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Despite significant advancements in systemic anticancer therapies, cardiac tamponade remains a serious and potentially life-threatening complication in metastatic breast cancer (MBC). However, there is a paucity of comprehensive research investigating alternative management approaches, such as pericardiocentesis and anti-inflammatory therapy (AIT), to effectively address cardiac tamponade and mitigate the risk of heart failure arising from constrictive physiology (CP) in patients with MBC when traditional systemic anticancer drugs fail to yield favorable outcomes. Herein, we describe two cases of MBC with cardiac tamponade that occurred despite the administration of effective systemic anticancer drugs. In each case, pericardial effusion was detected in a patient who was undergoing palliative anticancer therapy for human epidermal growth factor receptor 2 (HER2)-positive MBC. The patients in these cases were successfully treated with pericardiocentesis and AIT (prednisolone and colchicine) for subsequent CP without substitution with their systemic anticancer drugs. Cardiac tamponade and CP are regarded as signs of advanced cancer and are associated with a worse clinical outcome in general; however, they can still be treated with an effective anticancer drug, pericardiocentesis, and management of CP by cardiooncology specialists.
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Introduction

Metastatic breast cancer (MBC) infrequently involves the pericardium, and only a small proportion of patients with pericardial metastases present with cardiac tamponade (1, 2). Approximately half of pericardial effusion (PE) in patients with cancer is caused by the invasion of the primary malignancy into the pericardium; thus, PE is regarded as an independent predictor of poor prognosis (3, 4). Control of the underlying malignancy by systemic chemotherapy is thought to be the only way to improve clinical outcomes (5, 6); however, heart failure arising from constrictive physiology (CP) following pericardiocentesis frequently disturbs the success of chemotherapy. Moreover, recurrent PE requiring repeated pericardiocentesis can occur despite chemotherapy, which is effective against other metastases. This may be considered a progressive disease, that could permanently lead to discontinuation of current chemotherapy. However, there is a paucity of comprehensive research investigating alternative management approaches, such as pericardiocentesis and anti-inflammatory therapy (AIT), to effectively address cardiac tamponade and mitigate the risk of heart failure arising from CP in patients with MBC when traditional systemic anticancer drugs fail to yield favorable outcomes.

Herein, we present two cases in which overall control of MBC was ultimately achieved through pericardiocentesis and AIT for CP without switching to anticancer drugs despite the occurrence of malignant PE.



Case description


Case 1

A 44-year-old female patient who had been undergoing 65 cycles of palliative chemotherapy with trastuzumab and pertuzumab for human epidermal growth factor receptor 2 (HER2)-positive MBC presented to the emergency department with dyspnea. The patient's blood pressure was 101/69 mmHg, and her pulse rate was slightly high at 105 beats per min (BPM). Initial electrocardiography (ECG) revealed a low-voltage QRS complex (Figure 1A), and her N-terminal pro-brain natriuretic peptide (NT-proBNP) level was relatively low (424 pg/ml). Therefore, we suspected cardiac tamponade and promptly performed echocardiography. A large PE with definite tamponade physiology was observed (Figure 1B, Supplementary Video 1), and emergent pericardiocentesis was performed. The next day, the ECG revealed a newly developed anterior T wave inversion (Figure 1C). Follow-up echocardiography showed markedly reduced PE, disseminated pericardial adhesions, and thickening with CP, suggesting effusive-constrictive pericarditis (ECP) (Figures 1D–F, Supplementary Video 2). Two days after pericardiocentesis, her dyspnea and tachycardia did not fully resolve, and the NT-proBNP level was elevated to 1,680 pg/ml, all of which were compatible with ECP. AIT against ECP was initiated using with prednisolone (started with 0.5 mg/kg/day, gradually tapered for 2 months) and colchicine (0.6 mg/day). A metastatic adenocarcinoma was identified on cytopathology in the drained PE, whereas no other possible causes of PE were identified in either serologic or PE analyses. Owing to the positive result of pericardial fluid cytopathology, we judged her breast cancer as a progressive disease and decided to change the cancer therapy to trastuzumab emtansine (T-DM1). However, cardiac tamponade recurred twice (2 and 5 months after initial pericardiocentesis, respectively), even after switching to T-DM1 (Figures 2A,B, Supplementary Videos 3 and 4), while other metastatic sites remained stable. Repeated pericardiocentesis and AIT for ECP were performed for each episode of cardiac tamponade. Despite recurrent cardiac tamponade episodes with T-DM1 therapy, we continued T-DM1 therapy with AIT because the symptoms and signs of heart failure were well controlled after pericardiocentesis and AIT. Furthermore, the oncological response to T-DM1 was thought to be stable, except for recurrent PE. Finally, after three times of pericardiocenteses, AIT, and eight cycles of T-DM1 therapy, cardiac tamponade has not recurred until now. The patient has been on T-DM1 maintenance therapy with an oncologic state of stable disease for two years.


[image: Figure 1]
FIGURE 1
Electrocardiography and echocardiography at the first cardiac tamponade episode in case 1. (A) Low-voltage QRS complex in initial electrocardiography. (B) Large pericardial effusion (arrow) causing cardiac tamponade. (C) Newly developed anterior T wave inversion in post-pericardiocentesis electrocardiography. (D) Diffuse pericardial adhesions, and thickening (arrow) in post-pericardiocentesis echocardiography. (E) The medial early diastolic tissue doppler velocity exceeding the lateral velocity (annulus reversus). (F) Prominent expiratory diastolic flow reversal in the hepatic vein. Both (E) and (F) are suggestive of constrictive physiology.
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FIGURE 2
Recurrent cardiac tamponade episodes in case 1. (A) Second cardiac tamponade episode with large pericardial effusion (arrow). (B) Third cardiac tamponade episode with large pericardial effusion (arrow).




Case 2

A 35-year-old female patient who had been undergoing palliative chemotherapy with gemcitabine and cisplatin for HER2-positive MBC was referred to the Department of Cardiology for New York Heart Association (NYHA) class IV dyspnea. Her blood pressure was within the normal range (110/80 mmHg); however her pulse rate was elevated, reaching 124 BPM. The NT-proBNP level was slightly elevated (249 pg/ml). Echocardiography revealed a large PE with definite tamponade physiology, though only a small PE was detected on the chest computed tomography (CT) one month ago (Figures 3A,B, Supplementary Video 5). Emergent pericardiocentesis was performed on the same day, and a metastatic adenocarcinoma was identified in the PE cytopathology, without other possible causes of PE, similar to Case 1. Two days after the pericardiocentesis, her dyspnea only modestly improved (NYHA class III) and her NT-proBNP level was markedly elevated (4,230 pg/ml). Follow-up echocardiogram showed pericardial adhesions and thickening around the entire cardiac border with CP. Additionally, the right ventricular free wall was captured to the adjacent pericardium, which resulted in right ventricular systolic dysfunction (Figure 4A, Supplementary Video 6). Both CP and right ventricular systolic dysfunction resulted in plethora of the inferior vena cava (Figure 4B). AIT against ECP was also introduced for this patient using prednisolone and colchicine (the same regimen as in Case 1). Despite pericardial metastasis, chemotherapeutic regimen was maintained without changes, simultaneously with AIT because the overall cancer was relatively stable, except for pericardial metastasis. At the 14th day of AIT, her dyspnea completely resolved (NYHA class I), and the NT-proBNP level rapidly decreased to 1,650 pg/ml. After 2 months of AIT, the NT-proBNP level decreased (245 pg/ml), and follow up echocardiogram showed complete resolution of pericardial thickening, adhesion, CP, and right ventricular dysfunction (Figure 4C, Supplementary Video 7). This patient is still receiving chemotherapy with gemcitabine and cisplatin for 9 months, without recurrence of CP, need for repeated pericardiocentesis, or cancer progression.


[image: Figure 3]
FIGURE 3
Computed tomography (CT) findings of case 2. (A) Small pericardial effusion in chest CT, 1 month prior to cardiac tamponade episode. (B) Large pericardial effusion (arrow) causing cardiac tamponade, 1 month after chest CT.
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FIGURE 4
Pericardial changes after pericardiocentesis in case 2. (A) Pericardial adhesions and thickening (short arrow) causing constrictive physiology (CP). The right ventricular free wall was captured to the adjacent pericardium, which resulted in right ventricular systolic dysfunction (long arrow). (B) Plethora of the inferior vena cava caused by both CP and right ventricular systolic dysfunction (arrowhead). (C) At the end of anti-inflammatory treatment, pericardial adhesions, thickening, CP, and right ventricular dysfunction (arrow) were completely resolved.





Discussion

In these two cases, CP occurred after pericardiocentesis. While managing CP and heart failure with AIT, the current cancer therapy (T-DM1 and gemcitabine/cisplatin, respectively) were maintained. Little is known about adequate oncologic and cardiologic management of CP in patients with malignant PE. Despite ECP with or without recurrent cardiac tamponade events, we continued the current cancer therapy with AIT (and with repeated pericardiocentesis in Case 1) because CT imaging revealed a favorable response in other organs and tumor marker levels were not elevated. Eventually, we achieved an adequate oncologic response including the control of PE and ECP. These two cases give us a clinically important message: even if adverse pericardial events, such as ECP or recurrent cardiac tamponade, occur, proper AIT and/or repetitive pericardiocentesis can lead to the control of pericardial metastasis provided that the current anti-cancer drugs are effective in other organs.

The oncologic prognosis of malignant PE and concomitant cardiac tamponade associated with breast cancer has been known to be poor, with a median survival of 13 months (7). This might be caused not only by the heavy cancer burden represented by pericardial invasion, but also by difficulty in continuing cancer therapy due to heart failure symptoms associated with CP after pericardiocentesis. Patients with positive pericardial fluid cytopathologic results, especially when combined with CP, have lower event-free survival rates than those with negative cytopathological results (4, 5, 8). CP frequently develops after pericardiocentesis, and it is also associated with poor clinical outcomes in the patients by causing heart failure (9). Thus, patients who develop cardiac tamponade are often regarded as being in the terminal stage of cancer, especially when repetitive pericardiocentesis is required or when CP develops.

Several reports have documented successful treatment of MBC and cardiac tamponade, using thoracoscopic pericardial window surgery and chemotherapy (10, 11). However, in most cases, performing cardiac operations under general anesthesia in patients with advanced cancer is difficult because of their poor general condition and anesthetic risks. The pericardial window operation can cause postpericardiotomy syndrome, resulting in CP. Therefore, the pericardial window operation is not generalizable in real practice.

Recently, several studies have reported inflammatory and reversible CP after pericardiocentesis in patients with cancer (8, 9). From a therapeutic perspective, colchicine use after successful pericardiocentesis is associated with lower composite events (12). These results suggest that some patients may benefit from AIT by reducing pericardial inflammation and the consequent CP. Reduction in this process could relieve heart failure and improve the patient's general condition, enabling further cancer therapy against the primary malignancy.



Conclusion

We report two cases of MBC with recurrent cardiac tamponade that were successfully treated with AIT and systemic anti-cancer therapy, with or without repetitive pericardiocentesis. Adverse pericardial events, such as ECP or recurrent cardiac tamponade, could be successfully managed using this treatment, in patients with malignant pericardial effusion. Long-term outcomes and prognostic indicators in these patients should be investigated, in further research.
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Supplementary Video 1

Large pericardial effusion causing cardiac tamponade in Case 1.

Supplementary Video 2

Diffuse pericardial adhesions, and thickening in post-pericardiocentesis echocardiography of Case 1.

Supplementary Video 3

Second cardiac tamponade episode with large pericardial effusion in Case 1.

Supplementary Video 4

Third cardiac tamponade episode with large pericardial effusion in Case 1.

Supplementary Video 5

Large pericardial effusion causing cardiac tamponade in Case 2.

Supplementary Video 6

Pericardial adhesions and thickening causing constrictive physiology. The right ventricular free wall was captured to the adjacent pericardium, which resulted in right ventricular systolic dysfunction.

Supplementary Video 7

At the end of anti-inflammatory treatment, pericardial adhesions, thickening, constrictive physiology, and right ventricular dysfunction were completely resolved.
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Primary cardiac tumors are exceptionally rare, with malignant tumor occurrences ranging from 0.0017% to 0.28%. Among these, primary cardiac angiosarcoma (PCA) stands as the most prevalent malignancy, primarily impacting the right cardiac system. In this case report, we present the instance of a 44-year-old woman who recently exhibited acute chest discomfort and was subsequently diagnosed with a microangiosarcoma within the right atrium and superior vena cava. Diagnostic modalities including chest x-rays, CT, MRI, and PET-CT were instrumental in pinpointing the tumor's location and nature. Surgical excision followed by pathological and immunological examinations confirmed the diagnosis. The patient's recovery post-surgery has been encouraging, with successful follow-up chemoradiotherapy administered. Despite advancements, devising optimal strategies for enhancing patient survival and quality of life in angiosarcoma cases remains a pressing research challenge.
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Introduction

Primary cardiac tumors are infrequently encountered, with a subset manifesting as malignant tumors at an incidence ranging from 0.0017% to 0.28% (1). Among these, benign tumors constitute 75%, encompassing cardiac myxoma, rhabdomyoma, fibroma, hemangioma, and teratoma. Myxoma, for instance, predominantly arises in the left atrium. Conversely, 25% of primary cardiac tumors exhibit malignancy, including sarcoma, lymphoma, and mesothelioma. The spotlight, however, is on primary cardiac angiosarcoma (PCA), the foremost malignant cardiac neoplasm. PCA predominantly affects the right cardiac system and constitutes the majority of malignant cardiac tumors. While radical excision remains the primary therapeutic approach, the unfortunate reality is that a staggering 89% of patients present with metastases at diagnosis (2, 3). Despite multidisciplinary interventions such as radiation, chemotherapy, and targeted therapy, the prognosis remains grim, with surgically treated patients reporting a median survival of merely 14 months (4). As a consequence, these patients often receive chemotherapy and radiation therapy, with the lack of standardized treatment protocols posing a persistent challenge. Notably, the current chemotherapy regimens are extrapolated from extracardiac soft tissue sarcoma data, with doxorubicin and ifosfamide being prevalent choices (5). Even though some similar cases have been reported, in this report, we detail the case of a 44-year-old woman diagnosed with a substantial PCA within the right atrium and superior vena cava and successful surgical management with beating heart technique.



Case report

A 44-year-old woman presented with sudden chest discomfort of unknown origin, prompting a comprehensive medical examination conducted one month prior. This examination revealed the presence of a mass in her right atrium. The patient's chest discomfort occurred without accompanying symptoms such as shortness of breath, coughing, or other pulmonary issues. These symptoms typically subsided after a brief 2-minute rest. Through thorough patient interviews, we established the absence of significant medical history and a lack of familial occurrence of similar medical conditions. Notably, prior to admission, a thorough evaluation had unveiled a substantial pericardial effusion, promptly addressed via pericardiocentesis upon admission. No significant abnormal findings were observed in the cytology of the pericardial fluid. Subsequently, a battery of diagnostic procedures was conducted post-admission, encompassing a chest x-ray, cardiac ultrasound, electrocardiogram, cardiac CT, cardiac MRA, and PET-CT. The patient exhibited a normal electrocardiogram indicative of sinus rhythm. Preoperative echocardiography indicated an enlarged heart shadow, delineating multiple masses of uncertain nature in the right atrium, including a minor pericardial effusion (Figure 1A). The cardiac CT highlighted a right atrium lesion with superior vena cava invasion (Figures 1B–D). The cardiac MRA was performed and depicted an occupying lesion in the right atrium, signifying a high likelihood of a malignant tumor (Figure 1E). This assessment was further confirmed by PET-CT findings of multiple nodules with significantly elevated glucose metabolism in the right atrium and concurrent pericardial effusion.


[image: Figure 1]
FIGURE 1
Preoperative echocardiography, cardiac CT and MRI. Echocardiography (A) showed multiple mixed echogenic masses on the lateral wall of the right atrium; CT scan (B–D) showed a giant cardiac mass with the invasion of the RA and SVC; MRI (E) indicated that the mass attached to the wall of RA with unclear boundary. AO, ascending aorta; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; SVC, superior vena cava.


Following the comprehensive evaluation, immediate surgical resection of the cardiac tumor was performed. A giant mass was observed extent encompassing from the right atrial appendage and the superior vena cava, to the right atrioventricular sulcus, the posterior atrial wall, and approximately 2 cm downward from the inferior vena cava opening (Figure 2A, Supplementary Video S1). A cluster of three masses, totaling about 3 cm in diameter, was found located on the right side of the aorta. Notably, a pale red coloration marked the pericardial fluid. An incision was made in the right atrium, facilitating the removal of the mass and the invaded right atrial wall (Figure 2B, Supplementary Video S1). During surgery, the tumor, a small margin (2 cm–3 cm) of the surrounding healthy tissue was removed. Because the procedure was performed with beating heart, tumor excision was performed with great care to avoid damaging the sinus node and causing complete atrioventricular block. The mass, measuring approximately 5 cm × 5 cm × 4 cm, exhibited parenchymal characteristics, a firm consistency, dark red coloration, and an uneven surface (Figures 2C,D). The right atrium was finally reconstructed using a bovine pericardium patch of matching size. The pathology postoperatively from both the right atrium and para-aorta were detected similar and revealed that the grayish-red solid mass featured a 2.5 cm × 2 cm × 1.5 cm size portion showcasing pronounced cellular heterogeneity, conspicuous nuclear divisions, extensive hemorrhagic necrosis, and abundant blood vessels (Figures 3A,B). Immunohistochemistry findings for the right atrial cardiac adenoma indicated CK (-), S100 (-), TLE1 (-), Ki67 (80%+), P53 (5% weak+, possibly indicative of nonsense mutant type expression), Desmin (-), MyoD1 (-), and Miyogenin (-). Immunophenotypic markers SMA (weak+), CD34 (++), CD31 (++), F8 (++), D2-40 (-), ERG (++), HCAL (-), ER (O), P16 (focal+), and CD10 (-) were documented (Figures 3C,D). Post-surgery, the patient's stay in the intensive care unit spanned 18.5 h and discharge on the 12th day with the recommendation of transferred to the oncology department and subsequently underwent conventional and experimental chemoradiotherapy for angiosarcoma [stereotactic radiotherapy and weekly paclitaxel (80–100 mg/m2) for 6 cycles]. During the ensuing six-month follow-up period, the patient exhibited a favorable recovery trajectory devoid of complications, ultimately experiencing a resumption of normal activities without the recurrence of symptoms. The postoperative echocardiography revealed that the right atrial mass was totally resected, no hemodynamic abnormality and no recurrence signals (Figures 4A,B).


[image: Figure 2]
FIGURE 2
Intraoperative view showing a giant mass located in the RA, SVC and pera-AO (A), infiltrating the wall of RA and SVC (B); after totally removal, the mass was measured approximately 5 cm × 5 cm × 4 cm, exhibited parenchymal characteristics, a firm consistency, dark red coloration, and an uneven surface (C,D). AO, ascending aorta; RV, right ventricle; SVC, superior vena cava.
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FIGURE 3
Histology and immunohistochemistry of the masses. Malignant tumor derived from mesenchymal tissue, with obvious cell atypia, many mitoses, large areas of hemorrhage and necrosis, rich blood vessels, invasion of surrounding muscle tissue with HE staining (A,B); immunohistochemical support for angiosarcoma with positive of CD34 (C), ERG (D), et al. 100× for panel A, C and D; 40× for panel B.
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FIGURE 4
Postoperative echocardiography showed that the right atrial mass was totally resected (A), no hemodynamic abnormality (B) and no recurrence signals.




Discussion

Angiosarcoma, a highly malignant endothelial cell tumor, constitutes 1%–2% of soft tissue tumors. It manifests as an exceptionally aggressive cancer with a bleak prognosis, capable of affecting any anatomical region (3). Notably, around 60% of lesions are identified within the epidermis, soft tissues, liver, spleen, bones, and breast. Contrastingly, the heart and kidneys exhibit lower incidence rates (6). PCA stands as a predominant form of primary cardiac malignancy, with 90% of cases arising in the right atrium, while the left atrium or ventricle accounts for less than 5% (4, 7). PCA typically emerges in male patients aged 30–40 (8), and its clinical symptoms are non-specific, contingent upon location and size. The swift infiltrative growth of the tumor results in acute clinical manifestations, including chest pain, constriction, shortness of breath, arrhythmia, pericardial effusion, and right heart failure (9, 10). Given its aggressive nature, the prognosis of PCA is dire, attributed to high local recurrence and early metastasis rates at diagnosis (11, 12).


Imaging techniques and diagnosis

Diagnostic techniques for primary cardiac lesions encompass x-ray, echocardiography, CT, MRI, and PET-CT, with CT and MRI being pivotal for diagnosis (13). Echocardiography has evolved as a primary imaging method due to its precision in tumor size and location assessment, evaluating heart valves, pericardial structures, and its non-invasive, cost-effective nature. However, limitations exist, including operator dependence and constrained visual fields in specific patients (14). CT, especially for lung tissue characterization and systemic metastasis, is more effective. Contrast-enhanced CT scans offer valuable insights into tumor properties, blood vessels, heart walls, and lung parenchyma, minimizing the likelihood of missing lesions (15). On CT scans, PCA showcases uniform or asymmetrical density on unenhanced images, whereas enhanced images exhibit heterogeneous centripetal enhancement (16). Cardiac MRI is regarded as an advanced technique for determining tumor size, location, and signal characteristics, distinguishing between solid, liquid, blood, and fat (17). Additionally, PET-CT aids in discerning benign from malignant tumors, assessing invasiveness, and identifying metastasis. Immunohistochemical markers like CD31, CD34, ERG, and factor VIII confirm PCA's endothelial cell origin (18). The patient's thorough examinations indicated the likelihood of angiosarcoma, requiring essential tissue biopsy for confirmation. Following tumor resection, pathological and immune examinations were conducted, revealing both angiosarcoma and angiomyxfibroma derived from mesenchymal tissue.



Treatment approaches and outlook

Due to the rarity of these tumors, optimal management strategies remain under debate. Presently, available treatments encompass surgery, radiation therapy, and chemotherapy. Surgical excision remains the preferred approach for primary malignant cardiac tumors, yielding the best potential for long-term survival and curative outcomes (19, 20). Median survival for primary cardiac malignancies ranges from 6 to 11 months, while surgical patients experience a median survival of 14 months compared to 3.8 ± 2.5 months for those with inoperable metastases (21, 22). Combining surgical excision and chemoradiotherapy enhances short-term prognosis but lacks discernible effects on long-term outcomes (23). Heart transplantation is an option when resection is unfeasible due to metastases, though prolonged immunosuppressant use post-surgery may induce recurrence and metastasis. Radiation therapy, particularly stereotactic body radiotherapy (SBRT), has yielded positive results with tumor regression and minimal long-term effects (24). Investigation into targeted drugs and immunotherapy shows promise, particularly taxanes as adjuvant chemotherapy for cardiac angiosarcoma (25). Although the optimum chemotherapy regimen is yet to be clearly defined, molecularly targeted medications like amlotinib, imatinib, sorafenib, and bevacizumab hold therapeutic potential (26, 27). The patient's history underscores the significance of swift surgical intervention in cases like a massive right atrial angiosarcoma. The current recovery of the patients is highly encouraging following systematic anti-tumor chemoradiotherapy post-surgery. The present case reveals that the disease had progressed to an advanced stage of angiosarcoma without presenting any discernible symptoms. This serves as a stark reminder of the dangers associated with this condition. The present case underscores the critical importance of swift diagnosis and surgical intervention when dealing with right atrial angiosarcoma. Surgical excision, when combined with subsequent chemoradiotherapy, continues to hold promise as an approach to manage this rare and aggressive cardiac malignancy. Further research and investigation are imperative to optimize diagnostic and therapeutic strategies, ultimately leading to improved patient outcomes.




Conclusion

In conclusion, primary cardiac angiosarcoma, especially within the right atrium, represents an unusual clinical entity. While various imaging modalities aid in diagnosis, treatment strategies for PCA remain elusive, necessitating prompt interventions post-surgical resection. Given the short time follow-up period and rarity of this malignancy, the challenges it poses underscore the imperative of ongoing research to unravel improved diagnostic and therapeutic approaches.
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Case Report: Coronaro-bronchial fistula vascularizing a squamous cell lung cancer
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Coronary fistulas are rare, having been described for the first time by Krauss in 1865 in postmortem. They are commonly asymptomatic and can be caused by congenital or acquired malformations. We present the case of a 65-year-old patient who was treated for squamous cell lung cancer with chemoimmunotherapy and presented with angina. The coronary angiography showed a coronaro-bronchial fistula that arises from a branch of the right coronary artery and is associated with lung cancer.
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Introduction

Initially described by Krauss in 1865 in postmortem, a coronary fistula is an abnormal precapillary communication of a coronary artery or one of its branches into a cardiac cavity or other low-pressure vascular structure (1, 2). Coronary fistulas are a rare event with an incidence between 0.2% and 0.6% per year (3). Coronaro-cameral fistulas are more frequent in pediatric populations (congenital), whereas coronary–pulmonary fistulas are more frequent in adults on a process that seems acquired (1).

Squamous cell lung cancer is the second most common type of non-small cell lung cancer, which represents the first cause of cancer death in men and the second in women.

The present case reports a case of a patient with coronaro-bronchial fistula, incidentally discovered during an acute cardiac episode, vascularizing the bronchial tumor in the patient followed up since December 2020 for lung carcinoma.



Case presentation

A 65-year-old Caucasian man, an active smoker of 30 pack-year, was diagnosed with an advanced squamous cell lung cancer cT4N2M1a (contralateral lung nodules). Programmed death-ligand 1 (PDL1) tumor proportion score (TPS) was between 1% and 5% in December 2020. He started chemoimmunotherapy (paclitaxel–carboplatin–pembrolizumab) in January 2021 followed by pembrolizumab maintenance because of a partial tumor response. While on pembrolizumab, he presented to the emergency unit in December 2021 with left chest pain. ECG and troponin assays (initial troponin 1,490 ng/L and then 19,300 ng/L) led to the diagnosis of an ST-troponin + acute coronary syndrome. Further explorations were carried out urgently:


	-Cardiac echography showed an apical and apico-septal hypokinesis, overflowing in the middle third of the anteroseptal wall of the left ventricle. Left ventricular ejection fraction (LVEF) and cardiac output were preserved. The right ventricle was normal in size and function.

	-Coronary angiography highlighted a right dominance, tandem significant stenosis first segment of left anterior descending artery with ostial significant stenosis diagonal of small caliber with kinetics appearing altered in territory first segment of left anterior descending artery. Significant stenosis bisecting with a poorly developed downstream bed. An atypical coronary fistula was noted, arising from a branch of right coronary artery and perfusing the bronchial tumor (coronaro-bronchial fistula) (Figure 1).




[image: Figure 1]
FIGURE 1
Fistula origin (coronary angiography).


Anterior interventricular artery stenting following percutaneous transluminal coronary angioplasty was performed. After discussions with interventional radiologists and the referring oncologist, embolization of the coronaro-bronchial fistula was not performed because this procedure seemed risky for the coronary artery system.

Immunotherapy was continued. The latest tumor assessment in January 2022 showed a stable disease. We asked the radiologists to perform a CT scan to determine the site of the fistula (Figures 2, 3).


[image: Figure 2]
FIGURE 2
Sagittal section: the path of the ectopic bronchial artery (coroscan).



[image: Figure 3]
FIGURE 3
Axial section, right coronary artery (RCA) and ectopic bronchial artery (EBA) (coroscan).




Discussion

Coronary fistulas are rare malformations arising more often from the right coronary artery (RCA). Most of them are congenital, but some have been demonstrated to be iatrogenic after cardiac surgery by some case reports (4).

The genesis of a coronary arterial fistula is the result of communication between a coronary artery, a cardiac chamber, a large vessel, or any other vascular structure, initially described by Krauss in 1865 in postmortem (5). It is an abnormal connection between the arteries and a vascular structure of low pressure. In most cases, coronary fistulas are asymptomatic and diagnosed incidentally. In older patients, certain signs can be seen, such as exertional dyspnea, exertional angina, arrhythmia, endocarditis, and stroke (1, 6).

For this patient, the possible causes of this fistula are neoangiogenesis of his cancer and predisposing conditions, age, male sex, and consumption of an estimated 60 packs of weaned tobacco per year.

We consider that this is not a toxicity of immunotherapy, because we have never found similar cases in the literature. However, cardiac toxicities occur, and there is a relationship between immunotherapy and myocardial infarction: 2% of myocardial infarctions are reported with pembrolizumab, and the mechanisms are:


	-Associated inflammation may enhance plaque rupture, which is the main mechanism in the case of our patient.

	-Systemic inflammatory response providing coronary spasm.

	-Direct T cell-mediated.



The reference diagnostic examination remains coronary angiography, which studies the anatomy of the fistula. Cardiac Doppler ultrasound, especially transesophageal, and cardiac CT scans provide additional morphological information, such as coronary artery affected, diameter of the feeder artery, and diagnosis of complications (1).

The complications of coronary fistulas can be severe including hypoperfusion of the adjacent myocardium, thrombosis, embolism, heart failure, atrial fibrillation, rupture, endocarditis or endarteritis, and arrhythmia (1).

Regarding the different therapeutics, there are two possible approaches, namely, surgical or percutaneous closure (7). Surgical treatment has shown excellent efficacy and long-term safety. Percutaneous closure is also a reliable method with good results (8). In more than 70% of the cases, metallic coils, balloons, and umbrella-type systems rarely covered stents (6, 9).

The emergency intervention would have been embolization (e.g., by a coil) through the fistula to stop bleeding from the tumor.

Given the necrotic nature of the tumor, the risk of fistula rupture is likely, but we did not apply any specific follow-up. The patient underwent frequent CT scans as part of his neoplastic follow-up. We could have realized coroscanner scans, but the cardiologists maintained a standard annual follow-up. Finally, the coronagrophy and the fistula remained unchanged.

Shao et al. (9) reported a case of a coronary fistula and a lung adenocarcinoma, incidentally discovered in a 67-year-old woman admitted to the hospital for a persistent cough. The CT scan found an isolated nodule in the upper lobe of the left lung. Transthoracic echocardiography as part of a preoperative workup showed the coronary fistula confirmed later at angiography but without a link between them. In this case, they adopted a combined operation and surgical treatment of both conditions in a single procedure via sternotomy.

Our case shows a real “coronaro-tumoral” fistula, arising from the RCA and perfusing the lung tumor.

In this patient who was followed up in 2020 and is in good general condition, PS 0-1, the question of treatment arises.

The therapeutic indications remain a predominant question, there is no consensus. In adults, spontaneous closure is rare, and it requires elective surgical or percutaneous closure by “coils” (10).

The patient was eligible for chemotherapy because the benefit–risk ratio was discussed at the multidisciplinary team, and the prognosis was related to neoplasia.

At first, the neoplasia was a locally advanced stage, but radiochemotherapy was not practicable in light of the excessively wide fields of irradiation, so it was considered stage IV. The expected and declared OS, according to KEYNOTE-407, is 18–24 months.

In the neoplastic context, the situation is more complex and will require multidisciplinary consultation, taking into account several elements, disease evolution, oncological prognosis, the pathophysiological impact of the fistula, and the general condition of the patient.

Indeed, no literature review on this case has supported the decision taken.



Conclusion

This is the first case of an active coronary bronchial fistula vascularizing a pulmonary neoplasm in a patient with good general condition. It was decided to perform a simple surveillance without embolization due to the limited experience with this anomaly and its rarity.
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Background: Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma and may occur with lymph node and/or extranodal involvement. However, DLBCL with intracardiac mass is exceedingly rare. In the reported literature, the intracardiac infiltration of DLBCL mostly involves the right ventricle. Lymphoma that invades the heart has an aggressive nature, with symptoms that are easily ignored initially and can lead to multiple complications in severe cases, resulting in a poor prognosis. Early screening and diagnosis may significantly improve the survival rate. Early diagnosis may significantly improve outcomes.



Case summary: We presented a 68-year-old woman with back pain. PET/CT suggested increased FDG metabolism in the left ventricle, right adrenal gland, right erector spinae intramuscularis, multiple bones and multiple lymph nodes. Contrast-enhanced ultrasound showed a left ventricular apical mass with ventricular septum thickening. Cardiac MRI suggested a 1.6*1.1*2.1 cm mass in the apical-central portion of the left ventricle. Biopsy of the right neck mass confirmed the pathologic diagnosis of diffuse large B-cell lymphoma. However, before the pathologic diagnosis was confirmed, the patient was paralyzed due to spinal cord compression caused by the progression of bone metastases. Subsequently, pathology confirmed the diagnosis of diffuse large B-cell lymphoma, and rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) was treated immediately as first-line therapy. In addition, glucocorticoids and mannitol dehydration were administered to relieve the symptoms of spinal cord compression. After 8 cycles of R-CHOP, the tumor at all sites had almost complete regression. The patient was able to walk normally and had no tumor-related symptoms.



Conclusions: We present a case of DLBCL with a very high tumor load that involved multiple organs, including the left ventricle, but exhibited no cardiac-related symptoms. The combination of various imaging modalities is valuable for the diagnosis of cardiac infiltration. The mass in the left ventricle almost completely regressed after R-CHOP treatment, and no recurrence has occurred in the 5 years of follow-up so far.
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Introduction

Lymphoma-derived intracardiac masses are more common in two types: primary cardiac lymphoma (PCL) and cardiac invasion by extracardiac lymphoma (1). PCL is an extranodal lymphoma that often involves the right side of the heart. In non-PCL lymphomas, DLBCL has been reported to involve the heart, but left ventricular infiltration is extremely rare. Primary cardiac lymphoma is rare, accounting for less than 2% of all resected primary cardiac tumors in autopsy, and 0.5% of extranodal lymphomas. However, secondary cardiac involvement exists in 25% of patients with disseminated lymphoma (1).



