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Pediatric Lupus Presenting as Pulmonary Hypertension, Myocarditis, and Massive Pericardial Effusion in an 11-Year-Old Girl: A Case Report and Literature Review
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Systemic lupus erythematosus (SLE) is an autoimmune disease that may cause vital organ damage. Although not rare for child-onset SLE to have cardiovascular or pulmonary involvement, myocarditis, and pulmonary hypertension are infrequent features and can be life-threatening. In this case report, we describe an 11-year-old girl with SLE who initially presented with fulminant myocarditis pulmonary hypertension, and massive pericardial effusion. Initial immunosuppressive therapy with methylprednisolone pulse therapy, and IVIG were administered, followed by cyclophosphamide, which was ultimately successful, with no residual pulmonary hypertension and no recurrence of myocarditis for over 3 years after the initial episode. Our case highlights the need for clinicians to be aware of systemic lupus erythematosus as a possible diagnostic entity in pediatric patients with severe myocarditis or pulmonary hypertension. Aggressive immunosuppressive therapy should be strongly considered in such cases, as it may lead to good short-term and long-term outcomes.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease that involves multiple organs via immune processes (1). The prevalence of pediatric lupus ranges from 3.3 to 24 per 100,000 children. The disease course of patients with lupus diagnosed in childhood tends to be more severe and more likely to damage the musculoskeletal, ocular, renal, and neuropsychiatric systems when compared to patients with the adult-onset disease (2, 3). Cardiac involvement is frequently seen in SLE, with pericarditis being the most common manifestation. Myocarditis, valve abnormalities, and coronary artery disease may also develop in SLE (4). Moreover, SLE affects the pulmonary system, causing pleural, parenchymal, and pulmonary vascular damage, and it is the second most common cause of connective-tissue disease related pulmonary hypertension, after scleroderma (5). Although not rare for child-onset SLE to have cardiovascular or pulmonary involvement, myocarditis, and pulmonary hypertension are infrequent and can be life-threatening (6). In this case report, we describe a child who first presented with myocarditis with massive pericardia effusion and pulmonary hypertension at the time of pediatric SLE diagnosis (Figure 1).
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FIGURE 1. Timeline of this case report.




CASE PRESENTATION

An 11-year-old girl initially came to our hospital with shortness of breath, worsening malaise, and general weakness for 2 days. She had been taken to a clinic 2 days prior to admission for an episode of syncope that resolved after 2 min. However, due to progressive orthopnea and dyspnea on exertion, she was brought to our emergency department for additional evaluation. Upon further inquiry, the patient mentioned having intermittent migratory arthralgia of the bilateral ankles, knees and cervical joints for the past 8 months. Over the last 6 months, parents also noted that the patient had occasional episodes of tactile fever about once a month, general malaise and body weight loss of 2 kg. On physical examination at the emergency department the patient was found to be weak but responsive, with severe cachexia, a height of 140 cm, and a weight of only 23 kg. Vital signs on arrival showed hypotension (86/49 mmHg), tachycardia (163 beats/min), tachypnea (respiratory rate 29 breaths/min), temperature of 38.8°C with an oxygen saturation of 98% on room air. She was also found to have suprasternal retractions, rales in the bilateral lung fields and cold and clammy extremities. Initial laboratory values showed microcytic anemia (hemoglobulin: 11.3 g/dL, MCV: 74.9 fL), elevated liver enzymes (AST/ALT:103/53 U/L), hypoalbuminemia (2.73 g/dL), elevated CK-MB (6.4 ng/mL), and procalcitonin (1.74 ng/mL). Troponin I and renal function (Creatinine: 0.42 mg/dl) were within normal range. Neither hyperglycemia nor hyperthyroidism was noted in laboratory values. Cardiomegaly and bilateral pleural effusion were observed on a chest X-ray. Echocardiography showed impaired left ventricle (LV) performance [left ventricular ejection fraction (LVEF) was 46%], massive pericardial effusion, and pulmonary hypertension (estimated right ventricular systolic pressure around 50 mmHg; Figures 2A,B).
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FIGURE 2. (A) Cardiomegaly and pleural effusion seen on chest x-ray on admission. (B) Echocardiogram on admission: Right ventricle dilatation due to pulmonary hypertension with shift of the intraventricular septum to the left, resulting in a D-shaped left ventricle (D-sign). (C) Chest CT: Dilated pulmonary arteries. (D) Echocardiogram performed 1 year later: improving pulmonary hypertension with resolution of “D-sign.” (E) Echocardiogram performed 1 year later: Improving pulmonary hypertension with tricuspid regurgitation with maximum velocity of 2.41 m/s, estimated right ventricle systolic pressure 30 mmHg.


