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Background: Cryoglobulinemia is a syndrome characterized by the presence of cryoglobulins (CGs) in serum, and cardiac involvement is a rare occurrence that can affect treatment and prognosis. This study aimed to explore the clinical characteristics of cryoglobulinemia with cardiac involvement.

Methods: 108 patients diagnosed with cryoglobulinemia who were admitted and treated in Peking Union Medical College Hospital (PUMCH) between June 1985 and June 2019 were enrolled in the present study. Clinical characteristics, therapy, and prognosis of patients with cardiac involvement were retrospectively analyzed.

Results: The cryoglobulinemia with cardiac involvement was found in 7 patients, thus reaching the incidence of 6.5%. Heart failure was the main cardiac manifestation found in these patients, all with the involvement of external cardiac organs. Laboratory examinations showed significant elevation of N-terminal brain natriuretic peptide precursor (NT-proBNP) and brain natriuretic peptide (BNP) with negative troponin (cTnI). Electrocardiogram (ECG) was generally normal or only showed low-flat and biphasic multi-lead T waves. Echocardiography was performed in 6 patients, all of whom showed enlargement of heart cavity. Five patients had reduced left ventricular myocardial contractible motion with decreased ejection fraction, 3 patients had pericardial effusion, and 1 patient had left ventricular hypertrophy or severe aortic insufficiency. Cardiac magnetic resonance imaging showed delayed myocardial enhancement in 2 patients. One patient underwent a myocardial biopsy, which showed perivasculitis. Condition in 6 patients who received active treatment targeting improved in the early stage. Three patients (3/7, 42.9%) died due to disease progression during follow-up period.

Conclusions: Cryoglobulinemia with cardiac involvement is a rare but serious condition that has relatively high risk of death. When patients with cryoglobulinemia without underlying heart disease experience heart failure, chest pain, or elevation of asymptomatic NT-proBNP and BNP, there is a high possibility of cardiac involvement, even if the electrocardiogram and troponin are negative. Further examinations such as echocardiography, cardiac magnetic resonance imaging, and myocardial biopsy examination could contribute to the diagnosis. Cardiac manifestations could be timely reversed after active targeted treatment. NT-proBNP and echocardiography could be used for the monitoring of disease efficacy.
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INTRODUCTION

Cryoglobulinemia is a syndrome characterized by the presence of cryoglobulins (CGs) in the blood. Its pathological mechanism includes small vessel vasculitis caused by the deposition of immune complexes on the blood vessel wall and activation of complement. According to the composition of immunoglobulins, cryoglobulins can be divided into three types: Type I, a monoclonal immunoglobulin (usually IgG or IgM, rarely IgA or free light chain) that can be seen in malignant tumors with B cell lineage; Type II, which is a mixed type of monoclonal IgM and polyclonal IgG that can be seen in hepatitis C and other infections, connective tissue diseases (CTDs) and lymphoproliferative diseases; Type III, which is polyclonal IgM and polyclonal IgG, and usually appears secondary to CTDs or infection. Type II and III CGs are also known as mixed cryoglobulinemia. Cryoglobulinemia can cause multi-system diseases, including skin and mucosal injury, glomerulonephritis, peripheral nerve, joint pain, etc. Laboratory tests usually reveal positive monoclonal immunoglobulins, unexplained high titer rheumatoid factor (RF), and persistent hypocomplementemia. Therefore, the determination of blood cryoglobulinemia contributes to diagnosis. Cardiac involvement is a rare occurrence that can affect treatment and prognosis (1). To improve the understanding of cryoglobulinemia with heart involvement, the clinical data of 7 patients with cryoglobulinemia with heart involvement treated in our hospital were retrospectively analyzed and summarized. Relevant literature was also reviewed.



