was not statistically significant [71]. Certain limitations with CTPA are radiation exposure, its relative contraindication in patients with moderate to severe renal failure (GFR <30 ml/min/1.73m2), allergy to intravenous contrast, or patients who are clinically unstable for safe transport. These limitations can be mitigated by judicious hydration, desensitization, and empiric short-term anticoagulation until patients are safe to get a CTPA. Ancillary tests such as bedside echocardiography and lower extremity venous duplex ultrasound are useful adjuncts in management. A strategy of combining CTPA and CT venography (CTV) has been used to increase VTE's sensitivity and diagnose additional thrombus involving the pelvic veins [69, 72]. This strategy did not gain widespread acceptance due to its negligible additional diagnostic value for detecting VTE and near-doubling of the radiation dose [73]. Lower extremity venous ultrasonography is a safe alternative for the diagnosis of DVT.


      




      

        Ventilation-Perfusion Scan (V/Q Scan)




        Ventilation-perfusion scanning or V/Q scanning is a valuable step in diagnosing PE and remains the test of choice in pregnancy. V/Q scanning is beneficial in ruling out pulmonary embolism when the test is negative or normal and highly specific in diagnosing PE when the result has high probability. A plain chest radiograph is done before V/Q scanning to note any baseline parenchymal abnormalities. Parenchymal abnormalities will lead to compensatory vasoconstriction and cause a “matched defect,” whereas patients with primary vascular obstruction cause a “mismatched defect.” The radiation dose is less than a CTPA, but the patient needs to lie still for 30-60 minutes for a V/Q scan. V/Q scan stratifies patients into four risk categories: normal, low, intermediate, or high-probability of PE. A meta-analysis compared the V/Q scan to helical CT for detection of acute PE. The high probability V/Q scan had a low sensitivity of 39% but a high specificity of 97.1%. The low probability V/Q scan had a high sensitivity of 98.3% but a low specificity of 4.8%. The pooled sensitivity of helical CT was 86%, and the specificity was 93.7%. The high probability V/Q scan and helical CT performed comparably for diagnosis of PE [74]. The PIOPED trial was the first to give insight into the sensitivities and specificities of V/Q scanning for diagnoses of PE when combined with clinical pre-test probability. In patients with low pre-test probability and a normal or low probability V/Q scan, the chances of having a PE were less than 4%. For patients with high pre-test probability and a high probability V/Q scan, the chances of having a PE was 96%. But patients with a low or intermediate probability V/Q scan, the chances of having a PE were 40% and 66%, respectively. And only a small proportion of patients with PE had high probability scans, and similarly, only a minority of patients without PE had normal V/Q scans. A failure rate of 12% was found in patients with a low probability V/Q scan on follow-up [47]. Perfusion scanning alone without ventilation scanning has been shown to diagnose PE accurately. In the PISA-PED trial, investigators assessed the value of a perfusion lung scan in the diagnosis of PE. The perfusion scan alone had a positive predictive value of 92-99% and a negative predictive value of 97%. Positive perfusion scanning had a high sensitivity of 92% in patients with angiographically proven PE, and negative perfusion scanning had a specificity of 87% in patients without emboli on angiography [75]. Patients with low or intermediate probability V/Q scan results should be scrutinized carefully, taking their clinical pre-test probability into account. In a systematic review with over 7,000 patients, those with an intermediate probability V/Q scan holding anticoagulation therapy, were safe until further testing. These patients should be observed, and further investigation should be performed with lower extremity venous doppler ultrasound or pulmonary angiography [76].


      




      

        Pulmonary Angiography




        Pulmonary angiography is the gold standard for diagnosing PE, which is seldom performed in the current era of multi-detector CT due to its invasiveness and adverse effects, especially in patients with right heart disease and decreased accessibility nowadays [77]. It was used as a reference while comparing CTPA and V/Q scanning in the PIOPED trials [47, 69]. Pulmonary angiography may be considered in patients in whom diagnoses cannot be confirmed or excluded using noninvasive diagnostic techniques and for whom holding anticoagulation therapy is considered unsafe. Accurate identification of blood clots is dependent on the location of the thrombus, quality of images, and experience of the interpreter. Two findings suggestive of pulmonary embolism are the filling defect and abrupt cutoff of a vessel.