Case presentation

A 62-year-old woman presented to our hospital with lower back pain for 3 months. She had no history of fever, night sweats, weight loss or other symptoms. She had a 9-year history of hypertension, with a maximum blood pressure of 160/100 mmHg, which was controlled at about 120/80 mmHg with amlodipine benzenesulfonate. She had no history of other underlying conditions including coronary artery disease, chronic heart failure, and so on. On admission, her vital signs were stable with a blood pressure of 130/80 mm Hg, a heart rate of 102 beats/min and a temperature of 36.3°C. Because the severe low back pain interfered with sleep, she was mostly confined to bed and was treated with opioid analgesia. A 3.0 cm × 3.0 cm mass was palpable in the right supraclavicular region of the patient, with firm texture, poor mobility, and no tenderness. There was tenderness and percussion pain (+) in the 4, 8, and 11 thoracic regions. Her cardiovascular exam was normal. Laboratory tests revealed moderately elevated lactate dehydrogenase (LDH) at 476 IU/L (100–300 IU/L) and elevated β2 microglobulin (β2MG) at 2.54 mg/L(0–0.3 mg/L). The hematuria and stool routine, liver and kidney function, electrolytes, and tumor markers were normal. The electrocardiogram showed a sinus rhythm with a left axis deviation.

To determine whether the masses were malignant, positron emission tomography (PET) imaging was performed with 18F-fluorodeoxyglucose(FDG). The PET imaging showed multiple masses in the left ventricle, gallbladder, right adrenal gland, and right erector spinae with multiple enlarged lymph nodes and bone destruction throughout the body, all of which had significantly increased FDG uptake. In particular, the maximum standardized uptake value for left ventricular masses was 16.5 and 19.7 after delay, consistent with malignancy (Figure 1A). Echocardiography showed a 14 × 17 mm additional echo detectable at the proximal apical segment of the septum in the left ventricle, with irregular morphology, tissue-like echoes, and mobility. Echocardiography of the cardiac chambers showed a detectable contrast-enhanced mass in the septum near the apex, with an irregular morphology, measuring approximately 12 × 22 mm, with a wide base and high mobility at the point of attachment, and with a relatively large amount of contrast filling detectable within it, which was considered to be malignant (Figure 1B). The left ventricular ejection fraction (LVEF) was 59%. Axial Fiesta of cardiac magnetic resonance (CMR) showed a mass measuring 1.6 cm × 1.1cm × 2.1 cm at the left cardiac chamber septum. Long-axis four-chamber myocardial delayed enhancement (MDE) showed nodular shadows in the left cardiac chamber, and the mass had no gadolinium enhancement (Figure 1C). The patient refused to undergo an endomyocardial biopsy because of concerns about the risks of invasive procedures. Then, the patient underwent a biopsy of the right supraclavicular lymph node.


[image: Figure 1]
FIGURE 1
Baseline imaging of the left ventricular mass (A) PET/CT indicated multiple masses in the left ventricle, gallbladder, right adrenal gland, and right vertebral column, along with significant lymph node enlargement and widespread bone destruction, all exhibiting markedly increased FDG uptake. (B) Echocardiography showed an additional echogenicity measuring 14 × 17 mm in the proximal segment of the left ventricular septum, with an irregular shape, tissue-like echogenicity, and activity. A detectable filling defect in the septum near the apex is observed, with an irregular shape, approximately 12 × 22 mm in size, broad at the base, highly mobile at the attachment point, and containing a relatively large amount of contrast filling material. (C) CMR showed a mass measuring 1.6 cm × 1.1 cm × 2.1 cm at the left cardiac chamber septum. Long-axis four-chamber myocardial delayed enhancement (MDE) showed that the left ventricular mass appeared non-gadolinium enhancement at baseline.


However, before the pathologic diagnosis was confirmed, the patient experienced spinal cord compression due to bone metastasis. Physical examination indicated that pain and temperature sensation below the level of the fourth thoracic vertebra disappeared, muscle strength of both lower limbs was grade 2, and no pathological reflexes were elicited. Magnetic resonance of the spine suggests bony destruction of vertebrae and appendages of thoracic vertebrae 4, 5, and 12, surrounded by visible soft tissue masses with spinal cord compression and edema. We hypothesized that the patient presented with spinal cord compression due to bone metastases. Glucocorticoids and mannitol dehydration were administered immediately to relieve the symptoms of spinal cord compression. Subsequently, pathology confirmed the diagnosis of diffuse large B-cell lymphoma, with positive immunohistochemical staining for CD20, CD3, CD5, BCL-2, and Ki67 (50%+).

Rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) was treated immediately as first-line therapy. Almost all sites of tumor lesions were significantly reduced after two cycles of R-CHOP. The left ventricular mass was reduced to 1.1 cm × 0.6 cm, and the pain and temperature sensation below the level of the 4th thoracic vertebra were normalized, and the muscle strength of the left and right lower limbs improved to levels 4 and 5, respectively. After 4 cycles of R-CHOP, the left ventricular mass had almost regressed and the muscle strength of both lower limbs had completely returned to normal. A total of 6 cycles of R-CHOP were completed for first-line treatment, and the efficacy evaluation was complete response and then follow-up. During the treatment period, the LVEF increased from 65% at baseline to 69%, and no cardiovascular-related adverse events were observed. During the 5-year follow-up, all lesions, including the cardiac mass, remained complete regression, and FDG uptake was reduced to normal (Figure 2). The patient was able to walk normally and had no tumor-related symptoms. At the time of this manuscript (more than 5 years from follow-up), she is alive and has normal functional capacity. Despite the patient receiving anthracycline-based chemotherapy in first-line treatment, the LVEF remained normal, and no long-term cardiovascular toxicity was observed at 5 years of follow-up.
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FIGURE 2
Change of the left ventricular mass at baseline and after treatment (A) CMR showed that the baseline size of the mass is 1.6 cm × 1.1 cm × 2.1 cm. (B) CMR showed that after 4 cycles of R-CHOP, the tumor at all sites had almost complete regression. (C) CMR showed no recurrence of cardiac mass in the five years of follow-up. (D) Long-axis four-chamber myocardial delayed enhancement (MDE) showed that the left ventricular mass appeared non-gadolinium enhancement at baseline. (E) After 4 cycles of R-CHOP treatment, long-axis four-chamber MDE showed the left ventricular mass had almost complete regression. (F) MDE showed no recurrence of cardiac mass in the five years of follow-up. (G) PET/CT showed that the maximum standardized uptake value for left ventricular masses was 16.5 and 19.7 after delay. (H) After 4 cycles of R-CHOP treatment, the left ventricle mass had almost complete regression and the FDG uptake of the left ventricular had returned to normal levels. (I) PET/CT showed no recurrence of cardiac mass in the five years of follow-up.




Discussion

The nature of cardiac masses is mostly attributed to intracardiac thrombi and benign mesenchymal tumors, while malignant tumors are rare, making their differential diagnosis challenging (2). Malignant cardiac tumors can be categorized by tissue type into sarcomas, mesotheliomas, and lymphomas, with sarcomas being the most common (2). Lymphomas presenting as intracardiac masses are exceedingly rare and can either originate within the heart as primary cardiac lymphomas or infiltrate the heart from extracardiac lymphomas. Infiltration of the heart by extracardiac lymphomas is more common, particularly in immunocompromised patients (3). Clinical manifestations of lymphoma-induced intracardiac masses lack specificity but commonly include symptoms such as dyspnea, lower limb edema, signs of right heart failure, intracardiac thrombi, peripheral emboli, valvular heart disease, and pericardial effusion. B-symptoms such as weight loss, night sweats, and fever may also be present (3). Lymphomas most frequently involve the right ventricle and the pericardium, with isolated involvement of the left ventricle being exceptionally rare. The precise mechanism leading to cardiac tropism in lymphomas remains unclear (3). In some cases, when tumors invade the heart, acute signs can precede B-symptoms (occurring in less than 25% of patients), aiding in early lymphoma diagnosis, with a reported incidence of acute heart failure being 20% (4). In our reported case of DLBCL, the intracardiac mass was located in the left ventricular apex-central region and did not manifest cardiac-related symptoms, making it an extremely rare clinical presentation. However, previous studies reported that left ventricular mass may increase the risk of embolization (5, 6). Although the cardiac mass of this patient was asymptomatic, the necessity for prophylactic anticoagulation is worth discussing.

Histopathological biopsy is the gold standard for lymphoma diagnosis. For patients with palpable superficial lymph node enlargement, lymph node biopsy is the preferred and less invasive option. In cases where the nature of intracardiac masses is difficult to determine, some experts suggest considering endocardial biopsy for diagnosis, although this procedure carries significant invasive risks (7). Transthoracic echocardiography is a non-invasive, cost-effective method for cardiac examination. However, it has limitations in specific views, and image quality and tissue resolution depend on the operator's experience (8). Cardiac CT offers advantages of high spatial resolution and three-dimensional volume acquisition, making it valuable for assessing the anatomical morphology and calcification of masses. It is especially useful for evaluating masses or tumors close to or invading the coronary arteries or bypass grafts. However, it has low tissue contrast, making it less suitable for delineating tumor borders (1). MRI provides high temporal resolution and tissue contrast, aiding in qualitative analysis of tumors. Both primary and secondary lymph nodes exhibit equal T1 and long T2 signals on MRI (9). PET/CT, as a sensitive whole-body imaging technique, plays a significant role in differentiating the benign and malignant nature of cardiac masses, assessing overall tumor burden, and predicting prognosis. Previous studies have shown that the majority of cardiac lymphomas are visible on PET/CT (9). Dynamic monitoring with PET/CT after treatment helps evaluate residual tumors and treatment efficacy, optimizing follow-up care. In our case, cardiac ultrasound and cardiac MRI both supported the diagnosis of a malignant tumor, which was confirmed by high-intensity FDG uptake on PET imaging. Due to concomitant superficial lymph node enlargement, a biopsy of the right cervical lymph node confirmed DLBCL, eliminating the need for invasive endocardial biopsy.

DLBCL is an aggressive lymphoma with rapid disease progression, and DLBCL involving the heart carries a poor prognosis. Without treatment, only 10% of patients survive for 9–12 months (10, 11). Clinical aggressiveness is consistent with known factors such as high proliferation index, activated B-cell lymphoma phenotype, and expression or rearrangement of MYC, which are associated with extranodal sites and poorer outcomes (12). However, DLBCL is sensitive to treatment. The first-line R-CHOP regimen has shown favorable response rates, with standardized chemotherapy regimens achieving response rates of up to 79%–87% (4). The heart may not be considered a sanctuary for systemic drugs. Currently, there is no evidence to suggest that lymphomas in the cardiac location increase the risk of cardiotoxicity from chemotherapy, especially anthracyclines or rituximab, and this remains inconclusive. Early relapse or refractory disease may be managed with additional chemotherapy and allogeneic stem cell transplantation. In our patient, after R-CHOP chemotherapy, nearly complete regression of systemic masses was achieved, which is expected for diffuse large B-cell lymphoma.

Current guidelines recommend routine follow-up every 3–6 months for effectively treated patients, including medical history review, physical examination, and laboratory tests for 5 years. Imaging follow-up should not exceed every 6 months for 2 years unless clinically indicated (13). Our patient, after 5 years of follow-up post-treatment, has shown no tumor recurrence and remains free of any tumor-related symptoms, leading a normal daily life.

Our case represents a rare occurrence of diffuse large B-cell lymphoma involving the left ventricular apex-central region without cardiac-related symptoms, making it an exceptionally rare clinical presentation. The patient underwent multiple cardiac imaging modalities, highlighting the importance of a multidisciplinary approach in the differential diagnosis of cardiac tumors. The patient demonstrated significant efficacy following chemotherapy combined with targeted therapy, resulting in nearly complete tumor regression and over 5 years of tumor-free follow-up. Early diagnosis and treatment are key to achieving favorable outcomes in lymphoma. However, our case has many inadequacies and limitations. First, there was no pathologic biopsy of the cardiac mass to further confirm the diagnosis of lymphoma cardiac infiltrate. In addition, as a case report, its conclusions remain to be confirmed by a large-sample clinical study.
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Case Report: Left bundle branch pacing in an amyloid light-chain cardiac amyloidosis patient with atrioventricular block
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Introduction: Amyloid light-chain cardiac amyloidosis is a progressive infiltrative disease characterized by the deposition of amyloid fibrils in the cardiac tissue, which can cause serious atrioventricular block requiring pacemaker implantation. Left bundle branch pacing has emerged as an alternative method for delivering physiological pacing to achieve electrical synchrony of the left ventricle. However, left bundle branch pacing in patients with amyloid light-chain cardiac amyloidosis has not been studied in detail. Therefore, in this study, we present a case of left bundle branch pacing in a patient with amyloid light-chain cardiac amyloidosis.



Case summary: A 66-year-old male patient with amyloid light-chain cardiac amyloidosis presented with syncope for 1 month. Holter monitoring revealed intermittent third-degree atrioventricular block. Left bundle branch pacing was performed successfully. During the 1-year follow-up, it was observed that the left bundle branch capture threshold remained stable without any pacemaker-related complications or left ventricle systolic dysfunction, and there was no recurrence of syncope.



Conclusion: Left bundle branch pacing appears to be a safe and feasible option for patients with amyloid light-chain cardiac amyloidosis experiencing atrioventricular block.
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Introduction

Amyloid light-chain cardiac amyloidosis (AL-CA) is a progressive infiltrative disease characterized by the extracellular deposition of misfolded proteins in the cardiac tissue (1, 2). In addition to the most common manifestation of heart failure with preserved ejection fraction, various tachy- and bradyarrhythmias and conduction system diseases, such as atrial fibrillation, ventricular tachycardia, sinus node dysfunction (SND), atrioventricular block (AVB), and bundle branch block (3, 4), can be seen in AL-CA patients. A pacemaker should be implanted to correct serious SND and AVB (5). Pacemaker implantation is a common intervention among patients with cardiac amyloidosis (6). Conventional right ventricular apex pacing may result in left ventricular dysfunctions because of electrical dyssynchronization (7–9). Conduction system pacing, including left bundle branch pacing (LBBP), has been persuasively adopted in clinical practice to achieve electrical and mechanical synchrony of the left ventricle (10, 11). Nevertheless, there is limited evidence regarding the feasibility and safety of LBBP in AL-CA patients and whether the deposition of amyloid fibrils in cardiac tissue might cause pacemaker-related complications, such as an increase in the capture threshold leading to a loss of conduction system capture or ventricular undersensing, remains largely unknown. In the present study, we report a case of LBBP application in an AL-CA patient.



Case presentation

A 66-year-old man presented to our hospital on 13 May 2022 with recurrent syncope for 1 month. He was diagnosed with AL-CA 16 months previously, on 4 January 2021, when he presented with dyspnea on exertion. His blood pressure was recorded at 85/55 mmHg, and a physical examination revealed skin bruising and macroglossia. There was no evidence of polyneuropathy, dysautonomia, or carpal tunnel syndrome. Serum and urine protein electrophoresis with immunofixation revealed a positive result for monoclonal light-chain kappa, and the ratio of serum kappa:lambda free light chain (FLC ratio) was 79.46 (serum free light-chain kappa: 530.00 mg/L, and serum free light-chain lambda: 6.67 mg/L). The difference between involved and uninvolved free light chains (FLC-diff) was 52.33 mg/dl. The presence of amyloid deposits was confirmed by Congo red staining in the bone marrow biopsy tissue. Echocardiography revealed symmetry hypertrophy and diastolic dysfunction of the left ventricle (interventricular septum thickness: 12 mm, posterior wall of left ventricle thickness: 12 mm, left ventricular end-diastolic diameter: 42 mm, e′: 6.1 cm/s, and E/e′: 15.6) without pericardial effusion or aortic stenosis, and the left ventricular ejection fraction (LVEF) was 57%. Cardiac magnetic resonance (CMR) imaging indicated diffuse late gadolinium enhancement in the subendocardial regions and the involvement of the bilateral atrium, bilateral ventricle, and interventricular septum. Holter monitoring revealed an intermittent sinus pause and AVB, suggesting SND and conduction disease (Figure 1A). Per the result of the bone marrow biopsy, the presence of monoclonal light chains, and an abnormal FLC ratio, the diagnosis of light-chain amyloidosis was made. The confirmation of cardiac amyloidosis was based on the unexplained left ventricular thickness ≥12 mm and the diffuse late gadolinium enhancement in CMR (2). Based on the results of FLC-diff, cardiac troponin I (cTnI), and N-terminal pro-B-type natriuretic peptide (NT-proBNP) (FLC-diff: 52.33 mg/dl, cTnI: 0.04 μg/L, NT-proBNP: 1,021 pg/ml), the patient was classified as Mayo Stage Ⅱ (12), and BCD protocol chemotherapy, which included bortezomib, cyclophosphamide, and dexamethasone, was initiated on 8 January 2021.


[image: Figure 1]
FIGURE 1
Holter monitoring of the patient. Holter monitoring in December 2020 (A) revealed an intermittent sinus pause and AVB. Holter monitoring after the first syncope episode in April 2022 (B,C) indicated an intermittent third-degree AVB with (B) and without (C) ventricular escapes. ECG without third-degree AVB (D) showed first-degree AVB, and the morphology of the QRS complex showed an RBBB pattern.


After undergoing the ninth cycle of chemotherapy in September 2021, the patient achieved a very good partial response (VGPR) at the hematologic level, with a significant reduction in FLC-diff and FLC ratio from 52.33 to 1.55 mg/dl and from 79.46 to 2.24, respectively (13). In addition, cTnI and NT-proBNP decreased from 0.04 to <0.017 µg/L and from 1,021 to 541 pg/ml, respectively. Dyspnea was also relieved. Chemotherapy was suspended by his hematologist.

On 6 April 2022, the patient experienced his first syncope episode. Holter monitoring revealed an intermittent third-degree AVB with and without ventricular escapes (Figures 1B,C). During complete AVB, the heart rate was 38 bpm, and the morphology of ventricular escape exhibited a left bundle branch block (LBBB) pattern (QRS duration: 132 ms), indicating right bundle branch origination (Figure 1B). However, during atrioventricular 1:1 conduction, the PR interval was 220 ms, and the morphology of the QRS complex exhibited a right bundle branch block (RBBB) pattern, indicating conduction through the left bundle branch (Figure 1D). The results of repeated laboratory tests of FLC-diff showed stability without amyloidosis relapse, and the echocardiography results were similar to those of the previous one. On 13 May 2022, the patient was admitted to our hospital for further therapy. Because of the new-onset syncope and the worsening of atrioventricular conduction without reversible etiologies, a permanent dual-chamber pacemaker was planned to be implanted, and to achieve electrical and mechanical synchrony, an LBBP was attempted. Before the implantation procedure, the patient’s intrinsic electrocardiogram (ECG) showed a sinus rhythm with 1:1 atrioventricular conduction, and the QRS complex exhibited an RBBB pattern with a duration of 125 ms and without decreased voltage. Because the PR interval was 250 ms and the frontal plane axis showed a left deviation of −43°, consistent with a left anterior fascicular block (LAFB), a diagnosis of first-degree AVB and LAFB was confirmed, and supraventricular excitation was presumed to be conducted through the left posterior fascicle (Figure 2A).
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FIGURE 2
Permanent dual-chamber pacemaker implantation. Before the implantation procedure, the intrinsic ECG (A) showed first-degree AVB, RBBB, and LAFB (a sweep speed of 25 mm/s). Paced QRS morphology in the right ventricular septum (B) showed a “w” pattern with a notch at the nadir of the QRS in lead V1 (a sweep speed of 100 mm/s). With the lead screwed into the interventricular septum, the terminal R-wave of the paced QRS appeared in lead V1 (marked with a black arrow) (C) (a sweep speed of 100 mm/s). The left bundle branch potential (marked with a black arrow) was recorded from a Model 3830 lead tip (D) (unipolar, a sweep speed of 100 mm/s), and the left bundle branch potential to V6RWPT in the intrinsic rhythm was 58.33 ms. (E) Pacing at high voltage (5 V @ 0.4 ms) with the stimulus to V6RWPT of 78.28 ms (a sweep speed of 100 mm/s). (F) Pacing at low voltage (0.5 V @ 0.4 ms) with the stimulus to V6RWPT of 78.28 ms and a V6–V1 inter-peak interval of 41.67 ms (a sweep speed of 100 mm/s). (G,H) Positions of the pacing leads.


The LBBP procedure was performed as previously described (14). The pacing lead (Model 3830; SelectSecure, Medtronic Inc., Minneapolis, MN, USA) was supported by the delivery sheath (C315His; Medtronic Inc.) via the left axillary vein. The paced ECG and the intracardiac electrogram were collected using an ECG recording system (LEAD-7000 C EP Recording System, Jinjiang Electronic Medical Device Technology Co., Ltd., Sichuan, China). The delivery sheath was advanced across the tricuspid valve summit in the right anterior oblique (RAO) view at 30° and was further advanced to approximately 20 mm toward the right ventricular apex. A counterclockwise torque was applied so that the sheath could reach the right ventricular base to the mid-septum. The initial pacing site was the right ventricular septum. The QRS morphology in the pacing site showed a “w” pattern with a notch at the nadir of the QRS in lead V1 (Figure 2B). Then, the lead was screwed into the interventricular septum until a paced QRS (voltage output at 5 V @ 0.4 ms in the unipolar mode) of RBBB morphology with a terminal R-wave in lead V1 was obtained (Figure 2C). There was little difficulty in screwing the Model 3830 lead into the deep septum. The left bundle branch potential could be recorded when the lead was deeply screwed into the subendocardial area on the left side of the interventricular septum (Figure 2D). A threshold test was performed, and it showed that the transitions in the QRS morphology were quite subtle when pacing from high voltage (5 V @ 0.4 ms) to low voltage (0.5 V @ 0.4 ms); therefore, the test was non-conclusive. When pacing at high and low output voltages, consistent values of the stimulus to V6 R-wave peak time (V6RWPT) were recorded, as shown in Figures 2E,F. To confirm the left bundle branch capture, the LBBP ECG criteria were evaluated. The V6–V1 inter-peak interval was 41.67 ms (Figure 2F), and the stimulus to V6RWPT was 78.28 ms (Figure 2F). Because the left bundle branch potential to V6RWPT in intrinsic rhythm was 58.33 ms (Figure 2D), the difference between the potential to V6RWPT and the stimulus to V6RWPT was 19.95 ms. Because V6RWPT <80 ms fulfilled the European Heart Rhythm Association (EHRA) criteria (14), the LBBP of our patient was confirmed. The threshold of left bundle branch capture measured in the unipolar mode was 0.5 V @ 0.4 ms, the R-wave amplitude measured in the bipolar mode was 21.0 mV, and the ventricular lead impedance was 774 Ω. The threshold of right atrium capture was 0.8 V @ 0.4 ms, the P-wave amplitude was 1.6 mV, and the atrial lead impedance was 922 Ω. The paced QRS duration was 106 ms. The pacing leads were connected to a generator (X3DR01 Astra S DR, Medtronic Inc.). The positions of the leads are shown in Figures 2G,H.

After pacemaker implantation, there was no occurrence of recurrent syncope. At the patient’s 3-month follow-up visit, the pacing parameters were stable. The unipolar left bundle branch capture threshold was recorded at 0.75 V @ 0.4 ms, the unipolar pacing impedance was measured at 570 Ω, and the sensed bipolar R-wave amplitude was 20.0 mV. The right atrium capture threshold was recorded at 0.75 V @ 0.4 ms, the pacing impedance was measured at 323 Ω, and the sensed P-wave amplitude was 1.1 mV. At the 1-year follow-up visit, the patient's intrinsic rhythm was a sinus rhythm with first-degree AVB (Figure 3A); therefore, the left bundle branch capture threshold was measured by mandatory ventricular pacing, and the value was 0.75 V @ 0.4 ms. The sensed R-wave amplitude and pacing impedance were 20.0 mV and 532 Ω, respectively. The right atrium capture threshold was recorded at 1.0 V @ 0.4 ms, the pacing impedance was measured at 323 Ω, and the sensed P-wave amplitude was 0.8 mV. The stimulus to V6RWPT (78 ms) was stable at high (5.0 V @ 0.4 ms) and low (1.0 V @ 0.4 ms) output voltages when the left bundle branch was captured (Figures 3B,C). The atrial and ventricular pacing rates were 37.4% and 7.7%, respectively. In addition, no pacemaker-related complications, such as pocket infection, hematoma, lead dislodgement, and rupture, were reported. There was no reported occurrence of syncope, and the patient did not experience dyspnea on exertion.


[image: Figure 3]
FIGURE 3
One-year follow-up visit. The intrinsic rhythm (A) was a sinus rhythm with first-degree AVB. The stimulus to V6RWPT (78 ms) was stable at high (5.0 V @ 0.4 ms) (B) and low (1.0 V @ 0.4 ms) (C) output voltages when the left bundle branch was captured.


The trends in the right atrial lead and LBBP lead threshold, sensing, and impedance are shown in Figure 4. The timeline of the present case is shown in Supplementary Table 1.
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FIGURE 4
Trends in the RA lead (A,C,E) and LBBP lead (B,D,F) threshold, sensing, and impedance. RA, right atrium; LBB, left bundle branch.




Discussion

Conduction system diseases are not uncommon in AL-CA patients. In a study of 157 AL-CA patients, first-degree AVB, RBBB, LBBB, and LAFB were present in 18%, 19%, 4%, and 29% of the patients, respectively (15). Recently, a large cohort study showed that 8.9% of the patients with cardiac amyloidosis received a pacemaker because of SND or AVB within 3 years after diagnosis (6). The pathogenesis of conduction system diseases in cardiac amyloidosis is multifactorial, including amyloid deposition causing a disruption of the transmission of electrical impulses along the conduction fibers and the cytotoxicity of amyloid precursor proteins (3).

In the general population with right ventricular pacing, a significant decline in LVEF was noted, and the incidence of pacing-induced cardiomyopathy was also significantly higher (16). Among patients with amyloid transthyretin cardiac amyloidosis (ATTR-CA) who have implantable devices, a higher conventional right ventricular pacing burden is associated with deleterious remodeling and congestive heart failure (9). Conduction system pacing techniques, such as His bundle pacing and LBBP, have been demonstrated to be superior to conventional right ventricular apex pacing because they achieve electrical synchrony of the left ventricle (7, 8). However, evidence of LBBP in infiltrative cardiomyopathy mainly caused by amyloidosis is scarce.

In the present case, LBBP was successfully used in an AL-CA patient with third-degree AVB. During the patient’s 3-month and 1-year follow-up visits, no occurrence of pacemaker-related complication was reported, and the left bundle branch capture threshold, R-wave amplitude, and ventricular lead impedance remained stable. Although the extracellular deposition of amyloid fibrils in the myocardium and conduction system might potentially cause an increase in the ventricular pacing capture threshold, and the frequently encountered decreased QRS voltage might cause device undersensing, a previous retrospective observational study of 34 patients with AL- or ATTR-CA and a cardiac implantable electronic device showed that the mean right ventricular capture threshold (0.8 ± 0.1 V at 3 years) and the mean right ventricular lead impedance (418 ± 28 Ω at 3 years) remained stable over a mean follow-up of 3.1 ± 4.0 years, but the mean right ventricular sensing was 10.6 ± 0.8 mV at 1 year, which decreased to 6.7 ± 1.2 mV at 3 years without resulting in device malfunction (17). Taha et al. reported a case of an ATTR-CA patient with LBBP who demonstrated a significant alleviation of heart failure symptoms and improvement in exercise capacity during 3- and 6-month follow-up visits with stable pacing thresholds (18). The lead parameters of our patient at follow-up were consistent with those of the previous studies (17, 18). Recently, Chinh et al. reported a retrospective cohort including 23 patients with ATTR-CA or AL-CA who underwent left bundle branch area pacing for bradycardia or cardiac resynchronization therapy. The sensed R-wave amplitude and pacing threshold were stable during a mean follow-up time of 7.7 months (19). Using stricter criteria of LBBP in our patient, we also found stable pacing parameters during follow-up visits, which was consistent with a study by Chinh et al. We speculated that the conduction capacity of the left bundle branch might be partially preserved in some AL-CA patients and that the left bundle branch could be captured with an acceptable threshold. LBBP appears to be a promising pacing modality in AL-CA patients requiring a pacemaker. However, further studies are needed to determine the long-term feasibility and safety of applying LBBP in AL-CA patients and to determine its effect on left ventricular function.



Conclusion

AL-CA with serious AVB might be a potential candidate for the application of LBBP. Further studies are needed to determine the long-term feasibility and safety of the application of LBBP in patients with AL-CA and to ascertain its effect on left ventricular function.



Limitations

There are several limitations in our study. First, an invasive electrophysiological study was not performed and we could not confirm the level of conduction block. Second, the baseline LVEF of the patient was normal and the ventricular pacing percentage was quite low; therefore, the present findings cannot be generalized to patients with left ventricular systolic dysfunction and high-burden ventricular pacing. Finally, syncope and a worsening of AVB occurred after light-chain amyloidosis recovery; therefore, other factors contributing to the development of AVB could not be completely excluded. However, only 25%–50% of all patients treated with chemotherapy achieve an organ response (20). The present case indicated that atrioventricular conduction worsening could develop even in patients with hematological remission after chemotherapy.
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This case report demonstrates a unique case of managing complex concomitant structural cardiac issues using transcatheter techniques in a frail patient. The primary regurgitant lesion in this case caused significant right to left shunting with severely debilitating hypoxaemia for the patient, requiring high volumes of ambulatory oxygen to compensate. We would like to highlight the role of multi-modality cardiac imaging demonstrated in this case, as well as the limited surgical data and poor outcomes in advanced disease with higher peri-operative complications. Finally, it should be noted that percutaneous correction of structural lesions may provide palliative relief but carries an uncertain risk of recurrence.
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Introduction

Carcinoid heart disease (CHD) is a recognised rare cause of right-sided valvular heart disease (VHD) and remains a major cause of morbidity and mortality in the cardio-oncology population. This case demonstrates CHD complicated by tricuspid regurgitation (TR) causing right to left heart shunting via a stretched patent foramen ovale (PFO), with marked hypoxia and severe heart failure. The tricuspid valve (TV) has a complex anatomy that is essential to understanding the pathophysiology of TR in CHD (1), and multi-modal imaging is required in its evaluation, including transthoracic echocardiography (TTE), transoesophageal echocardiography (TOE), cardiac computed tomography (CT), and invasive catheterisation with fluoroscopy, as demonstrated in this clinical case. There remains a limited specific advice regarding the management of VHD in CHD, with poor surgical outcomes, low procedural numbers, and high anaesthetic risk in this frail population (2, 3). Our case demonstrates the narrow clinical window regarding intervention, when the TR is severe but the right ventricular (RV) function is intact. Secondary to the associated frailty and deconditioning within this population, transcatheter interventions are growing in availability, yet remain very much in their infancy with a lack of long-term data (4).



Case description


Patient information

A 61-year-old male presented with a rectal mass during a primary care visit in 2021 and was then referred to the local surgical outpatient department (OPD). His past medical history was significant for varicose veins with previous radiofrequency ablation and avulsion. He was a retired bus driver and an ex-smoker with occasional alcohol use. A CT scan of the abdomen conducted in November 2021 showed a bulky rectal mass with liver and retroperitoneal involvement. The results of a liver biopsy showed a “well-differentiated neuroendocrine tumour,” and consequently, the local Medical Oncology service initiated treatment with lanreotide. During the subsequent 12 months of follow-up, he reported recurrent pedal oedema and dyspnoea, and was found to have a systolic murmur leading to a referral to the cardiology OPD for assessment. By this stage, everolimus was prescribed in addition to his lanreotide due to persistent symptoms of facial flushing and diarrhoea.



Diagnostic assessment

A full timeline of events can be seen in Figure 1. A TTE in April 2022 showed normal biventricular size and systolic function, with mild/moderate aortic incompetence (AI) and moderate/severe central TR. At this moment, the colour flow Doppler examination indicated that the intra-atrial septum (IAS) was found to be intact.


[image: Figure 1]
FIGURE 1
Timeline.


In early October of the same year, he needed to be admitted to the hospital due to an increasing need for oral diuretic. He had significant bilateral pedal oedema, bilateral basal lung crackles on auscultation, and an oxygen (O2) requirement of 12 L via nasal cannulae to maintain adequate saturations. He had obvious facial flushing and prominent neck veins.

His N-terminal pro-B type natriuretic peptide (NT-pro-BNP) was 582 pg/ml, haemoglobin 13.1 g/dl, creatinine 104 µmol/L, and cardiac troponin T 19 ng/L (<14). The lung parenchyma was clear on chest x-ray. The arterial blood gas (ABG) on 60% FiO2 showed mild respiratory alkalosis with type 1 respiratory failure (pH 7.5, paO2 9.3kPa, pCO2 4.9kPA, HCO3 29.1 mEq/L, lactate 1.7 mmol/L). Electrocardiogram showed sinus tachycardia with right axis deviation. Viral panel was negative for seasonal variants. The CT pulmonary angiogram did not show any pulmonary embolus, vascular shunt, or interstitial lung disease to explain the hypoxia.

The updated TTE showed a preserved left ventricular function with interval RV dilatation exhibiting slightly reduced systolic function in the presence of severe TR, and a dilated right atrium (RA) (Supplementary Video S1). Upon evaluation by the clinical cardiology service, there was a suspicion of shunting across the IAS, and the TR trace by Doppler envelope was deemed insufficiently accurate for quantifying pulmonary arterial pressure. The presence of a right-to-left shunt was confirmed using a bubble study with agitated saline (Supplementary Video S2). The presence of cardiac platypnea-orthodeoxia was confirmed using supine ABG (paO2 7.4 kPa, SpO2 90.3%) compared with standing ABG (paO2 6.9 kPa, SpO2 87.5%).

To further clarify the suspicion of an intra-cardiac shunt, a TOE was performed (Supplementary Video S1). This showed a mobile IAS with PFO by a strongly positive bubble study both with agitated saline and agitated gelofusin. The mitral valve (MV) exhibited mild/moderate regurgitation (vena contracta, 0.2 cm), and the trileaflet aortic valve (AV) was determined to exhibit moderate AI secondary to a coaptation defect and a small focal prolapse of the non-coronary cusp. Both of these valves demonstrated leaflet thickening suggestive of carcinoid, primarily believed to be secondary to the significant right to left shunt. Both right-sided valves showed severe regurgitation, with a dilated tricuspid annulus with leaflet thickening and malcoaptation.

