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Original Research 

Etiology of pulmonary hypertension in multiple myeloma: A case series and 
literature review 

Taylor Desmarais a,*, Jenny Yang b, Anna Narezkina c, Timothy Fernandes b 

a Department of Medicine, University of California San Diego, San Diego, CA, USA 
b Division of Pulmonary, Critical Care, and Sleep Medicine, University of California San Diego, San Diego, CA, USA 
c Division of Cardiovascular Medicine, University of California San Diego, San Diego, CA, USA  

A B S T R A C T   

Background: Multiple myeloma is often complicated by pulmonary hypertension through a variety of mechanisms. These mechanisms include pulmonary hyper-
tension (PH) due to concomitant cardiac amyloid, high output heart failure due to anemia or lytic bone lesions, chronic thromboembolic pulmonary hypertension 
(CTEPH), toxicity from medications to treat multiple myeloma, and congestive heart failure. This case series highlights the various mechanisms through which 
multiple myeloma patients develop pulmonary hypertension. 
Objectives: To identify the etiologies of pulmonary hypertension and their management among multiple myeloma patients treated at University of California San 
Diego. 
Methods: A retrospective chart review was performed to identify patients with multiple myeloma and pulmonary hypertension who were evaluated at the University 
of California San Diego between July 2013 and July 2021. Patients also required a right heart catheterization to be included. Demographics, comorbidities, clinical 
course, and etiology of pulmonary hypertension were obtained from chart review. 
Results: There were 11 patients included. Of the 11 patients described, two had PH due to cardiac amyloid, one had PH due to high output heart failure, one had PH 
due to CTEPH, two had pulmonary arterial hypertension due to medications (carfilzomib), and five had PH due to congestive heart failure. The right heart cath-
eterization and echocardiogram findings of the various mechanisms of PH in multiple myeloma are described. 
Conclusions: Pulmonary hypertension in multiple myeloma is a common finding that necessitates further evaluation. The initial evaluation should include an 
echocardiogram and thorough medication review. Further diagnostic testing should be guided by the patient’s history and can include right heart catheterization, 
cardiac biopsy, ventilation-perfusion scan, and bone scan.   

1. Introduction 

Multiple myeloma (MM) is characterized by the neoplastic prolifer-
ation of plasma cells, and represents over 18% of all hematological 
malignancies, with over 34,000 new diagnoses of multiple myeloma in 
2021 [1]. Despite being a primarily hematological disease, multiple 
myeloma can affect many organ systems, including the pulmonary cir-
culation and cardiovascular system. However, there has been limited 
data describing patients with multiple myeloma who develop pulmo-
nary hypertension. 

Pulmonary hypertension (PH) is defined by elevated pressures in the 
pulmonary vasculature (mean pulmonary artery pressure greater than or 
equal to 20 mmHg) and is categorized into five groups based on etiology 
by the World Health Organization: pulmonary arterial hypertension 
(PAH, Group 1), PH due to left heart disease (Group 2), PH due to lung 
disease/hypoxia (Group 3), chronic thromboembolic pulmonary hy-
pertension (CTEPH, Group 4), and PH due to multifactorial mechanisms 

(Group 5) [2]. Patients with multiple myeloma are at risk for PH in all 
five groups but this is not well defined. 

It has been theorized that patients with MM develop PH at greater 
rates than the general population. Prior studies have shown between 27 
and 32% of patients newly diagnosed with MM had echocardiographic 
evidence of PH at the time of diagnosis [3,4]. This is in contrast to much 
lower rates of PH seen with other comorbidities. For example, one recent 
review of over 50,000 patients found that PH was present in only 3.6% 
of people with left heart disease, 0.7% with lung disease, and 1.4% with 
thromboembolic disease, indicating that it is a relatively rare compli-
cation of these common diseases [5]. 

