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AHA SCIENTIFIC STATEMENT

Cardiovascular Management of Patients 
Undergoing Hematopoietic Stem Cell 
Transplantation: From Pretransplantation to 
Survivorship: A Scientific Statement From the 
American Heart Association
Salim S. Hayek, MD, Chair; Vlad G. Zaha, MD, PhD, FAHA, Vice Chair; Carmel Bogle, MD; Anita Deswal, MD, FAHA; 
Amelia Langston, MD; Seth Rotz, MD; Alexi Vasbinder, PhD, RN; Eric Yang, MD; Tochukwu Okwuosa, MD, FAHA; on behalf of 
the American Heart Association Cardio-Oncology Committee of the Council on Clinical Cardiology and Council on Genomic and 
Precision Medicine; and the Council on Cardiovascular and Stroke Nursing

ABSTRACT: Hematopoietic stem cell transplantation can cure various disorders but poses cardiovascular risks, especially 
for elderly patients and those with cardiovascular diseases. Cardiovascular evaluations are crucial in pretransplantation 
assessments, but guidelines are lacking. This American Heart Association scientific statement summarizes the data on 
transplantation-related complications and provides guidance for the cardiovascular management throughout transplantation. 
Hematopoietic stem cell transplantation consists of 4 phases: pretransplantation workup, conditioning therapy and infusion, 
immediate posttransplantation period, and long-term survivorship. Complications can occur during each phase, with 
long-term survivors facing increased risks for late effects such as cardiovascular disease, secondary malignancies, and 
endocrinopathies. In adults, arrhythmias such as atrial fibrillation and flutter are the most frequent acute cardiovascular 
complication. Acute heart failure has an incidence ranging from 0.4% to 2.2%. In pediatric patients, left ventricular systolic 
dysfunction and pericardial effusion are the most common cardiovascular complications. Factors influencing the incidence 
and risk of complications include pretransplantation therapies, transplantation type (autologous versus allogeneic), 
conditioning regimen, comorbid conditions, and patient age. The pretransplantation cardiovascular evaluation consists of 
4 steps: (1) initial risk stratification, (2) exclusion of high-risk cardiovascular disease, (3) assessment of cardiac reserve, 
and (4) optimization of cardiovascular reserve. Clinical risk scores could be useful tools for the risk stratification of adult 
patients. Long-term cardiovascular management of hematopoietic stem cell transplantation survivors includes optimizing 
risk factors, monitoring, and maintaining a low threshold for evaluating cardiovascular causes of symptoms. Future research 
should prioritize refining risk stratification and creating evidence-based guidelines and strategies to optimize outcomes in 
this growing patient population.

Key Words: AHA Scientific Statements ◼ arrhythmias, cardiac ◼ atherosclerosis ◼ bone marrow transplantation ◼ heart failure ◼ risk assessment

Hematopoietic stem cell transplantation (HSCT) 
is a potentially curative therapy for various disor-
ders, including malignancies, bone marrow failure 

syndromes, and other genetic disorders.1–3 Leukemias, 
aplastic anemia, lymphomas, and multiple myeloma 
are the most common indications for HSCT. Patients 
undergoing HSCT are subject to challenges to nearly 
all organs in that dramatic inflammatory responses lead 

to hemodynamic instability and exacerbate underlying 
comorbidities. Cardiovascular complications such as 
cardiomyopathy, arrhythmias, acute thrombosis, pulmo-
nary hypertension, and pericardial effusions are potential 
adverse events occurring during HSCT. Long-term car-
diovascular complications of HSCT such as heart failure 
and atherosclerotic disease are increasingly recognized 
as the number of survivors grows.
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Elderly patients and those with preexisting cardiovas-
cular disease represent a growing proportion of HSCTs 
performed annually in the United States. They are at a 
greater risk of developing cardiovascular complications.4 
These concerns have led to the cardiovascular evaluation 
becoming a core component of the pretransplantation 
assessment. However, the practice varies significantly 
across institutions because guidelines on performing 
the pre-HSCT cardiovascular evaluation and managing 
HSCT complications are lacking.

This American Heart Association scientific statement 
aims to summarize the data surrounding the incidence 
and risk factors of HSCT-related complications and to 
provide guidance on the cardiovascular management of 
the patient undergoing HSCT, from the pre-HSCT evalu-
ation to survivorship.