With the information gathered thus far, it was elected to perform left (LHC) and right catheterisation (RHC). LHC showed largely patent coronary arteries, with a dominant right coronary artery, left ventricular end-diastolic pressure (EDP) of 8 mmHg, and no aortic stenosis on catheter pull back. RHC was performed via the right median cubital vein. It demonstrated normal pulmonary arterial pressures (22/1/7 mmHg), normal pulmonary capillary wedge pressure (mean 3 mmHg), but elevated right filling pressures (RA pressure peak 14/mean 9 mmHg) and V wave consistent with a known TR. RV EDP was elevated at 10 mmHg, with pulmonary vascular resistance of 1 Wood unit. The Qp:Qs ratio was calculated at 0.93, and the cardiac output (CO) was mildly reduced (CO 3.53l /min, cardiac index 2.21l /min by thermodilution). There was no significant saturation step-up amongst the venous blood gases collected (PA 49.9%, IVC 56.3%, mid RA 48.2%, high RA 51.9%, SVC 48.6%), with a resting radial arterial saturation of 87% at rest and dropping to 84% during exercise.

At this stage, the patient was discharged with a prescription for long-term O2 therapy of 15 L O2 via nasal prongs and enrolment in the outpatient palliative care services. He was maintained on bumetanide 1 mg BD and eplerenone 25 mg as a diuretic regimen at this stage. The case was presented at a surgical conference, and secondary to frailty, he was considered unsuitable for surgery, albeit the medical oncology team determining that he had a reasonable prognosis for his carcinoid syndrome. Consideration was given to a percutaneous PFO closure with a tricuspid valve intervention concomitantly given the risk of worsening heart failure (the heart team perceived that the right chambers were offloading pressure via the PFO, and occluding this shunt may abruptly halt this compensatory mechanism, leading to circulatory collapse). To this end, a cardiac CT was undertaken for percutaneous procedural planning. This demonstrated mildly enlarged right heart chambers with annular dilatation, but without annular or tricuspid leaflet calcification.

On review in the OPD 5 months later, his dyspnoea and pedal oedema had continued to worsen. He had been reviewed at the structural cardiology OPD and listed for a balloon occlusion of the PFO to assess RA pressures and O2 saturations. It was felt that if the balloon occlusion improved the hypoxia, then an attempt at closure would be made if a heterotopic bioprosthesis was available.



Therapeutic intervention

Late in March 2023, he was readmitted with worsening pedal oedema and hypoxia, with pre-syncope and hypokalaemia from diuretic therapy. He was transferred for the purpose of performing balloon occlusion on his PFO. He underwent a procedure where a 10 Fr sheath was inserted into his right common femoral vein to occlude his PFO for 3 min. During this period, his radial arterial oxygen saturation improved from 90% pre-procedurally (on room air) to 100%, with no change in his RA pressures before (26/14 mmHg) vs. after (25/12 mmHg) the procedure. Since the procedure was scheduled for diagnostic purposes rather than therapeutic purposes, a permanent closure device, sized by cardiac CT, was not made available on the same day. ECG-gated CT on that day demonstrated a stretched PFO of 10.4 mm. It was thought at this stage that his PFO was now confirmed to be the primary cause of hypoxia, in the context of severe TR with a low cardiac output and right to left shunting and normal PA pressures. Following optimisation of his fluid status, he was once again allowed to go home in order to provide time for procedural preparation.

After 2 months, he was readmitted secondary to carcinoid crisis, requiring coronary care unit (CCU) care with octreotide infusion. He remained markedly hypoxaemic despite receiving 100% FiO2 using high flow nasal cannulae. His medical condition was so severe that he needed the national inter-intensive care unit (ICU) transfer service to be transferred from his primary centre CCU to the structural intervention referral centre CCU for inpatient PFO closure and tricuspid valve heterotopic bioprosthesis insertion.

PFO closure was undertaken first, with bilateral femoral venous access, using intra-cardiac echocardiography for anatomo-morphological guidance. The PFO was crossed with a multipurpose catheter before the delivery of sheath for device deployment. Initial Amplatzer Talisman PFO 18 mm/18 mm Occluder (Model number 9-PFO-1818) was unable to oppose at the right atrial side, so a 30 mm/25 mm Amplatzer Talisman PFO Occluder (Model number 9-PFO-3025) was selected, with good opposition on both atrial sides (Supplementary Video S3). Occlusion was confirmed by venogram via pigtail in the hepatic veins near IVC/RA junction with no dye across the IAS (Supplementary Video S3). The O2 saturations immediately normalised, with a reduction in supplemental O2 requirements noted.

The procedure progressed to the deployment of the heterotopic bioprosthesis (“TricValve”). Attempts were made to advance the 27 Fr catheter for the deployment of the IVC valve against marked resistance. Pre-dilatation of the veins was attempted, without progression. The delivery sheath was removed and noted to be kinked and damaged at the tip. Due to operator concern, digital subtraction angiography was performed and confirmed extravasation of contrast medium from the external iliac vein (still can be observed in Supplementary Video S3). This was occluded with an 8 mm balloon; however, even at higher atmospheric pressures, this failed to contain the extravasation. Therefore, a 10 mm Bentley covered stent was deployed at 6 atm with good balloon expansion, and cessation of extravasation on venogram. Venography of the left iliac system demonstrated similar issues regarding vascular size and was deemed not large enough to receive the delivery sheath. The procedure was stopped at this junction to allow the stent to undergo maturation and endothelialisation, with an intention to resume the procedure in 4 weeks to pass the IVC and SVC delivery systems via femoral access.



Follow-up and outcomes

Unfortunately, the patient became acutely delirious at the end of the case. A CT scan of the thorax/abdomen and pelvis showed a large haematoma in the right iliac fossa with multifocal infarction in the right kidney. A concomitant CT scan of the brain did not show acute pathology. In time, the patient was transferred back to his original hospital facility for ongoing CCU care. Ultimately, his condition proved fatal, with persistent delirium, intercurrent Clostridium difficile infection, and overwhelming carcinoid crisis leading to his premature demise. Upon discussion with the direct family members of the patient, autopsy was not undertaken.




Discussion

Carcinoid tumours are a type of neuroendocrine tumours that are typically located in the bronchus and GI tract. Carcinoid syndrome is a clinical phenomenon secondary to the release of vasoactive substances [serotonin, 5-hydroxytryptamine (5-HT), 5-hydroxytryptophan, histamine, bradykinin, tachykinins, and prostaglandins], leading to vasomotor changes (secretory diarrhoea, bronchospasm, and hypotension) (5). The diagnosis of a carcinoid tumour involves 24 h collection of urine for 5-HIAA level (end product of serotonin metabolism), chromogranin A levels, PET-CT for tumour location, and tissue biopsy as appropriate. The treatment focuses on reducing proliferation of the primary tumour, and symptomatic control, predominantly via somatostatin analogues, e.g., lanreotide, octreotide (6).

Carcinoid heart disease (CHD) as a sequelae occurs eventually in approximately 20%–50% of patients with carcinoid syndrome and remains a major cause of morbidity and mortality. It is a recognised rare cause of right-sided valvular heart disease, particularly primary TR and stenosis, with development of plaque-like, fibrous endocardial thickening on valves (mostly tricuspid and pulmonary due to metabolism of serotonin in the lung parenchyma). Clinical features include dyspnoea, fatigue, systolic murmur best heard along the sternal border, elevated jugular venous pressure (JVP) with a prominent V wave, ascites, and peripheral oedema (7). The involvement of the left-sided heart valves is uncommon due to the metabolism of 5-HT within the lungs, occurring in approximately one-third of patients. The reasons for left-sided valve disease include a PFO, bronchial carcinoid, or very high levels of 5-HT.

The tricuspid valve itself is the largest and most apically placed heart valve. There is a low-pressure difference between the right atria and ventricle with gradients across the valve expected to be <2 mmHg. It is thought of as four components: leaflets, papillary muscles, chordal attachments, and annulus, with typically three leaflets (anterior, posterior, and septal), but may be bicuspid or have more than three leaflets. Its complex anatomy is essential to understanding the pathophysiology of TR in carcinoid heart disease. Annular dilatation, right atrial and ventricular dilatation, and septal bowing are all recognised features within the clinical syndrome (1).

Symptomatic primary severe TR should have a surgical replacement as per the 2021 ESC/EACTS VHD guidelines (8). However, there is limited specific advice regarding CHD management in these guidelines. Overall, there is limited data, but the existing data indicate a poor outlook. The largest series published in 2019 (2) showed that over 30 years, 240 patients with CHD who underwent valvular heart surgery at Mayo Clinic had high peri-operative morbidity and mortality, particularly when RV dysfunction is present either pre- or post-operatively. The authors quoted a 2-year overall survival of 60%, and a 5-year survival of 34%, albeit with a reduction in early post-operative mortality in more recent times. Low operative numbers (TVR and PVR are relatively uncommon in adult cardiothoracic surgical practice) result in limited information regarding surgical technical aspects and valve replacement optimisation (3). Lastly, it is recognised that the implantation of bioprosthetic material in the context of active carcinoid is commonly associated with valve degeneration, particularly pulmonic implants (9).

PFO closure in isolation has been shown to benefit patients with carcinoid syndrome without valvular disease at 6 months regarding systemic arterial oxygenation, 6 m walk test, and New York Heart Association score (10). However, prospective data regarding the management of PFO and valvular heart disease are restricted to isolated case reports. This does not negate the value in the correction of carcinoid heart disease sequelae, as we have demonstrated an improvement in the symptoms and hypoxaemia of the patient in this case, as was also shown in other similar clinical scenarios (10). After correcting the hypoxaemia in this patient population, staged valvular repair/replacement can be considered at a subsequent junction.

We would suggest a multi-modal imaging approach to the evaluation of these patients, as demonstrated by the initial diagnosis and evaluation of the aetiology of valvular disease via transthoracic and transoesophageal echocardiography. Fluoroscopy, along with right heart catheterisation, is essential for shunt evaluation, and angiography is necessary for the exclusion of concomitant coronary artery disease. These procedures remain an integral part of the diagnostic pathway. ECG-gated cardiac CT is complementary for procedural planning for sizing of PFO closure device, and for the evaluation of tricuspid valve leaflet calcification if subsequent transcatheter correction is anticipated. Finally, we would suggest an expedited approach as feasible for each medical facility in the diagnostic work-up and therapeutic intervention for this patient population, as demonstrated by the rapid deterioration of our patient throughout their clinical course.


Take home points

Carcinoid heart disease is a rare cause of right-sided valvular heart disease, particularly tricuspid regurgitation and stenosis. We demonstrate a case of carcinoid heart disease complicated by TR causing right to left heart shunting via a stretched PFO, with marked hypoxia and severe heart failure. We wish to highlight the role that multi-modality imaging played during this patient’s journey. Unfortunately, there are limited surgical data regarding CHD, with poor outcomes in advanced disease and higher peri-operative complications. We encourage considering percutaneous palliative procedures as, albeit for a short period of time, the patient in this case improved subsequent to such interventions.
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Case Report: Sudden very late-onset near fatal PD1 inhibitor-associated myocarditis with out-of-hospital cardiac arrest after >2.5 years of pembrolizumab treatment
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Introduction: Immune checkpoint inhibitors have advanced the outcomes of many different types of cancer. A rare but extraordinarily severe complication of these agents resembles immune checkpoint inhibitor-related myocarditis, which typically occurs within the first few weeks after treatment initiation with a mortality of 25%–50%.



Case report: A 57-year-old woman had uneventfully received pembrolizumab for metastatic non-small cell lung cancer for over 2.5 years and was admitted after an out-of-hospital cardiac arrest due to ventricular fibrillation. After successful cardiopulmonary resuscitation, the initial diagnostic work-up showed elevated cardiac enzymes and a limited left-ventricular ejection fraction, while coronary angiography did not show relevant stenosis. Despite cardiac MRI being unsuggestive of myocarditis, myocardial biopsies were obtained and histologically confirmed anti-PD-1 antibody-associated myocarditis. After the initiation of prednisone at 1 mg/kg body weight, the patient gradually recovered and was discharged three weeks later with markedly improved cardiac function.



Conclusion: This case resembles the first description of a very late onset irMyocarditis, occurring over 2.5 years after the start of treatment. It demonstrates the importance of contemplating that severe immune-related toxicities with a sudden onset clinical presentation may occur even after long uneventful periods of anti-PD-1 immune checkpoint inhibitor treatment. Furthermore, it underlines the critical importance of myocardial biopsies in this setting, especially when cardiac MRI remains inconclusive. Moreover, it demonstrates the necessity and benefits of early immunosuppressive treatment if immune-related myocarditis is considered a differential diagnosis.
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Introduction

Since the discovery of immune checkpoint inhibition (ICI) as a novel cancer treatment paradigm, an ever-growing group of substances rapidly became part of standard treatments across major cancer types. For many, ICI revolutionized outcomes and is thus increasingly used in curative intent (1). With a reported incidence between 0.04% and 1.14%, ICI-related myocarditis (irMyocarditis) is a relatively rare, yet potentially lethal immune-related adverse effect (irAE) (2). Importantly, irMyocarditis is considered an early irAE, with a median occurrence of 17 to 34 days after treatment initiation, and 76% of cases develop within the first six weeks of ICI (3–5). However, in the following, we present a rare case of histologically confirmed near fatal irMyocarditis, which occurred after over 2.5 years of pembrolizumab treatment. To our knowledge, this resembles the longest yet reported latency of irMyocarditis.



Case report

A 57-year-old woman experienced sudden cardiac arrest while attending a social event. After a no-flow time of approximately 1 min, a coincidentally present nurse initiated cardiopulmonary resuscitation (CPR). When paramedics arrived, approximately 10 min into CPR, the initial rhythm was ventricular fibrillation. The patient underwent a series of 3 defibrillations and received 200 mg of amiodarone before achieving a return of spontaneous circulation after a total of approximately 17 min.

The patient was then transferred to our center and initially presented with heart failure with a reduced left ventricular ejection fraction (Figure 1A; Supplementary Report S1), which was previously unknown. Laboratory results showed elevated cardiac enzymes (Supplementary Table S1), which further increased initially, likely due to the combination of CPR and myocarditis (Supplementary Table S2). The patient was initially neuro-protectively cooled for 24 h and was successfully weaned from ventilation after 36 h. Subsequently, the patient developed fever and intermittent tachycardic atrial fibrillation, which we treated with piperacillin/tazobactam for suspected aspiration pneumonia, electrolyte supplementation, and metoprolol. Electrocardiograms exhibited no signs of ischemia, even at supraventricular tachycardic frequencies of 180 /min (Figure 1B). Hence, we postponed coronary angiography and reviewed the patient's history.


[image: Figure 1]
FIGURE 1
Diagnostics, including echocardiography, radiology and pathology: (A) representative images of initial echocardiography depicting reduced LVEF and 3 months follow up echocardiography depicting improved LVEF. (B) Electrocardiogram recorded during tachycardic (180/min) atrial fibrillation. (C) Representative images from cardiac MRI, recorded one day after initiation of prednisone. (D) Histopathology and Immunohistology of endomyocardial biopsies including Masson Trichrome, HE, CD3 (T lymphocytes), CD20 (B lymphocytes), CD68 (macrophages) and MHCII stains. Scale bar as indicated.


Here we learned the patient had received chemotherapy and a total of 42 infusions of 200 mg pembrolizumab at 3-weekly intervals for over 2.5 years, following the diagnosis of metastatic non-small-cell lung cancer (NSCLC, UICC stage IV). We initiated intravenous prednisone (1 mg/kg body weight) as, despite being improbable, irMyocarditis was considered a differential diagnosis. Cardiac MRI was performed the consecutive day, and MRI-based tissue characterization using Lake Louise Criteria II (LLC II) showed neither myo-/pericardial late gadolinium enhancement nor pericardial thickening or effusion. Furthermore, T2-mapping was not prolonged with an exemplary midventricular septal T2 relaxation time of 60 ms (scanner-specific reference range: 58 ± 5 ms), while native T1 relaxation was prolonged with an exemplary mid-ventricular relaxation time of 974 ms.

In summary, MRI did not indicate peri-/myocarditis (Figure 1C; Supplementary Report S2). Hence, we performed coronary catheterization and etiologically ruled out ischemia (Supplementary Report S3). We then reviewed the case within our center's interdisciplinary CIO iTox Board, dedicated to the management of irAEs, and jointly opted for endomyocardial biopsies even though imaging was inconspicuous. Five samples from the left ventricle were collected and reviewed by an external reference pathologist (KK). The myocardium showed distinct focal but also diffuse interstitial fibrosis, indicative of inflammation, likely subclinically preceding the OHCA by months. In different areas, myocyte necrosis was observed in association with numerous CD3+ T-cells (100 /mm2), a great number of CD68+ macrophages with MHC II expression (200 /mm2), and scattered CD20+ B-lymphocytes, without eosinophilic granulocytes or multinucleated giant cells (Figure 1D). We further carried out nested PCR to rule out cardiotropic pathogens as the underlying cause. EBV-specific DNA sequences were detected at low copy numbers in both endomyocardial biopsies and peripheral leukocyte preparation, most certainly reflecting latent systemic virus persistence. Negative PCR results were obtained for a standardized panel of further cardio-pathogens (Supplementary Table S3). Furthermore, there were no clinical signs of myasthenia or myositis and the patient could not recall pathologies of the thymus, neither did the medical history or CT scans acquired reveal any such alterations.

Taken together, (immuno)histology was consistent with acute lymphocytic myocarditis, as eosinophilic myocarditis, giant cell myocarditis, or amyloidosis were histologically excluded, thus confirming irMyocarditis. Hence, we continued prednisone treatment, on which the patient's clinical condition continuously improved to the state prior to the event. The patient received an implantable cardioverter-defibrillator for secondary prevention, pembrolizumab was permanently discontinued, and with continued heart failure medication, the patient demonstrated normalized LVEF (Figure 1A). The NSCLC remains in remission 4 months after.



Discussion

Summarizing, while irMyocarditis resembles a comparably rare adverse event, it is associated with a high mortality of 25% to 50% (2). While previous case reports and systematic analyses on irMyocarditis exist (4, 6), the case presented herein is extraordinary in multiple aspects and thus provides compelling insights for the management of patients with (very) late-onset: Our patient experienced cardiac arrest after over 2.5 years of treatment without prior irAEs, although irMyocarditis typically manifests early after initiation (3). To our knowledge, this is the longest onset yet reported. With a rapidly growing number of patients treated with ICI, including in curative intent, this case demonstrates the importance of vigilance for irAEs even after long treatment periods. Furthermore, it stresses that early initiation of immunosuppression appears critical for improved outcomes with negligible risks if the specific event may later be attributed to a different etiology and should hence be initiated even when irMyocarditis seems unlikely (7). Moreover, it highlights that irMyocarditis may be present even with inconspicuous MRI. Although cardiac MRI became a pivotal tool in diagnosing myocarditis over the last two decades, it is critical to contemplate that while demonstrating high specificity, sensitivity is reported to be 87% with LLC II (8). Additionally, previous studies showed that sensitivity of cardiac MRI is dependent on underlying cardiac pathology and lowest in cardiomyopathic causes of myocarditis (9). Thus, especially in the context of possible irMyocarditis with inconclusive MRI, myocardial biopsies remain the gold standard of diagnosis. Additionally, our case makes evident the importance of interdisciplinary teams for optimal management of such patients. By reviewing the case in our well-established CIO iTox Board, we swiftly coordinated diagnostics and early immunosuppression, which data suggests is critical for patients’ outcomes (4, 5, 10). With the ever-growing number of ICI-based treatments and expansion beyond targeting PD-1 and CTLA-4, such interdisciplinary teams will become increasingly important in the future to manage these patients’ therapies, especially when irAEs occur. Our case also once more demonstrates, that irAEs can occur after long uneventful treatment periods, which raises the question of optimal length of ICI-based treatments. To this end, initial data indicates the possibility to achieve long-lasting remissions with time-limited treatment periods, which might reduce the risk of irAEs (11). Although mechanisms underlying early-onset and CTLA-4-mediated irMyocarditis are more and more understood and led to the implementation of abatacept as an additional treatment option (12), the biology underlying anti-PD-1 and especially late-onset irMyocarditis is unknown. Hence, further translational studies are crucial to provide optimal care to patients.
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Primary malignant pericardial mesothelioma (PMPM) is a rare pericardial malignant tumor. Most manifestations of PMPM are localized or diffuse masses surrounding the heart. The prognosis of diffuse PMPM is poor due to the difficulty of surgical resection. Although the edge of localized PMPM is clear and can be easily resected, the diagnosis of this disease is difficult. Timely diagnosis and proper treatment are key to a good prognosis. Here, we report a patient with localized PMPM and describe the method for the diagnosis of this disease.
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1 Introduction

Primary malignant pericardial mesothelioma (PMPM) is a rare pericardial malignant tumor (1, 2). Most PMPM was found in autopsy, and the incidence rate was about 0.006%/0.0022% (3, 4). Malignant pericardial mesothelioma is clinically rare with a poor prognosis and an average survival time of 6–10 months (2). PMPM has not been reported locally. In this study, We present a rare case report of PMPM.




2 Case report

A 53-year-old female patient was admitted to our hospital for 6 months because of pericardial effusions. The patient had previous hypertension, with the highest blood pressure of 160/90 mmHg. She had no history of surgery or familial diseases. In the past, the patient had not experienced limb joint pain, morning stiffness, photosensitivity, oral ulcers, hair loss, low-grade fever, and night sweats. She had no weight loss in the short term or recent infections. Physical examination during admission showed stable vital signs. The patient had no obvious symptoms, such as palpitations or chest tightness. On February 10, 2021, the patient underwent Color Doppler Echocardiography in a local hospital for physical examination, which revealed a pericardial effusion. The thickest part was about 4.8 cm, and the pericardium of the left ventricular free wall was thickened and irritable. A CT scan of the chest and abdomen, which was conducted in the local hospital, showed pericardial effusions and calcification in the right lung. Abdominal ultrasound showed no abnormality. Breast ultrasound revealed bilateral breast hyperplasia. Thyroid ultrasound detected TI-RADS3 type of cystic-solid nodules in the right lobe of the thyroid. Suspected pulmonary tuberculosis infection was assessed by local hospitals, and standardized pulmonary tuberculosis chemotherapy was administered. Echocardiography was performed on March 29 after a month of treatment, which showed that the amount of pericardial effusions significantly increased. The thickest part was about 4.8 cm, and the pericardium was localized, thickened, and irritable. The patient visited our hospital on June 21. In addition to the patient’s information stated above, physical examination performed by a specialist showed an enlarged cardiac silhouette, a HR of 83, and a low heart sound. No pericardial friction sounds or abnormal heart sounds were detected.

The admission electrocardiogram showed a sinus rhythm with low voltage in the chest leads and right bundle branch block (Figure 1). Chest X-ray revealed an enlargement of the heart shadow, and chest CT indicated a large volume of pericardial effusions. The blood routine, ESR, and CRP of the patient were normal. No abnormalities were observed in liver and renal functions. The levels of troponin T and Pro-BNP, as well as tumor markers, were normal. Blood ANCA, ANA, RF, and other immune-related indexes were also normal. Blood EB and cytomegalovirus detection revealed no abnormalities. The detection of tuberculosis T cell, tuberculosis antibody, rpoB gene, and mutation of Mycobacterium nucleic acid also showed no abnormalities. Pericardial puncture was performed, and fluid was collected simultaneously to improve the relevant laboratory examination. The pericardial effusions were yellow and slightly muddy. The serous mucin qualitative test was positive (+), and the total number of cells was 68 × 10 ^ 6/L. No abnormalities were found in LDH, TP, ADA, GLU, CI, and CEA. Pathological examination of pericardial effusions showed that some of the nuclei were large and deeply stained with a large number of red blood cells and a small number of atypical cells. Perfect PET-CT examination revealed no signs of malignant tumor but showed a slight pericardial thickening and adhesive and a small amount of pericardial effusions with encapsulated changes (Figure 2). Then, the late gadolinium enhancement cardiac magnetic resonance examination on the patient showed improvements, such as pericardial thickening, adhesive, lesions on the right ventricular margin, and pleural adhesion. The pericardial fat on the left ventricular free wall appeared blurred, and the fibrous pericardium on the left ventricular free wall exhibited thickening. Perfusion imaging indicated that the thickened hairy pericardium had moderate enhancement. The late gadolinium contrast agent enhancement (LGE) medium implied that the pericardial thickening exhibited delayed enhancement (Figure 3). During hospitalization, the second pericardiocentesis was performed, pericardial effusion was drained for 24 h, and the sediment was collected for wax-encapsulated pathological examination and immunohistochemistry. Immunohistochemical staining showed the following expression of tumor cells: CK7(+), CK20(−), Villin(−), TTF-1(−), WT-1(+), P16(+), CR(+), CDX-2(−), CA125(+), Pax-8(−), P53(+), CK19(+), CK8(+), CK5/6(+), Vim(+), ER(−), PR(−), and Ki-67(+). Collectively, these results suggested malignant mesothelioma (Figure 4). The patient was then transferred to the department of oncology, but the patient refused chemotherapy. For nearly a year and a half, the patient was followed up regularly. As of September 30, 2023, the patient had stable vital signs and had no metastasis in other body parts.




Figure 1 | Admission electrocardiogram (A) showing a sinus rhythm with low voltage in the chest leads and right bundle branch block. Chest X-ray (B) indicating an enlarged heart shadow. Chest CT (C) suggesting a large volume of effusions in the pericardial cavity.






Figure 2 | Systemic PET-CT (A–D) showing no clear signs of malignant tumor. The pericardium was slightly thickened and adhered, the metabolism increased slightly, and a small amount of effusions were observed in the pericardium with encapsulated changes.






Figure 3 | The T2WI fat suppression sequence in (A) showed pericardial thickening, adhesive, and lesions on the right ventricular margin adhering to the pleura. The cardiac movie sequence in (C) revealed that the fibrous pericardium of the right ventricular free wall adhered to the pleura, the serous pericardium was slightly thickened, and a small amount of pericardial effusions were observed. The LGE images of the two-chamber and four-chamber heart in (B, D) indicated thickening and enhancement of the fibrous pericardium.






Figure 4 | (Wax mass of pericardial effusion) HE morphology and immunohistochemical results consistent with malignant mesothelioma.






3 Discussion

Pericardial tumors are rare in clinical works, and most of them come from adjacent tissues and organs, such as malignant pleural tumors, malignant lung tumors, melanomas, or lymphomas. Primary pericardial malignant tumors are rare. The prevalence of PMPM in pericardial tumors is less than 0.002% (2). The cause of PMPM is also unknown. Notably, malignant pleural mesothelioma is usually associated with asbestos exposure (5), but patients mentioned in previous literature had no history of asbestos exposure and no obvious etiology (6). No particular age of onset was reported. Clinical symptoms in previous reports were not characteristic and regular, and the typical manifestation is the clinical presentation of pericardial effusions (6).

The prognosis of PMPM is poor, the survival time is short, and the reported survival time is about 2.5 years (7). A correct clinical diagnosis needs to be made as soon as possible. The lack of characteristic clinical manifestations of PMPM causes great challenges to the diagnosis of the disease. Thus, improving imaging and pathological examination is key to its diagnosis and differentiation, especially in cases of localized pericardial thickening. Imaging examination methods include cardiac color Doppler ultrasound, CT, PET-CT, and CMR. Color Doppler echocardiography and CT can detect pericardial effusions, pericardial thickening, or localized pericardial masses. Enhanced CT can also indicate the blood supply of tumors. PET-CT not only can detect pericardial effusions and masses but also can identify or exclude other tumors. In the current case, the pericardial focus of the patient is limited and flocculent, not a formed mass, which causes difficulties in diagnosis. CMR has high soft tissue resolution and can be used for multi-parameter and multi-directional imaging. CMR can dynamically observe the relationship between cardiac movement and the pericardium. It can identify the delayed enhancement of the pericardium after thickening on LGE sequences, which is valuable in the localization and qualitative diagnosis of diseases.

In this case, the focus of the patient is limited, and the positive rate of pericardial effusion is low. A special way to collect pericardial effusions is necessary. The conventional method of retaining pericardial effusions involves collecting fluid immediately after puncture for laboratory examination and pathological examination. In this case, 24-hour pleural effusion was drained and filtered, and the sediment was collected and wrapped in wax blocks.

The sediment wrapped in wax blocks was investigated by pathological examination and immunohistochemistry. The use of wax tissue avoids a low positive rate of diagnosis and missed diagnosis caused by a small number of cells, overlapping accumulation of cells, uneven smear thickness, and multiple background impurities. Wax block tissue has various advantages, such as ease of acquisition, low cost, simple operation, and good specificity. At present, cell wax block diagnosis is the most effective and reliable technique to distinguish benign and malignant effusions. The combination of immunocytochemical staining can help in identifying the primary source, identify the pathological type of the tumor, and further conduct molecular pathological detection, which provides an objective basis for accurate treatment and prognosis of patients and is valuable for extensive clinical promotion (8, 9). In summary, localized pericardial thickening and massive pericardial effusions are easily missed and misdiagnosed in patients. At the same time, the positive rate of pleural effusion is low, which cannot be used as a diagnostic criterion of negative PMPM (10, 11). For such cases, various laboratory tests and imaging methods need to be improved, and special methods should be adopted for pleural effusion drainage and pathological examination. Best efforts should be made to avoid the progression of diseases and increase the survival rate of patients.
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Case Report: A case of third-degree atrioventricular block associated with primary cardiac lymphoma
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Background: Primary cardiac lymphoma is an extremely rare malignant lymphoma, with clinical manifestations related to its location. We reported the diagnosis and treatment of primary cardiac lymphoma in a patient presented with atrioventricular block.



Case presentation: A 64 year-old man was admitted to our hospital because of symptoms of a tired heart and shortness of breath. The initial electrocardiogram revealed a third-degree atrioventricular block. Computed tomography scan showed an irregularly shaped right heart, irregular clusters, and relatively weakly enhanced areas in the right auricle, atrium, and ventricle. The local boundary between the lesion, pericardium, and left atrium was unclear, and the ventricular septum was irregular and thickened. Multiple irregular gray neoplasms with less smooth surfaces were observed, with a maximum diameter of approximately 7 cm. Pathological findings confirmed a non-germinal center B cell subtype of diffuse large B-cell lymphoma. After surgical resection of the tumor and implantation of a permanent pacemaker, the symptoms of the patient were significantly improved, allowing subsequent chemotherapy.



Conclusion: Surgical resection and placement of a permanent pacemaker were effective treatments for a patient with primary cardiac lymphoma presented with atrioventricular block.
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1 Introduction

Primary cardiac tumors are particularly rare, with a prevalence ranging from 0.001% to 0.03%, with 1.3% of primary cardiac tumors and 0.5% of extranodal lymphomas being primary cardiac lymphomas (1). Primary cardiac lymphoma, which always involves the right atrium and ventricle, is three times more common in women than men, with 64 years being the median age for disease diagnosis (2). Primary cardiac lymphoma is defined as follows: (1) the heart or pericardium is affected by malignant lymphoma as demonstrated by autopsy (3); and (2) tumor tissue consisting of cardiac or pericardial lymphoma or lymphoma infiltration in the myocardium causing cardiac symptoms at initial diagnosis (4). Primary cardiac lymphomas are largely reported as isolated cases owing to their rarity and difficulty in their diagnosis. Thus, owing to late diagnosis, the prognosis of primary cardiac lymphoma is poor, with the median survival after diagnosis being 7 months (5).

The main clinical manifestations of primary cardiac lymphoma are cardiac symptoms induced by lymphoma infiltration of the myocardium. Other signs may be observed, including mediastinal lymph node enlargement, pleural exudation, and pulmonary embolism (6). Primary cardiac lymphoma is easily misdiagnosed in patients presenting with atrioventricular block only (7). We reports a case of third-degree atrioventricular block secondary to primary cardiac lymphoma that provides theoretical and empirical evidence for the diagnosis and treatment of this disease.



2 Case description

A 64 year-old man was admitted to our hospital on September 2, 2022, owing to symptoms of a tachycardia and shortness of breath. Physical examination at admission revealed the following: body temperature: 36.5°C, heart rate: 51 times/min, pulse: 51 beats/min; blood pressure: 102/68 mmHg, poor spirit, edema of the trunk, yellow sclera, slight cyanosis of the lip, no filling of the jugular vein, coarse breath sounds in both lungs, no enlargement of the heart boundary, arrhythmia, soft abdomen, and severe pitting edema of the lower limbs. Moreover, laboratory tests revealed the following: cardiac troponin I (cTNI) < 0.02 ng/ml (normal range: <0.53 ng/ml), creatinine-kinase-MB: 5.49 ng/ml (normal range: <5.0 ng/ml), myohemoglobin: 216.82 ng/ml (normal range: <110 ng/ml), D-dimer: 1214.27 ng/ml (normal range: <200 ng/ml), and B-type natriuretic peptide: 2460.72 pg/ml (normal range: <100 pg/ml). Electrocardiography indicated sinus rhythm, third-degree atrioventricular block, full-lead low voltage, QT interval prolongation, and borderline escape rhythm. Echocardiography revealed a hypoechoic mass extending from the right atrium to the right ventricle and obstructing the forward flow of the tricuspid valve. The size of the mass was approximately 66 × 40 mm (Figure 1). Computed tomography revealed the following: (1) irregular shape of the right heart, with the enhanced right auricle, right atrium, and ventricle exhibiting irregular clusters and relatively weakly enhanced areas. The CT value after enhancement was approximately 70–90 HU, while the larger cross-section was approximately 6.2 × 6.9 cm. The local boundaries between the lesion, pericardium, and left atrium were unclear, while the ventricular septum was irregular and thickened; (2) the filling of the superior vena cava and left and right brachiocephalic veins was not uniform; (3) the pulmonary artery and its branches in the upper, middle, and lower lobes of the right lung were poorly developed, while the local lumen was suspected to be uneven, exhibiting a few patchy and slightly low-density shadows. A suspicious low density shadow was observed at the edge of the upper and lower pulmonary arteries of the left lung; (4) the two lungs were dispersed with flaky shadows of increased density, the volume of the lower lobe of the left lung was reduced, a dense shadow was present in some lung tissues, and the enhancement was visible; (5) the bronchial segment of the left inferior lobe of the lung was slightly narrowed, while part of the bronchus of the left inferior lobe was unclear; (6) pericardial effusion, bilateral pleural effusion, left interlobar fissure, and adjacent lung hypoinflation; (7) the thoracic section of the esophageal wall was slightly thickened, approximately 0.4 cm; (8) swelling of left axilla, chest wall, and back soft tissue; (9) abdominal fluid, the local adipose space in the abdominal area was seen as lamellar and slightly high-density shadows; (10) multiple small veins in inferior vena cava and right lobe of liver were developed in advance; and (11) the adipose space in the abdominal cavity was blurred, with multiple pieces being increasingly flocculent, while the fascia around both kidneys was thickened (Figure 2).