It is unclear why patients with multiple myeloma have a higher 
incidence of PH than the general population but proposed etiologies 
include cardiomyopathy related to MM, thrombophilia in MM leading to 
CTEPH, and adverse effects from chemotherapeutics (dasatinib, carfil-
zomib) used in MM which can cause PAH [3]. Additionally, AL amyloid 
complicates up to 15% of MM cases, with cardiac involvement occurring 
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in at least 50% of these patients which can manifest as heart failure [6]. 
Patients with MM are also at risk for high-output heart failure which is 
thought to be secondary to multiple arteriovenous fistulas in the setting 
of extensive bony involvement which could also lead to group 2 PH [6]. 
Most of these prior studies do not include right heart catheterization 
data, except for one small series of three patients [3,6]. Our case series 
aims to characterize the etiologies of pulmonary hypertension in mul-
tiple myeloma and determine treatment course and prognosis of PH in 
multiple myeloma. 

2. Methods 

The Institutional Review Board at University of California, San Diego 
approved this study. Patients were identified through a retrospective 
chart review using a data extraction tool in the electronic health record. 
Adult patients (18 years old or greater) with multiple myeloma and 
pulmonary hypertension who were evaluated at the University of Cali-
fornia San Diego Health between July 2013 and July 2021 were 
included (Fig. 1). We abstracted International Classification of Diseases, 
9th Revision (ICD-9) and 10th Revision (ICD-10) diagnosis codes for 
multiple myeloma (C90.0), primary pulmonary hypertension (I27.0 or 
I27.21), and secondary pulmonary hypertension (I27.21). We also 
required completion of a right heart catheterization (ICD-9 37.21). De-
mographics, clinical laboratory data, medications, imaging, procedure 
results, and clinical course were obtained from the electronic medical 
record and compiled into a secure database for analysis. 

The accuracy of ICD-9 and ICD-10 coding for multiple myeloma and 
pulmonary hypertension was assessed by manual chart review. Confir-
mation that patients met all inclusion criteria was by review of provider 
progress or clinic notes, laboratory or biopsy reports, and procedure 
notes. 

3. Results 

A total of 62 patients resulted from the initial query in the electronic 
medical record for patients with an ICD-9 or 10 code for multiple 
myeloma, pulmonary hypertension, and right heart catheterization 
(Fig. 1). Of these 62 patients, we excluded 4 patients due to normal 
pulmonary pressures, 4 due to diagnosis of smoldering multiple 
myeloma, one with monoclonal gammopathy of unclear significance 
(MGUS), one who died before bone marrow biopsy confirmation of 
multiple myeloma diagnosis, one who had a right heart catheterization 
to place a watchman device and hemodynamic measurements pressures 
were not obtained, and 40 patients who did not have multiple myeloma. 
It is unclear why 40 patients without multiple myeloma were classified 
by diagnostic codes to have the disease. However, on chart review, many 
of these patients had similar diagnoses (e.g., amyloid without multiple 
myeloma) and in the early stages of diagnostic work up, providers had 
coded various tests under the ICD-9 code of multiple myeloma. Ulti-
mately, a total of 11 patients were determined to meet all inclusion 
criteria: the presence of multiple myeloma, pulmonary hypertension, 
and a right heart catheterization with measurement of intracardiac 
pressures (Fig. 1). 

Of the 11 patients, two were categorized as having PH from cardiac 
amyloid, one had high output heart failure, one had chronic thrombo-
embolic pulmonary hypertension (CTEPH), two had PAH due to carfil-
zomib, and five had congestive heart failure (Table 1). Both patients 
with concomitant multiple myeloma and cardiac amyloid underwent 
orthotopic heart transplant. One patient had improvement in pulmonary 
artery pressures following cardiac transplant, while the second patient 
had unchanged pulmonary artery pressures after transplant but experi-
enced subjective improvement in dyspnea. One patient was determined 
to have high output heart failure from anemia and lytic bone lesions. 
This patient was treated with alendronate and multiple myeloma- 
specific therapies, with improvement in pulmonary hypertension. The 
patient with CTEPH was evaluated for pulmonary 