OVERVIEW OF HSCT
The process of HSCT entails eradicating recipient he-
matopoietic cells through chemotherapy with or without 
total body radiation (conditioning regimen), followed by 
repopulation of the bone marrow by infusion of either 
donor-derived cells (allogeneic HSCT) or patient-derived 
cells (autologous HSCT) collected before chemotherapy 
(Figure 1).1 HSCT allows the delivery of high-dose cy-
totoxic therapies that might otherwise be fatal in con-
ventional settings to eradicate cancer cells. Allogeneic 
HSCT additionally allows the replacement of abnormal or 
malignant host bone marrow cells, leading to subsequent 
donor alloreactivity and eventual development of a “graft-
versus-tumor” effect that can eradicate residual cancer 
cells in the setting of hematologic malignancies.2

Phases of HSCT
The phases of HSCT can be broadly delineated as (1) the 
pre-HSCT workup, (2) conditioning therapy and HSCT 
infusion (including the inpatient stay), (3) the immediate 
post-HSCT period (30–100 days after infusion), and (4) 
long-term survivorship (>100 days after infusion). The 
pre-HSCT period includes the selection of the donor and 
collection of hematopoietic cells, evaluation for comor-
bidities that may affect toxicities associated with HSCT, 
and disease-modifying therapies (chemotherapy for ma-
lignancies, exchange transfusion for sickle cell disease) 
to reduce disease burden before HSCT.

Once optimized, the patient is typically admitted to 
a specialized HSCT inpatient unit to initiate condition-
ing therapy, followed by the infusion of hematopoietic 
cells. Specific conditioning regimens are chosen accord-
ing to the recipient’s underlying condition, comorbidities, 
and disease status and vary widely by institutional prac-
tices. Conditioning regimens are broadly classified as 
myeloablative (causing profound pancytopenia), nonmy-
eloablative (causing minimal pancytopenia), or reduced 

intensity (reduced doses of myeloablative regimens). 
Chemotherapy conditioning regimens may or may not 
be accompanied by total body irradiation. Symptoms 
occurring during conditioning include nausea and vomit-
ing and those related to less common acute toxicities 

Figure 1. Phases of HSCT.
The phases of hematopoietic stem cell transplantation (HSCT) 
include the pretransplantation workup, transplantation, immediate 
posttransplantation period (30–100 days after infusion), and long-
term survivorship (>100 days after infusion). The pretransplantation 
workup focuses on evaluating patient eligibility and comorbidities, 
donor selection, and harvesting of hematopoietic cells. Eligible 
patients then undergo conditioning therapy, followed by infusion 
of hematopoietic cells. Repopulation of the patient’s bone marrow, 
or engraftment, usually occurs within 14 days after infusion. In 
the immediate posttransplantation phase, common complications 
include infections, graft rejection, and progression of primary disease 
and graft-vs-host disease (in allogeneic recipients) related to 
pancytopenia and acute inflammatory responses. Late complications 
during the survivorship period are often related to chemotherapy, 
radiation, and corticosteroid treatments. These typically manifest as 
cardiovascular (CV) diseases, secondary malignancies, lung disease, 
and endocrinopathies.
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unique to specific conditioning regimens (eg, fever from 
alemtuzumab and heart failure from cyclophosphamide). 
After conditioning, patients become pancytopenic as 
their bone marrow cells are destroyed and hematopoi-
etic cells are not yet engrafted. Patients often experi-
ence mucositis, frequent blood product transfusions, 
and infections. Other complications that may occur in 
the first month after infusion include acute kidney injury, 
hepatic veno-occlusive disease, acute lung injury, and 
cardiovascular complications such as atrial fibrillation 
and heart failure.1 After stem cell repopulation of the 
recipient’s bone marrow, or engraftment, patients typi-
cally recover from acute toxicities and are discharged by 
postinfusion day 30.

The first 100 days are defined by close outpatient 
follow-up and high risk for readmission due to complica-
tions. With the maturation of hematopoietic cells during 
this time, allogeneic HSCT recipients are at risk for acute 
graft-versus-host disease (GVHD), which results from 
donor cells recognizing recipient antigens as foreign, 
causing an immune-mediated inflammatory syndrome. 
Much of the risk of acute toxicities of HSCT subsides 
after the first 100 days after infusion. In allogeneic HSCT 
recipients, signs of chronic GVHD may occur and require 
treatment.