[image: Figure 1]
FIGURE 1
Echocardiography revealed a hypoechoic mass extending from the right atrium to the right ventricle in September 2, 2022.
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FIGURE 2
Preoperative enhanced computed tomography results for patient in September 2, 2022. (A) The cross-sectional image shows a mass in the right atrium, with irregular patchy enhancement in the right atrial appendage, right atrium, and right ventricular region, with a CT value of approximately 89 Hounsfield units. The interventricular septum is irregularly thickened. (B) Coronal view shows a mass in the right atrium, uneven opacification in some areas of the superior vena cava, delayed opacification of the inferior vena cava and veins in the right lobe of the liver.


September 3, 2022, hematological tests revealed the following: reduced lymphocyte ratio (8.1%, normal range: 20%–50%), platelet count (88 × 109, normal range: 100–300 × 109), prothrombin time activity (36%, normal range: 70%–130%), and level of plasma fibrinogen (1.7 g/L, normal range: 2–4 g/L), whereas elevated neutrophil ratio (76.3%, normal range: 40%–75%), level of high-sensitivity C-reactive protein (40.25 mg/L, normal range: 0–10 mg/L), prothrombin time (23.1 s, normal range: 9.6–12.8 s), international normalized ratio (2.05, normal range: 0.88–1.15), activated partial thromboplastin time (46 s, normal range: 24.8–33.8 s), and levels of D-dimer (8.52 μg/ml, normal range: <200 ng/ml), fibrinogen degradation product (25.5 μg/ml, normal range: 0–5 μg/ml), cTNI (74.8 pg/ml), myohemoglobin (476.54 ng/ml), N-terminal brain natriuretic peptide (700.7 pg/ml, normal range: <100 pg/ml), alanine transaminase (ALT) (1,202 U/L, normal range: 9–50 U/L), aspartate transaminase (AST) (806 U/L, normal range: 15–40 U/L), total bilirubin (72.1 μmol/L, normal range: <26 μmol/L), direct bilirubin (40.8 μmol/L, normal range: <4 μmol/L), indirect bilirubin (31.3 μmol/L, normal range: <22 μmol/L), urea (27.97 mmol/L, normal range: 3.6–9.5 mmol/L), creatinine (203 μmol/L, normal range: 57–111 μmol/L), and uric acid (1,265 Μmol/L, normal range: 208–428 μmol/L). On September 4, 2022, the patient underwent preoperative preparation, and the right atrial and right ventricular masses were removed using tracheal intubation cardiopulmonary bypass. Pericardial mediastinal drainage was performed and a temporary cardiac pacemaker was implanted during surgery. Intraoperative findings included the following: (1) multiple irregular gray neoplasms in the right atrium, which was characterized by less smooth surfaces and a maximum diameter of approximately 7 cm. The base was located in the atrial septum, which had grown compact with the tricuspid valve without gaps. An increased number of mural thrombi were present around the tumor body of the right atrium, with some thrombi being embedded in the dressing muscle of the right atrium; (2) several new organisms with a diameter of approximately 3 cm were observed in the right ventricular chamber, which straddled the tricuspid valve opening, resulting in severe blockage of the tricuspid valve; (3) the tumor profile was yellow and fish-like; (4) some tumors were not densely adhered to the tricuspid septum, while the tricuspid ring was slightly enlarged, and the water injection test showed mild regurgitation. Postoperative pathological examination revealed a bunch of grayish white tissue with a total volume of 7.5 × 6.5 × 3 cm. Focal hemorrhage and necrosis were observed in this section. Microscopically, the lymphocytic phenotype was diffuse and scattered among histiocytes, small lymphocytes, and nuclear fragments. Immunohistochemical examination revealed the following: medium large heterogeneous lymphocyte CD20 (+), CD19 (+), CD22 (+), CD10 (−), BCL-6 (+), MUM-1 (+), CD30 (−), BCL-2 (+, 90%), C-MYC (+, 50%), Ki-67(+, 90%), CD3 (−), CD5 (−), CyclinD1 (−), TDT (−), p53 (+, 70%), and PCK (−). Fluorescence in situ hybridization analysis showed no separation rearrangement of BCL-6, BCL-2, and MYC. Therefore, the patient was diagnosed as having the non-germinal center B cell (non-GCB) subtype of diffuse large B-cell lymphoma. BCL-2, C-MYC double expression. Bone marrow biopsy and flow cytometry revealed no lymphocytic infiltration. On September 5, 2022, the patient presented elevated levels of ALT (204 U/L), AST (297 U/L), total bilirubin (100 μmol/L), direct bilirubin (35 μmol/L), indirect bilirubin (65 μmol/L), urea (27.88 mmol/L), creatinine (280 μmol/L), uric acid (1,045 μmol/L), as well as increased prothrombin time (17.8 s), international normalized ratio (1.46), and activated partial thromboplastin time (50.9 s), whereas prothrombin time activity (55%), and the level of plasma fibrinogen (1.93 g/L) were significantly reduced. A permanent pacemaker was placed after the patient stabilized.

On October 19, 2022, echocardiography revealed an enlarged left atrium and a hypoechoic mass extending from the right atrium to the right ventricle with an irregular shape and a size of approximately 85 × 54 mm was (Figure 3A). The boundary between the mass and tricuspid septum was unclear, while the atrial septum was infiltrated by the mass, suggesting tumor recurrence and severe tricuspid stenosis. The patient was administered an rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) regimen. On November 1, 2022, echocardiography revealed the irregular shape of the right atrium, a solid mass measuring 25 × 21 mm, adhesion to the root of the tricuspid septum and lower atrial septum, enlargement of the left and right atria, widening of the aortic sinus, severe tricuspid regurgitation, and arrhythmia, with an ejection fraction of 71% (Figure 3B). Chest computed tomography showed exudation of the mediastinum and pericardium, slightly increased levels of blood and fluid, pneumonia, bilateral pleural effusion with atelectasis of the adjacent lung tissue, slightly narrowed left dorsal segment bronchus of the lower lobe of the lung due to compression, and aortic and coronary area calcification. Next-generation sequencing of the mass indicated a class I variation of CD79B (+), C.587A > C, which suggesting The adenine (A) at the 587th base position of the CD79B gene is replaced by cytosine (C). After three months post-surgery, the patient died due to severe lung infection following chemotherapy.
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FIGURE 3
Echocardiography results after surgical resection. (A) Echocardiogram results at October 19, 2022 indicated a hypoechoic mass with irregular shape measuring approximately 85 mm × 54 mm is observed from the right atrium to the right ventricle. The boundary between the mass and the tricuspid valve is unclear, and the mass infiltrates the interatrial septum, suggesting tumor recurrence (with an increased size compared to pre-surgery) and severe tricuspid valve stenosis. (B) Echocardiogram results at November 1, 2022 indicated irregularly shaped solid mass in the right atrium, measuring 25 mm × 21 mm, adhering to the septal leaflet and inferior interatrial septum, with enlargement of the left and right atria, dilation of the aortic sinus, and severe tricuspid regurgitation.




3 Discussion

Primary cardiac lymphoma, of which diffuse B-cell lymphoma is the main pathological type, is extremely rare. The disease often involves the right atrium, right ventricle, atrial septum, and inferior vena cava. We reported a patient with highly aggressive CD20 (+) B-cell lymphoma, which invaded the right atrium, right ventricle, and atrial septum and involved the tricuspid septum, resulting in severe tricuspid stenosis. The clinical manifestations of primary cardiac lymphoma lack specificity and are closely related to tumor size, location, and complications. Right heart tumors can cause venous congestion, and their enlargement aggravates the disease. Tumors can invade the atrioventricular valve and cause stenosis or incomplete closure of the valve. The main clinical symptoms include congestive heart failure (31%–78%), chest pain (19%–46%), and arrhythmia (8%–56%) (8, 9). Other less common symptoms include the superior vena cava syndrome (10–12), odynophagia (6), and embolic phenomena (13). In this paper, we noted that the patient presented with dyspnea, edema, multiple serous effusions, hepatic and renal dysfunction, coagulation dysfunction, sinus rhythm, third-degree atrioventricular block, full-lead low voltage, QT interval prolongation, and a borderline escape rhythm.

Numerous studies have reported cases of primary cardiac lymphoma accompanied by atrioventricular block (Table 1) (14–25). The age of patients included in these studies ranged from 36.0 to 80.0 years, with 58.3% of them being men. Of the 12 included patients, 2 had primary cardiac T-cell lymphoma and most had complete atrioventricular block. All patients underwent surgical resection, pacemaker implantation, and chemotherapy, resulting in the complete remission or reduced mass size of tumors and a better prognosis. The primary treatment for cardiac lymphoma was chemotherapy; however, some patients presented with extensive myocardial involvement, which could cause sudden cardiac arrest (26, 27). Thus, surgical resection was performed first in patients at high risk of sudden cardiac events due to cardiac involvement. An alternative method for treating atrioventricular block was surgical epicardial lead implantation, particularly in patients presenting with broad cardiac involvement. Complete atrioventricular block was always caused by infiltration of the conduction system by primary cardiac lymphoma, and pacemaker lead implantation was always performed owing to bradycardia-induced heart failure (27).


TABLE 1 The summary results for primary cardiac lymphoma with atrioventricular block.

[image: Table 1]

Accurate diagnosis at an early stage is particularly important for patients with primary cardiac lymphoma (28). Imaging examinations could be considered useful tools for detecting masses in the heart; however, imaging examinations do not provide a definitive diagnosis. However, echocardiography can provide information regarding the location, size, and activity of the tumor, tumor involvement in the atrioventricular valve, and cardiac function. Once echocardiography suggests a malignant tumor in the heart, computed tomography and cardiac magnetic resonance imaging can be performed to observe tumor infiltration and the relationship with surrounding tissues, providing information for surgical planning. Furthermore, positron emission tomography-computed tomography can comprehensively determine the presence of distant metastasis and the presence of other extracardiac tumors. These diagnostic tools can provide further information guiding personalized treatments. Of note, endomyocardial biopsy is considered a valuable tool for diagnosing intracardiac masses and arrhythmogenic cardiomyopathies (23). In our paper, the patient underwent echocardiography and computed tomography to detect the tumor location, while an endomyocardial biopsy was performed to assess the primary cardiac lymphoma.



4 Conclusions

This paper described the clinical course of a patient with a non-GCB subtype of diffuse large B-cell lymphoma diagnosed via endomyocardial biopsy. Echocardiography and computed tomography were used as imaging diagnostic tools, and the patient underwent surgical resection of the right atrial and right ventricular masses through tracheal intubation cardiopulmonary bypass. Furthermore, a permanent pacemaker was placed after the patient stabilized, followed by administration of R-CHOP as the chemotherapy regimen. After chemotherapy, the size of the tumor was reduced, indicating remission.
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Cangrelor, a potent intravenous P2Y12 platelet inhibitor, has demonstrated effectiveness in reducing ischemic events without a corresponding increase in severe bleeding during percutaneous coronary intervention, as evidenced by the CHAMPION-PHOENIX trial. Its off-label role as a bridging antiplatelet agent for patients facing high thrombotic risks who must temporarily stop oral P2Y12 inhibitor therapy further underscores its clinical utility. This is the first case series to shed light on the application of cangrelor in cancer patients needing to pause dual antiplatelet therapy for a range of medical interventions, marking it as a pioneering effort in this domain. The inclusion of patients with a variety of cancer types and cardiovascular conditions in this series underlines the adaptability and critical role of cangrelor in managing the dual challenges of bleeding risk and the need for uninterrupted antiplatelet protection. By offering a bridge for high-risk cancer patients who have recently undergone percutaneous coronary intervention and need to halt oral P2Y12 inhibitors temporarily, cangrelor presents a practical solution. Early findings indicate it can be discontinued safely 2-4 h before medical procedures, allowing for the effective reintroduction of oral P2Y12 inhibitors without adverse effects. This evidence calls for expanded research to validate and extend these preliminary observations, emphasizing the importance of further investigation into cangrelor's applications in complex patient care scenarios.
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Introduction

Cangrelor, an intravenous P2Y12 platelet inhibitor, has reduced the rate of ischemic events compared with oral P2Y12 inhibition, without causing significant increases in severe bleeding during percutaneous coronary intervention (PCI), as demonstrated by the CHAMPION-PHOENIX randomized controlled trial (RCT) (1). In addition, cangrelor has been used off-label as bridging antiplatelet therapy in patients with PCI at high thrombotic risk who require early (within 3–6 months) interruption of their oral P2Y12 inhibitor therapy (2). Advancements in cancer therapy have improved patient survival rates, leading to an increased number of cardiac procedures, such as PCI, among patients treated for cancer. However, there is limited information on the utilization of cangrelor in patients with cancer, particularly in those with thrombocytopenia (3). In this study, we present a single-center case series of cangrelor bridging in patients with cancer and recent PCI that required temporary interruption of dual antiplatelet therapy (DAPT).



Case 1

A 69-year-old woman with a past medical history (PMH) of IgA kappa multiple myeloma (MM) with a history of autologous stem cell transplant on maintenance lenalidomide, end-stage renal disease on peritoneal dialysis, saphenous venous thrombosis, and coronary artery disease (CAD) with recent non-ST-segment elevation myocardial infarction (NSTEMI) had a PCI to the mid-left anterior descending artery (LAD) 3 months prior to presentation with melena and acute on chronic anemia (hemoglobin 5.6 g/dl). The patient was taking both clopidogrel and apixaban prior to admission and was noted to have an allergy to aspirin. On admission, both clopidogrel and apixaban were held due to concerns for gastrointestinal (GI) bleeding. The patient underwent a coronary angiogram with optical coherence tomography (OCT), which revealed suboptimal apposition of the previously implanted LAD stent (by approximately 20%). The interventional cardiology team recommended the initiation of cangrelor on day 3 of admission in anticipation of further GI evaluation. The patient underwent an upper GI endoscopy on hospital day 6 and no active bleeding was observed. Cangrelor infusion was discontinued after endoscopy, and clopidogrel was resumed with a 300 mg loading dose. The patient's apixaban was not resumed at discharge as the patient no longer had an indication for apixaban after consultation with the hematology service and also due to thrombocytopenia (39 K/μL).



Case 2

A 55-year-old woman with metastatic gallbladder adenocarcinoma, hypertension, type II diabetes, and CAD, who underwent a PCI of a bifurcating lesion of the distal right coronary artery (RCA) extending into posterolateral and posterior descending artery (PDA) branches with two drug-eluting stents (DES) 2 months prior to the current admission, presented with biliary obstruction. The patient was on DAPT with aspirin and clopidogrel prior to admission. The last dose of clopidogrel was administered on day 2 of hospitalization, and cangrelor was initiated on day 3 with the recommendation to hold 4 h prior to the planned procedure. The patient underwent an endoscopic retrograde cholangiopancreatography (ERCP) with stent placement on day 8. Cangrelor was discontinued postprocedure, and clopidogrel was restarted 2 days post procedure with a 300 mg loading dose, followed by standard 75 mg daily dosing.



Case 3

A 64-year-old man with relapsed diffuse large B-cell lymphoma s/p chimeric antigen receptor (CAR) T-cell therapy (10 days prior to presentation), atrial fibrillation, and ischemic cardiomyopathy (ICM) underwent a high-risk PCI (10 weeks prior to hospital admission) with three overlapping stents in the ostial to mid-LAD, and residual RCA chronic total occlusion, was hospitalized for fever and profound fatigue. The patient's home DAPT of aspirin and clopidogrel was initially continued during hospital stay. On hospital day 5, the patient received his last dose of clopidogrel, and cangrelor was initiated the following day in preparation for a planned endoscopic evaluation for cytomegalovirus colitis. Aspirin was discontinued 2 days after cangrelor initiation because of worsening thrombocytopenia (platelet count, 32 K/µl). Given the patient's clinical improvement, elevated cardiac risk, and altered mental status, colonoscopy was deferred, and clopidogrel was restarted without a loading dose (platelet count, 21 K/µl). He was discharged on clopidogrel monotherapy because of significant thrombocytopenia (platelet count <50 K/µl).



Case 4

A 74-year-old woman with metastatic ovarian cancer (including pulmonary metastases and peritoneal involvement), hypertension, and CAD s/p PCI to mid-LAD (3 weeks prior to presentation) presented with small bowel obstruction. She was on DAPT with aspirin and ticagrelor prior to admission. Resumption of the patient's DAPT was complicated by a strict nothing by mouth (NPO) status. Rectal aspirin was recommended, but the patient deferred in taking it. In lieu, heparin infusion was initiated on the first day of hospitalization, and she was eventually transitioned to cangrelor on day 4 of admission, as it was unclear when the patient would be able to resume oral antiplatelet therapy. A gastrostomy tube (G-tube) was placed by interventional radiology on day 8 of the patient’s hospitalization, for which cangrelor was held 3 h prior to the procedure. DAPT was resumed the following day with a 180 mg loading dose of ticagrelor. The patient was eventually transitioned to home hospice care.



Case 5

An 82-year-old man with a history of IgG kappa MM, AL-amyloidosis, CAD s/p coronary artery bypass graft (CABG) with left internal mammary artery (LIMA) to the LAD and saphenous vein graft (SVG) to PDA, and a recent NSTEMI treated with DES implantation to the left main coronary artery (LMCA) into the left circumflex artery (LCX) 6 weeks prior, presented with a right intertrochanteric lytic lesion. This lesion was associated with a non-displaced pathological fracture, necessitating surgical stabilization. The patient was on DAPT with aspirin and clopidogrel at home. While aspirin was continued on admission, clopidogrel was replaced with cangrelor. The procedure was performed on day 5 of hospitalization, and cangrelor was held for 2 h prior to procedure. Cangrelor infusion was resumed in the evening of the procedure, and the patient was transitioned back to clopidogrel with a loading dose of 300 mg two days later when the risk of bleeding was considered to be low by the primary team.



Case 6

A 68-year-old man with a history of a newly diagnosed metastatic mesenteric mass to the liver, hypertension, type II diabetes, ST-segment elevation myocardial infarction (STEMI) treated with PCI to the proximal LAD 5 months earlier, and moderate aortic valve stenosis, presented to the hospital for an elective interventional radiology (IR)-guided biopsy. The patient had been on DAPT with aspirin and clopidogrel. Upon admission, aspirin was continued, clopidogrel was discontinued, and cangrelor bridging was initiated. A liver biopsy was performed on day 6 of hospitalization, and cangrelor was held 3 h prior to the procedure. The following day, clopidogrel was resumed with a 300 mg loading dose. The biopsy revealed a metastatic well-differentiated neuroendocrine tumor.



Case 7

An 85-year-old man with a history of salivary duct carcinoma of the right lower eyelid, hypertension, and CAD with PCI to the distal RCA 6 months prior for NSTEMI was admitted for cangrelor bridging prior to excision of a malignant lesion of the eyelid. Both aspirin and clopidogrel were to be stopped in the perioperative period, given the high risk of bleeding due to extensive surgery and reconstruction within the orbit, and the risk of vision loss if bleeding occurred. On admission, periprocedural cangrelor bridging was initiated. After a 1-week washout, the patient underwent the procedure uneventfully. Aspirin and clopidogrel were resumed 2 days after the procedure (both without loading doses per request from the surgical team).



Discussion

Patients with cancer present an elevated risk for both bleeding and thrombotic events. Managing patients who have CAD and stents in the context of cancer therapy is a complex task due to the frequent need for a shortened duration of DAPT. This is the first single-center experience with bridging antiplatelet therapy using cangrelor in patients with cancer undergoing non-cardiac interventions. Landmark RCTs such as CHAMPION-PCI, CHAMPION-PLATFORM, and CHAMPION-PHOENIX excluded patients with active cancer (1, 4, 5). Moreover, patients with cancer were not included in the BRIDGE trial, which assessed bridging antiplatelet therapy with cangrelor in patients undergoing CABG (2). The BRIDGE trial specifically consisted of two stages, an initial dose-finding phase for cangrelor, followed by a randomized, double-blind, placebo-controlled trial of 210 patients with acute coronary syndrome (ACS) or with a coronary stent receiving P2Y12 inhibitor therapy and awaiting CABG surgery. The trial demonstrated that preoperative use of cangrelor was associated with a reduction in platelet reactivity without an increase in CABG surgery–related bleeding. The median duration of cangrelor infusion was 2.8 days and median time from discontinuation to surgical incision was 3.2 h.

Expert consensus from the Society for Cardiovascular Angiography and Interventions in late 2016 did not offer recommendations for bridging with cangrelor in patients with active cancer, who may have concomitant thrombocytopenia due to the limited collective experience accumulated in the short time from FDA approval of cangrelor was June 2015 (6). However, the document stated that thrombocytopenia does not have a protective role against ischemic events, and in some specific malignancies with blood dyscrasias, it poses an increased thrombotic risk (7).

All patients in this case series had active cancer, including multiple myeloma, neuroendocrine tumor, lymphoma, gallbladder cancer, and ovarian cancer. The mean duration of cangrelor bridging was approximately 4.5 days (Table 1), and all patients except one underwent a PCI for ACS within 6–24 weeks of admission. The dose of cangrelor used for all seven patients was 0.75 μg/kg/min, which is consistent with the BRIDGE trial (2). The age range of the patients was 55–85 years old. None of the patients experienced any bleeding or thrombotic events during bridging therapy or postprocedure. Cangrelor has a very short half-life of 3–6 min. In the BRIDGE trial, it was discontinued 1–6 h before surgery. In most of our patients, we halted cangrelor 2–4 h prior to surgery or procedure based on the primary team's advice for the procedure. To date, there is only one case report in the cardio-oncology literature describing cangrelor bridging to facilitate lung biopsy in a 67-year-old patient who underwent a PCI of the mid-LAD 16 months prior to biopsy on extended DAPT therapy (3). Details of the patient's initial clinical presentation for PCI were not reported nor the rationale stated for the extended DAPT therapy. In contrast, our case series included only those patients who underwent PCI within the preceding 6 months, Several with an acute coronary syndrome indication, and required DAPT interruption.


TABLE 1 Baseline characteristics of patients receiving cangrelor.

[image: Table 1]

A significant proportion of patients receiving cancer therapy and the majority of patients with active hematological malignancies have thrombocytopenia. Cangrelor has been used in patients with thrombocytopenia but not specifically in patients with cancer (8, 9). Cancer and therapy can actively modify both bleeding and thrombotic risks. Two of our patients had profound thrombocytopenia (cases 1 and 3; Figure 1), but neither experienced bleeding events. In case 1, clopidogrel monotherapy was restarted after cangrelor bridging, and apixaban was not resumed as detailed, while case 3 was de-escalated to clopidogrel monotherapy at discharge due to persistent thrombocytopenia with a platelet count <50 K/µl. In a pooled analysis of the CHAMPION trials, acquired thrombocytopenia (platelet count <100 K/µl) occurred in 0.8% of the study cohort (10). In addition, periprocedural use of glycoprotein IIb/IIIa inhibitors was the strongest independent predictor of acquired thrombocytopenia. There was no statistical difference in the rate of acquired thrombocytopenia between patients who were randomized to receive either clopidogrel or cangrelor. A case report by Kabadi et al. highlighted the use of cangrelor bridging therapy in the setting of left ventricular assist device implantation in a patient with refractory cardiogenic shock post-STEMI. The patient developed acute thrombocytopenia with tirofiban use (9). However, the severity of thrombocytopenia (nadir 88 × 103 /mm3) was milder than that observed in our cardio-oncology population.


[image: Figure 1]
FIGURE 1
Trend of Platelet Count During Cangrelor Therapy.




Conclusions

This report presents the use of an intravenous P2Y12 inhibitor for bridging high-risk cancer patients with recent PCI during temporary cessation of oral P2Y12 inhibitors. Preliminary data suggests that cangrelor can be used in patients with cancer and thrombocytopenia, and can be safely discontinued 2–4 h before the start of procedures. Most patients were reloaded with oral P2Y12 inhibitors without their experiencing any adverse outcomes. Tailored therapeutic strategies based on individual risks and procedures are critical. Larger prospective studies are required to address this knowledge gap, necessitating cardiology–oncology collaboration to enhance the care of this complex patient population.
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Primary cardiac angiosarcoma is a rare malignant soft-tissue sarcoma derived from vascular endothelial cells or lymphatic endothelial cells, with a high malignancy, poor prognosis, and a lack of effective medical therapy. This article reports on two patients with primary cardiac angiosarcoma who received first-line treatment with multi-targeted anti-angiogenic agent, anlotinib monotherapy. The treatment rapidly controlled pleural and pericardial effusion, significantly reduced the tumor, improved symptoms, and showed satisfactory recent efficacy. This indicates that anlotinib offers a new first-line treatment option for advanced primary cardiac angiosarcoma.
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Introduction

Primary cardiac angiosarcoma (PCA) is a rare malignant tumor originating from vascular endothelial cells or lymphatic endothelial cells, but it accounts for one-third to one-half of all cardiac sarcomas (1, 2). It usually occurs in the right atrium, but also in the right ventricle and pericardium. There is no gender difference in incidence rate. Most patients are between 40 and 59 years old at the time of diagnosis. They are highly invasive and can quickly invade adjacent structures. 47%–89% of patients have lung, liver or brain metastasis at the time of initial diagnosis (3, 4). Its prognosis is poor, with a median PFS of about 5 months and a median OS of about 12 months. Over 90% of patients experience metastasis or local recurrence within 2 years, and the 2-year survival rate is less than 30% (5). The clinical manifestations are not specific and largely depend on the location and extent of the tumor. Surgery is the primary treatment for PCA, followed by radiotherapy and/or chemotherapy, but the effects and effectiveness of radiotherapy and chemotherapy still require comprehensive study (6). Currently, traditional treatment methods have limited benefits for patients, and it is crucial to discover effective treatment approaches. Targeted therapy has emerged as a current research focus. Presently, research has confirmed that tumor-targeting drugs such as sorafenib, sunitinib and pazopanib have certain therapeutic effects on angiosarcoma (7–9). However, due to the limited number of cases, designing clinical trials is challenging, and large-scale randomized controlled clinical trials are still lacking, resulting in the absence of a standard treatment plan. Anlotinib, a multi-target tyrosine kinase inhibitor, has inhibitory effects on targets such as VEGFR1, VEGFR2, VEGFR3, PDGFR, FGFR, etc., which is beneficial for controlling tumor invasion and metastasis. Additionally, anlotinib also acts on C-KIT targets and can inhibit the growth of tumor cells (10). The results of the ALTER0203 study demonstrated that compared to the control group, anlotinib significantly prolonged the median PFS in various subtypes of sarcoma (6.27 months vs. 1.47 months) and significantly improved the objective response rate (10.13% vs. 1.33%) and disease control rate (55.7% vs. 22.67%). Based on this, it has been approved by NMPA for monotherapy in patients with acinar soft tissue sarcoma, clear cell sarcoma, and other advanced soft tissue sarcoma who have previously received anthracycline-containing treatment. Our department admitted two cases of primary cardiac angiosarcoma. One case was primary in the pericardium, and the other was primary in the right atrium. After receiving monotherapy with anlotinib, satisfactory short-term efficacy was achieved. We will analyze these two cases based on the specific details.



Case 1 presentation

A 64-year-old Chinese male presented with chest pain, shortness of breath, edema in both lower limbs, and headaches at our hospital. He is a smoker with a smoking index of 20 pack years. Thoracic fluid B-ultrasound revealed bilateral pleural effusion (liquid dark areas with a distance of approximately 38 mm detected in the right chest, and liquid dark areas with a distance of approximately 107 mm detected in the left chest). Left chest closed drainage was performed, and the pleural fluid analysis showed bloody turbidity, a positive Li Fanta test, a total cell count of 191.824 × 109/L, a white blood cell count of 0.678 × 109/L, a monocyte percentage of 94%, and a multinucleated cell percentage of 6%. Chest fluid biochemistry revealed glucose levels of 6.04 mmol/L, total protein levels of 36.9 g/L, albumin levels of 27.6 g/L, globulin levels of 9.3 g/L, a white blood cell ratio of 2.97, lactate dehydrogenase levels of 386 IU/L, and adenylate dehydrogenase levels of 1.68 U/L. Chest enhanced CT scan showed a visible size of approximately 7.3 cm at the upper edge of the right atrium and a 5.7 cm irregular mass shadow with an unclear boundary adjacent to the right atrium and superior vena cava. The lesion exhibited significantly uneven enhancement on enhanced scans and closely adhered to the pericardium, causing significant uneven cystic enhancement and a small amount of pericardial effusion. Bilateral pleural effusion was observed, partially enveloped on the left, with thickening of the left pleura and irregular cystic enhancement of the anterior and lower pleura (Figures 1A,B). PET/CT scan indicated irregular thickening of the pericardium and left pleura, increased FDG metabolism, and a high possibility of malignancy. A large amount of pleural effusion was present on the left side. Biopsy of the left pleura (in the 8th intercostal space of the left scapular line) suggested a high possibility of a vascular tumor, epithelioid endothelial cell tumor, or angiosarcoma in the left pleura. Immunohistochemical results showed CK (–), Vim (+), CEA (+), WT-1 (+), TTF-1 (–), P63 (–), Ki-67 (+, 30%), Napsina (–), CR (–), ERG (+), CD31 (+), CD45 (–), Desmin (–). To further clarify the diagnosis, a CT-guided pericardial biopsy was performed again, indicating that pericardial angiosarcoma had immunohistochemical features such as CK (–), TTF-1 (–), CR (–), D2-40 (+), P53 (–), Ki-67 (+, 10%), ERG (+), CD31 (+), HHV-8 (−), Desmin (−) (Figures 2A–E). Based on imaging and pathological diagnosis, it was determined to be a primary cardiac angiosarcoma with pleural metastasis (cTxN0M1, stage IV). The patient declined systemic chemotherapy. Approximately 700–1,000 ml of pleural effusion was drained daily. After 3 days of treatment with anlotinib, the patient's pleural effusion significantly decreased, and shortness of breath improved. Following one cycle of treatment (anlotinib, 12 mg oral/day, days 1–14, 21 days per cycle, 1cycle), the patient's symptoms significantly improved. Chest CT examination showed that the space-occupying lesion at the upper edge of the right atrium was smaller than before, and there was a significant decrease in pericardial and right pleural effusion (Figures 1C,D). The recent therapeutic effect was satisfactory. But due to economic reasons, the patient used anlotinib for only one treatment cycle and did not continue taking anlotinib orally. Subsequently, the patient's condition worsened, and the overall OS is five months.
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FIGURE 1
(A) Patient underwent CT guided pericardial biopsy. (A,B) Chest CT scan revealed bilateral pleural effusion, pericardial thickening, and pericardial effusion before treatment. (C,D) Chest CT showed a significance reduction in pleural and pericardial effusion after receiving one cycle of anlotinib treatment.
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FIGURE 2
(A) Tumor cell staining of pericardial tissue (HE staining, ×20). (B–E) Staining of tumor markers in cellular tissues (immunohistochemical, ×20). (B) CD31 protein expression; (C) D2-40 protein expression; (D) ERG protein expression; (E) Ki-67 protein expression. Immunohistochemical results showed that D2-40 and ERG in tumor cells were diffusely positive; Ki-67 positive rate was about 30%; and CD31 in tumor cells were diffusely strongly positive.




Case 2 presentation

A 57-year-old Chinese male presented to our hospital with the main complaint of discovering bilateral pulmonary nodules six months ago and experiencing shortness of breath for the past three months. He has a pre-existing condition of hyperemia and is a heavy smoker with a smoking index of 40 pack years. On November 5, 2022, a physical examination revealed multiple scattered sub-solid ground glass shadows in both lungs, with a maximum length of approximately 25 mm. At that time, the patient did not experience any discomfort. After three months (February 2023), the patient developed shortness of breath after physical activity, which could be relieved by rest, but the patient did not pay attention to it. The shortness of breath gradually worsened with activity, and there was no improvement after receiving symptomatic treatment at an external hospital. Three months later (May 12, 2023), a chest enhanced CT scan showed larger scattered sub-solid ground glass shadows in both lungs compared to May 11, with a maximum length diameter of about 35 mm. Additionally, soft tissue density shadows were found in the right atrium, along with a small amount of pericardial effusion (Figures 3A–D). A PET/CT scan on May 16 revealed a large amount of fluid accumulation in the pericardial cavity, with a maximum diameter of about 1.8 cm. There was an increase in the arc-shaped soft tissue density around the root of the superior vena cava and the right atrium, accompanied by a significant increase in FDG uptake. The boundary with the adjacent pericardium and atrial wall was unclear, with SUVmax at 13.1. Multiple slightly lower density nodules of varying sizes were observed in the right lobe of the liver, with larger ones located in the parietal area of the liver, measuring approximately 2.2 cm in diameter with unclear boundaries. FDG uptake was slightly increased, with SUVmax at 4.4. Solid nodular shadows were scattered in both lungs, with visible halo signs. FDG uptake was slightly increased, with SUVmax at 2.1.


[image: Figure 3]
FIGURE 3
(A–D) Chest CT scan of the patient revealed dispersed sub-solid ground glass shadows in both lungs, soft tissue shadows in the right atrium, numerous nodular shadows in the liver, and a considerable pericardial effusion before treatment. (E,F) After 4 cycles of anlotinib treatment, the patient's numerous nodules in the lungs and liver showed significant reduction, the tumor lesion in the right atrium decreased, and pericardial effusion as managed.