The patient was then transferred to the pediatric intensive care unit where echo-guided pericardiocentesis of the massive pericardial effusion was performed twice in the initial 2 days. A total of 548 ml of turbid greenish pericardial fluid was drained, and further analysis showed that the fluid was highly purulent with a white blood cell count of 128,700 cells/μL, 85% neutrophils, a specific gravity of 1.0038, protein of 7.0 g/dL, LDH of 3,860 U/L, and glucose of 3 mg/dL, but gram stain, acid-fast stain, and aerobic and anaerobic cultures of the pericardial fluid were all found to be negative. Due to the highly purulent nature of the pericardial fluid, the patient was initially started on teicoplanin and piperacillin/tazobactam for probable infective pericarditis which was continued for a total of 1 month. Furthermore, the patient was given a colloid infusion with 10% albumin and was started on inotropic agents including dopamine and milrinone for hypotensive shock.

Due to the patient's history of arthralgia, fever, and serositis (including pericarditis and pleural effusion), although she had no family history of autoimmune disease, the patient was further evaluated for the presence of any underlying rheumatic disease. Antinuclear antibodies (ANA) were positive (>1:1,280) and anti-dsDNA titers were 399.7 IU/ml (normal <92.6 IU/ml); the patient also had hypocomplementemia (C3 45.2 mg/dL, C4 13.2 mg/dL), and we found that both anti-RNP and anti-Smith antibodies were positive. The patient was diagnosed with systemic lupus erythematosus (SLE) according to the Systemic Lupus International Collaborating Clinics (SLICC) 2012 criteria for SLE (7). Thereafter, the patient was started on intravenous methylprednisolone for suspected lupus flare.

Sudden onset of tachypnea and tachycardia occurred on the fourth day of admission. Bedside echocardiography was performed again and showed pulmonary hypertension with engorgement of the right atrium and the pulmonary artery and an ejection fraction of 30%. Raynaud's phenomenon with coldness and pallor of the fingers and toes was also noted that day, with swelling in the fifth right toe, which soon became cyanotic, although pulse of the right dorsalis pedis artery was still palpable. We checked D-dimer and found it to be high, with a value of 15.20 mg/L with normal fibrinogen levels and no prolongation of prothrombin time or activated partial thromboplastin time. Lupus anticoagulant was slightly prolonged at 47.6 s (normal range 31–44 s), although anti-β2 glycoprotein antibodies, and anti-cardiolipin antibodies were not detected. The patient was then started on low-dose molecular weight heparin for suspected pulmonary embolism. However, low-dose molecular weight heparin was discontinued after performing a CT-angiogram that showed dilated pulmonary arteries (main pulmonary artery diameter 37 mm, right pulmonary artery 19 mm, left pulmonary artery 18 mm), and dilated right atrium and ventricle but no signs of thrombus within the pulmonary arteries (Figure 2C).