thromboendarterectomy (PTE) surgery but determined not to be a 
candidate due to severe cardiomyopathy with a low ejection fraction of 
12%. The patient was therefore started on riociguat instead. Two pa-
tients developed pulmonary arterial hypertension after the initiation of 
carfilzomib for multiple myeloma treatment. Both patients experienced 
an improvement in pulmonary artery pressures after discontinuation of 
carfilzomib [7]. However, one patient required initiation of 
PAH-targeted therapy despite permanent discontinuation of carfilzo-
mib. She also had multiple myeloma disease progression after discon-
tinuation of carfilzomib and underwent a second autologous stem cell 
transplant. Of the five patients with pulmonary hypertension due to 
congestive heart failure, four had heart failure with preserved ejection 
fraction (HFpEF) and one had heart failure with reduced ejection frac-
tion (HFrEF). The etiology of heart failure in the patient with heart 

Fig. 1. Patient inclusion criteria. EMR search criteria included a diagnosis of 
pulmonary hypertension (PH), multiple myeloma (MM), and the presence of a 
right heart catheterization (RHC). 
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failure with reduced ejection fraction was determined to be due to prior 
drug abuse. Many of the patients with HFpEF were thought to be due to 
long-standing hypertension. All five patients with congestive heart 

failure were treated symptomatically with diuretics with improvement. 
To determine the timeline of development of pulmonary hyperten-

sion and multiple myeloma, the electronic medical record was reviewed 

Table 1 
Patients with pulmonary hypertension (PH) and multiple myeloma (MM) were categorized into groups 1–5 based on the World Health Organization (WHO) criteria. 
Etiology of PH, treatment, echocardiographic findings, and data from right heart catheterization are described above.  

Patient 
# 

WHO 
Group 

Etiology of PH Treatment RVSP 
(mmHg) 

LVEF TAPSE 
(cm) 

RA pressure 
(mmHg) 

Systolic/ 
diastolic (Mean 
PAP) (mmHg) 

PCWP 
(mmHg) 

CO/CI (L/ 
min)/(L/ 
min/BSA) 

PVR 
(WU) 

1 1 Drug induced PAH improved after 
carfilzomib 
discontinuation 

120 67% 1.37 12 85/33 (52) 7 3.2/2.1 14.3 

2 1 Drug induced PAH improved after 
carfilzomib 
discontinuation 

74 69% 1.38 1 39/14 (23) 7 3.6/2.3 4.4 

3 2 HFpEF/severe 
COPD 

Managed with diuretics 82 68% 1.1 12 78/34 (49) 16 4.4/2.4 8.2 

4 2 High output 
heart failure 

high output heart failure 
though to be due to 
significant anemia 

39 48% 1.9 10 46/20 (34) 20 6.9/4.4 2.0 

5 2 Amyloidosis Received OHT, dyspnea 
resolved thereafter 

48 35% – 15 44/20 (28) 20 3.4/1.6 2.4 

6 2 HFpEF HFpEF thought to be due to 
longstanding HTN 

60 64% 2.5 14 53/22 (35) 18 -/- – 

7 2 HFpEF Managed with diuretics 58 65% 2.47 0 40/8 (21) 7 5.7/3.4 2.4 
8 2 Amyloidosis PH improved after OHT 83 48% 2.19 10 64/30 (42) 31 3.9/1.7 2.8 
9 2 HFpEF PH improved with diuresis 37 63% 1.64 6 32/14 (20) 13 5.0/3.1 1.4 
10 2 HFrEF Managed with diuretics, 