MATERIALS AND METHODS


Patients

We reviewed medical records from all inpatients treated in Peking Union Medical College Hospital (PUMCH) between June 1985 and June 2019. A total of 108 patients diagnosed with cryoglobulinemia were found. The inclusion criteria were: (1) cryoglobulin positivity (cyocrit > 1.0%) and a clinical diagnosis of cryoglobulinemia based on comprehensive clinical, physical and chemical, imaging and pathological data (2, 3); (2) age > 18 years old (male or female), and admission to the ward with complete inpatients medical records; (3) cardiac involvement defined as abnormal structure or function of the heart caused by cryoglobulinemia based on clinical symptoms, physcial examinations, laboratory tests, radiology examinations, biopsy, and exclusion of heart failure caused by non-cardiac diseases like renal insufficiency and other secondary heart diseases such as hypertension, coronary heart disease (4). The exclusion criteria were: the missing inpatient medical records; availability of only outpatient clinic medical records.



Methods

We recorded general data, the clinical manifestations, laboratory tests, imaging and pathology data, therapy, outcomes of patients with heart involvement by retrospective analysis. Clinical response was defined by analyzing the course of cardiac involvement (clinical, biologic, and radiologic improvement) and referring to the Bermingham vasculitis activity score (BVAS) of systemic vasculitis. Relapse was defined as reappearing of clinical signs of active vasculitis in any organ after remission (5, 6). Follow-up was conducted by outpatient or telephone contact. The last follow-up was in May 2020.



Statistical Analysis

Normal distribution of data was established by the Kolmogorov-Smirnov test, and data were presented as mean ± standard deviation (Mean ± SD). Descriptive statistical analysis was carried out by SPSS 20.0 statistical package (SPSS, Chicago, IL, USA).




RESULTS


General Data

There were 7 patients (7/108, 6.5%) with cryoglobulinemia with cardiac involvement who were treated in different departments, including the department of Nephrology (3/7), the department of Hematology (3/7), and the Department of General Medicine (1/7, who was later transferred to the Department of Hematology for treatment). There were 4 male and 3 female patients, with the mean age of cryoglobulinemia onset of 45.6 ± 13.1 years old and the mean age of cardiac involvement of 46.1 ± 12.8 years old. General data are shown in Table 1.


Table 1. General data and clinical features of 7 patients in cryoglobulinemia with cardiac involvement.
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Types and Etiology of Cryoglobulin

Type I cryoglobulin was found in 2 patients, including one secondary to B-cell lymphoma and the other without a definite secondary factor. Type II cryoglobulin was found in 4 patients, including 1 secondary to chronic viral hepatitis B, 2 to B-cell lymphoma, and 1 without a definite secondary factor. One patient had type III cryoglobulin and no definite secondary factor.



Heart Manifestation

Heart manifestations are shown in Table 2. Among the 7 patients, only 1 patient had a history of hypertension. The main clinical manifestations were chest tightness, suffocation, and edema; 2 patients had heart symptoms as the first manifestation, and the remaining 4 patients experienced heart-related symptoms in the process of disease progression or recurrence. The values of cTnI in 7 cases were all within the normal range. The values of NT-proBNP and BNP were significantly increased, especially in 2 cases with values higher than the upper limit of normal detection.


Table 2. Cardiac related manifestations, treatment, and prognosis in 7 patients with cryoglobulinemia.
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Six cases underwent echocardiography, and the results were as follows: 6 cases had enlarged cardiac chambers, including left ventricular enlargement, with left and right ventricular enlargement and left atrial enlargement found in 2 cases; 5 cases had reduced left ventricular systolic motion and ejection fraction; 3 cases had pericardial effusion; 1 case had severe aortic insufficiency; 1 case had left ventricular hypertrophy with a history of hypertension. Three patients underwent cardiac magnetic resonance imaging. In addition to the corresponding findings of echocardiography, two patients had delayed myocardial enhancement in the ventricular septum (Figure 1). A myocardial biopsy was performed in 1 patient, revealing perivascular monocyte infiltration.
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FIGURE 1. (A) Case 2 (Yellow arrow): Cardiac magnetic resonance imaging showing patchy delayed enhancement of the insertion at both ends of the ventricular septum. (B) Case 4 (Yellow arrow): Cardiac magnetic resonance imaging showing linear delayed enhancement in the basal segment of the ventricular septum.