The patient was admitted to our hospital for treatment from May 5 to May 28. On May 29, a cardiac ultrasound revealed low echogenicity in the right atrium (visible range approximately 47 mm × 32 mm low echo), mild regurgitation of the mitral, tricuspid, and pulmonary valves, and moderate to large amounts of pericardial effusion (liquid dark areas with a spacing of 9 mm detected in the posterior left ventricular wall, liquid dark areas with a spacing of 18 mm detected in the anterior right ventricular wall, liquid dark areas with a spacing of 18 mm detected in the apex of the heart, liquid dark areas with a spacing of 19 mm detected in the lateral left ventricular wall, liquid dark areas with a spacing of 19 mm detected in the lateral right ventricular wall, and liquid dark areas with a spacing of 13 mm detected in the right atrium and lower right ventricle). A closed drainage of the pericardial cavity was performed, and routine analysis of the pericardial effusion showed bloody turbidity, positive Li Fanta test, total number of cells at 2,345.962 × 109/L, white blood cell count at 1.863 × 109/L, monocyte percentage at 68%, and multinucleated cell percentage at 32%. Chest fluid biochemistry: glucose level of 4.13 mmol/L, total protein level of 60.4 g/L, albumin level of 33.7 g/L, globulin level of 26.7 g/L, white blood cell ratio of 1.26, lactate dehydrogenase level of 262.80IU/L, adenylate dehydrogenase level of 14.6U/L. Liver enzyme display: ALT level of 1,487.2 IU/L, AST level of 1,452.9 IU/L, ALP level of 183 IU/L, daily drainage of approximately 500–700 ml of hemorrhagic pericardial effusion. Following admission, a lung biopsy revealed left lung alveolar epithelial and interstitial hyperplasia, mucinous degeneration, deposition of hemosiderin, and chronic tissue inflammation. Two exfoliative cytological examinations of the pericardial effusion showed the presence of a few inflammatory cells and mesothelial cells in the blood clot. To confirm the diagnosis, a liver puncture biopsy was performed (Figure 4A), which indicated angiosarcoma; CK (–), CD34 (stove+), P53 (2%+), Ki-67 (+, 10%), ERG (+), CD31 (+), S-100 (–), HMB45 (–), Desmin (–), SMA (stove+) (Figures 4B–E). Blood gene test results showed no clinically significant mutations, TMB: 6.8 mutations/Mb, and no detection of MSI-H. Based on imaging examination and pathological diagnosis, it was determined to be a primary cardiac angiosarcoma with bilateral lung and liver metastasis (cT1N0M1, stage IV). Starting from June 16, 2023, the patient received targeted treatment with anlotinib (anlotinib, 12 mg oral/day, days 1–14, 21 days per cycle, 11cycle). By June 18, 2023, the pericardial drainage fluid gradually decreased in volume and became lighter in color. After extracting 100 ml of pericardial effusion, no further extraction was necessary. Following the treatment, the patient experienced significant relief from shortness of breath, and their transaminase levels returned to normal. Subsequent CT scans revealed a significant reduction in tumor lesions in the right atrium, liver, and lungs, and the pericardial effusion was under control. No noticeable side effects from the medication were observed (Figures 3E–H). As of February 27, 2024, the patient has undergone 11 cycles of anlotinib treatment, resulting in partial remission with no notable drug side effects, PFS exceeding eight months.
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FIGURE 4
(A) CT guided liver biopsy. (B) Tumor cell staining of liver tissue (HE staining, ×20). (C–E) Tumor marker staining of liver cell tissue (immunohistochemical, ×20); (C) CD31 protein expression; (D) ERG protein expression; (E) Ki-67 protein expression. Immunohistochemical results showed that CD31 and ERG in tumor cells were diffusely positive; Ki-67 positive rate was about 10%.




Discussion

Among all cardiac tumors in adults, approximately 25% are malignant, with primary cardiac sarcoma representing around 95% of all malignant cardiac tumors. Notably, vascular sarcoma is the most frequently occurring type (11, 12). The key characteristic of PCA is its invasive growth and metastasis, frequently affecting the valve, pericardium, and even the coronary artery locally, or spreading throughout the body via the bloodstream (13). Early diagnosis of this condition is challenging, as its clinical symptoms are not typical. It often presents with manifestations such as chest tightness, shortness of breath, arrhythmia, or distant metastasis (14). The main clinical presentation of the two cases we reported is dyspnea, which is linked to tumor infiltration of the pericardium and pleura, resulting in pleural effusion and pericardial effusion. Early detection is challenging, thus imaging examinations hold significant diagnostic value for such patients. Imaging studies are crucial for diagnosing patients with cardiac sarcomas, with transthoracic echocardiography, chest CT, and MRI being commonly used methods. Whole body PET/CT is typically used to identify metastatic sites, while the gold standard for diagnosis is biopsy of the primary or metastatic site. Immunohistochemical markers like CD31, CD34, ERG, and Ki-67 are commonly used for angiosarcoma diagnosis. In our two patients, immunohistochemistry showed positive expression of CD31, ERG, and Ki-67, leading to a diagnosis of primary cardiac angiosarcoma based on imaging and pathology.

Surgical resection is not only the primary treatment for early or limited stage PCA, but also a predictive factor for patient survival (2).

Currently, for late-stage PCA patients who are ineligible for surgery, the treatment plan primarily involves the soft tissue sarcoma treatment plan. The most frequently prescribed medications are anthracyclines or paclitaxel drugs. First-line chemotherapy utilizing anthracyclines has shown remarkable tumor reduction in 25% of patients, with a median progression-free survival (PFS) of 4.9 months and a median overall survival (OS) of 9.9 months (15). In 2021, the Asian Sarcoma Consortium conducted a retrospective analysis of 276 patients with advanced angiosarcoma at 8 sarcoma academic centers. They compared the efficacy of first-line treatment regimens: paclitaxel (47.6% of patients) and liposome doxorubicin (19.6% of patients). The results revealed that paclitaxel monotherapy had a median PFS of 4.5 months, while liposome doxorubicin chemotherapy had a median PFS of 2.8 months. The median OS was 11.9 months for paclitaxel and 10.6 months for liposome doxorubicin. However, the difference between the two treatments was not statistically significant (16). Another phase III randomized controlled trial (EORTC 62012) examined the effectiveness of combination chemotherapy. The study revealed that while the doxorubicin combined with ifosfamide group had a significantly higher overall effective rate compared to the doxorubicin group (26% vs. 14%, P < 0.0006), there was no statistically significant difference in overall survival (OS). This lack of significance may be attributed to the heightened toxicity associated with the combination therapy group (17). There was no significant difference in median progression-free survival (PFS) between the doxorubicin and gemcitabine combined with docetaxel groups (23.3 weeks vs. 23.7 weeks). Although this study did not find any advantages of combining gemcitabine with docetaxel as a first-line treatment option (18), it does offer new treatment possibilities for patients with cardiac dysfunction or PCA. Due to the cumulative cardiac toxicity of doxorubicin and cyclophosphamide, the current treatment options for cardiac angiosarcoma mainly involve combining doxorubicin and cyclophosphamide with paclitaxel, docetaxel, or gemcitabine (19–23). However, the median OS for late-stage PCA patients does not surpass 8 months. Nevertheless, because PCA is rare and mostly documented as a case study, there is currently no established treatment method for late-stage cardiac angiosarcoma. It is crucial to investigate new treatment methods and strategies.

Tumor cell growth, invasion, and metastasis are reliant on the tumor microenvironment (TME), which includes tumor blood vessels. These vessels are frequently distorted and dysfunctional, with varying vascular permeability, excessive proliferation, and loss of wall hierarchy. This abnormal vascular system promotes tumor growth, metastasis, and treatment resistance, while selectively blocking the infiltration of certain immune cell types, such as cytotoxic T cells (24, 25). Vascular endothelial growth factor (VEGF) is a crucial factor in tumor angiogenesis (26, 27). For most solid tumors, such as sarcomas, targeted drugs that inhibit tumor angiogenesis primarily focus on VEGF and VEGFR. These drugs work by blocking the formation of new blood vessels, thus impeding the blood supply to the tumor. Additionally, they normalize the tumor blood vessels, which helps in suppressing tumor growth, development, and metastasis. Moreover, they enhance the response to other treatments (28). Typically, it is frequently combined with chemotherapy, immunotherapy, and radiation therapy for cancer treatment.

Angiosarcoma, a malignant tumor originating from vascular or lymphatic endothelial cells, may have unique advantages in anti-tumor angiogenesis. Ren et al. reported a case of a 99-year-old Chinese man diagnosed with angiosarcoma on his head and face. Due to his advanced age and extensive lesions, chemotherapy options were limited and surgery was challenging. As a result, he received monotherapy with anlotinib for 10 months (12 mg/day, D1-14, 21 days per cycle). The lesions on his head and face significantly decreased, and he tolerated the adverse drug reactions well (29). Both of our cardiac angiosarcoma patients received anlotinib treatment for approximately 3 days, leading to a notable decrease in the rapid expansion of pleural and pericardial effusion, as well as swift relief from symptoms like breathing difficulties. This outcome is attributed to anlotinib's ability to impede blood supply, normalize tumor blood vessels, and reduce vascular permeability. Subsequent assessments revealed partial remission of the target lesion in a short timeframe, which is linked to anlotinib's inhibition of the C-kit gene, thereby impeding tumor cell growth. Neither patient experienced significant toxic side effects, and their quality of life notably improved. In 2019, Case 1 was treated with anlotinib at a monthly expense of 10,227 RMB. Currently, anlotinib is available in hospitals at a monthly cost of 5,760 RMB, a notable reduction from the 2019 price. Anlotinib also offers a free medication policy. After self-paying for 9 courses of anlotinib, patients can receive free medication until disease progression. Therefore, anlotinib could be considered a novel first-line treatment choice, either as a standalone therapy or in combination, for patients with advanced cardiac angiosarcoma presenting with significant pleural or pericardial effusion.

For patients with unresectable angiosarcoma, chemotherapy and radiotherapy are the primary treatment methods, although their efficacy is limited. However, they still provide clinical benefits to patients. Previously, we investigated the use of anlotinib chemotherapy combined with immunotherapy in other types of sarcomas. In a phase II single-arm prospective study, we explored the use of epirubicin in combination with anlotinib as a first-line treatment for advanced unresectable soft tissue sarcoma. The study showed impressive efficacy, with a median progression-free survival (PFS) of 11.5 months, an objective response rate (ORR) of 13.33%, and a disease control rate (DCR) of 80.0%. The safety profile was also good (30). At the 2023 ASCO conference, mid-term data was presented on the safety and efficacy of combining Penpulimab, anlotinib, and epirubicin as a first-line treatment for soft tissue sarcoma. The results showed a median PFS of 10.55 months, an ORR of 12.50% (4/24), and a DCR of 68.75% (14/24), indicating favorable safety. Therefore, the combination of anlotinib and other treatment methods such as chemotherapy, immunization, and palliative radiotherapy is worth further exploration in the treatment of advanced angiosarcoma, in order to maximize patient survival.



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 authors.



Ethics statement

The requirement of ethical approval was waived by Ethics Committee of the Southwest Hospital, Army Medical University (Third Military Medical University for the studies on humans because This article is a retrospective analysis of individual cases, therefore exempting ethics. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements. The human samples used in this study were acquired from a by- product of routine care or industry. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

PY: Conceptualization, Data curation, Investigation, Writing – original draft, Methodology. FX: Data curation, Writing – original draft. BZ: Formal Analysis, Writing – original draft. LG: Writing – review & editing, Methodology. CT: Methodology, Project administration, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

This work was funded by the Army Medical University Foundation of China (XZ-2019-505-015).



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.



References

1. Randhawa JS, Budd GT, Randhawa M, Ahluwalia M, Jia X, Daw H, et al. Primary cardiac sarcoma: 25-year Cleveland clinic experience. Am J Clin Oncol. (2016) 39(6):593–9. doi: 10.1097/COC.0000000000000106

2. Yin K, Luo R, Wei Y, Wang F, Zhang Y, Karlson KJ, et al. Survival outcomes in patients with primary cardiac sarcoma in the United States. J Thorac Cardiovasc Surg. (2021) 162(1):107–115.2. doi: 10.1016/j.jtcvs.2019.12.109

3. Hammami MB, Al-Wawi MZ, Fazel H, Oudih M. Incidence, prognostic significance, and survival outcomes of primary cardiac sarcoma: an updated population-based retrospective study. Anatol J Cardiol. (2021) 25(2):104–10.33583817

4. Bangolo A, Fwelo P, Iyer KM, Klinger S, Tavares L, Dey S, et al. Primary cardiac sarcoma: clinical characteristics and prognostic factors over the past 2 decades. Diseases. (2023) 11(2):74. doi: 10.3390/diseases11020074

5. Stergioula A, Kokkali S, Pantelis E. Multimodality treatment of primary cardiac angiosarcoma: a systematic literature review. Cancer Treat Rev. (2023) 120:102617. doi: 10.1016/j.ctrv.2023.102617

6. Davis JS, Allan BJ, Perez EA, Neville HL, Sola JE. Primary pediatric cardiac malignancies: the SEER experience. Pediatr Surg Int. (2013) 29(5):425–9. doi: 10.1007/s00383-013-3261-4

7. Bugarin-Estrada E, Villanueva-Castro E, Medina-Franco H. Soft tissue angiosarcoma of the breast in a patient with Klippel-Trenaunay-Weber syndrome. Cir Cir. (2018) 86(6):566–9. doi: 10.24875/CIRU.18000306

8. Ogata D, Yanagisawa H, Suzuki K, Oashi K, Yamazaki N, Tsuchida T. Pazopanib treatment slows progression and stabilizes disease in patients with taxane-resistant cutaneous angiosarcoma. Med Oncol. (2016) 33(10):116. doi: 10.1007/s12032-016-0831-z

9. Ray-Coquard I, Italiano A, Bompas E, Le Cesne A, Robin YM, Chevreau C, et al. Sorafenib for patients with advanced angiosarcoma: a phase II trial from the French sarcoma group (GSF/GETO). Oncologist. (2012) 17(2):260–6. doi: 10.1634/theoncologist.2011-0237

10. Khalil DN, Smith EL, Brentjens RJ, Wolchok JD. The future of cancer treatment: immunomodulation, CARs and combination immunotherapy. Nat Rev Clin Oncol. (2016) 13(5):273–90. doi: 10.1038/nrclinonc.2016.25

11. Centofanti P, Di Rosa E, Deorsola L, Dato GM, Patane F, La Torre M, et al. Primary cardiac tumors: early and late results of surgical treatment in 91 patients. Ann Thorac Surg. (1999) 68(4):1236–41. doi: 10.1016/S0003-4975(99)00700-6

12. Butany J, Leong SW, Carmichael K, Komeda M. A 30-year analysis of cardiac neoplasms at autopsy. Can J Cardiol. (2005) 21(8):675–80. doi: 10.1016/s0828-282x(06)70247-1

13. Patel SD, Peterson A, Bartczak A, Lee S, Chojnowski S, Gajewski P, et al. Primary cardiac angiosarcoma—a review. Med Sci Monit. (2014) 20:103–9. doi: 10.12659/MSM.889875

14. Meng Q, Lai H, Lima J, Tong W, Qian Y, Lai S. Echocardiographic and pathologic characteristics of primary cardiac tumors: a study of 149 cases. Int J Cardiol. (2002) 84(1):69–75. doi: 10.1016/S0167-5273(02)00136-5

15. Constantinidou A, Sauve N, Stacchiotti S, Blay JY, Vincenzi B, Grignani G, et al. Evaluation of the use and efficacy of (neo)adjuvant chemotherapy in angiosarcoma: a multicentre study. ESMO Open. (2020) 5(4):e000787. doi: 10.1136/esmoopen-2020-000787

16. Chen TW, Pang A, Puhaindran ME, Maw MM, Loong HH, Sriuranpong V, et al. The treatment landscape of advanced angiosarcoma in Asia-A multi-national collaboration from the Asian sarcoma consortium. Cancer Sci. (2021) 112(3):1095–104. doi: 10.1111/cas.14793

17. Young RJ, Natukunda A, Litiere S, Woll PJ, Wardelmann E, van der Graaf WT. First-line anthracycline-based chemotherapy for angiosarcoma and other soft tissue sarcoma subtypes: pooled analysis of eleven European organisation for research and treatment of cancer soft tissue and bone sarcoma group trials. Eur J Cancer. (2014) 50(18):3178–86. doi: 10.1016/j.ejca.2014.10.004

18. Seddon B, Strauss SJ, Whelan J, Leahy M, Woll PJ, Cowie F, et al. Gemcitabine and docetaxel versus doxorubicin as first-line treatment in previously untreated advanced unresectable or metastatic soft-tissue sarcomas (GeDDiS): a randomised controlled phase 3 trial. Lancet Oncol. (2017) 18(10):1397–410. doi: 10.1016/S1470-2045(17)30622-8

19. Look Hong NJ, Pandalai PK, Hornick JL, Shekar PS, Harmon DC, Chen YL, et al. Cardiac angiosarcoma management and outcomes: 20-year single-institution experience. Ann Surg Oncol. (2012) 19(8):2707–15. doi: 10.1245/s10434-012-2334-2

20. Hirai T, Miwa K, Furusho H, Yasuda T. Coronary intervention for severe stenosis in the ostial right coronary artery with cardiac angiosarcoma: a case report. Eur Heart J Case Rep. (2022) 6(1):ytab505. doi: 10.1093/ehjcr/ytab505

21. Yeh JK, Tsai YS, Chen YP, Roan JN, Chang HY. Right atrium angiosarcoma with feeding vessels from right coronary artery: a case report. Eur Heart J Case Rep. (2022) 6(1):ytac025. doi: 10.1093/ehjcr/ytac025

22. Stacchiotti S, Palassini E, Sanfilippo R, Vincenzi B, Arena MG, Bochicchio AM, et al. Gemcitabine in advanced angiosarcoma: a retrospective case series analysis from the Italian rare cancer network. Ann Oncol. (2012) 23(2):501–8. doi: 10.1093/annonc/mdr066

23. Jiang L, Xu X, Davies H, Shi K. The effect of ifosfamide, epirubicin, and recombinant human endostatin therapy on a cardiac angiosarcoma: a case report. Medicine (Baltimore). (2019) 98(17):e15290. doi: 10.1097/MD.0000000000015290

24. Bejarano L, Jordao MJC, Joyce JA. Therapeutic targeting of the tumor microenvironment. Cancer Discov. (2021) 11(4):933–59. doi: 10.1158/2159-8290.CD-20-1808

25. Viallard C, Larrivee B. Tumor angiogenesis and vascular normalization: alternative therapeutic targets. Angiogenesis. (2017) 20(4):409–26. doi: 10.1007/s10456-017-9562-9

26. Bergers G, Benjamin LE. Tumorigenesis and the angiogenic switch. Nat Rev Cancer. (2003) 3(6):401–10. doi: 10.1038/nrc1093

27. Jiang X, Wang J, Deng X, Xiong F, Zhang S, Gong Z, et al. The role of microenvironment in tumor angiogenesis. J Exp Clin Cancer Res. (2020) 39(1):204. doi: 10.1186/s13046-020-01709-5

28. Apte RS, Chen DS, Ferrara N. VEGF In signaling and disease: beyond discovery and development. Cell. (2019) 176(6):1248–64. doi: 10.1016/j.cell.2019.01.021

29. Ren B, Wang W, Tan J, Yuan B, Chen G, Mo X, et al. Efficacy of anlotinib for the treatment of angiosarcoma of the face and neck: a case report. Front Oncol. (2021) 11:596732. doi: 10.3389/fonc.2021.596732

30. Wang ZM, Zhuang RY, Guo X, Zhang CL, You Y, Chen LS, et al. Anlotinib plus epirubicin followed by anlotinib maintenance as first-line treatment for advanced soft-tissue sarcoma: an open-label, single-arm, phase II trial. Clin Cancer Res. (2022) 28(24):5290–6. doi: 10.1158/1078-0432.CCR-22-1903





CASE REPORT

published: 05 April 2024

doi: 10.3389/fonc.2024.1362347

[image: image2]


Case report: Navigating treatment pathways for cardiac intimal sarcoma with PDGFRβ N666K mutation


Akihiro Nishiyama 1*, Shigeki Sato 1, Hiroyuki Sakaguchi 1, Hiroshi Kotani 1, Kaname Yamashita 1, Koushiro Ohtsubo 1, Keishi Mizuguchi 2, Hiroko Ikeda 2, Kenji Iino 3, Hirofumi Takemura 3 and Shinji Takeuchi 1*


1 Department of Medical Oncology, Kanazawa University Hospital, Kanazawa, Japan, 2 Department of Diagnostic Pathology, Kanazawa University Hospital, Kanazawa, Japan, 3 Department of Cardiovascular Surgery, Kanazawa University, Kanazawa, Japan




Edited by: 

Reto Asmis, Wake Forest University, United States

Reviewed by: 

Numrah Fadra, Mayo Clinic, United States

Bjorn Cools, University Hospital Leuven, Belgium

*Correspondence: 

Akihiro Nishiyama
 an0510@staff.kanazawa-u.ac.jp

Shinji Takeuchi
 takeuchi@staff.kanazawa-u.ac.jp


Received: 28 December 2023

Accepted: 25 March 2024

Published: 05 April 2024

Citation:
Nishiyama A, Sato S, Sakaguchi H, Kotani H, Yamashita K, Ohtsubo K, Mizuguchi K, Ikeda H, Iino K, Takemura H and Takeuchi S (2024) Case report: Navigating treatment pathways for cardiac intimal sarcoma with PDGFRβ N666K mutation. Front. Oncol. 14:1362347. doi: 10.3389/fonc.2024.1362347



In the realm of rare cardiac tumors, intimal sarcoma presents a formidable challenge, often requiring innovative treatment approaches. This case report presents a unique instance of primary intimal sarcoma in the left atrium, underscoring the critical role of genomic profiling in guiding treatment. Initial genomic testing unveiled a somatic, active mutation in PDGFRβ (PDGFRβ N666K), accompanied by MDM2 and CDK4 amplifications. This discovery directed the treatment course toward pazopanib, a PDGFRβ inhibitor, following irradiation. The patient’s response was remarkable, with the therapeutic efficacy of pazopanib lasting for 16.3 months. However, the patient experienced a recurrence in the left atrium, where subsequent genomic analysis revealed the absence of the PDGFRβ N666K mutation and a significant reduction in PDGFRβ expression. This case report illustrates the complexities and evolving nature of cardiac intimal sarcoma treatment, emphasizing the potential of PDGFRβ signaling as a strategic target and highlighting the importance of adapting treatment pathways in response to genetic shifts.
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1 Introduction

Primary cardiac tumors are rare, with an incidence of 0.001%–0.003% worldwide (1), and intimal sarcoma is the most frequent subtype of cardiac sarcoma (2). Intimal sarcoma occurs in the innermost layer of large vessels, such as the pulmonary arteries. The clinical outcome is poor, with a median survival of only 12–13 months after radical surgery (3); thus, the development of effective treatment for intimal sarcoma is an unmet need. Gene profiling analyses of intimal sarcoma revealed that MDM2 amplification and/or overexpression is frequently detected and is now considered one of the criteria for diagnosing intimal sarcoma (2). Moreover, a previous case report suggested that PDGFRβ may be involved in the tumorigenesis of intimal sarcoma (4). However, organized data on genetic findings of cardiac intimal sarcoma are limited.




2 Case description

A 45-year-old male patient, experiencing constitutional symptoms including palpitations and cough for four months, was admitted to Kanazawa University Hospital. Transthoracic echocardiography revealed a 5-cm-sized mass in the left atrium, possibly adhering to the mitral valve leaflets (Figure 1A). This mass resulted in pulmonary hypertension and low cardiac output. Emergent surgical excision of the mass was performed (Figure 1B), and pathological examination confirmed the diagnosis of intimal sarcoma in the left atrium, characterized by MDM2 amplification and overexpression (Figures 1C–E).




Figure 1 | (A) Transthoracic echocardiography image of the primary lesion in the left atrium. (B) Perioperative image of the primary lesion in the left atrium. (C) The primary lesion shows the proliferation of spindle cells with a high nuclear-cytoplasmic ratio, magnification: ×200. (D) Tumor cells in the primary lesion showed positive immunoreactivity for MDM2 (magnification: ×200). (E) Fluorescence in situ hybridization analysis revealed the amplification of MDM2. Signals for MDM2 are presented in red, while those of CEP 12 are shown in green. (F) The left tailor muscle metastatic lesion consists of spindle cells and resembles the primary lesion (magnification: ×200). (G) The tumor cells in the metastatic lesion showed positive immunoreactivity for MDM2, magnification: ×200. (H) Illustration of PDGFRβ N666K using a next-generation sequencing platform as visualized in the Integrative Genomics Viewer.



Subsequently, the patient developed brain metastasis and underwent two sessions of Gamma Knife therapy. Despite these treatments, multiple bone metastases emerged, necessitating chemotherapy with doxorubicin, followed by eribulin. Although these regimens effectively controlled the bone metastases, a new lesion appeared in the left tailor muscle. A biopsy of this muscle mass was performed for comprehensive genomic testing. Histological analysis confirmed the left tailor muscle tumor as a metastatic intimal sarcoma, also displaying MDM2 overexpression (Figures 1F, G). The patient underwent palliative radiation therapy (60 Gy) targeting the left tailor muscle metastasis and continued with eribulin therapy. However, the thoracolumbar and sternal metastases progressed, manifesting as new lesions.

Genomic testing of the left tail muscle metastasis revealed the presence of PDGFRβ N666K mutation, along with the amplification of MDM2 and CDK4, both located on the long arm of chromosome 12 (Figure 1H). The PDGFRβ N666K had an allele frequency of 35.9%, and the copy numbers for MDM2 and CDK4 were 8.48 and 9.09, respectively. Due to pain resulting from the thoracolumbar and sternal metastases, the patient underwent external irradiation (30 Gy). Pazopanib, a sarcoma-approved drug active against PDGFRs, was initiated as a third-line treatment. Prior to the induction of pazopanib, the patient had several irradiated lesions, including metastases in the brain, left tailor muscle, sternum, and thoracolumbar spine, and a non-irradiated left adrenal metastasis. Pazopanib demonstrated a favorable and prolonged effect without requiring dose reduction, with the only side effect being a change in hair color. Unfortunately, 16.3 months after pazopanib initiation, a local recurrence in the left atrium was observed. For non-brain metastatic lesions, the relapse-free survival period was 619 days (Figure 2).




Figure 2 | The clinical course from the initial operation to the local recurrence in the left atrium and the response of metastatic lesions to radiation or pazopanib. *indicated the external irradiation delivered to the left tailor muscle lesion. **indicated the external irradiation delivered to the sternum lesion. The yellow arrowheads show the target lesions.



Salvage surgery was performed to remove the recurrent lesion, but local recurrence was detected after one and a half months. Owing to the inability to undergo another surgery, the patient received palliative radiation therapy for the treatment of a recurrent lesion in the left atrium (Supplementary Figure 1A). Further genomic testing on the left atrium recurrence sample (Table 1) resulted in the establishment of a patient-derived cell line from this sample, after obtaining the ethical review approval and patient consent (Supplementary Figure 1B). The recurrent lesion lacked the PDGFRβ N666K mutation and showed minimal PDGFRβ expression, in contrast to the clear PDGFRβ positivity observed in the primary and left tail muscle metastasis lesions (Supplementary Figures 2A-C).


Table 1 | Difference between first genomic test results and second genomic test results by next-generation sequencing.



Subsequently, new metastatic lesions developed in the right atrium and the greater curvature of the stomach. The patient received palliative radiotherapy to prevent sudden death and gastrointestinal hemorrhage. Ultimately, disease progression occurred 44.6 months after the initial surgery.




3 Discussion

This case of cardiac intimal sarcoma with the PDGFRβ N666K mutation provides significant insights into the molecular landscape of this rare tumor type. Neuville et al.’s study on 42 cardiac intimal sarcomas reported MDM2 overexpression and MDM2/CDK4 amplification (2). Additionally, PDGFRβ mutations, found in 15.3% of patients with intimal sarcomas, have been linked to oncogenesis in mesenchymal tumors (4–6). Notably, PDGFRβ D850V, M772V, R709H, and E472D mutations in intimal sarcoma have been previously documented (4, 5, 7). However, the PDGFRβ N666K mutation detected in our patient is the first instance in intimal sarcoma, underscoring its novelty and importance.

The oncogenic role of the PDGFRβ signaling pathway is further supported by the response of PDGFRβ N666K-transfected Ba/F3 cells to inhibitors like imatinib, nilotinib, or ponatinib, and its ability to induce cancer in vivo (6). The presence of PDGFRβ N666K in the primary lesion and the left tail muscle metastasis, as evidenced by the clear PDGFRβ positivity on the cell membrane (Supplementary Figures 2A, B), suggests that these lesions were driven by this mutation. However, the recurrence’s resistance to pazopanib and the lack of PDGFRβ N666K mutation therein indicate a complex and evolving tumor biology.

Table 2 compares the efficacy of pazopanib in the present patient with those used in previous case reports (8–11). Results showed a significantly longer progression-free survival and better response, suggesting that PDGFRβ mutations may be a viable therapeutic target. However, the CDK4 amplification and loss of CDKN2A observed in the recurrent lesion, coupled with increased sensitivity to abemaciclib, a CDK4/6 inhibitor, over pazopanib (Supplementary Figure 1C), highlight the necessity for tailored treatment approaches (12, 13). Although MDM2 acts as a negative regulator of TP53 by promoting its degradation and inhibiting tumor suppressor activity, the presence of TP53 mutations complicates the therapeutic landscape. Even if MDM2 inhibitors successfully block the MDM2-TP53 interaction, they are incapable of restoring TP53 function due to these underlying TP53 alterations. Regrettably, the presence of a TP53 pathogenic variant precluded participation in studies involving MDM2 inhibitors such as milademetan (14), further emphasizing the need for a focus on alternative pathways influencing the cell cycle, specifically through CDK4 amplification and CDKN2A loss, as pivotal resistance mechanisms.


Table 2 | Efficacy of pazopanib as treatment for intimal sarcoma in the present and previous case reports.



Our study has some limitations. Pazopanib is a multi-kinase inhibitor, which could obscure the specific impact of the drug on the PDGFRβ N666K mutation (10). Furthermore, as four lesions, excluding the left adrenal metastasis, had undergone irradiation before pazopanib administration, the distinct effect of the drug on these lesions remains uncertain.




4 Conclusion

This case highlights the potential of precision medicine for cardiac intimal sarcoma, showcasing the benefits of genomic testing in identifying specific alterations such as PDGFRβ N666K, MDM2 amplification, and CDK4 amplification. The prolonged efficacy observed with pazopanib following irradiation in a PDGFRβ N666K-positive patient emphasizes the potential of targeted therapies in improving the prognosis of patients with cardiac intimal sarcoma. This case report underscores the evolving nature of cancer treatment and the necessity for individualized therapeutic strategies.
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Supplementary Figure 2 | Immunohistochemistry staining of PDGFRβ (Cell Signaling Technology; PDGF Receptor β (C82A3) Rabbit mAb #4564). (A) The primary lesion exhibited an adequate expression of PDGFRβ. (B) The left tailor muscle metastasis lesion demonstrated a high expression of PDGFRβ. (C) The local recurrence lesion in the left atrium had a low expression of PDGFRβ.
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Case Report: Assessment of primary myxofibrosarcoma in the left atrium using multimodal ultrasonography
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Primary myxofibrosarcoma of the heart, a rare cardiac malignancy, was diagnosed in a middle-aged female patient exhibiting progressive dyspnea following transthoracic echocardiography and pathological analysis. Postoperatively, the patient underwent chemotherapy and Lenvatinib mesylate therapy, with regular check-ups confirming her survival. After 10 months the patient is still alive and well.
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Introduction

Primary cardiac tumors are extremely rare, with a reported prevalence of 0.002% to 0.03% in postmortem studies. Myxomas account for approximately 25% of all primary cardiac tumors, while the remainder are benign (1). The majority (95%) of these primary malignant tumors are vascular sarcomas (2). Fibrosarcoma, also known as myxofibrosarcoma, is a rare tumor that can manifest in any chamber of the heart but is most commonly found in the left atrium. The tumor tissue is characterized by the presence of a mucinous stroma (3). Primary cardiac myxofibrosarcoma is very aggressive. Although only a few cases have been reported, studies have shed light on clinical presentation, pathological features, and treatment strategies (4–7). Moreover, the diagnostic value of ultrasonography, particularly cardiac contrast echocardiography, has not been widely discussed.



Case presentation

A 59-year-old woman presented with a two-month history of chest tightness and shortness of breath that worsened significantly in the last 12 h prior to admission. Previous episodes of chest discomfort and dyspnea occurred during physical activity and were alleviated by rest. Upon admission, she was experiencing orthopnea and acute emesis. The patient had a past history of hypertension and diabetes for 2 years. Her breathing sounded slightly rough. Her heart rate was at 104 beats per min, and she had a rhythmic systolic rumble (grade 2/6) in the mitral region but no lower limb swelling.

Laboratory results indicated a serum troponin level of 0.043 ng/ml, normal serum creatinine, and an elevated B-type natriuretic peptide (BNP) level of 3,170 pg/ml. A transthoracic echocardiogram revealed two masses in the left atrial cavity. The larger mass measured 7.2 × 3.2 cm and was located proximally to the mitral valve. The smaller lesion measured 2.5 × 2.4 cm and was directly linked to the mitral valve. The masses were characterized by irregular shapes, clear boundaries, and uneven echogenicity. During diastole, the small mass prolapsed into the left ventricular inflow tract, generating a 35 mmHg pressure differential. The transthoracic echocardiogram also found mitral orifice obstruction with mild regurgitation; moderate pulmonary hypertension; mild tricuspid regurgitation; small amount of pericardial effusion, Pressure difference halved time 149 ms, and no significant abnormalities were observed in the residual valves. Some specific data is shown in Table 1. Based on ultrasound findings, a preliminary diagnosis of a left atrial mass was made, with suspicion of malignancy.


TABLE 1 Transthoracic echocardiogram data.

[image: Table 1]

Contrast-enhanced echocardiography was recommended, revealing rapid perfusion of the contrast material into the right and left atria and ventricles. After a few cardiac cycles, the mass was substantially enhanced, almost matching the surrounding myocardium, confirming the likelihood of a malignant tumor (Figure 1, Supplementary Video 1).


[image: Figure 1]
FIGURE 1
The larger mass close to the mitral valve.


On February 8, 2023, the patient underwent surgery for the left atrial lesions. The surgical approach was median sternotomy. cardiopulmonary bypass was used in the surgery through Aortic Cannulation and bicaval cannulation. More than 2 lesions, with different sizes, were found in the left atrial. The cardiac tumors exhibited fragility and spanned from the roof of the left atrium to the edge of the mitral valve. The left atrial tumors were excised en block, accompanied by the removal of a portion of the endocardium. Finally, a 3 cm × 4 cm size Cow pericardial patch was used to rebuild the atrial septum. Subsequent to the surgical procedure, postoperative pathology analysis identified a cardiac malignant tumor consistent with myxofibrosarcoma. This diagnosis was substantiated through immunohistochemistry and microscopic morphology examination (Figures 2, 3). Immunohistochemical staining results were as follows: CK(AE1/AE3)(−), EMA(−), Vimentin(+), CD31(−), CD34(−), D2-40(−), Desmin(−), SMA(small amount+), MyoD1(−), S-100(−), Ki-67(+ approximately 30%); F8(−), Actin(−), MSA(−), caldesmon(+), B-catenin(−), HMB45(−), SOX-10(−), CD117(−), DOG-1(−), TFE3(+).calretinin(−), WT-1(+), Bcl-2(−), CD99(+).