digoxin, metoprolol 
63 14% 1.07 5 58/24 (36) 26 4.3/2.2 2.3 

11 4 CTEPH Not a candidate for PTE 
due to EF 12%, treated 
with riociguat 

50 12% 2.22 10 50/30 (36) – 3.8/1.7 9.5  

Fig. 2. Diagnostic diagram of patients with multiple myeloma in whom pulmonary hypertension (PH) is suspected. After diagnosis of pulmonary hypertension by 
echocardiogram, further testing is indicated to clarify the mechanism and severity of PH. 
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to determine if each patient had an echocardiogram or right heart 
catheterization before the date of multiple myeloma diagnosis. Four of 
the eleven patients did not have an echocardiogram or right heart 
catheterization before multiple myeloma diagnosis. One patient with 
CTEPH (WHO group 4) had existing pulmonary hypertension proven by 
right heart catheterization prior to multiple myeloma diagnosis. Both 
patients with likely medication-induced PAH due to carfilzomib had 
worsening pulmonary hypertension after multiple myeloma diagnosis. 
Four patients with WHO group 2 pulmonary hypertension due to left 
heart disease experienced either new or worsening pulmonary hyper-
tension after multiple myeloma diagnosis. 

4. Discussion 

This case series highlights the different mechanisms by which pa-
tients with multiple myeloma develop pulmonary hypertension: pul-
monary arterial hypertension due to chemotherapeutics (group 1), 
pulmonary hypertension due to left heart failure often from concomitant 
amyloidosis (group 2), pulmonary hypertension due to high output heart 
failure due to lytic lesions/anemia (group 2), and pulmonary hyper-
tension due to CTEPH from thrombophilia (group 4). This case series is 
unique in that each patient with echocardiographic evidence of pul-
monary hypertension and multiple myeloma received a right heart 
catheterization to characterize the etiology of pulmonary hypertension 
(Table 1). Based on previous studies, roughly one-third of patients newly 
diagnosed with multiple myeloma have concomitant pulmonary hy-
pertension [3,4]. 

As demonstrated by this case series, determining not only the pres-
ence but also the etiology of pulmonary hypertension by right heart 
catheterization is essential as it has key implications for treatment 
(Fig. 2). Invasive hemodynamics allow for evaluation of the cardiac 
output, pulmonary artery pressures, and pulmonary capillary wedge 
pressure to help differentiate the various etiologies of pulmonary hy-
pertension. As part of the work up for pulmonary hypertension in MM, 
patients should be screened for chronic thromboembolic pulmonary 
hypertension with a VQ scan as MM is associated with a very high risk 
for pulmonary embolism [8]. Additionally, a thorough medication re-
view to identify medications associated with the development of PAH is 
needed in all MM patients with pulmonary hypertension. 

4.1. Medication-induced PAH 

In our case series, there were two patients with pulmonary arterial 
hypertension associated with therapy for MM. They both had 
improvement in PA pressures and symptoms with discontinuation of the 
offending medication (carfilzomib). Notably, several medications used 
in the treatment of multiple myeloma have been associated with PH, 
such as carfilzomib and dasatinib, as well as some monoclonal anti-
bodies and immune regulators [7,9]. Dasatinib-induced PAH can 
improve with discontinuation of the medication, with one study finding 
improvement in NYHA functional class and pulmonary arterial pressures 
on repeat right heart catheterization [9]. However, roughly one-third of 
patients had persistent PAH even after discontinuation of dasatinib and 
required long-term targeted PAH therapies [10]. Two additional small 
case series have shown improvement in hemodynamics with discon-
tinuation of carfilzomib [7,12]. However, similar to dasatinib-induced 
PAH, there were patients with persistent PAH despite permanent 
discontinuation of the offending medication. On the other hand, leflu-
nomide is an immune modulator commonly used in multiple myeloma 
treatment regimens [11]. There have been reports of leflunomide being 
associated with PAH, but a recent series found pulmonary hypertension 
associated with leflunomide was rare and more common in patients with 
other PH risk factors.11 

Recently published European Society of Cardiology guidelines on 
cardio-oncology recommend baseline echocardiography before starting 
therapy with proteasome inhibitors (carfilzomib) or dasatinib [13]. 