Extracardiac Manifestations

In addition to cardiac involvement, renal involvement and renal insufficiency were present in all patients, including 3 cases of nephrotic syndrome, 3 cases of chronic nephritis syndrome, and 1 case with proteinuria in the nephrotic range. Renal biopsy was conducted in 1 case of nephrotic syndrome and the other case of chronic nephritis syndrome. Pathological results in both cases showed proliferative glomerulonephritis in capillaries, which could be consistent with renal involvement of cryoglobulinemia. The skin manifestations were purpura-like rash in all 6 cases. The lung, peripheral nerve, and gastrointestinal tract involvement were found in one case. There were 3 cases with decreased hemogram, including 1 case with unknown cause and the other 2 cases complicated with multiple lymph node enlargement and splenomegaly, which were considered secondary to lymphoma bone marrow involvement.



Laboratory Tests

Increased rheumatoid factor and reduced complement were found in 6 cases. In 1 case, the complement was normal, and the result of a rheumatoid factor was unknown. Monoclonal immunoglobulin was detected in 6 cases, where 1 case was type III cryoglobulin negative, 4 cases had IgMk, and 1 case had IgGk.



Treatment Plan and Efficacy

Two patients secondary to B-cell lymphoma received combined chemotherapy containing rituximab. One patient with type I cryoglobulin without definite secondary factors relapsed after receiving glucocorticoid pulse therapy in another hospital, and was later given chemotherapy containing bortezomib in our hospital. One patient with chronic hepatitis B was given high-dose glucocorticoid and antiviral therapy. The performance of heart and value of NT-proBNP in these 4 patients were significantly improved after receiving treatment. Early reexamination of echocardiography suggested that the heart structure and function were recovered; 1 patient showed normal echocardiography after 2 years of follow-up.

Four patients were followed up to the cut-off date without recurrence. One patient secondary to B-cell lymphoma (case 4) was treated with rituximab and high-dose glucocorticoid due to infection as a complication. As the above 4 patients, the cardiac indexes of this patient improved in the early stage. Nevertheless, the patient (case 4) died of recurrence after half a year later. The remaining 2 patients without definite secondary factors received immunosuppressive treatment with high-dose glucocorticoid and cyclophosphamide, where 1 patient received plasma exchange while the other did not. The former relapsed and died after experiencing a temporary improvement, while the latter died following the deterioration of the disease. Therefore, 3 patients (3/7, 42.9%) died due to disease progression during follow-up period.




DISCUSSION

Cryoglobulin is globulin that precipitates at the temperature below 37°C and re-dissolves at 37°C. This phenomenon was first observed in 1933, following which cryoglobulin was first defined in 1947. Afterward, it was gradually reported in many diseases (7, 8). Cryoglobulinemia, which is an uncommon condition, rarely includes cardiac involvement; however, it has been associated with a higher risk of death. Up to now, the cardiac involvement of cryoglobulinemia was mostly reported in individual cases, few of whom are from China. Herein, we retrospectively analyzed the data of cryoglobulinemia with heart involvement treated in our center to further understand this disease.

In a retrospective study of 165 patients with mixed cryoglobulinemia associated with hepatitis C conducted in 2013, Terrier et al. (4) found that 7 of patients had heart involvement (4.2%), with a median onset age of 61 years old (40–76), while the onset age of heart involvement was not mentioned. Currently, there is a lack of related research reports from China. This study found that the prevalence of cardiac involvement with cryoglobulinemia was approximately 6.5%, the mean onset age of cryoglobulinemia was 45.6 ± 13.1 years old, and the cardiac involvement was 46.1 ± 12.8 years old.

According to previous literature reports, almost all heart involvement in cryoglobulinemia reported so far were mixed type CGs. There was 1 case with heart involvement in type I cryoglobulinemia found in the hematology department of our center (9). Retrospective analysis of cases in our center revealed another case of type I cryoglobulinemia with cardiac involvement besides the previously mentioned one. The cryoglobulin of the remaining 5 cases with cardiac involvement was mixed type, including 4 cases of type II and 1 case of type III.