      




      

        Lower Extremity Venous Ultrasonography




        Lower extremity venous ultrasonography (US) is vital in diagnosing DVT. A positive lower extremity ultrasound in a patient with suspected PE is strongly suggestive of PE, even though it is not confirmatory. It is inexpensive and widely available with no exposure to radiation. It is typically used in patients with a high pre-test probability of PE in whom definitive imaging tests are contraindicated or cannot exclude or diagnose PE. Lower extremity ultrasonography has low sensitivity in terms of PE diagnosis in a patient without risk factors of VTE or the absence of clinical signs suggestive of DVT [78, 79]. Lower extremity ultrasonography is typically positive in 18% of patients with suspected PE and 36-45% of patients with proven PE [80]. It can sometimes aid in diagnosing other etiologies of leg pain like Baker’s cyst, hematoma, or infection. Most proximal and pelvic veins cannot be imaged with the US, and obtaining adequate images can be challenging in patients with morbid obesity, leg casts, ulcers, or surgical wounds. Lower extremity venous ultrasonography is typically performed with dynamic compression ultrasound and color doppler, which is referred to as the duplex US. Patients with suspected PE and a positive lower extremity US should be treated with anticoagulation. Patients with a low to intermediate probability V/Q scan and a negative lower extremity US can be followed with a strategy of serial lower extremity US. This strategy was tested by Hull et al. They performed serial lower extremity ultrasound for two weeks, and the rate of venous thromboembolism was 2.7% [81]. Patients with a high clinical pre-test probability of PE and a negative lower extremity US may be empirically treated with anticoagulation on a case-by-case basis until a definitive diagnostic test can be performed [82].


      




      

        Newer Diagnostic Techniques




        Advances in the single-photon emission computerized tomography (SPECT) ventilation and perfusion imaging may allow for an accurate diagnosis of PE without contrast administration. Morris et al. combined SPECT after intravenously administering a radiolabeled monoclonal antibody (99mTc-DI-80B3), which binds to the D-dimer regions of fibrin. This is a new technique as the traditional CTPA or V/Q scan detects the absence of signal (filling defects). This technique was compared with CTPA in patients with a moderate to a high probability of PE or a positive D-dimer. 99mTc-DI-80B3-SPECT had a sensitivity of 76.2% (95% confidence interval, 52.8– 91.8%) and a specificity of 90.5% (95% confidence interval, 69.8– 98.8%) [83]. Another newer technique includes dual-energy computed tomography which utilizes less contrast as compared to the traditional CTPA [84]. Multiorgan ultrasonography had a sensitivity of 90% and a specificity of 86% compared to CTPA when prospectively tested in patients with moderate to high pretest probability (Wells score >4) of PE [85].


      




      

        Echocardiography




        Echocardiography cannot reliably diagnose acute PE given its low sensitivity of 50%, but it is a valuable tool used in diagnostic and risk stratification in patients with high-risk PE [86, 87]. Echocardiography should be considered in critically ill patients who are unsafe to transport for a definitive diagnostic imaging study and patients who may have an absolute contraindication to the administration of an intravenous contrast agent. An echocardiogram can support the diagnosis of PE when there is a new right heart strain or a thrombus is visualized in the right heart. This is particularly important in hemodynamically unstable patients and can be used to justify the emergent use of thrombolytic and anticoagulation therapy. Right heart strain findings include right ventricle (RV) dilation, decreased RV systolic function, tricuspid regurgitation, abnormal septal wall motion, and McConnell’s sign [45, 88]. McConnell’s sign is demonstrated by mid-right ventricular dilation, akinesis, or hypokinesis with hyperkinetic apex. McConnell’s sign can be used to distinguish acute RV strain or dilation from those with chronic right heart failure who tend to have global RV dysfunction [89]. An echocardiogram is valuable in ruling out competing for diagnostic possibilities like RV infarction, cardiac tamponade, or endocarditis in patients presenting with a shock of unclear etiology. Obtaining accurate windows showing the right side of the heart can be challenging, especially in an obese patient. Patients may have underlying chronic pulmonary hypertension with right heart dilation, which is chronic in patients with chronic obstructive pulmonary disease (COPD), valvular disease, or acute dilation in patients with conditions other than PE, like in sepsis or acute respiratory distress syndrome (ARDS). Demonstration of a new right heart strain may not be evident in the absence of a prior echocardiogram report. Also, right heart strain may not be present in patients with small or hemodynamically insignificant PE.