Long-term follow-up should be performed for all patients treated with 
therapeutics that are associated with the risk of PAH. Repeat echocar-
diography should be completed in patients who develop signs or 
symptoms suggestive of pulmonary hypertension or heart failure [13]. 
Drug-induced PAH in multiple myeloma may continue to grow in sub-
sequent years as additional new chemotherapeutics are being developed 
for the treatment of multiple myeloma. When PH is identified in a pa-
tient with multiple myeloma, medication review is an important step to 
identify possible offending medications. 

4.2. Cardiac amyloidosis 

An important cause of PH in multiple myeloma patients is concom-
itant cardiac amyloid. Immunoglobulin light chain (AL) amyloid com-
plicates up to 15% of multiple myeloma cases, with cardiac involvement 
occurring in at least 50% of these patients which can manifest as heart 
failure [6]. In these patients, misfolded immunoglobulin light chains are 
deposited as amyloid fibrils in the myocardium [14]. Echocardiographic 
features suggestive of amyloid include septal wall thickness >12 mm, 
profoundly decreased left ventricular tissue Doppler (e’<5 cm/s), 
reduced global longitudinal strain with apical sparing pattern [14,15]. 
The European Society of Cardiology (ESC) recommends obtaining serum 
and urine electrophoresis with immunofixation, serum free light chain 
ratio, and bone tracer cardiac scintigraphy (PYP scan) in patients with 
clinical suspicion of cardiac amyloidosis [16]. Cardiac scintigraphy re-
veals increased uptake of bone tracer in patients with cardiac ATTR 
amyloidosis, and is typically negative in patients with AL cardiac amy-
loid [16]. Patients with AL cardiac amyloid can be diagnosed either by 
positive endomyocardial biopsy or an extracardiac biopsy positive for 
amyloid and echocardiographic/cardiac MRI criteria [15]. 

Heart failure in patients with cardiac involvement of AL amyloid can 
lead to the development of group II PH (due to left heart failure). 
Identifying these patients early is critical, as the median survival from 
onset of heart failure is approximately 6 months [17]. It is important to 
note that newer cardiac amyloid therapies such as tafamidis are only to 
be used in the treatment of ATTR amyloid [16]. The treatment course for 
patients diagnosed with AL cardiac amyloid is complicated and should 
include a multidisciplinary team preferably at amyloid center of excel-
lence [16]. Chemotherapy suppressing light chain production by plasma 
cells is the mainstay of treatment of AL amyloidosis. Selected patients 
could be candidates for cardiac or multi-organ transplantation [15]. Our 
series identified two patients with concomitant multiple myeloma and 
cardiac amyloid. In both of these patients, the cardiac amyloidosis 
manifested as heart failure and the diagnosis was confirmed with an 
endomyocardial biopsy. One patient initially had a fat pad biopsy which 
was negative for amyloidosis followed by a positive endomyocardial 
biopsy. The second patient had a cardiac MRI suggestive of cardiac 
amyloidosis and had a confirmatory endomyocardial biopsy. Both pa-
tients underwent a successful orthotopic heart transplant. 

4.3. Heart failure (group II pulmonary hypertension) 

In addition to infiltrative cardiomyopathies, congestive heart failure 
due to other etiologies is an important cause of group 2 PH in this subset 
of patients. Heart failure with reduced or preserved ejection fraction can 
lead to elevated left atrial pressure leading to post-capillary pulmonary 
hypertension [18]. Treatment for PH due to left heart failure consists of 
guideline-directed medical therapy for heart failure, and underlying 
etiologies. There have been various studies evaluating the use of PAH 
targeted therapies in group 2 PH, however no benefit has been found 
and some have shown harm. The patients in this series identified to have 
PH due to left heart failure were managed with diuretics and other heart 
failure-directed therapies. 

