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CASE REPORT

A multidisciplinary case report of multiple 
myeloma with renal and cardiac involvement: 
a look beyond amyloidosis
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Abstract 

Background:  Multiple myeloma (MM) is a malignant neoplasm associated with kidney involvement in nearly half of 
the patients. Cast nephropathy, monoclonal immunoglobulin deposition disease (MIDD), and light chain (AL) amyloi-
dosis are the most common monoclonal immunoglobulin-mediated causes of renal injury.

Cardiac involvement is also present in MM, characterized by restrictive cardiomyopathy generated by light chain 
deposit or amyloid. Thromboembolic complications such as deep vein thrombosis or pulmonary embolism are also 
described.

Case presentation:  We present an unusual multidisciplinary case of a woman with a newly diagnosed MM associ-
ated with severe proteinuria and high natriuretic peptide. A renal and fat pad biopsy with Congo red staining were 
performed but amyloid deposition was not discovered. While immunofluorescence on fresh frozen unfixed tissue was 
not contributory, the immunofluorescence on fixed tissue and electron microscopy revealed the correct diagnosis.

During subsequent investigations, two intracardiac right-sided masses and massive pulmonary embolism were also 
detected.

Conclusions:  This case highlights that multiple organ involvement in patients with MM may result from a combina-
tion of paraprotein-dependent and -independent factors. Moreover, renal diseases induced by monoclonal gam-
mopathies are a group of complex and heterogeneous disorders. Their subtle presentation and their potential mul-
tiorgan involvement require the expertise of a multidisciplinary team able to provide the most appropriate diagnostic 
and therapeutic assessment.

Keywords:  Multiple myeloma, Amyloidosis, Light-chain deposition disease, Renal vein thrombosis, Intracardiac 
thrombi
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Background
Multiple myeloma (MM) is a malignant neoplasm associ-
ated with kidney involvement in nearly half of the patients 
[1]. Nephrotic-range proteinuria associated with mono-
clonal gammopathy can suggest different nephropathies 
[2]. Differential diagnosis can be extremely difficult due 
to multiple confounding factors: paraproteins ’masked’ 
on immunofluorescence staining on fresh frozen tissue 
but positive on paraffin immunofluorescence, coexisting 

Open Access

†Samantha Innocenti and Beatrice Bacchi contributed equally to this work.

*Correspondence:  marco.allinovi@gmail.com

1 Nephrology, Dialysis and Transplantation Unit, Careggi University Hospital, 
Largo Brambilla 3, 50134 Florence, Italy
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-9949-3543
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12882-022-02984-4&domain=pdf


Page 2 of 8Innocenti et al. BMC Nephrology          (2022) 23:370 

renal vein thrombosis, positive cardiac biomarkers 
highly  suggestive of cardiac amyloidosis, and coexist-
ing clinical aspects frequently  associated with second-
ary focal segmental glomerulosclerosis.

Cardiac involvement is also present in MM, generally 
characterized by restrictive cardiomyopathy caused by 
light chain deposit or amyloid (Table 1).

Here, we describe a patient with a newly diagnosed 
MM associated with severe proteinuria, atypical cardiac 
involvement and thromboembolic complications.

Case presentation
A 52-year-old overweight white woman with hyperten-
sion and a 3-years history of chronic kidney disease stage 
II K-DOQI was referred to our Nephrology department 
for worsening renal function and resistant hypertension.

Laboratory analysis showed a mild asymptomatic ane-
mia, serum creatinine 1.9  mg/dl, with non-selective 
nephrotic proteinuria, Bence-Jones proteinuria, and 
extremely elevated serum kappa free light chains (FLC). 
Total calcemia was persistently normal and no bone 
lesions or full-blown nephrotic syndrome were present. 
Although coagulation profile was persistently not evalu-
able, probably due to the interfering monoclonal protein, 
bleeding time was in the normal range (Table 2).

A bone marrow biopsy revealed a complete metaplasia 
of clonal plasma cells with > 90% of clonal plasma cells 
and cytogenetic analysis (FISH) confirmed the diagnosis 
of micromolecular kappa MM with high-risk chromo-
somal abnormalities, R-ISS 3. All clonal plasma cells car-
ried translocation t(14;16) on IGH/MAF gene. Complete 
immunoparesis was also noticed, while CRAB criteria 
were not reported.

