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Abstract
BACKGROUND
Pulmonary embolism (PE) requires a high degree of clinical suspicion for its diagnosis and can mimic pneumonia due to its clinical, radiological, and laboratory findings. Co-existence of PE and pneumonia can also occur, which is surprisingly more common than appreciated.

CASE SUMMARY
Here, we report a case of a young male who initially presented during the peak of the COVID-19 pandemic with features of pneumonia. He was kept under observation and was later diagnosed and treated for a right main pulmonary artery embolism without any identifiable source of thrombosis. 

CONCLUSION
PE and pneumonia share common clinical, radiological, and laboratory findings that may delay the diagnosis of PE. Hypoxia disproportionate to the extent of radiological involvement could be an indicator of an underlying PE.
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Core Tip: Pulmonary embolism can present radiologically as pneumonia with similar clinical symptoms and signs. This case highlights the importance of understanding how a pulmonary infarct can present as pneumonia.

INTRODUCTION
Pulmonary embolism (PE) mimics pneumonia because of the considerable overlap in their clinical and radiological picture. Moreover, pneumonia may occasionally mask PE, particularly in patients with predominant systemic symptoms such as fever with no evidence of deep vein thrombosis (DVT) or trauma. Here, we discuss a case of a young male who presented during the peak coronavirus disease 2019 (COVID-19) pandemic with initial signs and symptoms of community-acquired pneumonia and, on further evaluation due to clinical worsening, was found to have extensive PE.

CASE PRESENTATION
Chief complaints
A 26-year-old healthy male presented with fever, cough, progressive exertional dyspnea and vomiting for 5 d.

History of present illness
Symptoms started as high-grade fever with a temperature recording of 101 ˚F without rigor or chills and cough noted from the next day. The cough was associated with scanty mucoid sputum, with no history of hemoptysis or copious purulent sputum. Dyspnea progressed slowly over 5 d to modified Medical Research Council grade 2. There was no orthopnea, paroxysmal nocturnal dyspnea, or angina symptoms. He also had 2-3 vomiting episodes per day after the fever. Vomiting was nonbilious, and there was no associated abdominal pain, loose stool or blood in the stool. There was no history of any leg pain, calf swelling, or prolonged immobilization.

History of past illness
He had no other comorbidity, i.e. no history of previous recurrent respiratory infection, asthma, or frequent hospitalizations. There was no history of recent travel outside his native place. 

Personal and family history
He was a nonsmoker and had been engaged in a painting job for the last 2 years.

Physical examination
On examination, the patient was febrile with a temperature of 100 ˚F, tachypneic with a respiratory rate of 36/min, pulse rate 112/min, blood pressure 110/70 mmHg, and oxygen saturation of 85% at room air. Other respiratory, cardiovascular, neurological, and abdominal examinations were normal.

Laboratory examinations
His hemogram showed a total white blood cell count of 23090 (neutrophils 88%) lac per cubic millimeter and a platelet count of 3.3 lac per cubic millimeter; blood urea and creatinine were 43 mg/dL (normal range: 5-20 mg/dL), and 1.5 mg/dL (normal range: 0.7-1.3 mg/dL), respectively. The liver function test was normal. The electrocardiogram showed sinus tachycardia.

Imaging examinations
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Chest radiograph showed left upper zone inhomogeneous opacity with air bronchogram and right lower zone opacity obliterating hemi-diaphragm silhouette (Figure 1A). Repeated chest radiographs documented the resolution of the left upper and right lower zone opacities (Figure 1B). Computed tomography (CT)-assisted pulmonary angiography (CTPA) was performed. CTPA revealed a thrombus completely occluding the right main pulmonary artery just after bifurcation, a hypodense filling defect of 2.8 cm × 2 cm in the right atrium, suggestive of thrombus (Figure 2). 

FINAL DIAGNOSIS
PE, hypoxic respiratory failure, shock due to massive PE. 