Similar to the general population, there are many etiologies to 
consider when evaluating multiple myeloma patients with heart failure: 
ischemic cardiomyopathy, valvular heart disease, tachycardia-induced 
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cardiomyopathy, stress-cardiomyopathy, myocarditis, uncontrolled hy-
pertension, endocrine abnormalities (hyperthyroidism), and others. We 
wanted to highlight two etiologies of left heart failure that are specif-
ically linked to multiple myeloma: medication induced and high output 
heart failure.  

1. Medication Induced Left Heart Failure 

Left heart failure induced by proteasome inhibitors is an important 
and increasing etiology of heart failure in this subset of patients [19]. 
Carfilzomib as previously described is not only associated with the 
development of pulmonary arterial hypertension but is also associated 
with an increase in heart failure and arrhythmias [19]. The ENDEAVOR 
trial compared carfilzomib to bortezomib in 465 patients and found a 
significantly higher rate of cardiovascular complications in the carfil-
zomib group including hypertension (24.8% vs. 8.7%), cardiac failure 
(8.2% vs. 2.8), and ischemic heart disease (2.6% vs. 1.9%) [19]. In these 
patients, it is important to identify potential cardiac toxicities that may 
be contributing to the development of heart failure.  

b. High Output Heart Failure 

Another important cause of heart failure in multiple myeloma pa-
tients is high output heart failure commonly thought to be due to bone 
lytic lesions and severe anemia. Additionally, high output heart failure 
can be a rare presenting sign of multiple myeloma [21]. One patient in 
the series was discovered to have high output heart failure likely due to 
severe anemia in the context of multiple myeloma diagnosis. The anemia 
observed in multiple myeloma is thought to be multifactorial due to 
bone marrow infiltration and upregulation of hepcidin [22]. Hepcidin 
inhibits ferroportin leading to decreased iron absorption and anemia of 
chronic inflammation [22]. Patients with multiple myeloma have 
increased levels of IL-6 and BMP-2 (bone morphogenic protein 2) which 
both lead to the upregulation of hepcidin [23]. 

In addition to anemia, extensive bony involvement causing intra-
medullary arteriovenous fistulas is thought to contribute to high output 
heart failure in these patients [21,24]. One case series describes two 
cases of multiple myeloma that presented with high output heart failure 
[21]. Both of these patients were treated with anti-angiogenesis therapy 
of dexamethasone, lenalidomide, and thalidomide and experienced 
significant improvement in symptoms [21]. Identifying these patients 
who present with high output heart failure is important as they often fail 
to respond or can be harmed by traditional heart failure therapies 
(beta-blockers, diuretics, etc). Treatment of high output heart failure is 
to treat the underlying cause. In this case, this would involve treating 
underlying anemia and addressing hemodynamically significant intra-
medullary arteriovenous fistulas. 

4.4. Chronic thromboembolic pulmonary hypertension 

In addition to a right heart catheterization, several patients in the 
series received a VQ scan to evaluate for CTEPH as the underlying eti-
ology of pulmonary hypertension. Multiple myeloma represents a hy-
percoagulable state, with venous thromboembolism (VTE) rate of 
approximately 7–10% in the first year [8,25]. When newer immuno-
modulatory derivatives such as thalidomide and lenalidomide are used, 
the reported VTE rate increases to as high as 14–26% per year [8]. Many 
factors are thought to contribute to the high VTE rate observed in MM 
including increased blood viscosity, high levels of immunoglobulin, 
procoagulant activity of monoclonal protein, and inflammatory cyto-
kines [8]. The increased incidence of pulmonary embolism can 
contribute to the development of CTEPH. Although no patients in this 
series received pulmonary thromboendarterectomy (PTE) surgery to 
treat CTEPH, this would be a therapeutic option to explore for a patient 
with CTEPH from presumed thrombophilia in multiple myeloma. 
Another therapeutic option for a patient with CTEPH unable to undergo 

surgery would be to consider balloon pulmonary angioplasty [26]. 
Patients with multiple myeloma are more likely to develop pulmo-

nary hypertension due to a variety of factors. These include thrombo-
philia predisposing to CTEPH, anemia, and bone lytic lesions leading to 
high output heart failure, concomitant cardiac amyloid, congestive 
heart failure, and medication induced PH. This case series highlights the 
high index of suspicion required to diagnose pulmonary hypertension in 
this subset of patients and the next steps to determine the etiology and 
treatment course. 