      




      

        Standard Laboratory Examination




        Standard laboratory examinations cannot diagnose PE but are essential in supporting the diagnosis of PE, finding an alternative diagnosis, and guiding the management of patients with acute PE. All patients will need a complete blood count, a coagulogram, serum electrolytes, and renal and liver function testing. Electrocardiogram (ECG) should be obtained in all patients with PE as well. ECG changes of right heart strain include the classic S1Q3T3 sign (deep S wave in the lead I, Q-wave, and T-wave inversion in the lead III), incomplete or complete right bundle branch block, Or pattern in lead V1, sinus tachycardia, and T wave inversion in leads III and aVF.




        Chest radiographs are non-specific for diagnosing PE, and most patients will have some abnormalities like pulmonary opacities, atelectasis, or small pleural effusion [17, 47]. A chest radiograph should be performed before V/Q scanning to note underlying parenchymal abnormalities. Certain findings which are specific for PE, although uncommon, have not been proven to be of diagnostic value in prospective studies. These findings are the Westermark sign, which is a focal area of avascularity, the Hampton hump, which is a pleura-based wedge-shaped opacity indicative of pulmonary atelectasis or consolidation, the Fleischner sign, which is the prominence of the central pulmonary artery, and the Chang sign, which is a dilated left or right pulmonary artery with an abrupt change in caliber resulting in an amputated appearance [17, 69].




        Arterial blood gas (ABG) may demonstrate hypoxemia and hypocapnia. Obstruction of the pulmonary vascular bed alters the ventilation-perfusion ratio. Inflammation resulting from PE also causes surfactant destruction leading to atelectasis and intrapulmonary shunting. In addition, inflammation also stimulates the respiratory drive causing tachypnea. In simulation models, relatively low levels of occlusion have been shown to cause a localized oxygen deficit and a decreased red blood cell (RBC) transit time to below the minimum required for oxygen transfer [90].These mechanisms are postulated in causing hypoxemia and hypocapnia [18]. Patients with COPD have baseline hypercapnia and may witness a decrease in the PaCO2 from their elevated baseline [91]. Hypercapnia can be seen in patients who are mechanically ventilated, in which a sudden increase in dead space volume due to pulmonary embolism will lead to hypercapnia and can raise suspicion of acute PE. However, ABG is not helpful in patients with suspected PE and should not be used to rule in or rule out PE. In a prospective study, PaO2 < 80 mm Hg, PaCO2 < 36 mm of Hg, or an abnormal PAO2 – PaO2 gradient were not predictive of PE in patients suspected to have PE. An abnormal (A-a) gradient had a sensitivity of 84%, a specificity of 27%, a positive predictive value (PPV) of 27%, and a negative predictive value (NPV) of 84%. PaO2 < 80 mm of Hg had a sensitivity of 92%, a specificity of 32%, a PPV of only 32%, and a NPV of 92%. Low PaCO2 of < 36 mm Hg had a sensitivity of 92%, a specificity of 15%, a PPV of only 26%, and a NPV of 85% [92].


      




      

        Management




        The management approach in patients with PE includes assessment of a patient’s hemodynamic status and PE severity, weighing treatment options like thrombolytics and anticoagulation with bleeding risks, knowing when to consider catheter-based thrombolytic therapies and surgical thrombectomy, close monitoring in intensive care units of high-risk patients, long-term anticoagulation, and follow up plans after discharge.