TREATMENT
Considering the current pandemic, the patient was initially treated as a COVID-19 suspect, and a nasopharyngeal swab test was performed. Empirically, antibiotics (intravenous Co-amoxiclav and oral azithromycin) were initiated with high-flow oxygen at 10 L/min and enoxaparin 40 mg subcutaneously once daily. His nasopharyngeal swab used for reverse transcription polymerase chain reaction (RT-PCR) for COVID-19 was negative, and he was transferred to the pulmonary ward for further management. Sputum and blood culture were sterile. Sputum for Xpert MTB/Rif was negative. He gradually improved clinically, and by day 4, his fever subsided, leukocytosis decreased, and oxygen requirement reduced to 4 L/min. On the 5th d of admission, he had new onset hemoptysis with minimal quantity. Repeated chest radiographs documented the resolution of the opacities in the left upper and right lower zones (Figure 1B). Repeated electrocardiograms showed sinus tachycardia and T wave inversion in V1 to V3. However, Troponin I was negative.
In view of persisting hypoxia, radiological opacity, and higher Wells score, CTPA was performed. CTPA revealed a thrombus completely occluding the right main pulmonary artery just after bifurcation, with a hypodense filling defect of 2.8 cm × 2 cm in the right atrium, suggestive of a thrombus (Figure 2). Deep vein screening and compression ultrasound were normal. Echocardiography revealed the dilatation of the right atrium and right ventricle with increased right ventricular systolic pressure. A PE was confirmed. As the patient was hemodynamically stable, an injection of Enoxaparin 40 mg was initiated subcutaneously twice daily. The antibiotic was escalated to piperacillin and tazobactam 4.5 gm every six hours and linezolid 600 mg twice daily in view of pulmonary opacity and elevated total white cell count of 21180 cells per cubic millimeter. On the 4th d of anticoagulation, the patient had increasing tachypnea, and oxygen requirement increased from 4 L/min to 10 L/min. Over the next six hours, the patient's dyspnea further increased. Therefore, he was intubated and mechanically ventilated due to severe hypoxia despite a high oxygen flow. Finally, he was transferred to the intensive care unit. The patient was initially hemodynamically stable except for sinus tachycardia. However, after 12 h, the patient developed hypotension, requiring fluid resuscitation and noradrenaline support. Therefore, the patient was immediately considered for thrombolysis after counseling on the benefits and risks of thrombolysis. Due to financial constraints, the family could afford to give him only streptokinase treatment. Injection streptokinase 2.5 Lac IU (international unit) loading dose followed by one lac IU per hour was started. After 3 h of thrombolysis, there was a progressive worsening of hypotension, and the patient developed pulmonary edema and refractory shock and passed away on the 14th d of admission. 

OUTCOME AND FOLLOW-UP
Died on 14th d of admission.