The patient still remained febrile after 2 weeks of antibiotics and pericardial drainage. Therefore, we checked lab values again, which showed that while procalcitonin levels had normalized (0.07 ng/ml) suggesting that the patient's bacterial pericarditis had improved, signs of myocardial inflammation were still present as evidenced by an elevated CK-MB level of 35 ng/mL, Troponin-I of 0.051 ng/mL, and BNP of 1,959 pg/mL, as well as persistent poor myocardial contractility observed on bedside echo, which required inotropic agents. Methylprednisolone pulse therapy at 1 g per day was then given for 3 consecutive days for suspected lupus-induced myocarditis and pulmonary hypertension. However, the patient's fever and hypotension persisted, so the patient was then given intravenous immunoglobulin (IVIG) at 1 g/kg/day for a total of 2 days. Serial bedside echo was performed again and showed that the patient's pulmonary hypertension and myocardial contractility had improved slightly, but the patient was still hypotensive and remained febrile 1 week after IVIG treatment. Finally, the patient was given one dose of cyclophosphamide 500 mg per body surface area (BSA). Thereafter, the patient's fever declined, her hypotension improved, and the inotropic agents were tapered and then discontinued 1 week later. The patient was then discharged with oral steroids, hydroxychloroquine, hydralazine. and amlodipine. Afterwards, the patient was given an additional two more doses of cyclophosphamide (500 mg/BSA/dose) once a month. Cardiac echocardiography performed after both hydralazine and amlodipine had been discontinued after 1 year showed resolution of pulmonary hypertension (tricuspid regurgitation with maximum velocity of 2.41 m/s, estimated right ventricle systolic pressure 30 mmHg), normalization of right atrium and ventricular size, and good left ventricle ejection fraction (Figures 2D,E). The patient has received regular follow-up at our pediatric clinic for the past 3 years. She has shown some clinical symptoms of lupus, such as intermittent malar rash and proteinuria, during the follow-up period in the outpatient department, but no recurrence of pulmonary hypertension or lupus myocarditis.



DISCUSSION

Cardiac manifestations of SLE are estimated to be present on echocardiogram in up to 50% of adult patients, although these findings are mostly asymptomatic. Common findings among adult patients include pericarditis, myocarditis, non-bacterial endocarditis, and valvular insufficiency (4, 8). Less is known about the incidence of cardiac manifestations of lupus in the pediatric population, although various small population single-center studies have suggested that the rate of pericarditis may range from 12 to 43% (9, 10). A study of 297 children with pediatric lupus within the United States, found that the most common cardiac manifestation was pericarditis (10.4%), followed by valvular insufficiency (9.1%), and less commonly myocarditis (1.0%) and endocarditis (1.0%). Furthermore, cardiac manifestations were most likely to occur within the first year after pediatric lupus was diagnosed, and was associated with African American race and nephritis. The authors also found that cardiac involvement in child-onset SLE, including pericarditis and myocarditis, had a 4.4-fold higher incidence rate than adult-onset SLE and required more aggressive management, such as pericardial drainage (11).

Diagnosing lupus myocarditis primarily relies on clinical features. Patients with SLE-related myocarditis may present with fever, chest pain, tachypnea, tachycardia, gallop rhythm and other arrhythmias, or heart failure. Common echocardiographic findings include unexplained ventricular dysfunction, cardiac chamber enlargement, and hypokinesia of the myocardium (12). Elevation of cardiac enzymes like CK-MB and Troponin I are present in roughly 75% of patients (13). Pathology results from endomyocardial biopsy may help clinicians to confirm the diagnosis, but are not commonly applied in clinical settings and have a low diagnostic yield of around 10–30% (14). However, in this case report, discriminate between infectious pericarditis and lupus myocarditis is difficult at first. Lupus myocarditis and infectious pericarditis have several common features, including the presence of pericardial effusion and decreased myocardial contractility. In fact, purulent pericarditis is a rare complication in SLE but can cause serious illness that progresses rapidly to cardiac tamponade and death (15, 16). Since this patient initially presented with fever, massive purulent pericardial effusion, and mildly elevated procalcitonin levels, we initially treated the patient with empirical antibiotics. After such antibiotics therapy, the patient's pericardial effusion was resolved, and procalcitonin levels normalized, although cultures of the pericardial fluid were negative, suggesting the presence of infection. Nevertheless, the patient remained febrile with poor myocardial contractility and elevated cardiac enzymes even after procalcitonin levels had normalized after 2 weeks of antibiotic therapy. Several immunosuppressive therapies for suspected lupus myocarditis were then administered to the patient, including methylprednisolone, IVIG, and cyclophosphamide, after which the patient's myocardial function improved, and inotropic agents were no longer required. Due to the patient's response to both antibiotics and subsequent immunosuppressive therapy, we believe that lupus myocarditis complicated with massive pericardial effusion and secondary infectious pericarditis is the most likely diagnosis in our patient.