      




      

        Initial Management




        The initial assessment should focus on airway, breathing, and circulation. The patient should be started on supplemental oxygen either with low flow or high flow nasal cannula to treat hypoxia. Severe hypoxemia, hemodynamic collapse may require stabilizing the airway and mechanical ventilation. Patients with PE have depressed right ventricular output and are prone to hypotension post-intubation. Caution is necessary for selecting the induction agent; usually, etomidate is preferred. Fluids and vasopressor support should be ready in case of hemodynamic collapse. Post-intubation high plateau pressures should be avoided. Hemodynamically unstable patients should be resuscitated with intravenous fluids and vasopressor support. Small volumes of fluids should be given to prevent overstretching of the right ventricle, which will be detrimental. The optimal vasopressor of choice is unknown, but norepinephrine is usually preferred. Norepinephrine increases vascular tone without a significant increase in the heart rate. Dobutamine, which increases the myocardial contractility but can cause hypotension due to systemic vasodilation, may be added. The use of norepinephrine mitigates this effect. Given the complexity in managing patients with PE, a multidisciplinary approach is recommended.


      




      

        Initial Anticoagulation




        Systemic anticoagulation after diagnosis of VTE is referred to as initial anticoagulation (0 to 10 days). Options for initial anticoagulation include unfractionated heparin (UFH), light molecular weight heparin (LMWH), fondaparinux, and direct oral anticoagulant (DOAC) [51, 93, 94]. In patients with an intermediate or high clinical probability of PE, empiric anticoagulation therapy should be started while awaiting definitive diagnostic test results and low risk for bleeding. In patients who are pregnant or have active malignancy or renal failure (creatinine clearance <30mL/min), LMWH is preferred. Unfractionated heparin is usually the preferred agent in the in-patient setting, given the ability to hold anticoagulation if further interventions like systemic thrombolysis are planned, and can be used safely in patients with renal failure and easily monitored with aPTT or anti-Xa levels. Low molecular weight heparin (LMWH) can be used as well, given its ease of administration, and it does not require monitoring but is avoided in patients with severe renal failure. Direct oral anticoagulants (DOAC) or vitamin K antagonists (warfarin) are usually not the first choice in patients with high or intermediate-risk PE. They are eventually started before discharge for long-term anticoagulation. In patients with low-risk PE and no concerning clinical features, treatment and early discharge with DOAC may be considered. In patients with a low clinical probability of PE, empiric anticoagulation is not recommended before definitive diagnostic testing is obtained. The risk of bleeding should be considered while initiating empiric anticoagulation treatment. There are several bleeding risk scores available, but none are specifically validated for patients with PE. The HAS-BLED and HEMORR2HAGES scores are most commonly used, with the most evidence support for HAS-BLED scores [95]. In patients with absolute contraindication to anticoagulation (e.g., hemorrhagic stroke, active bleeding, recent major surgery) or high risk of bleeding, empiric anticoagulation should not be initiated. Definitive diagnostic testing should be obtained, and alternative therapies like inferior vena cava (IVC) filter, catheter-directed thrombolysis, or surgical embolectomy should be considered depending on the risk stratification if PE is confirmed. In patients with relative contraindications to anticoagulation or moderate risk of bleeding, empiric anticoagulation should be considered after expert consultation on a case-by-case basis after shared decision-making with the patient and weighing the risks and benefits of anticoagulation.


      




      

        Risk Stratification




        PE is a complex disease with many factors playing a role in determining the mortality risk. Hemodynamic parameters, respiratory status, imaging, and biochemical markers play a role in risk stratifying these patients. The significant risk factors which predict poor prognosis are persistent hypotension, high clot burden, proximal deep venous thrombosis, poor cardiopulmonary reserve, the presence of right-sided thrombus (clot-in-transit, thrombus in inferior vena cava). Another important risk factor is the development of new or worsening RV dysfunction as assessed by CTPA or echocardiography and evidence of myocardial injury/necrosis assessed by cardiac troponins or B-type natriuretic peptide (BNP). Scoring systems have been developed which incorporate these factors and help risk-stratify patients with PE. The Pulmonary Embolism Severity Index (PESI) is the most extensively validated to date. A simplified version of PESI has been developed and well-validated as well Table 7. Risk stratification according to the European Society of Cardiology/European Respiratory Society (ESC/ERS) is shown in Table 8. Hemodynamic instability is described in Table 9.