Among the 7 cases in this study, 6 had no underlying heart disease, and 1 had pre-existing hypertension. All patients presented with congestive heart failure, including acute pulmonary edema and edema around the body. Laboratory examinations indicated significantly increased NT-proBNP and BNP. The echocardiographic findings included decreased left ventricular myocardial systolic movement and left ventricular ejection fraction, cardiac cavity enlargement to varying degrees, left ventricular hypertrophy, pericardial effusion, and severe aortic valve insufficiency. Cardiac magnetic resonance imaging was performed in 3 cases, while 2 showed delayed myocardial enhancement, thus suggesting cardiomyopathy. No delayed myocardial enhancement was found on cardiac magnetic resonance imaging in the last case, which may be related to the previous application of high-dose glucocorticoids in other hospitals. One patient underwent a myocardial biopsy, which revealed perivasculitis. The clinical manifestations, laboratory indexes, and echocardiography of the heart all improved after treatment of cryoglobulinemia and secondary causes, which further supported the premise that the damage caused by heart diseases contributed to cryoglobulinemia. As previously mentioned in the study by Terrier et al. (4), there were 7 cases with heart failure and 4 cases with chest pain. Electrocardiogram showed T wave changes in 6 cases, ST-segment changes in 1 case, roughly normal condition in 1 case, while elevated troponin was found in 5 cases. Echocardiography revealed left ventricular hypertrophy in 1 case, pericardial effusion in 2 cases, myocardial contraction movement in 5 cases, and cardiac lumen enlargement in 6 cases. Myocardial MRI was performed in 5 patients, including 3 cases with delayed myocardial enhancement. In the present study, we found no chest pain, ST-segment abnormality, or elevated troponin. Although coronary artery was not evaluated in our study due to renal insufficiency, high risks of coronary atherosclerosis were not found in these cases which suggested cardiac damage was not considered to be caused by coronary lesions in a traditional way. Electrocardiogram results (close to normality or only multi-lead T wave change), negative troponin, and echocardiography without segmental ventricular wall motion abnormality further supported this assumption, which was also consistent with previous studies. For example, in Terrier's study (4), patients with ST-segment changes and troponin elevation underwent coronary angiography (CAG), which showed no obvious abnormality. Moreover, we found negative results for coronary evaluation of 3 patients in other foreign case reports (Table 3). Besides, Maestroni et al. conducted a study in (16), reporting on coronary artery vasculitis found after autopsy in two deceased patients with cryoglobulinemia with heart involvement. Therefore, we speculated that cryoglobulin-associated vasculitis might cause heart disease by mediating coronary microcirculation disturbance. In the present study, there was 1 case with left ventricular hypertrophy on echocardiography, which is consistent with previous studies mentioned above. Although the case in our study with left ventricular hypertrophy had pre-existing hypertension, it was still necessary to consider the possibility of left ventricular hypertrophy being secondary to cryoglobulinemia as it improved and disappeared after the treatment of the primary disease. This mechanism might be associated with inflammatory edema in myocardial involvement caused by cryoglobulinemia, which needed to be confirmed by myocardial biopsy. As for the severe valve disease mentioned in this study, the correlation between valve disease and cryoglobulinemia remains unclear as there were no follow-up echocardiography data (the patient died following the deterioration of the disease), and no related reports were recorded in previous studies. Yet, we assume that heart valve lesions observed in the present study might be related to cryoglobulinemia as the patient had no pre-existing heart disease and previous studies reported heart valve lesions in ANCA-related vasculitis, which equally belong to the category of small vessel vasculitis. A heart biopsy was also needed for definite confirmation (17).


Table 3. Cardiac involvement related to cryoglobulinemia reported in the literature.
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In the present study, skin and renal lesions were the most common extracardiac manifestations in patients with cardiac involvement. Laboratory examinations showed increased RF and decreased complement, while 1 case with normal complement may be due to the previous high-dose glucocorticoid treatment. These results were roughly consistent with previous studies (18, 19). In addition, Terrior et al. (4) compared patients with cryoglobulinemia to those without cardiac involvement and found 6-month, 1-, and 2-year survival rates of 86% vs. 99%, 71% vs. 96%, and 48% vs. 90%, respectively (HR 5.01, P = 0.003). This suggested that patients of cryoglobulinemia with cardiac involvement had a higher risk of death. This study also showed relatively high risk of death in patients with cardiac involvement as 3 patients (3/7, 42.9%) died due to disease progression during follow-up period. Therefore, clinicians need to pay greater attention to patients with cryoglobulinemia with cardiac manifestations. In a retrospective study of 54 patients with HCV-associated mixed cryoglobulinemia conducted in 2010, Antonelli et al. (20) found that elevated NT-proBNP in laboratory examination for patients with no cardiac manifestations may indicate the presence of subclinical cardiac damage. This seems to suggest that NT-proBNP may be a potential indicator for early identification of cardiac involvement, being cost-effective and convenient to detect. In addition, our results revealed that NT-proBNP and echocardiogram were also improved with the improvement of the cardiac clinical manifestations after treatment, thus suggesting that both of them could be used for monitoring the efficacy of diseases. By the way, BNP may have the same effect for monitoring as Nt-proBNP because they have the same origin, which needs dynamic data of it before and after treatment to confirm in the further study. And BNP may make more sense than NT-proBNP in patients with cardiac involvement and kidney disease at the same time as it was less affected by renal insufficiency.