[image: Figure 2]
FIGURE 2
Primary myxofibrosarcoma of the left atrium.



[image: Figure 3]
FIGURE 3
Smooth muscle actin positive.


The patient recovered well after surgery without any surgical complications. The symptoms of chest tightness and shortness of breath disappeared when the patient was discharged. PET-CT examination was performed after the operation, revealing that the patient had multiple metastatic lesions in the liver and left femur. Subsequently, the patient underwent 6 cycles of chemotherapy, comprising albumin-bound Paclitaxel 200 mg, Liposomal Doxorubicin 40 mg, and Anlotinib 10 mg.

At 8 months post-surgery, a 41 × 24 mm mass in the left atrium was detected using transthoracic echocardiography. The lesion had an irregular shape, uneven echogenicity, and an ill-defined boundary with the atrial septum. The maximum velocity of blood flow through the mitral valve was measured to be 1.39 meters per s. The maximum and mean pressure gradients across the valve were found to be 8 and 4 mmHg, respectively. During the contrast-enhanced ultrasound examination, perfusion of the contrast agent was observed in the mass. However, the enhancement degree was lower than that of the adjacent myocardium, leading to the diagnosis of tumor recurrence. (Figure 4, Supplementary Video 2). Considering tumor recurrence, Lenvatinib Mesylate was added as an anti-tumor therapy. The patient was followed up monthly in our hospital. Having gone through the series of treatments (Table 2), she complained of nothing but feeling a little weakness with firm support from family members and meticulous care from medical staff, she kept an Optimistic attitude.


[image: Figure 4]
FIGURE 4
Recurrent tumor in the left atrium.



TABLE 2 A timeline with relevant data.

[image: Table 2]



Discussion

Left atrial myxofibrosarcoma is usually characterized by low or moderate echogenic masses attached to the left atrial valve or wall (3). These lesions often exhibit unclear boundaries from surrounding normal tissue, irregular shapes, and uneven echogenicity. Additionally, they are frequently large, sessile, and possess a broad base. They may also invade the pulmonary veins and exhibit other features. In the present case, one of the masses oscillated around the mitral valve orifice during the cardiac cycle, obstructing the valve orifice during diastole. This resulted in symptoms of mitral stenosis, such as chest tightness and dyspnea. Distinguishing left atrial myxofibrosarcoma from left atrial myxoma is crucial. The American Society of Echocardiography guidelines recommend the differentiation of intracardiac masses using ultrasound enhancement agents (8). Benign cardiac tumors, predominantly myxomas, typically exhibit sparse neovascularization, with the myxoid matrix composed of acidic mucopolysaccharides (9, 10). In contrast, malignant tumors, such as myxofibrosarcomas, grow rapidly and feature abundant new blood vessels, densely distributed with a dilated lumen, resulting in significant enhancement during angiography (11). Of note, conventional ultrasonography revealed that the mass had an irregular shape, uneven echogenicity, no peduncle, and a wide base, which required differentiation from a thrombus. Of note, thrombi do not exhibit enhanced imaging due to a lack of blood vessel supply, a feature distinguishing them from malignant tumors (8, 12). Postoperatively, a follow-up transthoracic echocardiography was conducted 8 months later, unveiling the recurrence of the tumor in the left atrium. Further characterization through contrast-enhanced ultrasound indicated sparse enhancement of the left atrial mass, with the degree of enhancement lower than that observed in the surrounding myocardium.

This observation contrasts with the preoperative contrast-enhanced ultrasonography, which demonstrated significant enhancement in the mass akin to the adjacent myocardium. The altered enhancement pattern may be attributed to the effects of chemotherapy and Lenvatinib Mesylate. Lenvatinib Mesylate is a tyrosine kinase (RTK) receptor inhibitor that inhibits the kinase activity of the vascular endothelial growth factor (VEGF) receptors VEGFR1(FLT1), VEGFR2(KDR) and VEGFR3(FLT4). Moreover, it also inhibits RTKs involved in other proangiogenic and tumorigenic pathways, including fibroblast growth factor (FGF), receptors FGFR1, 2, 3, and 4, and platelet-derived growth factor (PDGF) receptors PDGFRa, KIT, and RET.

According to case reports and guidelines, the most widely adopted treatment strategies are surgery combined with chemotherapy and targeted anti-tumor drugs (3, 7, 8, 10). However the outcomes are not satisfactory, the median survival for patients that had complete surgical resection was 17 months compared to 6 months with incomplete resection. Reviewing the entire treatment process, the left heart tumor grew into the left atrium and obstructed flow, thereby presenting with heart failure and high BNP. For this reason, surgery was indicated urgently for the relief of symptoms. But the shortage of this case is the time of PET-CT examination. We could know more about the situation of the patient if the PET-CT was completed before surgery. Since PCT-CT is very expensive, self-funded, and not reimbursed by medical insurance, not everyone can afford it.

Multimodal ultrasound technologies, including two-dimensional echocardiography, color Doppler, and Contrast-enhanced echocardiography, were used to diagnose myxofibrosarcoma and detect hemodynamic changes in this case.

When considering the therapeutic options for primary cardiac myxofibrosarcoma (MFS), it is evident that beyond early diagnosis, identifying the most effective treatment strategy is crucial. Emerging genomic approaches offer promising tools for stratifying patients based on their chemosensitivity, allowing for a more personalized and targeted treatment plan. The study showed that Comparative genomic analysis between myxofibrosarcoma and undifferentiated pleomorphic sarcoma patient samples has pinpointed distinct genetic expressions, with certain genes being up-regulated in UPS and others in MFS (13). Genomic profiling of 7,494 sarcomas, representing a diverse range of histologies, can potentially alter or refine diagnostic outcomes for over 10% of cases. This approach uncovers targetable genetic aberrations in approximately 31.7% of patients, with specific kinase rearrangements noted in 2.6% and a significant tumor mutational burden in 3.9%, thereby enhancing therapeutic decision-making in sarcoma treatment (14). Although this study did not incorporate genomic analysis, we acknowledge the importance of such methodologies and recommend their consideration in future research to enhance our understanding of tumor biology and chemotherapeutic sensitivity.

This study has several limitations that warrant acknowledgment. Firstly, due to financial constraints, a preoperative PET-CT scan was not performed on the patient, which limited our comprehensive assessment of tumor metastasis. Secondly, while we utilized multimodal ultrasonography for detailed tumor evaluation, the study did not include genomic analysis that could have provided further insights into the tumor's characteristics and response to chemotherapy. Additionally, the small sample size may limit the generalizability of our findings to the broader population of MFS patients. Future studies should aim to include a larger cohort and consider integrating genomic analyses to refine treatment strategies.



Summary

Early detection and treatment of cardiac myxofibrosarcoma are paramount, given its rapid progression and rarity. The integration of echocardiography with contrast-enhanced ultrasound enhances the diagnostic accuracy of cardiac myxofibrosarcoma, facilitating precise diagnosis and aiding in treatment planning. Given the potential for incomplete tumor resection, vigilant follow-up is imperative, and we advocate for echocardiographic monitoring every 3 months. As of the latest update, the patient is still alive and is undergoing regular check-ups.
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Primary cardiac malignancies are rare, with cardiac sarcomas being the main type. Among these, intimal sarcomas are the most common. However, they tend to occur in the great vessels and are rare in the heart, with only a few isolated cases reported. We report a challenging case of a patient with left atrial intimal sarcoma with rhabdomyosarcoma differentiation. The patient was admitted after a physical examination detected left heart occupancy, and initial imaging suspected a left atrial thrombus. The patient then underwent extracorporeal circulation-assisted open cardiac surgery with resection of an atrial mass. The postoperative pathological findings were suggestive of an arterial intimal sarcoma, which included areas of rhabdomyosarcoma differentiation within the tumor tissue. Unfortunately, the patient’s tumor recurred 4 months later, and she died due to treatment failure. This case highlights the rarity and risk of misdiagnosis of cardiac intimal sarcoma. Additionally, we aim to improve the understanding of intimal sarcoma through a review of immunohistochemistry and gene amplification techniques.
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Introduction

Primary cardiac tumors are rare, with an incidence of 0.001–0.03% based on autopsy results, of which approximately 25% are malignant (1). Primary cardiac malignancies lack specific clinical manifestations. Intracardiac masses can obstruct blood flow and invade cardiac valves, causing symptoms of congestive heart failure, including syncope, dyspnoea, angina pectoris, and peripheral oedema (2). Various arrhythmias may be associated with the formation of scar-like material around the sarcoma tissue, and some tumors may invade the pericardium (3).

Intimal sarcoma (IS) is an extremely rare malignant mesenchymal tumor and is also known as a spindle cell tumor, which occurs mostly in large vessels such as the pulmonary arteries and less commonly in the heart (4). Neuville et al. retrospectively analyzed 100 primary cardiac tumors and classified them according to murine double minute 2 (MDM2) amplification and found that ISs were the most common among primary cardiac malignancies (42%); they are characterized by rapid invasion into the lumen, possessing high mitotic activity (5); and because of the heterogeneous nature of IS, which, based on morphology and immunohistochemistry, is speculated to originate from subendothelial multifunctional stem cells that can differentiate into vascular, rhabdomyosarcoma or osteosarcoma histotypes, has led to the need for genetic testing, in addition to morphological and immunohistochemical tests, if necessary, in determining the final diagnosis (6, 7). Due to the rarity of these diseases, there is a lack of standard treatment and surgical resection is still the preferred option. These tumors have a high degree of malignancy, susceptibility to recurrence and metastasis, and a very poor prognosis. Here, we will describe a case of IS of the left atrium in a patient with postoperative histologic findings suggestive of IS with areas of rhabdomyosarcoma differentiation.





Case presentation

A 78-year-old woman presented to the outpatient clinic for “COVID-19” infection. Transthoracic echocardiography (TTE) revealed a left atrial hypoechoic mass measuring 85 mm × 55 mm × 35 mm. This mass was located in the left atrium and had a wide base connecting it to the left atrial wall. During diastole, part of the hypoechoic mass was visible, allowing blood flow to be expelled into the left ventricle through the mitral valve orifice. Additionally, mild mitral regurgitation was observed. Notably, TTE showed that the left ventricular ejection fraction (LVEF) was preserved at 68% (Figure 1), and the patient did not present any symptoms regarding the cardiovascular system. An enhanced computed tomography (CT) scan of the chest, abdomen, and coronary arteries on admission showed a filling defect in the left atrium, which was likewise considered to be atrial tethering (Figure 2). Cardiac CT and coronary angiography showed coronary atherosclerosis, including moderate stenosis of the left anterior descending branch in the middle part of the lumen and slight stenosis of the distal part of the right coronary artery. In addition, several suspicious lymph nodes were found in the mediastinum and adjacent to the great vessels. Laboratory tests revealed an N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) level of 1030 pg/mL (normal range <450 pg/mL for those under 50 years old and <900 pg/mL for those over 50 years old) and a fibrinogen level of 4.88 g/L (normal range 2–4 g/L). The remainder of the admission tests did not indicate any abnormalities.




Figure 1 | (A) Sternal fat left ventricular long-axis view: a hypoechoic mass is seen in the left atrium, and some of this hypoechoic mass is seen entering the left ventricle during diastole through the mitral orifice. (B) No obvious blood flow is seen in the mass. (C) Pulsed Doppler flow spectra at the mitral valve orifice: mild mitral regurgitation.






Figure 2 | (A) Initial admission preoperative enhanced CT scan of the chest and abdomen: arrows indicate a homogeneous low-density mass almost entirely occupying the left atrium, extending into the left auricle and pulmonary artery opening. (B) Readmission CT tomography scan of the chest at 4 months postoperatively: tumor recurrence is seen at the arrows.



The patient underwent resection of the atrial tumor due to the large size of the mass and impaired valve function. During the surgery, we observed greyish-yellow and greyish-white tissue almost filling the left atrium. The mass had a solid, greyish-yellow, translucent section with focal necrosis (Figure 3). We performed a complete resection of the mass along its tip and used radiofrequency ablation to excise a small mass located between the pulmonary artery opening and the left atrium. No residual tumor mass was visible to the naked eye. We clipped a pericardial patch to fill the defect in the posterior wall of the left atrium. Additionally, a drainage tube was placed in the right thoracic cavity to facilitate the drainage of the pleural effusion. The endotracheal tube was removed two days after the operation, and the patient had a successful recovery. Postsurgery, bedside DR screening revealed scattered exudates in both lungs and pleural effusion without any notable features. The patient did not exhibit symptoms of heart failure, such as shortness of breath. On the 7th day after the operation, the patient was discharged from the hospital and started receiving palliative care. Further adjuvant radiotherapy and chemotherapy measures were not pursued.




Figure 3 | (A) Surgical resection of the cardiac mass. Postpathological histology and immunohistochemistry. (B-E) Under the microscope, the tumor was composed of dense and sparse cells, the tumor cells were spindle-shaped, with poorly defined cell boundaries, pale cytoplasm, long oval nuclei, obvious anisotropy, easy-to-see nuclear schizophrenia, and mucus-like stroma in the sparse cell area. Some of the cells are rich in cytoplasm and reddish stained, and the nuclei were biased to one side.



In the postoperative routine pathological evaluation, the tumor was microscopically observed to consist of a dense cellular zone and a sparse cellular zone. The tumor cells had an oval shape and were clearly anisotropic, with long, oval nuclei, pale cytoplasm staining, weakly defined cell borders, and apoptosis fragmentation that was easily noticeable. Certain cells had rich, reddish-stained cytoplasm, and their nuclei were skewed to one side. In the sparse cellular zone, the visual appearance of the stroma resembled mucus. The immunohistochemistry results revealed that vimentin, CD99, CD34, CD31, and CD56 were all positive. Desmin, SMA, MyoD1, and myogenin all showed focal positive expression, although 10% of the samples had Ki67. MDM2, S-100, β-catenin, STAT6, EMA, H3K27M, H3K27Me3, P16, GFAP and CD57 all yielded negative results (Figure 3). The tumor was confirmed to be IS and rhabdomyosarcoma based on the immunohistochemical results and the final pathologic evaluation.

However, after the fourth month of surgery, she was readmitted to the hospital with severe heart failure symptoms, and a bedside TTE revealed a solid left atrial space causing mitral orifice obstruction, tricuspid regurgitation (moderate-to-severe), severe pulmonary hypertension, and a chest CT scan revealed a hypodense shadow in the left atrium and a large amount of pleural effusion. (Figure 2), We considered tumor recurrence and started urgent anti-heart failure therapy. The patient’s oxygen saturation level was extremely low, and we performed ventilator-assisted ventilation. However, on the second day after admission, the patient’s shortness of breath worsened, her consciousness appeared fuzzy, and she passed away after resuscitation (Figure 4).




Figure 4 | Complete timeline, including diagnosis (surgery) and treatment.







Discussion

Cardiac IS are rare, primarily originating in the left heart, with a lack of specificity in clinical presentation. They are often incidentally detected due to comorbidities of other diseases, typically over 40 years old. Patients with IS may be asymptomatic or have clinical manifestations of mechanical obstruction or atrioventricular block secondary to the location of the mass, and Rahmouni et al. reported a patient with IS presenting with cardiogenic shock (8). As we have reported in this article, the patient did not present with any cardiac-related symptoms at the time of her initial visit and was only accidentally found to have a cardiac occupancy on physical examination, and the TTE and CT scan revealed that an atrial thrombus was a possibility. However, the patient denied a history of atrial fibrillation, and coagulation tests did not suggest abnormally elevated levels of D-dimer, so we ruled out an atrial thrombus. The most likely diagnosis was “cardiac myxomas”, and surgery was performed for “left atrial cardiac myxomas”. After completing the histopathological examination, we established the diagnosis of IS and found areas of rhabdomyosarcoma differentiation microscopically, which was supported by the focal positivity of immunohistochemistry for MyoD1 and myogenin, which is rare in cardiac IS. The classification of similar tumors in the heart remains difficult due to the lack of diagnostic consensus among soft tissue pathologists, and the diagnosis of undifferentiated pleomorphic sarcoma versus IS is currently debatable due to the extreme similarities in their biological behaviors. However, based on the cases that have been reported and the related reports, the diagnosis of IS is preferred when the following two basic criteria are met: ① occurrence within the lumen of a large blood vessel in the pulmonary or systemic circulation or within the lumen of the heart; and ② a primary high-grade sarcoma, with or without an anisotropic component (9). Moreover, histopathological and immunohistochemical examinations are important. Immunohistochemistry of IS shows positive MDM2 expression, but MDM2 is eventually overexpressed and amplified by fluorescence in situ hybridization (FISH), quantitative PCR (qPCR) or array comparative genomic hybridization (CGH) to distinguish IS and other cardiac sarcoma tissue subtypes (10). Currently, the classification of cardiac sarcomas is based on histological features. Nevertheless, understanding its molecular characteristics is important for understanding the unique biology of IS and may assist in the use of molecularly targeted agents (1).Chen et al.’s preliminary investigation of 70 primary cardiac sarcomas after molecular analysis revealed potentially actionable aberrations, including MDM2 and PDGFRA amplification. Fu et al.’s analysis of 410 cancer-associated gene copy numbers from a patient with IS identified PDGFRA, MDM2, KIT genomic amplification, and CDKN2A and CDKN2B deletions in that case, confirming the emerging concept of considering PDGFR signaling as a diagnostic biomarker specific for IS (11). Tamborini sequenced the mutational hotspots of the corresponding genes and showed that these genes had no gain-of-function alterations, further supporting the notion that autocrine/paracrine loops may be responsible for receptor activation, insights that justify the use of PDGFR small-molecule inhibitors (such as imatinib, sunitinib, and nilotinib) either alone or in combination with other therapies (6).

We went through many twists and turns in determining the diagnosis. In fact, the IS is uncommon and the initial pathologic and radiologic features may be confused with those of other malignant or even benign cardiac tumors (12). Multimodal noninvasive imaging techniques play a complementary role in the preoperative diagnosis of cardiac tumors, including noninvasive and rapid TTE for the evaluation of the localization of the mass as well as the structures it invades. Typical myxomas mostly adhere to the interatrial septum with a smooth and shiny surface, and they are usually pedicled and attached to the ovale fossa (13). However, in our case, the mass observed on echocardiography was identified as being attached to the free wall of the left atrium. Furthermore, the attachment of the mass was broad, which indicates a sign of malignancy. CT can assess tissue features, vascularity, adjacent infiltrates and extracardiac metastases, and cardiac magnetic resonance imaging (MRI) is the standard diagnostic tool (14). 18F-FDG positron emission computed tomography (PET/CT) infers the presence of a malignant process based on the FDG uptake of the mass, and IS has a high FDG uptake (15, 16).

For IS, complete surgical resection is preferred (17). However, this is often impossible due to the surrounding vital structures, making tumor recurrence unavoidable, and in this case, it was rare to have such a rapid recurrence at only 4 months. In addition to this, the prognosis for IS remains very poor, with most primary cardiac malignancies having a survival of only 9 to 27 months (1). Anthracycline-based chemotherapy regimens are a potentially effective medical option for IS. Frezza’s retrospective analysis of two chemotherapy regimens in 72 patients with IS showed that the real-world overall response rate (rwORR) was 38% in the anthracycline-based treatment group (18). For patients with localized disease, the median recurrence-free survival (RFS) was 14.6 months, and for patients with advanced disease, the median progression-free survival (PFS) was 7.7 months. For gemcitabine and pazopanib, the rwORR was 8%, and the median PFS was 3.2 and 3.7 months, respectively. Because of the significant risk of radiation-induced heart disease following high-dose radiotherapy in heart radiotherapy, high-dose radiotherapy is rarely used in cardiac malignancies, forcing clinicians to adopt a reduced-dose or segmented approach to radiation therapy, Fatima et al. observed superior survival in patients who received 40–50 Gy of postoperative radiation therapy compared with surgery alone (19).

We finally clarified the diagnosis of a malignant tumor: IS, which determined the possible future treatment, although this was based on the final postpathological histology and immunohistochemistry. In our case, we have summarized several key insights: First, IS symptoms are insidious, as in our patient, who did not present with cardiac discomfort prior to surgery. Secondly, non-invasive imaging tests other than PET/CT seem to have difficulty in recognizing the features of IS. Finally, diagnosis and surgery as early as possible will provide patients with more therapeutic options, including radiotherapy and chemotherapy.





Conclusion

Given the complexity of IS and their poor prognosis, the mass should be accurately evaluated preoperatively. Patients with atrial fibrillation are at risk of atrial thrombosis, whereas left ventricular thrombosis is associated with impaired left ventricular contraction (20). To achieve negative intraoperative margins as much as possible, when tumor resection is limited, patients with defined tumor subtypes may benefit from gene-targeted therapy with PDGFRA or MDM2, especially for those with less differentiated IS.
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Cardio-oncology is a new field of interest in cardiology focusing on the detection and treatment of cardiovascular diseases, such as arrhythmias, myocarditis, and heart failure, as side-effects of chemotherapy and radiotherapy. The association between chemotherapeutic agents and arrhythmias has previously been established. Atrial tachyarrhythmias, particularly atrial fibrillation, are most common, but ventricular arrhythmias, including those related to treatment-induced QT prolongation, and bradyarrhythmias can also occur. However, the association between chemotherapeutic agents and atrioventricular re-entrant tachycardia (AVRT)/atrioventricular node re-entrant tachycardia (AVNRT) remains poorly understood. Here, we report a patient with new-onset AVRT/AVNRT and lung cancer who underwent chemotherapy. We considered that chemotherapy or cancer itself may have been a trigger for the initiation of paroxysmal AVRT/AVNRT, and that radiofrequency catheter ablation was effective in treating this type of tachycardia. Here, possible mechanisms and potential genes (mostly ion channels) involved in AVRT/AVNRT are summarized and the mechanisms underlying the possible regulatory patterns of cancer cells and chemotherapy on ion channels are reviewed. Finally, we considered that ion channel abnormalities may link cancer or chemotherapy to the onset of AVRT/AVNRT. The aim of the present study was to highlight the association between chemotherapeutic agents and AVRT/AVNRT and to provide new insights for future research. Understanding the intermediate mechanisms between chemotherapeutic agents and AVRT/AVNRT may be beneficial in preventing chemotherapy-evoked AVRT/AVNRT (and/or other arrhythmias) in future.
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1 Introduction

Cancer is a major disease threatening human health, accounting for nearly one in six deaths (1). Some cancers that have historically been associated with high fatality and mortality rates now have high cure rates, converting malignancy into a chronic disease (2). However, an increasing number of patients with cancer are at risk of the adverse effects of cancer therapy. Cancer therapy-related cardiac dysfunction is a serious side-effect of chemotherapy, occurring in approximately 10% of patients (3). Cancer therapy has been linked to myocyte damage, such as heart failure, thrombogenesis, pericardial pathology, hypertension, ischemia, vasospasm, and myocarditis (4–6). However, few reports have addressed cancer treatment-induced arrhythmia until recently.

Chemotherapeutic agents, such as anthracyclines, alkylating agents, antimetabolites, histone deacetylase (HDAC) inhibitors, immunomodulatory drugs, platinum compounds, proteasome inhibitors, multitargeted tyrosine kinase inhibitors, vascular endothelial growth factor (VEGF) signaling pathway inhibitors, and immune check point inhibitors, are suggested to be associated with a broad range of arrhythmias, including sinus bradycardia and tachycardia, premature atrial complexes, supraventricular tachycardia (SVT), premature ventricular complexes (PVCs), and ventricular tachycardia (VT) (2, 7–11). Accelerated apoptosis, inflammation, mitochondrial dysfunction, oxidative stress, and impairment of intracellular calcium (Ca2+) handling have been implicated in cancer therapy-induced arrhythmia (12–14). However, the detailed mechanisms through which chemotherapeutic agents cause arrhythmia remain unclear.

In terms of various arrhythmias, previous studies have reported the association between chemotherapeutic agents and SVT. SVT can be categorized as follows: atrioventricular re-entrant tachycardia (AVRT), atrioventricular node re-entrant tachycardia (AVNRT), atrial tachycardia, sinus tachycardia, sinus nodal re-entrant tachycardia, inappropriate sinus tachycardia, multifocal atrial tachycardia, junctional ectopic tachycardia, and non-paroxysmal junctional tachycardia. AVNRT and AVRT are types of paroxysmal supraventricular tachycardia (PSVT) that result from the presence of congenital re-entry circuits long before the development of cancer (15, 16). Currently, the association between cancer therapy and re-entrant tachycardia, such as AVNRT and/or AVRT, is poorly established.

Here, we report a case of new-onset AVRT/AVNRT in a patient with lung cancer who underwent chemotherapy. This case suggests that chemotherapy for cancer, or even the cancer itself, might be a possible trigger for the onset of AVRT/AVNRT. Moreover, as the direct mechanisms underlying cancer therapy-induced arrhythmia (especially AVNRT/AVRT) remain unclear, we summarize relevant evidence from available mechanistic studies. This study may provide insights into the development of new strategies and drugs to prevent and treat cancer therapy agent-induced arrhythmias.



2 Case report


2.1 Chemotherapy as a trigger for AVRT/AVNRT

A 65-year-old man with a history of lung cancer and chemotherapy, admitted to hospital on 4 October 2023 with a 2-week history of right-sided chest pain, was diagnosed with lung adenocarcinoma (LUAD) (cT2N2MIaIVa). The patient denied a history of hypertension, diabetes, mental illness, or cardiovascular/cerebrovascular disease and did not receive any daily pharmacological treatment. The patient did not refer to any arrhythmia relevant to his medical history. On 12 October 2023, he was treated with pemetrexed and nedaplatin (NDP; intravenous injection) and endostatin (intrapleural infusion). On 30 October, he received a bevacizumab intravenous injection. During the course of the disease, the patient's serum electrolyte level was dynamically monitored, and the electrolyte balance was basically maintained; in particular, the serum potassium level was maintained at approximately 4.0–4.5 mmol/L. On 5 November, he complained of hourly palpitations and tachycardic episodes. A 12-lead electrocardiogram (ECG) showed a narrow QRS complex tachycardia (Figure 1A), which was refractory to intravenous therapy with propafenone and adenosine triphosphate. A subsequent transesophageal electrogram indicated a possible slow-fast AVNRT and orthodromic AVRT (Figures 1B–D). After obtaining patient and family consent, electrophysiology study and radiofrequency catheter ablation were performed using the Carto 3™ system. A decapolar catheter was advanced into the coronary sinus (CS) and a quadripolar catheter was positioned in the right ventricular apex. The patient was in normal sinus rhythm at baseline with proximal to distal coronary sinus activation. During the electrophysiology study, fixed retrograde atrial conduction was observed under ventricular pacing, with the earliest atrial activation at CS7/8. Coronary sinus pacing showed the jump-up phenomenon, and a narrow QRS tachycardia was stably induced. A combined analysis of electrophysiology study with transesophageal electrogram, a left posterior septal accessory pathway, and AVNRT were considered. The ablation catheter gained access to the left ventricle via a retrograde aortic approach, and the earliest atrial activation and local VA fusion was detected at CS7/8 under ventricular pacing (Figure 2A). After ablation with a 35 W discharge, the earliest atrial activation changed to CS1/2 with ventricular pacing (Figure 2B). Therefore, the patient appeared to have another concealed left lateral accessory pathway (Figure 2C). After ablation with a 35 W discharge, the local VA fusion was separated under ventricular pacing. Ventricular decremental pacing and ventricular extrastimuli did not demonstrate ventriculoatrial conduction anymore, while atrial extrastimulus testing demonstrated dual AV node physiology. During the coronary sinus stimulation with S1S2, the jumping phenomenon was observed, even though it could not induce tachycardia. After intravenous infusion of isoproterenol, coronary sinus stimulation revealed the jumping phenomenon and induced narrow QRS wave tachycardia stably. During tachycardia, the retrograde A wave in the coronary sinus electrode remained in a straight line, leading to the diagnosis of slow-fast atrioventricular nodal re-entrant tachycardia. A slow pathway ablation was performed (Figure 2D), eliminating the dual AV node physiology even with programed atrial stimulation with and without isoproterenol. The patient reported no palpitations during a follow-up phone call 4 months after the procedure.


[image: Figure 1]
FIGURE 1
Patient characteristics: (A) 12-lead electrocardiogram showed a small-complex supraventricular tachycardia; (B) esophageal electrocardiogram showed RP’ < P’R and RP’ interval of 120 ms in V1; (C,D) jumping phenomenon caused by S2R stimulation.
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FIGURE 2
Electrophysiology study was performed with zero-fluoroscopy-approach-guided Carto 3TM system. (A) The earliest atrial activation was at CS7/8 with fixed retrograde atrial conduction under ventricular pacing. (B) The earliest atrial activation changed to CS1/2 with fixed retrograde atrial conduction under ventricular pacing. (C) The ablation targets of left lateral and septal accessory pathways. (D) The ablation targets of slow pathway modification. Red dots: ablation target; yellow dots: His bundle.




2.2 Genes/pathways associated with AVRT/AVNRT

AVNRT occurs when a re-entry circuit is formed within or in close proximity to an AV node (17). Dual AV nodal conduction is a congenital abnormality that develops during prenatal cardiogenesis (18). AVRT is a macro-re-entrant tachycardia with an anatomically congenital circuit consisting of two distinct pathways (19). While these are congenital abnormalities, some studies have reported that the onset of AVNRT/AVRT can be triggered through several factors.

AVNRT is twice as common in women as in men and is the most common arrhythmia encountered during pregnancy, with approximately 44% of patients with known AVNRT experiencing symptoms during pregnancy (20, 21). Women with AVNRT are known to be significantly younger at symptom onset than men (22); therefore, sex hormones may also trigger tachycardia.

It has been suggested that AVNRT is an ion channel disease. Familial clustering indicates the involvement of genetic factors in AVNRT pathophysiology. Andreasen et al. reported that 26.4% of patients with AVNRT had ≥1 variant in genes affecting sodium handling, namely, SCN3A, SCN5A, SCN10A, SCN8A, SCN4A, SCN1A, SCN2B, and SCN9A, and 19.0% of patients with AVNRT had variants in genes affecting calcium handling (RYR2, RYR3, CACNB2, ATP2A2, CACNA1C, CACNA1D, CACNA1I, and CACNA1G) in the heart. Moreover, variants in HCN1–4 and KCNE3 have also been associated with AVNRT (23).

One study performed whole-exome sequencing (WES) in 82 patients with AVNRT and in 100 controls. They reported that the genes SCN1A, PRKAG2, RYR2, CFTR, NOS1, PIK3CB, GAD2, and HIP1R and the related pathways mediated by these genes, such as neuronal system/neurotransmitter release cycles or ion channels/cardiac conduction, might be involved in AVNRT (24, 25).

In terms of another type of PSVT, AVRT had a similar incidence in both young and older adults. The male/female ratio was similar across all age ranges (26). Familial Wolff–Parkinson–White syndrome (WPW), which is a common cause of AVRT, is well recognized as a cardiovascular disease, partly due to mutations in genes such as PRKAG2 (27, 28). Pathogenic variants of MYH7 and rare de novo variants of genes associated with arrhythmia and cardiomyopathy (ANK2, NEBL, PITX2, and PRDM16) have been suggested as the genetic basis of WPW (29).

Therefore, compared with AVRT, AVNRT appears to be more intricately linked to ion channels if not caused by ion channel dysfunction, and the onset of symptoms is largely influenced by ion channels (Figure 3).


[image: Figure 3]
FIGURE 3
Genes that are potentially associated with AVNRT and AVRT.




2.3 Regulation of ion channels in cancers

Previous studies have reported the dysregulation of ion channels in cancer cells. One study reported that the voltage-gated K+ channel of Kv10.1 (EAG1) was aberrantly expressed in human pancreatic ductal adenocarcinoma (30). Moreover, EAG1 channels have been detected in approximately 70% of tumor biopsies originating from various cancers (31). Another K+ channel, KCNQ1 (potassium voltage-gated channel subfamily Q Member 1), is also associated with the development of colorectal cancer (CRC) (32). In breast and prostate cancers, decreased expression of the K+ channel KCNA3 has been found to be associated with an increased tumor grade. The K+ channel HERG1 (KCNH2) is upregulated in CRCs. The K+ channels EAG2 (KCNH5) and KCNT2 are highly expressed in the medulloblastoma of pediatric brain tumors. KCNA5, KCNQ1, and KCNN4 are also abnormally expressed in certain cancers (33).

Na+ channels include the voltage-gated sodium channel (VGSC) and ligand-gated sodium channel (LGSC) subfamilies. VGSC contains nine subtypes of Nav1.1–Nav1.9, including both α and β subunits. The expression of Nav1.5, Nav1.6, and Nav1.7 is upregulated in many cancer types, such as prostate, breast, lung, and cervical cancer, and leukemia (34).

Dysregulation of Ca2+ channels has also been shown to be involved in the development of various types of cancer (35, 36). For example, in breast cancer, prostate cancer, and leukemia, the voltage-gated Ca2+ channels are upregulated (37). Notably, ion channel-related proteins in cancer cells are secreted by small extracellular vesicles (sEVs). Proteomic profiling of small extracellular vesicles secreted by human pancreatic cancer cells has shown the presence of KCNN4, KCNK5, and KCNMA1 in extracellular vesicles (38). KCNN4 has also been reported to be detectable in cancer extracellular vesicles in breast, colon, and melanoma cancers. KCNAB3 is expressed in the extracellular vesicles of ovarian cancer cells. KCNQ1 and KCNH8 are present in the EVs of colon cancer. KCNAB2 is measurable in extracellular vesicles in breast, colon, and kidney cancers, and in leukemia and melanoma. KCNH4 has been detected in the extracellular vesicles of breast and lung cancer cells. The Ca2+ channel CACNA2D2 has been detected in breast, colon, melanoma, and ovarian extracellular vesicles. CACNA2D1 is highly expressed in breast, brain, lung, melanoma, and prostate cancer extracellular vesicles. CACNA1E has been detected in the extracellular vesicles of the breast, brain, colon, kidney, and ovaries (39, 40). sEVs can efficiently translocate to the cardiomyocytes (41, 42). Mechanistically, cancer cell-derived sEVs carrying aberrant ion channels that translocate into the heart may mediate ion homeostasis between cancer cells and cardiomyocytes.