Patient showed increased NT-proBNP and high-sen-
sitivity troponin (hs-cTnT) suggesting cardiac involve-
ment. ECG showed tachycardia, first degree AV block 
and right axial deviation with right conduction delay. 
Unexpectedly, Congo-red stain on abdominal fat was 

negative for amyloid deposition. Transthoracic echocar-
diogram (TTE) revealed a 4.4 × 2.8 cm right atrial mass 
projecting through the tricuspid valve orifice, and a sec-
ond 1.5 cm mass located at the right ventricle (RV) apex. 
Function and motility of both ventricles were preserved, 
and no sign of left ventricular (LV) hypertrophy was 
present (interventricular septum 10  mm, LV posterior 
wall 8  mm). No significant valvular regurgitations were 
identified.

A computed tomography (CT) pulmonary angiogram 
showed RV thrombi, a large thrombus involving the pul-
monary trunk and its two main right and left branches, 
as well as the segmental basal branches of the left lung. A 
partial thrombosis was described in the inferior vena cava 
from its intrahepatic tract to the origin of the renal veins 
(extended for about 7,5 cm) (Fig. 1). Complete thrombo-
sis of the left renal vein was also detected. Remarkably, 
the patient reported only mild asthenia, normal blood 
pressure, no dyspnea, and 99% oxygen saturation in room 
air. Since she was hemodynamically stable, unfraction-
ated heparin was promptly started but, according to the 
thrombosis extension and the high risk of embolization, 
the patient was referred to cardiac surgery.

Through a midline-sternotomy approach, a bilateral 
pulmonary thrombus was removed en-bloc with attached 
casts of the lobar branches across an incision in the pul-
monary artery.

Both masses from the right chambers were removed 
through the right atrium (Fig. 1), while the thrombus into 
the inferior vena cava was too firmly attached to the ves-
sel wall to be extracted. Cardiopulmonary bypass was 
terminated without inotropic supports. After surgery, 
patient restarted anticoagulation therapy with unfrac-
tionated heparin, subsequently substituted by warfarin.

Meantime, a kidney biopsy was performed and light 
microscopy showed a moderately increased glomerular 
mesangial matrix without endo or extracapillary pro-
liferation. No morphological lesions such as mesangial 
nodules or nodular glomerulosclerosis were recognized 
and none of the glomeruli were sclerotic. There was a 
grade 1 interstitial fibrosis (IF < 25%) with small areas of 
lymphocytic infiltrate. Also, rare inflammatory hyaline 
casts were found in the tubules in the absence of con-
current cast-nephropathy. Vascular compartment was 
practically normal according to patient’s age (Fig.  2). 
Congo red staining was once again negative. Immu-
nofluorescence (IF) on fresh frozen unfixed tissue was 
not contributory, with only weak (± or 1 +) staining for 
C3 and kappa FLC (Fig. 3C, D). Differently, IF on fixed 
tissue demonstrated an intense (3 +) linear staining 
for kappa FLC along the glomerular and tubular base-
ment membranes, while IgG, lambda, and C3 stain-
ing were negative (Fig.  3A, B). Electron microscopy 

Table 1  Cardiac complications in multiple myeloma

Cardiac complications in multiple myeloma

Amyloid or light chain 
deposition related:

Chemotherapeutic treatment related:

Restrictive cardiomyopathy Ischemic heart disease

Pericardial effusion Congestive heart failure

Pericarditis Pulmonary hypertension

Cardiac dysfunction Cardiac dysfunction (irreversibile and 
dose-related or dose-independent)

Thromboembolism Thromboembolism

Arrhythmia (atrial fibrillation) Arrhythmia

Intramiocardial massess
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showed segmentary “ground pepper-like” deposits in 
the subendothelial space and the glomerular basement 
membranes (GBM). Similar deposits were observed 
along the tubular basement membrane (TBM). Exten-
sive podocyte foot process effacement was seen with 
no sub-epithelial or mesangial electron-dense deposits 
(Fig. 3E). The final diagnosis was “kappa light chain dep-
osition disease (LCDD)”.

The patient fully recovered from surgery. A new TTE 
showed preserved function of both ventricles (EF 58%, 
TAPSE 20 mm, RV-RA gradient 25 mmHg) or major val-
vular disease. No new intracardiac masses were detected 
(video, Additional file 1).

A 3-months follow-up CT showed the persistence of 
only a partially calcified thrombus in the right pulmonary 
artery’s distal branches, warfarin was continued.