4.5. Study limitations 

A limitation of this study is the small number of patients included. 
Although 62 patients initially met the search criteria, upon chart review, 
many of these were incorrectly coded and did not meet the study in-
clusion criteria. Another limitation is the inability to determine a causal 
relationship between pulmonary hypertension and multiple myeloma 
due to the retrospective nature of this study. Further larger and pro-
spective studies are needed to better classify this important association. 

5. Conclusion 

Pulmonary hypertension in multiple myeloma is a common finding 
due to a variety of contributing factors. Etiologies of pulmonary hy-
pertension in multiple myeloma include medication induced, throm-
bophilia leading to CTEPH, concomitant cardiac amyloidosis, 
cardiomyopathy related to multiple myeloma, and high output heart 
failure. A high clinical index of suspicion is required to diagnose pul-
monary hypertension. A diagnosis of pulmonary hypertension in a pa-
tient with multiple myeloma warrants further evaluation. The first steps 
include a thorough medication review, and basic laboratory evaluation 
with echocardiography, and can also include a right heart catheteriza-
tion, VQ scan, bone tracer cardiac scintigraphy scan, cardiac MRI, and 
myocardial biopsy depending on the suspected underlying etiology. 
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[13] R Lyon Alexander, Teresa López-Fernández, Liam S. Couch, Riccardo Asteggiano, 
Marianne C. Aznar, Jutta Bergler-Klein, Giuseppe Boriani, Daniela Cardinale, 
Raul Cordoba, Bernard Cosyns, David J. Cutter, Evandro de Azambuja, Rudolf 
A. de Boer, Susan F. Dent, Dimitrios Farmakis, Sofie A. Gevaert, Diana A. Gorog, 
Joerg Herrmann, Daniel Lenihan, Javid Moslehi, Brenda Moura, Sonja S Salinger, 
Richard Stephens, Thomas M Suter, Sebastian Szmit, Juan Tamargo, 
Paaladinesh Thavendiranathan, Carlo G. Tocchetti, Peter van der Meer, Helena J. 
H. van der Pal, ESC Scientific Document Group, ESC Guidelines on Cardio- 
Oncology Developed in Collaboration with the European Hematology Association 
(EHA), the European Society for Therapeutic Radiology and Oncology (ESTRO) 
and the International Cardio-Oncology Society (IC-OS): Developed by the Task 
Force on Cardio-Oncology of the European Society of Cardiology (ESC), vol. 2022, 
European Heart Journal, 2022, https://doi.org/10.1093/eurheartj/ehac244 
ehac244. 

[14] A. Martinez-Naharro, P.N. Hawkins, M. Fontana, Cardiac amyloidosis, Clin. Med. 
18 (Suppl 2) (2018) s30–s35, https://doi.org/10.7861/clinmedicine.18-2-s30. 

[15] I.S. Syed, J.F. Glockner, D. Feng, P.A. Araoz, M.W. Martinez, W.D. Edwards, M. 
A. Gertz, A. Dispenzieri, J.K. Oh, D. Bellavia, A.J. Tajik, M. Grogan, Role of cardiac 
magnetic resonance imaging in the detection of cardiac amyloidosis, JACC 
Cardiovasc Imaging 3 (2) (2010 Feb) 155–164, https://doi.org/10.1016/j. 
jcmg.2009.09.023. PMID: 20159642. 