        Before administering thrombolytics, a thorough review of history should be done to estimate the patient's bleeding risk. There are specific absolute contraindications to administering intravenous thrombolytics (like intracranial neoplasm, intracranial or spinal surgery within two months, intraparenchymal hemorrhage in the past, embolic stroke in the last three months, and active bleeding or bleeding diathesis). These and other relative contraindications are described in Table 10.




        

          Table 7 Pulmonary Embolism Severity Index (PESI) and Simplified Pulmonary Embolism Severity Index (sPESI) [96, 97].




          

            

              

                	Score



                	Variable



                	Score

              


            



            

              

                	Pulmonary Embolism Severity Index (PESI)



                	Age



                	Age in years

              




              

                	Male sex



                	10

              




              

                	Chronic heart failure



                	10

              




              

                	Chronic pulmonary disease



                	10

              




              

                	Heart rate ≥110 beats per minute



                	20

              




              

                	Respiratory rate >30 breaths per minute



                	20

              




              

                	Temperature <36 degree Celsius



                	20

              




              

                	Arterial oxyhemoglobin saturation <90%



                	20

              




              

                	Systolic blood pressure <100 mm Hg



                	30

              




              

                	History of cancer



                	30

              




              

                	Altered mental status



                	60

              




              

                	Simplified Pulmonary Embolism Severity Index (sPESI)



                	Age >80 years



                	1

              




              

                	History of cancer



                	1

              




              

                	Chronic cardiopulmonary disease



                	1

              




              

                	Heart rate ≥110 beats per minute



                	1

              




              

                	Systolic blood pressure <100 mm Hg



                	1

              




              

                	Arterial oxyhemoglobin saturation <90%



                	1

              




              

                	



                	Risk stratification



                	30-day mortality risk

              




              

                	PESI



                	Class I



                	< 66 points



                	Very low risk



                	0 – 1.6%

              




              

                	Class II



                	66 – 85 points



                	Low risk



                	1.7 – 3.5%

              




              

                	Class III



                	86 – 105 points



                	Moderate risk



                	3.2 – 7.1%

              




              

                	Class IV



                	106 – 125 points



                	High risk



                	4.0 – 11.4%

              




              

                	Class V



                	>125 points



                	Very high risk



                	10.0 – 24.5%

              




              

                	sPESI



                	Low risk



                	0 points



                	1.0%

              




              

                	High risk



                	≥ 1 points



                	10.9%

              


            

          




        




        

          Table 8 The Risk Stratification in PE and Treatment Implications [51, 86, 98].




          

            

              

                	



                	Hemodynamic instability (Shock or hypotension)



                	Pulmonary embolism severity; PESI Class III-V or sPESI ≥ 1



                	Signs of RV dysfunction on imaging tests (TTE or CTPA)



                	Elevated cardiac biomarkers of myocardial injury (troponins)



                	Treatment implications

              


            



            

              

                	High



                	+



                	+



                	+



                	+



                	Thrombolysis (peripheral systemic or catheter-directed) or embolectomy

              




              

                	Intermediate High



                	-



                	+



                	+



                	+



                	Thrombolysis (peripheral systemic or catheter-directed) may be preferred.

              




              

                	Intermediate Low



                	-



                	+



                	One or none positive



                	Anticoagulation preferred with rescue thrombolysis

              




              

                	Low



                	-



                	-



                	-



                	-



                	Early discharge or outpatient treatment with anticoagulation

              


            

          




        




        

          Table 9 Hemodynamic Instability (either one of these) Definition in Patients with Pulmonary Embolism [51, 94, 99].