Given the rarity of this disease and the lack of mass evidence-based medical evidence for the cardiac involvement of cryoglobulinemia, currently, there is no recognized treatment plan. Patients are mainly treated by hematologists or immunologists according to their personal experience, and the treatment philosophy may vary for each individual case. In addition to treating secondary causes of cryoglobulinemia, immunosuppressive therapy should be selected according to the scope and severity of target organ involvement. The main therapeutic modalities include high-dose glucocorticoids, cyclophosphamide, rituximab, and plasma exchange (21, 22), which is also roughly consistent with the treatment regimens received by the patients in the present study. Since the heart is an important target organ, active treatment should be given once the involvement of the heart is confirmed. In this study, patients were mainly treated in the Department of Nephrology and Department of Hematology. The ones treated at the former department mainly received glucocorticoids and immunosuppressive agents, while some patients needed combined plasmapheresis. The treatment at the latter department mainly focused on combination therapy with rituximab, which may be related to past treatment experience and secondary disease due to lymphoma. In terms of efficacy, available case reports and case series analyses, including the study conducted in our center, all suggested that the clinical symptoms, biochemical indexes, and imaging changes of cardiac lesions of the patients receiving regular and standardized treatment all significantly improved after early treatment, while the long-term prognosis still requires longer follow up. Notably, the condition of a heart-involvement patient with type I cryoglobulinemia without clear secondary etiology who was treated in our center by bortezomib-containing chemotherapy after relapse of high-dose glucocorticoid therapy significantly improved. To the best of our knowledge, this was the first case receiving bortezomib treatment for cryoglobulinemic cardiac involvement. From the perspective of mechanism, rituximab mainly targets B cells, while bortezomib mainly targets plasma cells. Both of them seem to have good efficacy in treating heart invvement with cryoglobulinemia, which may provide new ideas and references for the treatment of such patients.

The present study has the following limitations: firstly, this was a retrospective study; thus, there may be information bias. Secondly, as a single-center study, the number of included cases was small, and the follow-up time was short, so it was difficult to fully reflect the characteristics and prognosis of this disease. However, it is also difficult to obtain large-scale clinical data and conduct prospective studies due to the rarity of heart involvement with cryoglobulinemia.



CONCLUSIONS

In this study, we retrospectively analyzed the clinical data of patients with cryoglobulinemia with heart involvement treated in our center and reviewed relevant literature, thus aiming to improve the understanding of clinicians on cryoglobulinemia with heart involvement as well as advance the early diagnosis and treatment of this kind of disease. Heart involvement in cryoglobulinemia is a rare occurrence that carries a relatively high risk of death. For patients with cryoglobulinemia, cardiac involvement should be considered when there are cardiac-related clinical manifestations or asymptomatic elevation of NT-proBNP and BNP. Electrocardiogram changes may be insignificant, and troponin can be negative in these patients. Echocardiography, cardiac magnetic resonance imaging, and myocardial biopsy can help detect the disease, and the heart condition can be reversed with early and targeted treatment. In addition, subsequent multi-center, prospective and large-sample-size study are needed to confirm the conclusions in this study, further clarify the viscera lesions, pathogenesis, and risk factors of cryoglobulinemia with cardiac involvement and conduct early detection, diagnosis, and early treatment.
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