Ion homeostasis affects cancer apoptosis and cell migration, and regulates the release of neurotransmitters, hormones, and growth factors in both normal cells (such as myocytes) and neoplastic cells (43, 44). Cancer cell secretions appear to indirectly induce ion channel dysfunction in myocytes. After treatment with cancer cell secretions, the maximum depolarization velocity and action potential amplitude in human-induced pluripotent stem cell (iPSC)-derived cardiomyocytes were reduced. Moreover, the action potential duration was prolonged, the peak Na+ and transient outward currents decreased, and late Na+ and slowly activating delayed rectifier K+ currents increased. Mechanistically, DNA methylation of ion channel genes via activation of TGF-β/PI3K signaling might contribute to ion channel dysfunction (45).

Moreover, cancer cells metabolize glucose via glycolysis, and hypoxia can further aggravate dependence on glycolytic fueling, resulting in the overproduction of lactic acid (46, 47). Elevated circulating lactate levels have been documented in patients with various types of cancers (breast, prostate, colorectal, lung, and ovarian) (48–51). Lactate potently regulates ion channels in the muscle cells. For example, Ca2+-activated K+ channels (KCa channels) are activated by lactate in smooth muscle cells. Keung and Li reported that lactate activates KATP channels in guinea pig myocytes, and Han et al. reported that lactate induces the opening of KATP channels in rabbit ventricular myocytes (52, 53). Lactate has also been shown to modify the fast sodium current through hyperpolarization in guinea pig myocytes (54), which may contribute to the development of arrhythmia.

Investigators have found that tumor cells secrete neurotrophic growth factors, axon guidance molecules, VEGF, and chemical messengers (55–57). Many cancer cells synthesize and release catecholamines. Norepinephrine levels are higher in pancreatic cancer tissue than in normal tissue (58). Plasma norepinephrine and epinephrine concentrations are significantly upregulated in patients with oral and oropharyngeal squamous cell carcinoma (SCC) compared with those in patients with no cancer (59). Plasma-free metanephrine and normetanephrine levels are elevated in patients with gastric carcinoma and lung cancer (60, 61). Catecholamines play major roles in the induction of cardiac ion channel dysfunction and rhythm disorders (62).

The possible mechanisms linking cancer cells and the dysregulation of myocyte-localized ion channels are summarized in Figure 4.
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FIGURE 4
Possible mechanisms underlying the crosstalk between cancer cells and cardiomyocytes. Molecules secreted from cancer cells translocate into the heart, either through sEVs or other forms of particles, and regulate the expression or activity of cardiomyocytes localized ion channels. Alternatively, neurotransmitters, hormones, and growth factors secreted from cancer cells might mediate the crosstalk between cancer cells and cardiomyocytes.




2.4 Regulation of ion channels under chemotherapy

Ion channels are key regulators of cancer cell pathophysiology (63). Anticancer therapeutics appear to play non-negligible roles in the regulation of ion homeostasis in tumor cells.

Zhang et al. reported that paclitaxel, considered the most significant advance in chemotherapy in the past two decades, accelerates Ca2+ oscillations through increasing the IP3R opening frequency (64). Kang et al. showed that trifluoperazine, a well-known antipsychotic drug with anticancer effects, suppresses glioblastoma invasion through binding to the Ca2+-binding protein calmodulin subtype 2 (CaM2) (65).

The chemotherapeutic drug cisplatin activates the K+ channel KCa3.1, with the activation effect most likely due to the increase in intracellular Ca2+ concentration (66). Reduction in the activity of KCa3.1 has also been demonstrated with oxaliplatin treatment (67).

In non-tumor tissues/cells, chemotherapy can induce ion channel dysfunction. The development of acute oxaliplatin-induced peripheral neuropathy has been suggested to be due to changes in voltage-gated sodium channels, voltage-gated calcium channels, and in the TREK-1 two-pore-domain background K+ channel (68–70). Chemotherapy directly alters the ion channel activities of cardiomyocytes. Chemotherapy drugs and HDAC inhibitors have been associated with QTc prolongation and arrhythmias, and blockade of the KCNH2 by HDAC inhibitors may be a mechanistic explanation (71). Ibrutinib upregulates calmodulin kinase 2 expression and increases the phosphorylation of ryanodine receptor 2 (RyR) in the cardiomyocyte endoplasmic reticulum, impairing intracellular calcium handling and triggering ectopic electrical activity (72). PD-1 deficiency results in premature mortality due to high-titer IgG autoantibodies against cardiac troponin I, augmenting the voltage-dependent L-type calcium current in normal cardiomyocytes (73). Anti-HER2 therapy also causes calcium homeostasis dysfunction within cardiomyocytes, leading to Reactive Oxygen Species (ROS) activation within the myocardium, similar to that caused by anthracyclines or other antineoplastic agents (74). Calcium oscillations in cardiac cells that alter automaticity have been proposed to be the mechanism underlying Bruton kinase inhibitor-induced cardiac toxicity (75).

The possible mechanisms linking chemotherapy with dysfunction of myocyte-localized ion channels are summarized in Figure 5.
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FIGURE 5
Regulatory pattern of chemotherapy drugs on cardiomyocytes. (1) Chemotherapeutic agents act upon cancer cells, leading to cancer cell death and subsequent release of chemical messages to indirectly influence cardiomyocytes localized ion channels; (2) direct action of chemotherapeutic agents on ion channels in cardiomyocytes.




2.5 Chemotherapy associated arrhythmias in LUAD

It has been suggested that chemotherapeutic agents are associated with a variety of arrhythmias. Combination chemotherapy of pemetrexed and carboplatin is a standard treatment approach for non-small cell lung cancer (NSCLC). A case report showed pemetrexed and carboplatin appear to have triggered sinus arrhythmia in a patient undergoing multiple courses of chemotherapy (76). However, the mechanisms underlying the case of sinus arrhythmia are unclear. NDP is a second-generation platinum derivative, which has similar antitumor activity to cisplatin with less nephrotoxicity and gastrointestinal toxicity. NDP-induced cardiotoxicity is rare, although it has been presented that three patients who were treated with NDP developed chemotherapy-induced serious arrhythmias. The three cases developed sinus tachycardia and atrial premature beats, complete left bundle branch block, and bigeminy ventricular premature contraction, in the second, sixth, and second cycles, respectively (77). The arrhythmias in these patients were resolved after drug treatment, withdrawal of chemotherapy, or adjustment of chemotherapy regimens.

Treatment with bevacizumab increases the risk of arterial adverse events, particularly cardiac and cerebral ischemia, venous adverse events, bleeding, and arterial hypertension (78). However, bevacizumab-associated arrhythmia is also rare. One case reported a patient with lung adenocarcinoma who was treated with bevacizumab monotherapy, and a poor R-wave increase with slight ST segment elevation in V1-V3 leads and ventricular arrhythmia were detected. The patient’s chest tightness and rapid heartbeat disappeared after the amiodarone treatment. The ECG monitoring results returned to normal (79).

It has been hypothesized that chemotherapeutic drug-associated cardiotoxicity occurs due to electrolyte imbalance or disturbance of the sinoatrial node. Herein, it is important to note that our patient developed ANRT and AVNRT during the first course of chemotherapy, without any electrolyte imbalance. However, it is important to consider that multiple factors, including chemotherapeutic drug combination, the selective cardiotoxicity of this chemotherapeutic regimen, aging, and heart disease-related risk factors, are all likely to have contributed to our patient’s situation.

KCNQ1 is implicated in long QT syndrome (LQTS) and cardiac arrhythmia; the clinical significance and biological role of KCNQ1 in LUAD is also described. The potential mechanism of KCNQ1 underlying LUAD progression may lie in the perturbation of genes relevant to the cell cycle and DNA replication. However, KCNQ1-inhibitor gefitinib, which is the first-generation targeted therapy for non-small cell lung cancer, was implicated in the induction of heart QT prolongation in a guinea pig model, thereby raising a concern of arrhythmia when gefitinib is used for NSCLC treatment (80).




3 Conclusions and perspectives

An estimated 32%–40% of the population has dual atrioventricular nodal physiology; however, only a minority develop AVNRT (81). The incidence of AVNRT is 35 per 10,000 person-years or 2.29 per 1,000 persons, and it is the most common form of non-sinus tachydysrhythmia in young adults (82). Regarding AVRT, one study reported a tachyarrhythmia rate of 1.0% per year in individuals with a WPW pattern (83). Therefore, the onset of AVNRT or AVRT in patients with dual atrioventricular nodal pathways or accessory atrioventricular pathways is rare, and when they occur, they are usually attributed to stress in relation to pregnancy, exertion, caffeine, alcohol, beta-agonists (salbutamol), or sympathomimetics (amphetamines) (84, 85). Chemotherapeutic agents directly promote various arrhythmias, such as atrial fibrillation (AF) and ventricular ectopic beats. However, chemotherapy-induced AVRT/AVNRT has rarely been reported. Here, we present a typical case of chemotherapy-related AVRT/AVNRT. Moreover, we propose the following potential mechanisms underlying chemotherapeutic agent-induced AVRT/AVNRT: (1) molecules secreted from cancer cells translocate into the heart, either through sEVs or other forms of particles, regulating the expression or activity of cardiomyocyte-localized ion channels; (2) chemotherapeutic agents act on cancer cells, leading to cancer cell death and the subsequent release of chemical messages to indirectly influence cardiomyocyte-localized ion channels; and (3) direct action of chemotherapeutic agents on ion channels in cardiomyocytes.

Animal models are of vital importance for investigating the cause-effect relationship and detailed mechanisms between chemotherapy and arrhythmias, such as AVRT/AVNRT. Mice are the primary animal models for studying arrhythmias, particularly genetic arrhythmia syndromes. RYR2 mutations have been found to be implicated in several arrhythmia disorders, including catecholaminergic polymorphic ventricular tachycardia (CPVT), PVC ventricular fibrillation, and AF (86). KCNQ1 or CACNA1C (Cav1.2) overexpression has been associated with LQTS, sympathetic stimulation-induced early after depolarizations (EADs), and VT; mice with HCN4 (HCN4) ablation exhibited bradycardia, exit block, SVT, VT, and complete block (86). However, mouse models of AVRT/AVNRT have not been well established, partly because of technical difficulties in performing esophageal electrophysiological examinations or intracardiac electrophysiological studies on mice. Therefore, in the absence of an effective animal model, it is difficult to determine the exact pathophysiological basis of AVNRT. Further studies are required to establish animal models and develop electrophysiological examination technologies for small animals (such as mice). For in vitro studies, patient-specific iPSC-derived cardiomyocytes and human iPSC-derived 3D organotypic cardiac microtissues might be attractive experimental platforms to investigate the regulation of secretions from cancer cells and chemotherapeutic agents on ion channel activities on a large scale (87, 88). Moreover, high-throughput sequencing and mass spectrometry methods would allow for the systemic investigation of the regulation of ion channels by different types of chemotherapeutic agents. Further studies are required to identify the chemotherapeutic agents that are strongly associated with ion channel dysfunction. In clinical practice, agents that do not cause ion channel dysfunction are preferred.

Mechanistically, the direct regulation of cardiomyocytes by chemotherapeutic agents and the indirect regulation of cancer cells (with or without chemotherapy) on cardiomyocytes, such as sEV-mediated cancer-myocyte crosstalk, should be thoroughly investigated. Cell co-culture and Transwell experiments are helpful for studying complicated cancer-myocyte crosstalk.

In terms of treatment, arrhythmias are considered one of the clinical manifestations of heart failure and cardiomyopathy. Permanent treatment, such as ablation therapy, should be considered for arrhythmias with high success or cure rates, such as atrial flutter, AVNRT, AVRT, and atrial tachycardia (89). In this case, SVT was refractory to intravenous therapy with propafenone and reappeared repeatedly until ablation therapy successfully prevented the onset of AVNRT/AVRT after chemotherapy. Therefore, radiofrequency ablation may be an option for patients with arrhythmias after chemotherapy and poor response to antiarrhythmic drugs.
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Case Report: Primary malignant mesothelioma of the left atrium easily misdiagnosed as myxoma

Shuai Luo, Yao Li, Jin Li, Jiafei Zeng and Jinjing Wang*

Department of Pathology, Affiliated Hospital of Zunyi Medical University, Zunyi, Guizhou, China

EDITED BY
Reto Asmis, Wake Forest University, United States

REVIEWED BY
Maruti Haranal, U N Mehta Institute of Cardiology and Research, India
Tareg Bey, University of Texas MD Anderson Cancer Center, United States

*CORRESPONDENCE Jinjing Wang jinjingwangls@163.com

RECEIVED 09 March 2024
ACCEPTED 17 May 2024
PUBLISHED 13 June 2024

CITATION Luo S, Li Y, Li J, Zeng J and Wang J (2024) Case Report: Primary malignant mesothelioma of the left atrium easily misdiagnosed as myxoma.
Front. Cardiovasc. Med. 11:1398311.
doi: 10.3389/fcvm.2024.1398311

COPYRIGHT © 2024 Luo, Li, Li, Zeng and Wang. 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.



Background: Malignant mesothelioma (MM) is a rare and aggressive tumor that is found in the pleura and peritoneum. A few cases of MM in the pericardium and tunica vaginalis testis have been reported. Moreover, primary occurrence in the atrium is extremely rare. The visual appearance of this tumor is similar to that of a common atrial myxoma, which makes it challenging for clinicians and radiologists to diagnose and treat this disease.



Case demonstration: An 18-year-old woman presented with symptoms of chest pain, shortness of breath, cough, and expectoration for 7 days. Echocardiography was performed on the patient, which revealed an atrial mass. Myxoma was one of the differential diagnoses. The tumor was an elliptical mass with tips, and the cut surface was jelly-like, similar to myxoma. After surgery, a pathologic examination of the biopsied tumor confirmed epithelial-type MM. During postoperative follow-up, no recurrence of the tumor was observed.



Conclusions: MM originating in the atrium is considered to be extremely rare. Consequently, clinicians can easily misdiagnose atrial MM as a myxoma. Moreover, to confirm the diagnosis, histopathologic biopsy, histomorphological characterization, immunohistochemistry, and molecular genetic testing are required. Therefore, clinical diagnosis and treatment of MM are challenging.
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Background

Malignant mesothelioma (MM) is characterized as a tumor with an epithelial–mesenchymal transition. The pleura is reported as the most common site of occurrence, accounting for 90% of patient cases. Other sites of occurrence include the peritoneum and pericardium. In a few cases, the tunica vaginalis testis has been reported as the site of occurrence. The atrium is considered an extremely rare primary site for MM. The histomorphology of MM has been observed to be varied, and familiarity with the histologic pattern of MM is required for making any diagnosis or differential diagnosis. In this study, a case report of a patient with MM diagnosed at our hospital is presented. In addition, the relevant literature is reviewed to analyze the pathomorphological characteristics and clinical features, with the aim of improving clinicians’ understanding of MM.



Case demonstration

An 18-year-old woman presented with symptoms of chest pain and shortness of breath after activity. She had a cough and expectoration for 7 days because of an infection in the upper respiratory tract. Upon admission, a physical examination was conducted, which showed a symmetrical thorax without malformation and symmetrical respiratory movement in both lungs. On auscultation, coarse respiratory sounds were heard, and wet rales were detected at the bottom of both lungs. Her blood pressure was 113/50 mmHg. The heart rate was 115 beats/min. Echocardiography revealed echo groups in the left atrium, obstruction and mild regurgitation of the mitral valve, moderate regurgitation of the tricuspid valve, and mild regurgitation of the valve (Figure 1). Left atrial myxoma was considered a differential diagnosis. There was no uplift or depression in the precardiac area, and the heart boundary was enlarged to the left lower region. The rhythm was steady, and diastolic murmurs were audible in the apical area. The patient had no history of trauma or surgery, and no other significant findings were noted. The patient underwent tumor resection under direct intracardiac visualization with the use of general anesthesia and extracorporeal circulation. During surgery, the mass was found in the left atrium. It was endogenous, with poor mobility. The tip of the mass was attached to the atrial septum. The rest of the right atrium and ventricle did not have a clear mass.


[image: Figure 1]
FIGURE 1
Ultrasonography shows a left atrial isoechoic mass (↑).


A gross pathological examination indicated a grayish-white, jelly-like mass with a size of 5 cm × 5 cm × 4 cm, and the tip was approximately 5 mm. No envelope was seen. Microscopic examination identified numerous fissures in the tumor tissue. Glandular ducts and microcystic structures were seen (Figure 2). The tumor stroma and mucosa were fibrous; the cells were epithelioid and either vacuolated or cuboidal. The cytoplasm was acidophilic and abundant; the nucleus was large and deeply stained. The karyoplasmic index was high, and the nucleolus was clearly visible (Figure 3). Immunohistochemistry showed calretinin (Figure 4), and CK5/6, CK, D2-40, WT-1, and vimentin were positively expressed. TTF-1, napsin A, CEA, CK7, CD31, CD34, and other markers were negative. The percentage of the Ki-67 positive index was approximately 40.


[image: Figure 2]
FIGURE 2
A microcystic or gridded arrangement, similar to adenomatoid tumors, H&E ×100.



[image: Figure 3]
FIGURE 3
Epithelioid cells are vacuolar or cubic, with acidophilic and abundant cytoplasm and large deeply stained nuclei; H&E ×200.



[image: Figure 4]
FIGURE 4
Calretinin is positive for diffuse cell membrane; EnVision, ×200.


Based on the histological and immunohistochemical results, the pathologic diagnosis was confirmed as left atrial epithelioid MM.

The patient did not receive postoperative radiotherapy, and no recurrence was seen on repeat echocardiography after 3 months.



Discussion

MM is a rare and aggressive tumor occurring in the pleura and peritoneum. In a few patient cases, the pericardium, tunica vaginalis testis, and female reproductive organ system have been reported as the sites of occurrence (1). MM is mainly diagnosed in patients over the age of 60 and is found to have a higher prevalence in men. The majority of cases of mesothelioma are attributed to occupational asbestos exposure (2). However, other causes of mesothelioma are associated with exposure to erionite, simian vacuolating virus 40 (SV40) infection, radiation, chronic inflammation, and genetic susceptibility (3). Nevertheless, recent studies have reported that younger female patients less exposed to asbestos have a higher frequency of prior radiotherapy and a higher family history of breast cancer than older patients (4). The patient reported in this study was an 18-year-old woman with no history of asbestos exposure or tumors. The tumor was confined within the left atrium without pleural involvement. This is an extremely rare occurrence of tumors and has been reported in only a few cases (5).

The origin of MM is not fully understood, but in our patient, the tumor was found to have originated from mesothelial cells. Studies have demonstrated that the tumor may originate from subcellular mesothelial cells, which can differentiate in various directions (6). Clinical manifestations depend on the location of the tumor. Furthermore, when the heart is the primary site, specific manifestations are not typically observed. Patients are admitted to the hospital with chest pain and shortness of breath after physical activity. Upon ultrasonographic examination, a strong echo with a luminescent cluster is observed, within which echogenic areas of varying size can be detected. The boundaries of these findings are not well defined. These ultrasonographic findings bear a resemblance to those of cardiac tumors, myxomas, and other conditions (7). Therefore, MM can be commonly misdiagnosed based on clinical manifestations and imaging results. Accurate diagnosis should be based on a combination of histopathology, immunohistochemistry, and molecular examinations.

MM is classified as a heterogeneous tumor based on its histomorphology. According to its histologic morphology, it is categorized into three subtypes: epithelioid, sarcomatoid, and biphasic (8). Among these subtypes, epithelioid mesothelioma is considered to be more prevalent than sarcomatoid and biphasic forms.

The most common morphologic variants of epithelioid mesothelioma are tubular, papillary, solid, and trabecular. Psammoma bodies may appear in any of these variants. Other uncommon variants include micropapillary, adenomatoid (microcystic), clear cell, migratory, metaplastic, small cell, and lymphohistiocytic (8, 9). Generally, epithelioid tumors contain polygonal, vacuolated, ovoid, or cuboidal cells that mimic reactive mesothelial cells and respond to various types of injury. However, a poorly differentiated epithelioid tumor with pathological mitotic signs was seen in our patient (10).

Sarcomatoid mesothelioma is the least common but most aggressive of the three histologic types of mesothelioma (11). The sarcomatoid types are usually characterized by a fascicular or irregularly arranged proliferation of spindle cells with varying degrees of nuclear atypia and mitotic figures. Sarcomatoid tissues rarely have heterologous differentiation, such as osteoid, bone, or cartilage (8, 12). The fibrous reactive mesenchyme in epithelioid mesothelioma may be sparse or prominent with varying degrees of cellularity, which makes it challenging to distinguish it from a true sarcomatoid component. In these cases, immunohistochemistry may be helpful in showing the presence of BRCA1-associated protein 1 (BAP-1) and demonstrating a lack of expression in the sarcomatoid mesothelioma region (13).

Biphasic MM is characterized by the presence of mixed tumors consisting of epithelioid and sarcomatoid types, with each type constituting at least 10% of the tumors (8). In our patient, we reported an epithelioid malignant MM with vacuolated or cuboidal tumor cells arranged in microcystic or lattice-like patterns, resembling an adenomatoid tumor.

Immunohistochemical markers play a crucial role in histologic and differential diagnoses. However, it has been observed that no antibody can achieve 100% sensitivity and 100% specificity. Consequently, the Guidelines for the Diagnosis and Treatment of Malignant Pleural Mesothelioma recommend combining immunohistochemical markers with at least two positive and two negative markers to diagnose MM (1). Antibodies that can detect mesothelioma expression markers, including calretinin, WT1, D2-40, and CK5/6, were chosen. Immunohistochemical indices including CEA, TTF-1, Napsin A, MOC31, Ber-EP4, and BAP1 were not expressed (8, 10). P53 has also been reported to be often abnormally expressed in MM, which can be distinguished from reactive mesothelial hyperplasia. SOX6, as a new immunohistochemical marker of MM, has similar sensitivity to CR and D240 in differentiating epithelial MPM from lung adenocarcinoma, but it has better specificity. In addition, studies have shown that the expression of SOX6 was more sensitive than that of WT-1 (8, 10).

It has been demonstrated through studies (6) that partial loss of 1p21M-22, 3p14–25, 4q, 6q, 9p21, 13q13–14, 14q, and haploid chromosome 22, along with repetitive loss of 17p12-pter, are associated with molecular genetic changes in MM. Fluorescence in situ hybridization has revealed that deletion of the p16 gene is observed in approximately 35% of MM cases.


	(1)During diagnosis, various primary and secondary tumors must be differentiated from MM. In the case presented here, the tumor growth site was rare, and the histological morphology was non-specific. Consequently, the possibility of misdiagnosis is high, and certain diseases listed here need to be ruled out.

	(2)Reactive mesothelial hyperplasia: Although reactive mesothelial hyperplasia may show atypia, it is not significant. There are no tubules and no papillae formation, which would suggest MM. Furthermore, the most reliable morphological criterion for MM proliferation is a true infiltration of the mesenchyme (14). Currently, BAP-1 immunohistochemistry and p16 fluorescent in situ hybridization are the most effective analytical methods to identify benign and malignant mesothelial lesions (13, 15, 16). Studies have demonstrated that the lack of BAP-1 and p16 expression in MMs contributes to benign and malignant mesothelial cell proliferation.

	(3)Myxoma in the atrium is the most common type of primary atrial tumor, and hence, it is common to misdiagnose MM as myxoma. Further, myxoma can also express CK and calretinin, which needs to be combined with the histopathology of myxoma (the whole tumor shows a large number of mucoid matrix and scattered tumor cells in the form of strips, networks, or single arrangements). Some of them can be arranged around the blood vessels, which will lead to the formation of a perivascular ring and will be often accompanied by scattered lymphocyte and plasma cell infiltration, bleeding, and hemosiderin deposition. The tumor may present with secondary changes, including fibrosis, cystic change, necrosis, thrombosis, calcification, ossification and Gamna-Gandy body. Myxoma immunohistochemistry demonstrates positivity for S100, CD34 and CD31, while it is negative for markers such as WT1, D2-40 and CK5/6. In terms of molecular genetics, approximately two-thirds of atrial myxomas exhibit mutations in the PRKAR1A gene (7).

	(4)Atrial fibrosarcoma: This is an extremely rare and pure malignant spindle cell mesothelioma. The histologic morphology is similar to that of fibrosarcoma. However, the longitudinal and transverse cell bundles are not as obvious as in fibrosarcoma. The migratory components between epithelial mesothelial cells and spindle cells can be seen in the tumor tissues after a careful examination. The expression of CK and calretinin can be differentiated from that of fibrosarcoma.

	(5)Synovial sarcoma is characterized by a histological pattern similar to that of MM, and biphasic differentiation can be achieved. The epithelioid component can be a synovial-like cuboidal epithelium or adenoidal columnar epithelium. The sarcomatoid component cells can be fibroblast-like and perivascular-like. In addition, biphasic expression is often observed in immunohistochemistry, with calretinin being focally positive. However, an important point differentiating synovial sarcoma from MM is negative WT1, with a t(X; 18) or SS18-SSX gene fusion (17). Synovial sarcomas are most commonly found in the extremities and rarely metastasize to the atrium.

	(6)Metastatic adenocarcinoma can be challenging to differentiate from malignant epithelioid MM when the latter presents with only glandular and adenoid structures without malignant spindle cells. However, adenocarcinoma is generally positive for CEA, TTF-1, and napsin A and negative for calretinin and vimentin, whereas in MM, the scenario is reversed (18). If estrogen receptor, progesterone receptor, and gross cystic disease fluid protein 15 (GCDFP-15) expressions are positive, metastatic breast cancer is considered (19). In the case of the patient in this study, no tumor was seen at any other site, and the patient had no history of tumor.





Treatment and prognosis

The prognosis for MM is poor. The average survival time of a patient usually does not exceed 12 months (20). There is currently no standard and effective treatment available, and complete surgical resection is usually the mainstay of therapy. However, it is sometimes challenging to achieve complete surgical resection. Our patient was followed up for 3 months, following which she had no tumor recurrence or metastasis. Pemetrexed/cisplatin combination chemotherapy has been widely used in treating MM. However, the efficacy rate after chemotherapy ranges between 30% and 40%, and the long-term survival rate remains poor (21). With the advent of next-generation sequencing technology, such as BAP-1 (13), neurofibromatosis type 2 (22), and cyclin-dependent kinase inhibitor 2A (p16/CDKN2A) (23), other gene therapies are currently under investigation. Therefore, differential diagnosis and treatment are based on genetic data that require further research.
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Primary cardiac malignant tumors are extremely rare, making up about 10% of all primary cardiac tumors. Most of these tumors are primary sarcomas, with primary mesothelioma being even less common. This report details a 53-year-old male patient diagnosed with primary cardiac malignant mesothelioma. The patient had symptoms of chest pain and difficulty breathing. A CT scan showed an enlarged heart, fluid around the heart, and irregular thickening of the pericardium. Diagnosis was confirmed through a surgical biopsy, which showed the presence of malignant mesothelioma. After the procedure, the patient received appropriate cardiac support. Although stable at discharge, the patient unfortunately died three months later due to severe wheezing. There may be a potential link between exposure to radioactive iodine treatment and this outcome. This case highlights the diagnostic and treatment challenges of primary cardiac malignant tumors and reminds physicians to consider this rare disease when evaluating patients with similar symptoms.
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1 Introduction

The incidence of primary cardiac tumors is extremely low, with most being benign and only 10% classified as malignant (1, 2). Among the malignant cases, angiosarcoma and poorly differentiated sarcomas are the most common types, making primary cardiac malignant mesothelioma even rarer. (3–5) (Table 1). The discovery of patients often occurs incidentally during imaging examinations conducted for unrelated reasons, resulting in a missed opportunity for timely treatment (10). We present a case report of a 53-year-old male patient diagnosed with primary cardiac malignant mesothelioma, whose symptoms were alleviated following surgical intervention. This report provides comprehensive insights into the diagnosis, treatment, and prognosis of this particular case, aiming to enhance understanding of the disease.


Table 1 | Four cases of cardiac mesothelioma were previously reported.






2 Case report

The patient, a 53-year-old man, presented with chest tightness and wheezing of unknown cause for one year, which had worsened over the past two days. Physical examination revealed weak breath sounds in the left lung and distant heart sounds. Chest CT showed an enlarged heart, irregular thickening of the pericardium with predominant dirty layer, pericardial effusion, bilateral pleural effusion, and enlarged lymph nodes around the great vessels of the upper mediastinum. Venipuncture examination for tumor markers was negative except for slightly elevated ferritin (403.10 ng/ml). The patient had a history of hyperthyroidism and hyperthyroid heart disease treated with methimazole, propranolol, and two courses of iodine-131 (I-131) radiotherapy. In 2021, he underwent pericardiocentesis twice at another medical facility due to worsening chest tightness and wheezing caused by significant pericardial effusion. Preoperative bedside echocardiography revealed reduced motion in the middle and lower segments of the ventricular septum, left ventricular lateral wall, left ventricular anterior wall, inferior apical segment of the left ventricular wall, and middle segment of the left ventricular posterior wall. However, the remaining segments exhibited acceptable levels of ventricular wall motion amplitude and systolic thickening rate. The ejection fraction was measured at 42%, with a ventricular septum thickness of 8 mm, a left ventricular end-diastolic diameter of 45 mm, and a left ventricular posterior wall thickness of 8 mm. Additionally, a fluid dark area was detected within the pericardial cavity. The end-diastolic width measurements were as follows: 27 mm posterior to the left ventricle, 35 mm lateral to the left ventricle, 14 mm anterior to the right ventricle, 16 mm lateral to the right atrium, and 39 mm for both the right atrium and inferior apex regions. Doppler ultrasound indicated mild regurgitation in both the aortic and bicuspid valves along with minimal tricuspid valve regurgitation.

After the patient’s thyroid function improved, he underwent surgical treatment at our hospital, specifically a thoracotomy and cardiac tumor biopsy procedure (Figure 1). The diagnosis was reconfirmed through a repeated preoperative transesophageal echocardiogram (TEE) (Figure 2). During the chest incision, increased tension was observed in the pericardial cavity. A pericardial window was created near the aortic root, revealing an overflow of pale-yellow liquid. We extracted samples of this pericardial effusion to relieve cardiac compression and closely monitored changes in heart rate and blood pressure. In total, approximately 1200 ml of pale-yellow pericardial effusion was aspirated. The pericardium showed thickening and signs of inflammation, with fibrin deposition and adhesion. Upon separation and exploration, it was discovered that the entire heart, as well as its inlet and outlet, were enveloped by a densely connected cardiac mass adhering to the epicardium. The mass exhibited significant rigidity, resulting in impaired cardiac function (Figure 3). After thorough analysis, surgical removal of the tumor was deemed unfeasible. Therefore, only a portion of the cardiac mass and pericardium were excised for pathological examination. To prevent recurrence of tamponade caused by massive pericardial effusion, partial resection of the left pericardium and mediastinal pleura was performed to establish communication between the pericardial sac and thoracic cavity. Hemostasis was strictly maintained during surgery, with the placement of one drainage tube each in the pericardial sac, mediastinum, and left thoracic cavity before layered closure of the chest wall incision. Intraoperative blood loss totaled 100 ml without necessitating transfusion. The patient’s blood pressure measured 117/73 mmHg, heart rate was 125 beats per minute, and SpO2 level was 98%.




Figure 1 | (A) The patient presented with a significant volume of pericardial effusion within the pericardial cavity. (B) Pathological results of pericardial effusion (C) Preoperative chest CT prompted a large number of pericardial effusion.






Figure 2 | Preoperative TEE examination results.






Figure 3 | (A) Photographs of the heart during surgery (B) The pericardium pathological results (C) Pathological results of cardiac mass.



Following the surgical procedure, the patient received a comprehensive treatment regimen that included cardiotonic agents, diuretics, vasodilators, heart rate modulation, and supplemental thyroxine. Three days post-operation, bedside echocardiography revealed bilateral chamber enlargement with normal chamber diameter. The interventricular septum and left ventricular free wall thickness were within normal limits, while ventricular wall motion amplitude and thickening of shrinkage rate were observed. The ejection fraction was measured at 56%. Additionally, the interventricular septum thickness was found to be 9 mm, the left ventricular end-diastolic diameter before and after the operation was 46 mm, and the left ventricular posterior wall thickness was 9 mm. Pericardial cavity and liquid dark space measurements showed a width of 9 mm for the left ventricle after diastole, 18 mm for the left ventricle side, 9 mm for the right side, 16 mm below the roof on the right side before diastole, and an apex measurement of 12 mm. Doppler ultrasound indicated mild aortic regurgitation, mild mitral regurgitation, and moderate tricuspid regurgitation. Furthermore, estimated pulmonary artery systolic pressure was recorded at 42 mmHg per month. Despite being eligible for both heart transplantation and tumor-related treatment, the patient preferred to be discharged to recuperate at home. Consequently, on the fifth day after surgery, the patient was discharged. The patient spent 46 hours in the intensive care unit and underwent mechanical ventilation for 43 hours. Their hospital stay lasted a total of 21 days. Upon discharge, the patient exhibited satisfactory recovery from the operation, with a well-healed chest incision showing no signs of redness, swelling, or exudation. The patient’s condition remained stable without fever, cough, or sputum, and they were able to engage in mild activities without discomfort. The physical examination at discharge revealed strong heart sounds and a consistent rhythm. The patient was instructed to take digoxin tablets, furosemide tablets, spironolactone tablets, sustained-release potassium chloride tablets, bisoprolol fumarate tablets, and levothyroxine sodium tablets upon discharge. During follow-up, the patient experienced persistent wheezing symptoms two weeks after being discharged but relied solely on oral medication and home rest without specialized intervention. Unfortunately, the patient succumbed to his condition three months post-discharge.