          

            

              

                	Cardiac Arrest Requiring Cardiopulmonary Resuscitation

              




              

                	Systolic blood pressure <90 mm Hg or requiring vasopressors to achieve an SBP≥ 90 mm Hg despite adequate resuscitation and evidence of end-organ hypoperfusion (cold and clammy skin; elevated serum lactate, altered mental status; oliguria or anuria)

              




              

                	Drop in systolic blood pressure ≥40 mm Hg and lasting longer than 15 minutes due to pulmonary embolism

              


            

          




        




        

          Table 10 Contraindications to Thrombolysis in Patients with Pulmonary Embolism [51, 100-102].




          

            

              

                	ABSOLUTE CONTRAINDICATIONS



                	Ischemic stroke in the last three months

              




              

                	Prior intracranial hemorrhage

              




              

                	Presence of structural cerebral vascular lesion

              




              

                	Presence of malignant intracranial neoplasm

              




              

                	Closed-head or facial trauma in the last three months

              




              

                	Suspected aortic dissection

              




              

                	Active bleeding or diathesis

              




              

                	RELATIVE CONTRAINDICATIONS



                	Age >75 years

              




              

                	Systolic blood pressure >180 mm Hg or diastolic blood pressure >110 mm Hg

              




              

                	Diabetic retinopathy

              




              

                	Coumadin use with elevated international normalized ratio >1.7

              




              

                	Recent major surgery in the last three weeks

              




              

                	Non-compressible bleeding

              




              

                	Pregnancy

              




              

                	Low body weight (<60 kilograms)

              




              

                	Pericarditis or pericardial fluid

              




              

                	Traumatic cardiopulmonary resuscitation

              




              

                	Ischemic stroke in more than three months prior

              




              

                	Recent invasive procedure

              




              

                	Active peptic ulcer

              


            

          




        


      




      

        Systemic Thrombolysis




        Societal guidelines recommend that hemodynamically unstable patients with PE with low bleeding risk should be treated with aggressive reperfusion strategies like systemic thrombolytics. Those with moderate or high risk of bleeding, catheter-directed therapies with or without thrombolysis are suggested. The European Society of Cardiology/European Respiratory Society 2019 guidelines recommend systemic thrombolytic therapy for patients with high-risk PE and as rescue therapy for patients with hemodynamic decompensation while on anticoagulation therapy [51]. The American College of Chest Physicians (ACCP) 2016 guidelines recommend thrombolysis in patients with acute PE associated hypotension and without high bleeding risk, in selected patients with acute PE who decompensate after anticoagulation therapy and have low bleeding risk, and it is preferred over catheter-directed thrombolysis [93]. According to the American Heart Association (AHA) 2011 guidelines, thrombolysis is reasonable for patients with massive acute PE and acceptable bleeding risk. AHA recommends considering thrombolysis for patients with sub-massive acute PE with clinical evidence of a worse prognosis and low bleeding risk. AHA 2011 guidelines further recommend not to use thrombolysis in patients with low-risk PE, patients with undifferentiated cardiac arrest, and intermediate-risk PE patients with minor RV dysfunction, minor myocardial necrosis, and no clinical worsening [94].




        The full dose intravenous thrombolytic regimen includes the most commonly used recombinant tPA, alteplase. The approved dosing by the United States Food and Drug Administration is 100 mg of alteplase administered over two hours. In certain emergent situations, bolus administration of tPA may be required. A few studied regimens are 100 mg bolus of tPA administered in 15 minutes, or 20 mg bolus followed by 80 mg over two hours [100, 103]. During the infusion, the patient should be closely monitored for any cardiopulmonary and hemodynamic status changes. Patients should be monitored for any significant bleeding, along with a change in mental status in case of intra-cranial hemorrhage, hypotension, decrease in hemoglobin concentration, and worsening tachycardia. In suspected cases, tPAs should be stopped immediately, and the patient should be resuscitated with blood products like packed red blood cells, cryoprecipitate, and fresh frozen plasma infusions depending on the diagnostic imaging findings and severity of bleeding. Anticoagulation, typically with unfractionated heparin (UFH), is usually discontinued until tPA infusion is complete. Following thrombolysis, anticoagulation should be resumed. Some experts and institutional guidelines would start heparin infusion without a bolus. Another strategy is to check serial aPTT levels and start heparin infusion once the aPTT levels are less than twice the upper limit of normal.