DISCUSSION
In the present case, a young male admitted with a presumptive diagnosis of COVID-19 pneumonia was later diagnosed with PE. We missed the diagnosis of PE initially in the context of rising COVID-19 cases and time elapsed while waiting for RT-PCR results. The initial clinical diagnosis was non-COVID pneumonia due to the presence of fever, elevated total leukocyte count, and initial clinical improvement with antibiotics. There was the possibility of concomitant PE and pneumonia. PE is often misdiagnosed as pneumonia because of similar clinical presentations. Several retrospective studies have already discussed pneumonia patients who have about 2–3-fold increased risk of venous thrombosis[1]. 
Due to the lower sensitivity of RT-PCR for COVID-19, our clinical suspicion continued due to the prevailing trend of an ever-increasing COVID pandemic[2]. Fever, leukocytosis, elevated C-reactive protein, and procalcitonin, which are commonly used to differentiate PE from pneumonia, often exist in both conditions[3]. In one study, 80% of angiographically proven PE reported leukocytosis, and two-thirds reported fever[4]. Initial radiological workup like chest radiograph may often help in diagnosing pneumonia. Still, data from ICOPER study, including 2000 PE patients, reported normal chest radiographs in one-quarter of the patients, and patchy infiltrations were present in 17% of patients[5]. Radiographic findings of PE have been extensively documented but are frequently nonspecific, i.e. normal findings, focal oligemia, pleural effusion, variable zones of atelectasis, pulmonary consolidations, large hilar vessels, and elevated hemi diaphragm[6]. Airspace consolidation may result from infarction and actual necrosis of the lung tissue but more commonly occurs from "incomplete infarction" and hemorrhage into the air spaces, and the size of infarction can vary from barely perceptible to 10 cm in diameter[7]. Elevated D-dimer with PE probability scoring from the 1st d of treatment may help to make a decision regarding CTPA. But D-dimer can also be elevated in pneumonia and sepsis along with another inflammatory marker. This elevated D-dimer is associated with intensive care unit admission and increased 30-d mortality[8]. ECG changes like right ventricular strain, S1Q3T3 pattern, right bundle branch block, and atrial fibrillation can also be seen in community-acquired pneumonia[9]. 
In the initial clinical evaluation of this case, there was no sign of DVT, and on the 1st d, Well's score was only 1.5 (low probability for PE). Bedside echocardiography is usually performed and helps to detect early signs of PE like enlarged right ventricular size with reduced functionality, abnormal septal wall movement, and tricuspid regurgitation. Right ventricular thrombi can be visualized in echocardiography, similar to our case, and usually signify a poor prognosis[10]. A timely CT pulmonary angiography helps confirm the diagnosis. Secondly, there are large-scale autopsy studies, including 1455 cases, which demonstrated concomitant presentation of PE and pneumonia, and out of 54 patients identified with anatomically major PE at autopsy, only 30% had correct ante-mortem diagnosis. However, the accuracy was more pronounced in postoperative patients. In 80% of cases in which lung scanning and pulmonary angiography were examined, there was an increased tendency for a correct diagnosis of PE. Among 21 patients with autopsy-proved major PE who also had pneumonia, PE was not diagnosed before death, indicating the importance of this discussion[11]. Both hereditary and acquired conditions can increase the risk of venous thromboembolism (VTE). Published guidelines of various bodies recommend screening for thrombophilia in some selected patients with unprovoked VTE. Various guidelines and committees recommended not testing thrombophilia in provoked VTE. Compared to provoked, unprovoked VTE has an estimated 30% 5-year recurrence risk when the patient is off anticoagulation[12]. Five disorders of anticoagulation system factor: V G1691A "Leiden" mutation (FVL), prothrombin G2021A mutation (PGM), deficiency of natural anticoagulant protein C and protein S (PS), and antithrombin (AT) deficiency have been called the "classic thrombophilias"[13]. In addition to the above-mentioned classic thrombophilia, there are many inherited mutations like homocysteine metabolism, von Willebrand factor, overactivity of factor VIII, abnormal factor IX, XI, and fibrinogen[14]. Performing thrombophilia testing in acute thrombosis and patients already on anticoagulant medication is technically challenging. Loss of function of PS, PC, and AT is influenced by anticoagulation and acute thrombosis[15]. Testing the genotypic abnormality is only available in specific centers and only for a few conditions. In acute VTE situations, due to the possibility of unreliable results, it is best to avoid testing for natural anticoagulation deficiency like AT, PC, and PS. Hereditary thrombophilia testing in large case-controlled registry data has found limited utility in predicting the risk of recurrence of unprovoked VTE[16]. Considering limited data, the 10th American College of Chest Physicians guideline and others recommend extended anticoagulation in all cases unless the risk of bleeding is unacceptably high[17]. In situations where thrombophilia testing is required, a two-step approach is better. First-line testing of FVL, PGM, cardiolipin, and beta–2 glycoprotein-1 antibodies are tested before stopping anticoagulation. If these tests are normal, anticoagulation can be discontinued, and remaining thrombophilia tests like Lupus anticoagulant, PC, PS, and AT are performed. Due to limited evidence recommendation, financial limitations, lack of in-house availability, and COVID-19 pandemic logistic issues, we did not test thrombophilia in this case. As the patient had some clinical and radiological improvement with antibiotics, the PE diagnosis was delayed. Hypoxia that is out of proportion to clinical-radiological assessment is the key to early detection of PE, as in the present case. 

CONCLUSION
PE and pneumonia share common clinical, radiological, and laboratory findings that may delay PE diagnosis. Our case suggests that persisting hypoxia, even after clinical and radiological improvement, even during the peak of the COVID pandemic, and hypoxia disproportionate to the extent of radiological involvement could be an indicator of an underlying PE. 
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Figure Legends
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Figure 1 Chest X-ray. A: Left upper zone non homogenous opacity with air bronchogram and right lower zone opacity; B: Resolved left upper zone opacity and non-homogenous right lower zone opacity.
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Figure 2 Computed tomography pulmonary angiography. A: Right lower lobe wedge shaped peripheral opacity suggestive of pulmonary infarct; B: Thrombus completely occluded and dilated right main pulmonary artery; C: Thrombus extending to right atrium.
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