It is also noteworthy that the patient experienced impressive weight loss in this episode. She had body weight loss of 2 kg in the previous 6 months and weighed only 23 kg with mild muscle atrophy on initial presentation. Cachexia is clinically defined by an involuntary edema-free weight loss of at least 5% within a period of 12 months or less in patients with chronic diseases (e.g., heart failure, cancer, COPD, and chronic kidney disease) (17). In addition to heart failure, other factors that influence the patient's body composition, such as metabolic dysfunction, neurologic disorder, malignancy, gastrointestinal problem, or reduced food intake, should be excluded. Initially, we surveyed thyroid function and blood sugar to rule out such metabolic problems as hyperthyroidism and diabetes mellitus, and lab data revealed normal liver and renal function. Neurologic and psychosocial disorders were less likely after we took the patient's history and completed the physical examination. Image findings showed no obvious malignancy lesion. The patient regained her weight in 1 week after starting treatment for lupus myocarditis and had appropriately gained weight during the 2-year follow-up in the outpatient department. Therefore, heart failure due to lupus myocarditis seems to be the mostly likely cause of cachexia in this patient.

Treatment of SLE myocarditis depends on empirical experience and supportive care. In a review of published observational cohorts of 147 adult patients with lupus myocarditis, corticosteroids were used in almost all patients (95.7%) at a dose of 0.5–1 mg/kg/day. Other therapeutic regimens most commonly included intravenous methylprednisolone pulse therapy (500–100 mg/day for 3 days) in 65.8% of patients (13); other immunosuppressants frequently prescribed include cyclophosphamide, azathioprine, mycophenolate mofetil, IVIG, and rituximab (12, 18–20). However, reports regarding therapeutic treatment of lupus myocarditis in children have been limited. We searched PubMed for articles that described the treatment of childhood-onset lupus myocarditis and summarized them in Table 1 (21–24). In total five pediatric patients with lupus myocarditis ranging from 11 to 18 years of age were found in our literature review. In all five, the patients were initially given methylprednisolone pulse therapy; three patients received additional cyclophosphamide, and one patient received rituximab, and another received IVIG. One of the patients died 8 days after admission from multiorgan dysfunction and cardiogenic shock.


Table 1. Previous case reports of myocarditis in patients with pediatric lupus.
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Pulmonary artery hypertension is a relatively rare complication of lupus, with an estimated incidence rate of <1% in the UK and about 2% in Taiwan (25); it is a relatively poor prognostic finding with a 5-year survival rate of only 68% (26). Pulmonary arterial hypertension (PAH), is defined as mean pulmonary arterial pressure (mPAP) ≧ 25 mmHg. Common symptoms include dyspnea on exertion, chest pain, syncope, and other signs of right heart failure. Pulmonary hypertension in the lupus setting is associated with positive anti-ribonucleoprotein antibody titers, anti-phospholipid syndrome and Raynaud's phenomenon (26).