[16] Pablo Garcia-Pavia, Claudio Rapezzi, Yehuda Adler, Michael Arad, Cristina Basso, 
Antonio Brucato, Ivana Burazor, Alida L.P. Caforio, Thibaud Damy, Urs Eriksson, 
Marianna Fontana, Julian D. Gillmore, Esther Gonzalez-Lopez, Martha Grogan, 
Stephane Heymans, Massimo Imazio, Ingrid Kindermann, V Kristen Arnt, Mathew 
S. Maurer, Giampaolo Merlini, Antonis Pantazis, Sabine Pankuweit, Angelos 

G. Rigopoulos, Ales Linhart, Diagnosis and treatment of cardiac amyloidosis: a 
position statement of the ESC working group on myocardial and pericardial 
diseases, Eur. Heart J. 42 (16) (21 April 2021) 1554–1568, https://doi.org/ 
10.1093/eurheartj/ehab072. 

[17] R.A. Kyle, A. Linos, C.M. Beard, et al., Incidence and natural history of primary 
systemic amyloidosis in Olmsted County, Minnesota, 1950 through 1989, Blood 79 
(1992) 1817–1822. 

[18] M. Guazzi, S. Ghio, Y. Adir, Pulmonary hypertension in HFpEF and HFrEF: JACC 
review topic of the week, J. Am. Coll. Cardiol. 76 (Issue 9) (2020 Sept). 

[19] M.B. Heckmann, S. Doroudgar, H.A. Katus, L.H. Lehmann, Cardiovascular adverse 
events in multiple myeloma patients, J. Thorac. Dis. (Suppl 35) (2018 Dec;10) 
S4296–S4305, https://doi.org/10.21037/jtd.2018.09.87. PMID: 30701098; 
PMCID: PMC6328391. 

[21] J. Robin, B. Fintel, O. Pikovskaya, et al., Multiple myeloma presenting with high- 
output heart failure and improving with anti-angiogenesis therapy: two case 
reports and a review of the literature, J. Med. Case Rep. 2 (2008) 229. 

[22] S. Sharma, E. Nemeth, Y.H. Chen, J. Goodnough, A. Huston, G.D. Roodman, 
T. Ganz, A. Lichtenstein, Involvement of hepcidin in the anemia of multiple 
myeloma, Clin. Cancer Res. 14 (11) (2008 Jun 1) 3262–3267, https://doi.org/ 
10.1158/1078-0432.CCR-07-4153. PMID: 18519751. 

[23] K. Maes, E. Nemeth, G.D. Roodman, A. Huston, F. Esteve, C. Freytes, N. Callander, 
E. Katodritou, L. Tussing-Humphreys, S. Rivera, K. Vanderkerken, A. Lichtenstein, 
T. Ganz, In anemia of multiple myeloma, hepcidin is induced by increased bone 
morphogenetic protein 2, Blood 116 (18) (2010 Nov 4) 3635–3644, https://doi. 
org/10.1182/blood-2010-03-274571. Epub 2010 Aug 2. PMID: 20679527; PMCID: 
PMC2981483. 

[24] W. McBride, Presence and clinical characteristics of high cardiac output state in 
patients with multiple myeloma, Am. J. Med. 89 (1990) 21–24, https://doi.org/ 
10.1016/0002-9343(90)90092-R. 

[25] M.W. Schoen, K.R. Carson, S. Luo, B.F. Gage, A. Li, A. Afzal, K.M. Sanfilippo, 
Venous thromboembolism in multiple myeloma is associated with increased 
mortality, Res Pract Thromb Haemost 4 (7) (2020 Sep 25) 1203–1210, https://doi. 
org/10.1002/rth2.12411. PMID: 33134785; PMCID: PMC7590313. 

[26] J.G. Coghlan, A.M. Rothman, S.P. Hoole, Balloon pulmonary angioplasty: state of 
the art, Intervent Cardiol. 16 (2021 Feb 15) e02, https://doi.org/10.15420/ 
icr.2020.14. PMID: 33664801; PMCID: PMC7903587. 

Further reading 

[20] M.A. Dimopoulos, P. Moreau, A. Palumbo, D. Joshua, L. Pour, R. Hájek, T. Facon, 
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