        Efficacy of full-dose systemic thrombolytics in patients with high risk or hemodynamically unstable PE is limited to small randomized or observational studies with varying methodology, small-sized cohorts, and cross-over between the groups. Regardless, studies have shown improvement in pulmonary artery blood flow, RV function, and pulmonary artery pressures [104-107]. Various meta-analyses have demonstrated improved mortality with systemic thrombolysis but varying results for reducing PE recurrence in patients with high-risk PE [102, 108, 109].




        In intermediate-risk or hemodynamically stable patients with PE, routine use of thrombolytics is not recommended. It should be considered in patients with a high risk of deterioration, especially in the intermediate-high risk category. Clinical parameters of RV dysfunction and myocardial necrosis should be assessed closely in addition to patients’ cardiopulmonary reserve status, hemodynamic status, and risk of bleeding and should be combined with the physician’s clinical gestalt. A multi-disciplinary team called the pulmonary embolism response team (PERT) should be involved in such complicated cases. The use of PERT teams or similar multi-disciplinary teams have been shown to improve outcomes in reduced bleeding rates and 30-day mortality [110]. Given the lack of strong evidence, societal guidelines differ on the use of thrombolytics in patients with intermediate-risk PE. The ESC/ERS 2019 guidelines recommend against routine use of systemic thrombolysis but suggest rescue thrombolysis in patients with hemodynamic deterioration while on anticoagulant therapy. Catheter-directed therapies or surgical embolectomy are acceptable alternatives [51]. The ACCP 2016 guidelines do not make explicit recommendations for patients with intermediate-risk or sub-massive PE but recommend rescue thrombolysis in patients who decompensate while on anticoagulation therapy [93]. AHA 2011 guidelines recommend considering thrombolysis in patients with sub-massive PE who have high-risk features and are at high risk of decompensation. They recommend against thrombolysis in patients with intermediate-risk PE with minor RV dysfunction or myocardial necrosis [94].




        The PEITHO trial compared weight-based dosing of intravenous tenecteplase plus heparin with heparin alone in 1,005 patients with intermediate-high risk PE. Tenecteplase resulted in a significant reduction of the primary end-point, a composite of death, and hemodynamic decompensation at seven days (2.6% vs. 5.6%; OR, 0.44; 95% CI 0.23 to 0.87; p=0.02). This was mainly driven by a reduction in hemodynamic decompensation rather than a reduction in mortality. The Tenecteplase group had a higher rate of major bleeding (11.5% vs. 2.4%), especially in patients older than 75 years of age [111]. In the long-term follow-up of the PEITHO trial, 709 patients were followed over 38 months. Thrombolysis did not reduce mortality, functional limitation, pulmonary hypertension assessed by echocardiographic measurement of pulmonary artery systolic pressure (PASP), or the rate of RV dysfunction at two years [112].




        The concept of reduced dose thrombolysis has been proposed for the treatment of intermediate-risk PE. The rationale is that pulmonary vasculature receives the entire cardiac output; therefore, a full 100 mg tPA dose, which is used in patients with stroke and myocardial infarction, may not be necessary for thrombolysis, and reducing the dose will potentially reduce the bleeding events while maintaining efficacy. As studies supporting this are flawed by small sample size and variable definition of intermediate-risk or sub-massive PE, this strategy has not gained widespread use. The Moderate Pulmonary Embolism Treated with Thrombolysis (MOPETT) trial examined reduced dose alteplase plus heparin versus heparin alone in 121 patients with moderate PE and followed the cohort for 28 months. The reduced dose alteplase group had a lower rate of pulmonary hypertension, lower PASP, and similar bleeding compared to the heparin alone group [107]. Wang et al. studied the half-dose (50 mg) versus the full-dose (100 mg) alteplase in 118 patients with acute PE with hemodynamic instability or massive pulmonary artery obstruction. Both doses were similarly efficacious in improving RV dysfunction, lung perfusion defects, and pulmonary artery obstruction. Bleeding was lower with the half-dose alteplase (3% vs. 10%) [113].
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