Therapeutic treatment of PAH in the lupus setting can be split into two categories: vasodilators or immunosuppressants. Of the common immunosuppressants used in lupus, cyclophosphamide has been the most widely studied and has found to be efficacious in several small-scale observational studies in adults. Common dosage regimens include cyclophosphamide (500–1,000 mg/m2/month, for 3–10 months) usually in combination with oral prednisolone (0.5–1 mg/kg/day for 4 weeks with tapering) (27). Alternative treatment options include rituximab in patients with refractory pulmonary hypertension (28), or mycophenolate mofetil and cyclosporine (29). Pulmonary vasodilator therapy usually starts with such calcium channel blockers as nifedipine, amlodipine etc. as first-line agents (30). Vasodilator therapy has also been found to be effective in several double blind, placebo-controlled studies in adults. Bosentan, an endothelin receptor antagonist, sildenafil, a phosphodiesterase type 5 inhibitor, and treprostinil, a vasodilator, have all been found to improve exercise capacity, hemodynamics, and heart function class in double-blind placebo controlled trials of patients with connective tissue disease and pulmonary arterial hypertension, which included a small subset of patients diagnosed with SLE (31–33). Vasodilator add-on therapy has also been shown to be effective in patients with severe lupus-associated pulmonary hypertension who failed to respond to immunosuppressants alone (34).

Treatment of PAH in the pediatric lupus setting has been mostly empirical and extrapolated from studies performed in adults. After a literature review, we identified two case reports that mentioned the treatment of pediatric SLE with PAH which are listed in Table 2 (35, 36). One was a 7-year-old female who showed good response to cyclophosphamide pulse therapy monthly for the first 6 months, which was then followed by cyclophosphamide pulse therapy every 3 months in conjunction with steroids and mycophenolate mofetil (35). In comparison, a 10-year-old female who received steroids and low-dose aspirin alone for 3 weeks and showed no signs of improvement (36).


Table 2. Previous case reports of pulmonary hypertension in patients with pediatric lupus.
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In this case report, we describe an 11-year-old female with freshly diagnosed lupus who presented with pulmonary hypertension and myocarditis and massive pericardial effusion. Initially, immunosuppressive therapy with methylprednisolone pulse therapy and then IVIG were administered, and finally cyclophosphamide was ultimately successful, with no residual pulmonary hypertension and no recurrence of myocarditis for over 3 years after the initial episode. Our case highlights the need for clinicians to be aware of systemic lupus erythematosus as a possible diagnostic entity in pediatric patients with severe myocarditis or pulmonary hypertension. Aggressive immunosuppressive therapy should be strongly considered in such cases, and may lead to both good short-term and good long-term outcomes.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

MG and Y-JL contributed to the conception and design of the study. MG and Y-JC organized the database. Y-JC wrote the first draft of the manuscript. MG wrote sections of the manuscript. All authors contributed to manuscript revision and read and approved the submitted version.



REFERENCES

 1. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, Ramsey-Goldman R, et al. 2019 European League Against Rheumatism/American College of Rheumatology Classification Criteria for Systemic Lupus Erythematosus. Arthritis Rheumatol. (2019) 71:1400–12. doi: 10.1002/art.40930

 2. Harry O, Yasin S, Brunner H. Childhood-onset systemic lupus erythematosus: a review and update. J Pediatr. (2018) 196:22–30.e22. doi: 10.1016/j.jpeds.2018.01.045

 3. Kamphuis S, Silverman ED. Prevalence and burden of pediatric-onset systemic lupus erythematosus. Nat Rev Rheumatol. (2010) 6:538–46. doi: 10.1038/nrrheum.2010.121

 4. Doria A, Iaccarino L, Sarzi-Puttini P, Atzeni F, Turriel M, Petri M. Cardiac involvement in systemic lupus erythematosus. Lupus. (2005) 14:683–6. doi: 10.1191/0961203305lu2200oa

 5. Lopez Velazquez M, Highland KB. Pulmonary manifestations of systemic lupus erythematosus and Sjogren's syndrome. Curr Opin Rheumatol. (2018) 30:449–64. doi: 10.1097/BOR.0000000000000531

 6. Levy DM, Kamphuis S. Systemic lupus erythematosus in children and adolescents. Pediatr Clin North Am. (2012) 59:345–64. doi: 10.1016/j.pcl.2012.03.007

 7. Petri M, Orbai AM, Alarcon GS, Gordon C, Merrill JT, Fortin PR, et al. Derivation and validation of the Systemic Lupus International Collaborating Clinics classification criteria for systemic lupus erythematosus. Arthritis Rheum. (2012) 64:2677–86. doi: 10.1002/art.34473