Fig. 1  Pulmonary embolism and intracardiac masses. A, the thrombus involving the pulmonary trunk; B, “*” the right atrial mass projecting through 
the tricuspid valve orifice, and the mass “#” located at the right ventricle; C, D pulmonary branch’ and vena cava’ thrombus fragments, respectively

Fig. 2  Histopathological findings on light microscopy. A: moderately increased glomerular mesangial matrix with mild focal mesangial 
hypercellularity (white arrow), no significant arteriolar changes, absence of mesangial nodules or nodular glomerulosclerosis (Periodic acid Schiff 
stain, X400); B: small areas of interstitial fibrosis (IF < 25%) and lymphocytic infiltrate (white arrow), aspects of protein reabsorption in renal tubules 
(Periodic acid Schiff stain, X400)
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After 4 cycles of VTD protocol (Bortezomib, Thalido-
mide, Dexamethasone), the patient presented a very-
good partial hematologic remission. Afterwards, she 
received autologous hematopoietic stem cell transplan-
tation, with a stable complete hematologic remission 
and a progressive improvement of proteinuria and renal 
function (Table 2).

Discussion and conclusions
This case proves that a step-by-step diagnostic flow chart 
and a multidisciplinary clinical evaluation are crucial to 
obtain the right diagnosis.

At the time of admission, the worsening of renal func-
tion with nephrotic-range proteinuria, elevated kappa 
FLC, increase NT-proBNP and hs-cTnT strongly sug-
gested AL systemic amyloidosis with both renal and 
cardiac involvement. However, Congo red staining nega-
tivity of two biopsies, made a mandatory reassessment of 
differential diagnosis for cardiac and renal involvement.

Nephrotic range proteinuria without the full-blown 
nephrotic syndrome could suggest secondary/mala-
daptive focal segmental glomerulosclerosis, in particu-
lar when one or more risk factors are present, such as 
for obesity and reduced renal parenchymal mass [3], as 
observed in our patient. Moreover, the left renal vein 

Fig. 3  Histopathological findings on immunofluorescence and electron microscopy. Immunofluorescence showed a positive linear tubular 
and glomerular basement membrane staining (3 +) for kappa (A, 20x) and negative for lambda (B, 20x) light chains on formalin-fixed 
paraffin-embedded tissue. Immunofluorescence staining on fresh frozen tissue was weakly positive (± or 1 +) for kappa (C, 40x) and 
negative for lambda (D, 40x) light chains. Electron microscopy (E, 14000x) showed foot process effacement with cytoplasm vacuolization and 
ground-pepper-like subendothelial deposits (arrows)
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thrombosis, observed on CT, could have explained at 
least in part the degree of proteinuria [4].

In the context of monoclonal gammopathies of renal 
significance, not all patients with high levels of para-
protein present with reduced renal function, although 
FLC levels > 800  mg/L are good predictors of severe 
renal failure [5]. However, despite the extremely high 
levels of kappa FLC, our patient showed only a mild-
to-moderate worsening of kidney function and no 
histological signs of cast nephropathy. In fact, physico-
chemical properties of the secreted paraprotein may 
determine pathological features, for which a variety of 
Ig-dependent and -independent mechanisms have been 
described [6].

Among patients with monoclonal gammopathies, 
those presenting with heavy proteinuria and milder 
renal impairment are more likely to have AL amyloido-
sis, LCDD or HCDD [7]. Excluding the first, patients with 
LCDD usually present with proteinuria (nephrotic-range 
proteinuria is seen in about 50% of cases), microscopic 
hematuria, hypertension, and variable degrees of renal 
insufficiency. Clinical presentation depends on several 
histopathological aspects: the site of the FLC deposition 
in renal compartments, the extent of chronic lesions, the 
degree of foot process effacement, and overlap with mye-
loma cast nephropathy [2].

The IF is essential for the definitive diagnosis of LCDD. 
However, there are rare cases (as in our patient) in which 
the immune deposits and paraproteins are ’masked’ on 
routine IF, resulting in false-negative staining on fresh 
frozen tissue, and paraffin immunofluorescence can be 
used to unmask FLC deposits [8]. LCDD diagnosis via 
kidney biopsy permitted to establish an early and correct 
chemotherapy regimen that led to a complete hemato-
logic response, which is mandatory to improve renal and 
global outcomes.

In patients with clinical suspicion of AL amyloidosis 
or LCDD, increased NT-proBNP and hs-cTnT repre-
sent sensitive markers to identify cardiac involvement 
[9]. Surprisingly, echocardiography showed no signs of 
cardiac dysfunction [10], in particular no increased wall 
thickness, or diastolic dysfunction while, it demonstrated 
multiple right-sided cardiac masses. According to the 
patient’s history and masses aspects, only a few hypoth-
eses were acceptable: heart thrombi [11], mobilized deep 
venous thrombi, and, less likely, primary or metastatic 
tumors [12].