Analysis of tumor markers in the pericardial effusion revealed significant elevations in CA19–9 (49.85 U/ml), CA125 (75.28 U/ml), non-small cell carcinoma (451.30 ng/ml), squamous cell carcinoma-associated antigen (17.71 ng/ml), and carbohydrate antigen 50 (35.10 IU/ml). Additionally, there were notable increases in CA15–3 (75.28 U/ml) but no elevation in CA72–4 (0.88 U/ml), neuron-specific enolase (8.57 ng/ml), or CA-242 (1.08 IU/ml). The pathology of the pericardial effusion revealed the presence of tumor cells in both the smear and sediment. Pathological examination of the cardiac mass demonstrated diffuse proliferation of epithelioid cells, exhibiting non-specificity, nucleoli, mitotic figures, adenoid structure, and solid nest arrangement of cells. Immunohistochemical staining showed positive expression for CK+, CR+, Vimentin+, focal positivity for CK7+, MC+, and D2–40+; negative expression for CK20-, and weakly positive WT-1+. The Ki-67 proliferation index was approximately 20%, suggesting a tendency towards epithelioid malignant mesothelioma. Histopathological examination of the pericardium revealed hyperplasia of epithelioid cells without atypia, nucleoli, or mitotic figures. Adenoid structure and solid nests were observed within the cell arrangement. Immunohistochemical staining showed positive expression for CK19+ and scattered weak positivity for MC; negative expression for galectin-3-. Additionally, there was positive expression for CK7+ but negative expression for CK20- and Villin-. These findings further support a diagnosis consistent with epithelioid malignant mesothelioma.




3 Discussion

Mesothelioma is a rare cancer originating from mesothelial cells, primarily affecting the pleura, peritoneum, and pericardium. The main subtypes of mesothelioma include epithelioid mesothelioma, sarcomatoid mesothelioma, and biphasic mesothelioma (11). Each subtype exhibits distinct pathological features, clinical manifestations, and prognoses. Epithelioid mesothelioma is the most common subtype, characterized by tumor cells with epithelioid features. It grows slowly and generally has a favorable prognosis. Sarcomatoid mesothelioma, on the other hand, displays sarcomatoid characteristics with rapid growth and aggressive invasion, leading to a poor prognosis. The primary treatments include chemotherapy or radiotherapy, while immunotherapy is less effective compared to epithelioid mesothelioma. Biphasic mesothelioma comprises both cell types mentioned above and has an intermediate prognosis between the two subtypes. The treatment approach primarily involves comprehensive management with surgery, chemotherapy, and radiotherapy; however, further exploration is needed for immunotherapy (11–13).

Primary cardiac malignant tumors are exceedingly rare, and primary cardiac malignant mesothelioma is even more uncommon. Consequently, a lack of understanding of this condition may result in misdiagnosis and delayed treatment. Additionally, pericardial effusion frequently accompanies cardiac malignancies. Tumors in the atria or atrioventricular valve region may present with symptoms that resemble mitral or tricuspid valve stenosis (3). Tumor infiltration into the myocardium can cause symptoms characteristic of restrictive cardiomyopathy, primarily manifesting as heart failure (14). These findings are consistent with the current case. In May 2020, our hospital’s endocrinology clinic observed that patients presenting with chest tightness and chest pain may have been experiencing symptoms of heart disease. Cardiac color Doppler ultrasound revealed left ventricular hypertrophy, reduced left ventricular wall motion, decreased left ventricular diastolic function, mild tricuspid regurgitation, pericardial effusion, and an ejection fraction of 56%. At this time, the patient had received one dose of iodine-131. From 2021 to 2022, the patient’s symptoms of chest tightness and asthma worsened along with orthopnea. Subsequent cardiac color Doppler ultrasounds also showed a significant amount of pericardial effusion. Despite multiple visits to various hospitals during this period (with diagnoses including hyperthyroidism, arrhythmia, pericardial effusion, and pericarditis), no cardiac tumor was identified. It is evident that primary cardiac malignant mesothelioma can be easily misdiagnosed and lead to delayed treatment due to its rarity and lack of specific clinical symptoms.

The role of CT in diagnosing various primary malignant tumors is crucial, serving as an important adjunct. It enables visualization of tumor invasion and provides information on the extent of tumor attachment (15). However, in this case, the patient’s chest CT scan revealed only cardiac enlargement, pericardial effusion, and irregular thickening of the visceral pericardium, without definitive evidence of neoplastic disease. The detection of tumor markers in venous serum lacks specificity for common identification; however, there is a clear association between pericardial effusion and tumor marker detection. Therefore, it can be inferred that relying solely on imaging and serum tumor marker detection may not completely exclude the possibility of primary cardiac malignant mesothelioma, especially if the patient presents with recurrent pericardial effusion, cardiac enlargement, and pericardial thickening.

The patient exhibits significant risk factors for cardiac malignancy. It remains unclear whether there is a history of I-131 radiation therapy. While it is evident that radiation therapy can cause side effects, such as cardiac structural alterations and various cardiovascular disorders, there are few reports and studies on radiation-induced heart disease, including I-131 therapy-related cardiac tumors (16). No other potential exposures have been identified, and no occupational exposures associated with the patient’s career as a truck driver have been found.

Current treatment modalities for cardiac malignant tumors include surgical intervention, radiotherapy, and chemotherapy. The postoperative survival rate is closely associated with the completeness of surgical resection (17). In this case, the tumor extensively involved the entire heart, including its entrances and exits, and adhered closely to the epicardium. Due to the difficulty of surgical resection, only palliative treatment was administered, resulting in a grim prognosis for the patient.
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Phosphoinositide 3-kinase (PI3K) inhibitors have shown synergistic anticancer effects with endocrine therapy against ER+/PIK3CA-mutated breast cancer. PI3K inhibitors for cancer therapy are becoming more common. There is an increasing need to understand their cardiac adverse events. In this report, we describe the features of near-fatal mixed arrhythmias in a patient who was undergoing a phase Ib clinical study of PI3Kα inhibitor with fulvestrant. Subsequently, the patient survived by cardiopulmonary resuscitation and therefore did not die. This case highlights that PI3K inhibitors can induce QT/QTc prolongation and predispose patients to TdP. The combination of QT/QTc prolongation in combination with prolonged cardiac repolarization, such as an AV block during treatment with PI3Kα inhibitor, may aggravate the occurrence of TdP. It is likely to be a safer strategy to adjust the standard of discontinuing drugs and continuing drugs (QTc interval was <500 and <60 ms at baseline) or choose other types of alternative treatment options. This report provided some ideas for clinicians to identify early and prevent the occurrence of fatal arrhythmias during anticancer treatment.
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Introduction

With different kinds of new anticancer drugs emerging, many heart-related adverse drug reactions (ADRs) have appeared (1). One crucial and potentially harmful marker is prolonged cardiac repolarization, which is reflected by a prolonged QT interval in the ECG (1, 2). Prolongation of the QT can develop into severe ventricular arrhythmia of the torsade de pointes (TdP), which can induce sudden death (3). The phosphoinositide 3-kinase (PI3K) pathway plays a key role in cell growth, survival, apoptosis, metabolism, and myocardial contractility (4, 5). The combination therapy of PI3K inhibitors has presented a better clinical activity particularly in patients who have PIK3CA-mutated tumors (6). PI3K signaling could control cardiac repolarization and increase action potential duration by regulating multiple ion channels (7, 8). However, mixed arrhythmias which are caused by PI3K inhibitors have not been reported previously. This report provides clinical empirical evidence, which we hope will help healthcare practitioners to identify and prevent potential severe arrhythmia during treatment with PI3K inhibitors.





Case presentation

A 73-year-old woman had a radical mastectomy for right breast cancer 6 years earlier and had no other history. This was followed by oral letrozole (2.5 mg/day) for approximately 5 years, oral exemestane (2.5 mg/day) for 8 weeks, oral chidamide (30 mg/3 day) for 4 weeks, and discontinuation of the drug 3 months before admission. The carcinoma recurred after a series of anticancer therapies failed. The patient’s repeated immunohistochemistry test results were as follows: ER (40%, +), PR (-), HER2 (0), KI67 (LI: 40%), and PI3KCA mutation. The initial laboratory tests were in the normal range (Table 1; Figure 1). A 12-lead ECG showed premature ventricular contraction (PVC), frequent bigeminy, and QT/QTc (398/410 ms) (Figure 2A). The patient met the project criteria of a phase Ib study of PI3K inhibitor with fulvestrant in PI3KCA-mutated metastatic breast cancer (project number: HS-10352–102), signed the informed consent, enrolled in the clinical study, and started to take the drug orally (4 mg/day). She took it for 28 days. The patient had no chronic disease, as only the trial drug was taken orally during the study. The ECG revealed frequent PVC, frequent bigeminy, and QT/QTc (440/446 ms) a week after the start of the study (Figure 2A). The laboratory results were in the normal ranges, but the ECG revealed QT/QTc of 410/457 ms, frequent PVC, frequent bigeminy, and second-degree AV block 2 weeks after the study (Figures 1A, 2A). The initial AV block was assessed as CTCAE V5.0 grade 1–2, and the study continued. We still found frequent PVC, frequent bigeminy, second-degree AV block, and QT/QTc (424/471 ms) 3 weeks after the study started (Figure 2A). At 4 weeks, the ECG showed QT/QTc of 524/534 ms and an almost complete AV block (Figure 2A). The second-degree AV block turned to an almost complete AV block, which was assessed as CTCAE V5.0 grade 3. The patient immediately withdrew from the clinical study and had a permanent pacemaker implanted.


Table 1 | Patient data and laboratory findings on admission.






Figure 1 | Main clinical and laboratory findings and therapeutic interventions from admission on day 0 to discharge from the ICU on day 78 are depicted. The QT interval correction method is after the Bazett formula. hs-TNI, hypersensitive troponin I; CK-MB, creatine kinase-MB; LVEF, left ventricular ejection fraction.






Figure 2 | Changes of electrocardiogram from admission to discharge. (A) Changes in the ECG from admission to before the patient was installed. Days 1–24: ECG showed QT/QTc interval gradually prolongation. Days 31–45: ECG displayed worsening QT/QTc interval and atrioventricular block. (B) Changes in the ECG from enrolling in the study again to transfer to our hospital ICU. Days 53–66: ECG showed gradual prolongation of the QT/QTc and worsening of AV block. Day 67: Changes of ECG after being transferred to the ICU. The chest X-ray revealed that the location of the cardiac pacemaker was normal after CPR. (C) Changes in the ECG and chest X-ray in the patient after transfer to another hospital’s ICU. Days 68–71: ECG changes from days 1 to 4. Day 75: The occurrence of TdP was recorded on the 5th day. The chest X-ray displayed that the location of the cardiac pacemaker was normal.



We implanted a single-chamber permanent pacemaker (VVI). The ECG revealed QT/QTc of 456/456 ms, normal pacemaker sensing, and an almost complete AV block (Figure 2B). The laboratory results were also in the normal range. CTCAE V5.0 grade 3 turned to grades 1–2, so we adjusted the dose of the PI3K inhibitor (2 mg/day) and kept her on it for 28 days (Figure 1). We still observed a gradual prolongation of the QT/QTc (470/470 ms) after a week, QT/QTc (486/478 ms) after 2 weeks, and a consistently complete AV block (Figure 2B). The patient suddenly lost consciousness with no pulse after 12 days of dose adjustment. Continuous cardiopulmonary resuscitation (CPR) was performed, and the patient was transferred to the ICU. The patient’s circulation eventually recovered with short episodes of ventricular tachycardia (VT), and TdP frequently occurred (Figure 2B). The chest X-ray result revealed that the location of the cardiac pacemaker was normal (Figure 2B). We achieved hemodynamic stability with a continuous infusion of magnesium sulfate (4 mg/min) and isoprenaline (1–3 μg/min), and the patient maintained a normal potassium level.

The patient was transferred to the ICU of another hospital for further antiarrhythmic therapy on the next day. The echocardiography showed a weakened systolic function and LVEF of approximately 40% (Figure 1). The laboratory tests results are shown in Figure 1. The ECG showed prolongation of the QT/QTc, frequent PVC, and almost complete AV block for 4 days (Figure 2C). The patient still had occasional short episodes of TdP on the 5th day, but the myocardial enzymes were gradually declining, and the chest X-ray result revealed that the location of the cardiac pacemaker was normal (Figure 2C). Finally, the patient recovered consciousness, was weaned from mechanical ventilation, and was discharged from the ICU after 2 weeks.





Discussion and conclusion

Numerous clinical reports have shown that PI3K inhibitors combined with endocrine therapy in HR+/HER2- advanced breast carcinoma could prolong progression-free survival (PFS) and enhance the overall response rate (ORR), clinical benefit rate (CBR), and median overall survival (OS) compared with control treatments (9, 10). According to FDA drug instructions, monitoring blood glucose and glycosylated hemoglobin before and after treatment with PI3K inhibitors is important (11). One study reported an incidence of hyperglycemia of 65%, an incidence of diarrhea of 58%, and a non-infectious pneumonia onset of 1.8% during alpelisib treatment. However, its adverse cardiovascular drug reactions are not reported in the clinic.

The patient had no chest pain or other cardiac symptoms, but the occurrence of fatal arrhythmias seems to be traceable. She could be observed to have experienced a second-degree AV block approximately 2 weeks after the start of the study, and the second-degree AV block worsened to almost a complete AV block throughout the study. Whether PI3K inhibitors induce AV block is unknown and has rarely been reported. The effect of PI3K inhibitors on AV block is permanent or temporary and requires extensive clinical data. We also observed a gradual prolongation of the QT/QTc during the study. ECG revealed a QT/QTc (524/534 ms) of approximately 120 ms above baseline and complete AV block after 4 weeks. We observed the QT/QTc (456/456 ms) to be below 60 ms from baseline and complete AV block after the pacemaker was implanted. Her cardiac risk seemed to have been removed, only to develop cardiac arrest when she had an adjusted drug dose. We recorded three ECG changes of QT/QTc gradual prolongation, which eventually led to cardiac arrest. There is no threshold of QTc prolongation at which TdP is certain to occur. The QTc greater than 500 ms has been associated with a twofold to threefold higher risk for TdP, and each 10-ms increase contributes to approximately 5% to 7% exponential increase in risk (12). Therefore, it appears that it is difficult to predict when to stop the PI3K therapy. We found (1, 2) no evidence showing that fulvestrant can lead to QT prolongation, so we can speculate that PI3K inhibitors lead to the prolongation of the QT/QTc. Whether it is correlated with the dose of the drug is unknown. The drug effects on cardiac conduction function require further clinical data and pharmacokinetic studies.

We might find some clues to prevent the occurrence of fatal arrhythmia in this case. Firstly, we should fully assess the medical history, including older age (>65 years), sex, a congenital long QT syndrome (LQTS), a high baseline QTc, hypothyroidism, and induced QTc prolonged by other drugs (1, 2). Secondly, the risk classification of anticancer drugs and supportive drugs should also be fully estimated, and evaluation of the risk of QTc prolongation is necessary for moderate–high risk drugs (13, 14). Thirdly, monitoring the ECG and electrolyte levels is also crucial and the easiest way to get it. The latter report (1) also emphasized the standard of discontinuing the drugs when the QTc interval was ≥500 or ≥60 ms above baseline until the QTc interval was <500 or <60 ms above baseline. Electrolyte imbalances directly increase the risk of developing TdP, just as several drugs that cause QTc prolongation corrected the target value for serum K+ from 4 mEq/L to the upper limit of normal, and serum Ca2+ and Mg2+ within the normal range was safer (15).

We found a special phenomenon in which both the QT/QTc interval and AV block were gradually exacerbated in this case. We also noticed that the patient had frequent bigeminy before the pacemaker was implanted. There are reports that bigeminy can be another arrhythmia contributing to torsades (16). Although we cannot predict whether a patient will experience sudden cardiac death, the mixed arrhythmias should be noticed as early as possible. Some reports (17, 18) have shown that AV block-induced cardiac electrical and structural remodeling predisposes the heart to TdP in an AV dog model. Bhattad et al. (2023) (19) described that tachycardia usually shortens the QTc interval, but the adjustment is not instantaneous. Bradycardia increases the risk of QTc prolongation and therefore the risk for torsade de point. It is therefore logical that a patient with increasing AV block picture and subsequent bradycardia has an increased risk for torsade de points. Bradycardia and torsade de points are connected. The mechanism by which AV block and PI3K inhibitors induce TdP is that both can lead to prolonged cardiac repolarization and further promote action potential prolongation (18). We observed that the patient still experienced multiple short episodes of TdP when the QTc interval was <500 and <60 ms at baseline. Thus, we believe that the previous standard of discontinuing drugs and continuing drugs no longer seems to be safe.

The report stresses a comprehensive assessment of risk factors for QT prolongation before anticancer therapy. Frequent recording of ECG changes and electrolyte levels is necessary during the treatment. When the QT was gradually prolonged along with this type, arrhythmias of cardiac repolarization and action potential prolongation appear together. It should be of great concern to healthcare professionals. It is likely to be safer to choose other types of alternative treatment options or downregulate the standard for discontinuing and restarting drugs. No more data were collected from the other patients participating in the trial. We only report this one case, and there was no serum concentration monitoring in this case. We frequently monitored the patients’ ECG and found three kinds of arrhythmias. It seems that it could provide some proof for clinicians to identify early and prevent the occurrence of fatal arrhythmias during anticancer treatment.
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Background: Primary cardiac tumors remain exceptionally rare, characterized by a poor prognosis. Among them, sarcomas originating in the pulmonary arteries constitute the most infrequent subgroup within primary cardiac sarcomas.



Case summary: This report presents the case of a 76-year-old female experiencing a recurrence of an undifferentiated pleomorphic intracardiac pulmonary artery sarcoma located in the right ventricular outflow tract, manifesting 8 years after initial remission. Successful outcomes were attained through a combination of surgical resection, state-of-the-art radiotherapy, and chemotherapy. This comprehensive approach proved essential for optimizing both survival and quality of life.



Discussion: The unexpectedly prolonged recurrence-free survival observed in this case underscores the effectiveness of the comprehensive multimodal treatment approach outlined in the existing literature. This highlights the pivotal role of a multidisciplinary strategy in addressing primary cardiac sarcomas, particularly those arising in the pulmonary arteries.
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Introduction

Primary cardiac tumors are exceptionally rare and associated with a dismal prognosis. Among these, sarcomas originating in the pulmonary arteries constitute the rarest subset of primary cardiac sarcomas. The symptoms are nonspecific and can closely resemble those of various other cardiac diseases. Diagnosing these tumors remains a formidable challenge and is frequently prone to misidentification. Multimodality imaging plays a pivotal role in the diagnostic process, although the definitive diagnosis is ultimately established through anatomopathological examination.



Case report


Patient presentation

We present a case involving a 76-year-old female who experienced a recurrence of undifferentiated pleomorphic pulmonary artery sarcoma, 8 years after achieving remission.

The patient initially presented in 2014, reporting progressive fatigue and exertional dyspnea classified as NYHA II over a 6-month period. During a cardiac examination, a grade 3/6 crescendo-decrescendo systolic murmur was identified. Transthoracic echocardiography (TTE) revealed moderate pulmonary valve stenosis due to a protruding mass in the right ventricular outflow tract (RVOT), further confirmed by transesophageal echocardiography (TOE) (Figures 1A,B). Cardiac computed tomography (CT) and magnetic resonance imaging (MRI) verified a 25 × 35 × 24 mm mass attached to the RVOT, extending into the pulmonary trunk through the pulmonary valve without apparent invasion of the bifurcation (Figures 1C,D). To characterize the nature of the right atrial mass, a whole-body 18-fluorodéoxyglucose positron emission tomography computed tomography (18FDG PET/CT), performed after 24 h of dietary preparation and heparin pre-administration to suppress physiological myocardial FDG uptake (1), revealed low metabolic activity of the tumor (white arrows), comparable to the mediastinal blood pool [maximum standardized uptake value (SUVmax) of the tumor 2.6 vs. 2.4 for the blood pool] (Figure 2), with no signs of metastasis.


[image: Figure 1]
FIGURE 1
Preoperative cardiac imaging from 2014 to 2022 depicts the initial occurrence of pulmonary artery sarcoma and its recurrence, respectively (A–D, I–L) Postoperative imaging from 2014 to 2022 reveals the absence of any lesions (E–H, M–P).



[image: Figure 2]
FIGURE 2
18-FDG PET/CT 2014—initial PET imaging reveals a low metabolic activity of the tumor (indicated by white arrows), comparable to that of the mediastinal blood pool [with a maximum standardized uptake value (SUVmax) of 2.6 for the tumor vs. 2.4 for the blood pool]. Please note that myocardial glucose metabolism is suppressed due to a diet low in carbohydrates and high in fats in the days leading up to the examination.


The cardiac mass was partially removed through a longitudinal incision in the pulmonary artery. The mass was very large and adherent to the pulmonary infundibulum but also to the right ventricle up to its apex. Only R2 resection was possible under these anatomical conditions. After resection, there was virtually no pulmonary valve or pulmonary artery wall, which means that the continuity of the right outflow tract has to be rebuild using a homograft. Immediate postoperative TOE demonstrated a proper function of the homograft and no complication, particularly on the tricuspid valve.

Anatomopathological analysis indicated a proliferation of poorly differentiated malignant tumor cells within a fibromyxoid stroma (Figures 3A,B). The proliferation included giant cells with clarified, vacuolated, or eosinophilic cytoplasm. The nuclei were large, often multinucleate, with marked pleomorphism. Prominent nucleoli were observed in some cells, along with intranuclear inclusions. Immunohistochemicaly, the cells were positive for CD34 and negative for HMB45, Melan A, S100, pancytokeratin, EMA, desmine, SMA, caldesmon and CD99. MDM2 was not amplified in FISH. A diagnosis of undifferentiated pleomorphic cardiac sarcoma was established.

Following radio-chemotherapy with cisplatin (Radiotherapy of 45 Gy—25 fractions of 1.8 Gy—followed by a boost of 12 Gy—6 fractions of 2 Gy—and cisplatin 40 mg/m2, 1×/week for 5 weeks), the patient experienced long-term remission with a good quality of life. Cisplatin therapy was used as a radio-sensibilizing treatment. Subsequent follow-ups with TTE, TOE, and MRI (Figures 1E–H) showed no signs of recurrence.

In 2022, the patient reported a recurrence of progressive dyspnea classified as NYHA II during a follow-up. Upon admission, vital signs included a blood pressure of 144/62 mmHg (mean pressure, 89 mmHg), a resting heart rate of 64 beats per minute, and a transcutaneous oxygen saturation of 97% while breathing ambient air. A systolic pulmonary murmur (3/6) radiating on the carotid arteries was detected during cardiac auscultation. The patient did not exhibit signs of cardiac failure (Killip I), and the neurological examination was normal.

TTE and TOE revealed a resurgence of pulmonary stenosis with a mobile mass measuring 10 × 12 mm in the RVOT (gradient 45/30 mmHg vs. 20/13 mmHg previously) (Figures 1I,J). Cardiac MRI confirmed a T1 isointense, T2 hyperintense pedunculated mass measuring 11 × 11 mm in the RVOT (Figures 1K,L). A differential diagnosis of thrombus was considered, and anticoagulation was initiated. A follow-up MRI after 2 months indicated stability of the mass. Endovascular biopsy attempts were unsuccessful. Multidisciplinary discussions led to the decision for surgical resection of the mass.

The procedure consisted of a transverse incision of the homograft in order to remove the mass which obstructed the pulmonary valve at each systole. The homograft showed signs of degeneration in the form of mild stenosis and insufficiency, but it was decided not to replace the prosthesis, given the complexity of that surgery and the patient's oncological prognosis.

Macroscopically, the mass exhibited a nodular aspect with a smooth surface, brownish with hemorrhagic foci but without obvious necrosis (Figure 3C). Anatomopathological analysis revealed a well-circumscribed tumor encapsulated by fibrous tissue. Tumoral cells exhibited numerous atypia and mitosis, with scattered giant high-grade cells (Figure 3D, arrows) within an eosinophilic stroma (Figure 3D,*). Some cells were multinucleated (arrows). Immunohistochemicaly, the cells were negative for CD31, CD34, ERG, MDM2, Calretinin, MYC, CD68 and CD163. MDM2 was not amplified in FISH as in the previous biopsie. The same morphology and immunohistochemical profile were found in 2014 and in 2022 with high-grade giant cells that were negative for MDM2 (Figure 4). In order to search for a clonal link between the two tumor (2014 and 2022), we performed next-generation sequencing on both tissues and we found the same TP53 exon 5: mutation c.503A>G (p.His168Arg) in both tumors. Given the very similar localization, morphology, immunohistochemical and genomic profile, a diagnosis of recurrent undifferentiated pleomorphic pulmonary artery sarcoma was confirmed.


[image: Figure 3]
FIGURE 3
Tumoral lesion resected in 2014 (A) displaying scattered high-grade giant cells (B, indicated by arrows) within an eosinophilic fibromyxoid stroma (B, marked with a star), stained with hematoxylin and eosin (HE) at 200× magnification. Immunohistochemicaly, the cells were lightly and focally positive for CD34, and negative for MDM2, HMB45, Melan A, S100, pancytokeratin, EMA, desmine, SMA, caldesmon and CD99. MDM2 was not amplified in FISH. Tumoral lesion resected in 2022 (C), measuring approximately 1.5 cm, exhibits a nodular appearance with a smooth surface, appearing brownish with hemorrhagic foci but lacking obvious necrosis. The tumor is well-encapsulated by a fibrous capsule. Anatomopathology with HE staining revealed tumoral cells displaying numerous atypia and mitosis, along with scattered high-grade giant cells (D, indicated by arrows) within an eosinophilic stroma (D, marked with a star). Some of these cells were multinucleated (D, indicated by arrows). Immunohistochemistry did not demonstrate a specific line of differentiation, with a negativity of the following markers: CD31, CD34, ERG, MDM2, Calrétinine, MYC, CD68 et CD163. HE staining at 200× magnification.
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FIGURE 4
The same morphology and immunohistochemical profile were found in 2014 (panel A) and in 2022 (panel B) with high-grade giant cells that were negative for MDM2.




Follow-up—patient perspective

After surgical resection, multidisciplinary discussions led to an observational approach, without the implementation of adjuvant treatment. The patient remains asymptomatic, except for NYHA I dyspnea. The cardiac MRI and PET-CT performed at the 3-month follow-up did not reveal signs of new recurrence of the pleomorphic sarcoma (Figures 1M–P).

At the 10-month follow-up, there was evidence of tumoral progression, manifested as a 7 mm thickening of the right pulmonary artery. As the patient's frailty was too important for a third sternotomy, it was decided to perform a pulmonary artery angioplasty to decrease the patient's dyspnea and she received pazopanib treatment (anti-VEGFR). However, this treatment was discontinued due to intolerance a few weeks after initiation. The patient currently declines oncology treatment.




Discussion

With an incidence ranging from 0.001% to 0.03% in autopsy series, primary cardiac tumors remain exceptionally rare, carrying a poor prognosis (2). Among these, sarcomas represent the most prevalent form of malignant primary cardiac tumors. Notably, sarcomas originating in the pulmonary arteries constitute the rarest subset within primary cardiac sarcomas.

Since its initial description by Mandelstamm in 1923, approximately 300–400 cases of pulmonary arterial sarcoma (PAS) have been reported. Diagnosing PAS remains a challenge as it is frequently misidentified as pulmonary thromboembolism (3). Cardiac sarcomas arise from primitive pluripotent interstitial cells with the capacity for multiple differentiations. The symptoms are nonspecific, resembling those of various other heart diseases, making the diagnosis of cardiac tumors notably challenging.

The diagnosis heavily relies on multimodality imaging, incorporating echocardiography, cardiac computed tomography, and magnetic resonance. However, a definitive diagnosis and treatment hinge on histology, ultimately confirmed through anatomopathology.

The typical onset age for cardiac sarcoma is 45–55 years old, and the female-to-male ratio is 2:1.

The median overall survival for cardiac sarcoma patients is approximately 6 months based on retrospective series (4). Without surgical treatment, the median survival time is a mere 1.5–3 months for pulmonary artery sarcoma (5). However, with “complete” surgical resection, survival improves to 36.5 ± 20.2 months, and with “incomplete” surgical resection, it extends to 11 ± 3 months (6).

Surgical resection remains crucial for the long-term survival of cardiac sarcoma patients, despite the challenges posed by these tumors, such as their location, achieving complete resection, and addressing sarcoma margins. Combining surgical resection with radiotherapy and chemotherapy appears to offer the best prospects for a good quality of life among patients. Recent studies have not demonstrated survival benefits in the last cohorts examined (7). Given the rarity of achieving R0 resection in this type of surgery, active monitoring for disease recurrence is imperative.



Conclusion

To the best of our knowledge, our case represents one of the longest periods of recurrence-free survival documented for a cardiac sarcoma in the current medical literature. Successful outcomes were achieved through surgical resection combined with state-of-the-art radiotherapy and chemotherapy, essential for optimizing both survival and quality of life. This unexpectedly prolonged recurrence-free survival underscores the efficacy of the comprehensive multimodal treatment approach detailed in existing literature, emphasizing the critical role of a multidisciplinary strategy. Given advancements in surgical techniques, personalized radiotherapy protocols, and chemotherapy planning in the contemporary era, it is imperative to reevaluate survival rates for this rare tumor through new studies.
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Ejection fraction

Value
74%

Name
Left atrium

41 mm

Fraction shortening

41%

Right atrium

40 mm

Left ventricular end-
diastolic volume

32mm

Pulmonary artery systolic
pressure

74 mmHg

Mitral valve orifice area
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Mean mitral valve pressure
gradient

35 mmHg

Maximum diastolic mitral
orifice flow rate
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‘Maximum velocity of
tricuspid regurgitation
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2023-02-05

Admitted to the Cardiology Department

2023-02-06

An echocardiogram revealed two masses in the left atrial
cavity

2023-02-07

Coronary angiography results in negative

2023-02-07

Transferred to the Cardiac Surgery Department

2023-02-08

Cardiac tumor resection surgery. Frozen sections indicated
that mesenchymal tumor flap cells were abundant, necrotic,
and tended to be borderline or low-grade malignant.

20230217

Primary Myxofibrosarcoma was substantiated through
immunohistochemistry and microscopic morphology
Discharged.

2023-03-21

PET-CT revealed that the patient had multiple metastatic
lesions in the liver and left femur.

From 2023 to 04 to
202310

6 cycles of chemotherapy: Paclitaxel 200 mg, Liposomal
Doxorubicin 40 mg, and Anlotinib 10 mg.

202310

Routine outpatient follow-up. An echocardiogram revealed a
recurrent mass in the left atrial cavity. Lenvatinib Mesylate
was added as an anti-tumor therapy.

From 2023 to 11 to
2024-03

Routine outpatient follow-up.
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Baseline characteristics | Case 1 Case 2
Age (years) 69 55 64 74 82 68 85
Sex. Female Female Male Female Male Male Male
Baseline platelet count (K/uL) 39 383 51 256 178 m 154
CAD i N-STEMI | Unstable angina 1cM N-STEMI N-STEMI TSEMI N-STEMI
Duration between index PCI 2 8 10 3 6 20 24
and presentation (weeks)
Procedure Endoscopy ERCP Colonoscopy | G-tube placement | Orthopedic | IR-guided biopsy | Eyelid malignant lesion excision
Duration of therapy (days) 3 5 3 4 5 5 7
Concomitant aspirin None Yes Discontinued | Discontinued Yes Yes None
Bleeding within 30 days None None None None None None None
Ischemic within 30 days None None None None None None None
Stent type NA Orsiro DES | Synergy DES |  Synergy DES | Synergy DES | Onyx DES NA
Number of stents NA 2 3 1 2 NA NA
CAD, coronary artery disease; ICM, ischemic ERCP, retrograde ; G-tube, tube; IR, i \
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Frikha
etal. (14)

Gender

Age
(years)

Disease status

Non-Hodgkin
large B-cell
lymphoma

Clinical
symptoms
Cardiac tamponade and

paroxysmal third-
degree atrioventricular
block

Imaging diagnosis

Echocardiography, computed
tomography, coronary
angiography

QICE NS

Surgical resection
and R-CHOP

Prognosis

The size of the mass was
reduced

Crisel
etal. (15)

Diffuse large B-cell
Iymphoma

Complete
atrioventricular block

Echocardiography, cardiac
‘magnetic resonance imaging

Pacemaker
implantation and R-

No identifiable tumor

Chen
etal. (16)

Primary diffuse
cardiac large B-cell
Iymphoma

Atrioventricular block
and paroxysmal
ventricular tachycardia

Echocardiography, computed
tomography

COP, CHOP, and R-
CHOP

Adequate global systolic and
diastolic functions, with
significant reduction of
myocardial thickness and
resolution of pericardial
effusion

Wang
etal. (17)

Primary cardiac T-
cell lymphoma

Complete
atrioventricular block
and torsades de pointes

Echocardiography, computed
tomography

Complete remission

Sekar
etal (18)

High-grade non-
Hodgkin's
Iymphoma of B-
cell type

Acute coronary
syndrome and
atrioventricular block

Echocardiography, computed
tomography

Tumor recurrence

Jang et al.
19

Diffuse large B-cell
Iymphoma

Atrioventricular block

Echocardiography, cardiac
magnetic resonance imaging,
positron emission tomography-
computed tomography

Surgical resection,
pacemaker
implantation, R-
CHOP

Complete remission

Usty etal.
@0

C-MYC positive,
EBV-negative,
Burkitt lymphoma

Symptomatic complete
heart block

Echocardiography, cardiac
magnetic resonance imaging,
coronary angiography

Pacemaker
implantation and R-
CHOP

The size of the mass was
reduced

Al Mawed
etal. (21)

Female

Diffuse large B-cell
non-Hodgkin
Iymphoma of non-
germ-cell type

Atrial flutter and
atrioventricular block

Echocardiography, cardiac
magnetic resonance imaging,
positron emission tomography-
computed tomography

Pacemaker
implantation, R-
mini- CHOP and R-
CHOP

Complete remission

Non-germinal
centre diffuse large
B-cell Iymphoma

Complete
atrioventricular block

Echocardiography, computed
tomography, positron emission
tomography-computed
tomography

R-EPOCH

The size of the mass was
reduced

Primary cardiac T-
cell lymphoma

Complete
atrioventricular block

Echocardiography, cardiac
magnetic resonance imaging,
computed tomography, positron
emission tomography-computed
tomography

MTX-CHOP

Complete remission

Shigeno
etal. (24)

Female

Diffuse large B-cll
Iymphoma

Complete
atrioventricular block

Echocardiography, computed
tomography

Surgical resection,
epicardial lead
implantation, R-
CHOP

Complete remission

Mao et al.
(25)

Primary diffuse
cardiac large B-cell
Iymphoma

Complete
atrioventrieular block

Echocardiography, computed
tomography, positron emission
tomography-computed
tomography

Pacemaker
implantation, R-
COP and R-CDOP

The size of the mass was
reduced
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