 8. Crozier IG, Li E, Milne MJ, Nicholls MG. Cardiac involvement in systemic lupus erythematosus detected by echocardiography. Am J Cardiol. (1990) 65:1145–8. doi: 10.1016/0002-9149(90)90329-Y

 9. Oshiro AC, Derbes SJ, Stopa AR, Gedalia A. Anti-Ro/SS-A and anti-La/SS-B antibodies associated with cardiac involvement in childhood systemic lupus erythematosus. Ann Rheum Dis. (1997) 56:272–4. doi: 10.1136/ard.56.4.272

 10. Hiraki LT, Benseler SM, Tyrrell PN, Hebert D, Harvey E, Silverman ED. Clinical and laboratory characteristics and long-term outcome of pediatric systemic lupus erythematosus: a longitudinal study. J Pediatr. (2008) 152:550–6. doi: 10.1016/j.jpeds.2007.09.019

 11. Chang JC, Xiao R, Mercer-Rosa L, Knight AM, Weiss PF. Child-onset systemic lupus erythematosus is associated with a higher incidence of myopericardial manifestations compared to adult-onset disease. Lupus. (2018) 27:2146–54. doi: 10.1177/0961203318804889

 12. Wijetunga M, Rockson S. Myocarditis in systemic lupus erythematosus. Am J Med. (2002) 113:419–23. doi: 10.1016/S0002-9343(02)01223-8

 13. Tanwani J, Tselios K, Gladman DD, Su J, Urowitz MB. Lupus myocarditis: a single center experience and a comparative analysis of observational cohort studies. Lupus. (2018) 27:1296–302. doi: 10.1177/0961203318770018

 14. Tincani A, Rebaioli CB, Taglietti M, Shoenfeld Y. Heart involvement in systemic lupus erythematosus, anti-phospholipid syndrome and neonatal lupus. Rheumatology (Oxford). (2006) 45(Suppl 4):iv8–iv13. doi: 10.1093/rheumatology/kel308

 15. Doherty NE, Siegel RJ. Cardiovascular manifestations of systemic lupus erythematosus. Am Heart J. (1985) 110:1257–65. doi: 10.1016/0002-8703(85)90023-7

 16. Coe MD, Hamer DH, Levy CS, Milner MR, Nam MH, Barth WF. Gonococcal pericarditis with tamponade in a patient with systemic lupus erythematosus. Arthritis Rheum. (1990) 33:1438–41. doi: 10.1002/art.1780330919

 17. Evans WJ, Morley JE, Argilés J, Bales C, Baracos V, Guttridge D, et al. Cachexia: a new definition. Clin Nutr. (2008) 27:793–9. doi: 10.1016/j.clnu.2008.06.013

 18. Appenzeller S, Pineau CA, Clarke AE. Acute lupus myocarditis: clinical features and outcome. Lupus. (2011) 20:981–8. doi: 10.1177/0961203310395800

 19. Wang CR, Tsai YS, Li WT. Lupus myocarditis receiving the rituximab therapy-a monocentric retrospective study. Clin Rheumatol. (2018) 37:1701–7. doi: 10.1007/s10067-017-3971-4

 20. Muangchan C, van Vollenhoven RF, Bernatsky SR, Smith CD, Hudson M, Inanc M, et al. Treatment algorithms in systemic lupus erythematosus. Arthritis Care Res (Hoboken). (2015) 67:1237–45. doi: 10.1002/acr.22589

 21. Aggarwal P, Singh S, Suri D, Rawat A, Narula N, ManojKumar R. Rituximab in childhood lupus myocarditis. Rheumatol Int. (2012) 32:1843–4. doi: 10.1007/s00296-011-1881-3

 22. Gupta A, Singh S, Minz RW, Radotra BD, Ahluwalia J, Grover A. Lupus myocarditis in children. Ann Rheum Dis. (2004) 63:745–6. doi: 10.1136/ard.2003.007484