In our case, since both right chambers were involved, 
a metastasis from a primary neoplasm (renal-cell carci-
noma or hepatocellular carcinoma) extended through the 
inferior vena cava to the right side of the heart should be 
also considered. However, no evidence of renal or hepatic 
lesions was appreciated on an abdominal CT.

Of note, the right atrium is probably the predominant 
location of plasmacytoma involving the heart but it is a 
rare presentation of MM [13].

In our patient, histological examination of the intracar-
diac masses confirmed the thrombotic nature.

Among different complications of MM a high risk of 
venous thrombosis has been previously  described. The 
thrombophilic state is multifactorial and often divided 
in three categories: (i) malignancy-related: is potentially 
characterized by the hyperviscosity syndrome due to 
increased paraprotein content, the release of inflamma-
tory cytokines (as IL-6), and several changes in coagu-
lation (as an  increased von Willebrand factor or factor 
VIII) [14]; (ii) patient-related: such as the presence of 
central venous access devices, hypoalbuminemia, renal 
failure, immobilization and obesity [15], and (iii) therapy-
related: as during treatment with immunomodulatory 
drugs (thalidomide lenalidomide and pomalidomide) 
which have a prothrombotic effect. Current literature 
lacks of data about a possible direct pathogenetic role 
of paraproteins in venous thrombosis [16]. In some case 
reports, the monoclonal light chain is identified as an 
interfering factor in functional assays and coagulation 
tests causing dysfibrinogenemia [17]. In our case, a lot of 
contributory factors are involved in the development of 
the prothrombotic state, such as obesity, very high levels 
of free light chains and hypoalbuminemia.

Considering the extension of the thrombosis and the 
plausible chronic state, anticoagulant therapy alone was 
considered insufficient.

In case of acute pulmonary embolism with hemody-
namic instability, thrombolysis is recommended while 
surgical embolectomy is considered as an alternative in 
patients not responsive to thrombolytic therapy or with 
acute hemodynamic deterioration. Surgical thrombosis 
removal, instead, is the treatment of choice in chronic 
thrombosis of the pulmonary tree [18]. In our report, the 
operability of the patient was approved by a multidiscipli-
nary team after evaluation of several parameters: NYHA 
class, the risk of rapid hemodynamic deterioration, and 
the patient’s quoad vitam prognosis. Therefore, surgical 
thrombectomy was considered the best option. Moreo-
ver, the heart surgical intervention was crucial in order 
to prevent acute RV dysfunction, recurrent pulmonary 
embolism and thus cardiogenic shock.

The natural history and prognosis of MIDD depend 
on the severity of renal failure at diagnosis, the pres-
ence of an underlying MM, and the delay in the hema-
tologic response to chemotherapy. Additionally, LCDD 
patients with cardiac involvement have poorer survival 
and a significantly higher risk of treatment-related mor-
tality after ASCT [19]. Moreover, our patient showed 
several parameters associated with unfavorable MM 
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outcome. Some negative prognostic factors are widely 
accepted, such as high-risk chromosomal abnormali-
ties, high serum β2-microglobulin (≥ 5.5  mg/L), and 
low serum albumin [20]. Other prognostic factors are 
not widely validated, such as immunoparesis, which 
have a negative impact on the progression-free survival 
[21], high serum IL-6 levels [22], or extremely high lev-
els of FLC [23], which have been shown to play a prom-
inent role in the development of kidney damage.

Overall, both early diagnosis and prompt treatment 
with bortezomib and ASCT-based combinations can 
improve the prognosis of LCDD, by reducing circulat-
ing immunoglobulins, preserving renal function, and 
improving overall survival, even in patients with a 
severe disease at onset.

In conclusion, in patients with MM, multiple organ 
involvement may result  from a combination of para-
protein-dependent and -independent factors, and the 
therapeutic success requires the early recognition of all 
the pathogenetic elements involved. This case reminds 
that sometimes, to reach the right diagnosis, looking 
beyond the surface is mandatory. Moreover, in patients 
with not acute massive pulmonary embolism and intra-
cardiac right masses, surgical pulmonary embolectomy 
should be promptly performed to preserve RV function 
and prevent pulmonary hypertension development. 
This case also demonstrated that both early diagnosis 
and prompt treatment with bortezomib and ASCT-
based combinations can improve the prognosis of 
LCDD, even in patients with a severe disease at onset.
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