 23. Huang CN, Yu HH, Chiu SN, Lee JH, Wang LC, Yang YH, et al. Acute myocarditis and ventricular fibrillation as initial presentation of pediatric systemic lupus erythematosus. Rheumatol Int. (2013) 33:1093–6. doi: 10.1007/s00296-011-2240-0

 24. Suri V, Varma S, Joshi K, Malhotra P, Kumari S, Jain S. Lupus myocarditis: marked improvement in cardiac function after intravenous immunoglobulin therapy. Rheumatol Int. (2010) 30:1503–5. doi: 10.1007/s00296-009-1098-x

 25. Chen HA, Hsu TC, Yang SC, Weng CT, Wu CH, Sun CY, et al. Incidence and survival impact of pulmonary arterial hypertension among patients with systemic lupus erythematosus: a nationwide cohort study. Arthritis Res Ther. (2019) 21:82. doi: 10.1186/s13075-019-1868-0

 26. Aithala R, Alex AG, Danda D. Pulmonary hypertension in connective tissue diseases: an update. Int J Rheum Dis. (2017) 20:5–24. doi: 10.1111/1756-185X.13001

 27. Tselios K, Gladman DD, Urowitz MB. Systemic lupus erythematosus and pulmonary arterial hypertension: links, risks, and management strategies. Open Access Rheumatol. (2017) 9:1–9. doi: 10.2147/OARRR.S123549

 28. Hennigan S, Channick RN, Silverman GJ. Rituximab treatment of pulmonary arterial hypertension associated with systemic lupus erythematosus: a case report. Lupus. (2008) 17:754–6. doi: 10.1177/0961203307087610

 29. Prete M, Fatone MC, Vacca A, Racanelli V, Perosa F. Severe pulmonary hypertension as the initial manifestation of systemic lupus erythematosus: a case report and review of the literature. Clin Exp Rheumatol. (2014) 32:267–74.

 30. Abman SH, Hansmann G, Archer SL, Ivy DD, Adatia I, Chung WK, et al. Pediatric pulmonary hypertension: guidelines from the American Heart Association and American Thoracic Society. Circulation. (2015) 132:2037–99. doi: 10.1161/CIR.0000000000000329

 31. Rubin LJ, Badesch DB, Barst RJ, Galie N, Black CM, Keogh A, et al. Bosentan therapy for pulmonary arterial hypertension. N Engl J Med. (2002) 346:896–903. doi: 10.1056/NEJMoa012212

 32. Badesch DB, Hill NS, Burgess G, Rubin LJ, Barst RJ, Galie N, et al. Sildenafil for pulmonary arterial hypertension associated with connective tissue disease. J Rheumatol. (2007) 34:2417–22.

 33. Oudiz RJ, Schilz RJ, Barst RJ, Galie N, Rich S, Rubin LJ, et al. Treprostinil, a prostacyclin analogue, in pulmonary arterial hypertension associated with connective tissue disease. Chest. (2004) 126:420–7. doi: 10.1378/chest.126.2.420

 34. Jais X, Launay D, Yaici A, Le Pavec J, Tcherakian C, Sitbon O, et al. Immunosuppressive therapy in lupus- and mixed connective tissue disease-associated pulmonary arterial hypertension: a retrospective analysis of twenty-three cases. Arthritis Rheum. (2008) 58:521–31. doi: 10.1002/art.23303

 35. Beresford MW, Cleary AG, Sills JA, Couriel J, Davidson JE. Cardio-pulmonary involvement in juvenile systemic lupus erythematosus. Lupus. (2005) 14:152–8. doi: 10.1191/0961203305lu2073oa

 36. Khetarpal R, Goraya JS, Singh S, Singh M, Kumar L. Pulmonary hypertension as presenting feature of childhood SLE: association with lupus anticoagulant. Scand J Rheumatol. (1997) 26:325–6. doi: 10.3109/03009749709105323 

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Chen, Lin and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-10-772422-t001.jpg
Author Age (years) Gender Disease Presentation Echocardiography ~ Treatment Outcome
duration findings
Aggarwal etal. (21) 12 F NA Polyarticular arthiitis,  Diated RV and LV, - MP pulse (30 LVEF improved;
fever, edema, and decreased myocardial  mg/kg/dose) daly  asymptomatic and on
painless oral ulcers. contractilty with LVEF tapering doses of oral
only 30% predhnisolone along with
hydroxychloroquine
- Gyclophospharmide
pulses (750
mg/m?/dose)
monthly for 6 months,
then every 3 months
- Rituximab (375
mg/m2/dose) weekly
for 4 weeks
Guptaetal.(22) 12 F 2 years Fever, malar rash, Moderate mitral - MP pulse followed by Asymptomatic with an
photosensitivity, regurgitation, mild oral predhisolone ata  LVEF of 72% on
tachycardia, pallo, tricuspid regurgiation,  dose of 2 mg/kg/day  echocardiography
alopecia, and oral and global hypokinesia
ulcers with a LVEF of 56%

11 F 6 months Pain in the small joints, ~ Moderate mitral - MP pulse and Expired after 8 days in
low grade fever, cough  regurgitation, trivial cyclophosphamide  hospital (multiorgan
for 1 month, tricuspid regurgitation, pulse dysfunction due to
generalized edema,  and global hypokinesia shock)
malar rash, oral ulcers, ~ with an LVEF of 18%
and tachycardia

Huangetal. (23) 12 F At presentation  Sudden onset chest Enlargement of all four - MP pulse 1 g/day for  Improved LVEF 55%
pain, tachycardia, chambers with 3 days and then and resolution of
tachypnea, and decreased LVEF predhisolone 2 chamber enlargement
cyanosis 43.4%, pericardial mg/kg/day equivalent  except left ventricular

effusion and severe dose) enlargement only
mitral regurgitation
- Azathioprine and
hydroxychloroquine
Surietal. (24) 18 M 6 years Right femoropopliteal  Global LV hypokinesia - MP pulses (1 g/day)  Tachycardia, dyspnea,

deep vein thrombosis
and pallor

with LVEF of 43%

for 3 days followed by
oral predhisolone 60
mg/day

- Oyclophosphamide
pulse 1g for 1 dose)

- IVIG (400 mg/kg/day)
for 5 days

and crepitations
decreased

LVEF of 50%

RV, right ventricle; LV, left ventricle; LVEF, left ventricular ejection fraction; MP, methylprednisolone; IVIG, intravenous immunoglobulin.
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Author Age  Gender Disease
(vears) duration
Beresford et al. (35) 7 F NA
Khetarpal etal. (36) 10 F At
presentation

MP, methylprednisolone; MMF, mycophenolate mofetil.

Presentation

NA

Progressive
breathlessness present
for 8 months, fatigue,
generalized edema,
and malar rash
photosensitivty

Image findings

- Chest CT: interstitial lung
disease

- Lung biopsy: chronic
inflammatory changes and
follicular bronchiolitis

- Echocardiography: significant
pulmonary hypertension

Cardiac catheterization: severe
pulmonary arterial hypertension
(eft pulmonary artery pressure of
90/44/160 mm Hg and main
pulmonary artery pressure
95/45/62 mm Hg)

Treatment

- Gyclophosphamide
(500~1,000 mg/m? monthly
for 6 months, and then 3
monthly, as clinically indicated)
and Azathioprine (2 mg/kg
daily), but poor response

- MP pulse (30 mg/kg/dose daily
for 3 days, followed by weekly
pulses, or as ciinically
indicated) and MMF (600
mg/m? twice daily to a
maximum of 2)

prechisolone (2 mg/kg) and low
dose aspirin (5 mg/kg)

Outcome

Maintained on MMF
and high dose
corticosteroids with
significant steroid
toxicity

Not show any
improvement after 3
weeks of therapy
and did not come
for follow up after
discharge
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