After 100 days after HSCT, long-term survivors are at 
increased risk for many late effects attributable to com-
plications of treatment with chemotherapy, radiation, and 
corticosteroids.5 Common late effects include cardiovas-
cular disease, secondary malignancies, chronic lung dis-
ease, frailty, gonadal failure, and other endocrinopathies 
such as metabolic syndrome and diabetes.5–13

INCIDENCE OF SHORT- AND LONG-TERM 
CARDIOVASCULAR COMPLICATIONS IN 
THE ADULT AND PEDIATRIC POPULATION
Various cardiovascular complications associated with 
HSCT can occur during inpatient hospitalization and 
years after transplantation (Table). The incidence and risk 
of complications of HSCT are linked to several factors, 
including therapies received before the transplantation 
process, the type of transplantation (autologous versus 
allogeneic), the conditioning regimen, comorbid condi-
tions, and the age of the patient.

Incidence of Acute Complications

Adult Recipients
New-onset arrhythmias are the most frequent cardiovas-
cular complications associated with HSCT, occurring in 
2% to 10% of adult recipients.14–17 Of these, atrial fibril-
lation and atrial flutter are the most common, with lethal 
arrhythmias such as ventricular tachycardia occurring 
rarely.15,17 In a large contemporary study of 3354 adult 

HSCT recipients between 2008 and 2019, the most 
common cardiovascular event within the first 100 days 
after HSCT was the development of atrial fibrillation or 
flutter, with an incident rate of 104 and 88 events per 
1000 person-years in autologous HSCT and allogeneic 
HSCT recipients, respectively.18 The cumulative inci-
dence of atrial fibrillation or flutter was 2.5%. Ventricular 
tachycardia was rare, occurring in 0.1% of patients. Ar-
rhythmias are associated with poor in-hospital outcomes 
and greater 1-year mortality.16,19

Studies estimate that the incidence of acute heart 
failure ranges from 0.4% to 2.2%.14,20–23 Other serious 
cardiovascular complications such as myocardial infarc-
tion, stroke, ventricular tachycardia, or cardiovascular 
death are rare, occurring in 0.1% of patients in a con-
temporary cohort, a rate lower than previously reported 
(0.9%) in an older study of HSCT recipients between 
1977 and 1997.20,24 Other events such as pericardial 
effusion, pericarditis, and myocarditis are rare (<1%) 
but are associated with poorer overall survival and non-
relapse mortality.25 Pericardial effusion and pericardi-
tis predominantly occur early after HSCT (<100 days) 
and have been associated with engraftment syndrome 
and GVHD,26 although the exact mechanisms in adult 
patients are unknown.

Pediatric Recipients
Data on pediatric patients are limited. In a single-center 
study of 227 pediatric HSCT recipients, 6% of patients 
developed left ventricular systolic dysfunction, and 27% 
developed a pericardial effusion of any size according 
to echocardiogram screenings within 100 days after 
HSCT.27 Moderate to large pericardial effusions occurred 
in 4% to 12% of pediatric HSCT recipients.14,27–30 Pul-
monary hypertension is another potentially fatal but rare 
complication (<1%).27,31

Table. Incidence of Short- and Long-Term Cardiovascular 
Complications Related to HSCT

Complication Short-term, % Long-term, % 

Arrhythmias   

  Atrial fibrillation/flutter 2–10 5.6–10.8

  Ventricular tachycardia 0.1 0.1–1.0

Heart failure 0.4–2.2 2–9.2

  Pediatric-specific <1 3

  Pericarditis/myocarditis <1–2 *

  Pericardial effusion <1–3 *

Vascular diseases  4–47

  Stroke <1 0.3–2.4

  Myocardial infarction <1 0.3–6.5

  Ischemic heart disease <1 10–15

  Hypertension  15–38

HSCT indicates hematopoietic stem cell transplantation.
*No data available.
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Incidence of Long-Term Complications

Adult Recipients
Long-term HSCT survivors experience a greater inci-
dence of cardiovascular events, including arrhythmias, 
ischemic heart disease, stroke, vascular disease, and 
rhythm disorders, compared with the general popula-
tion, as well as comorbid conditions such as hyperten-
sion, hyperlipidemia, and diabetes that increase the risk 
of cardiovascular events.32,33 Dyslipidemia commonly 
occurs after HSCT, with estimates ranging from 40% 
to 80%, and contributes to the risk of thromboembolic 
and atherosclerotic events.34 In addition, high rates 
of insulin resistance after HSCT (17%–52%) place 
patients at higher risk of dyslipidemia.34 Estimates of 
cardiovascular events after HSCT vary greatly because 
of differences in population risk profile, with 10-year 
cumulative incidence ranging from 18% to 47%.32  
Arrhythmias and heart failure are the most common 
long-term cardiovascular complications.20 The 5-year 
incidence rates of atrial fibrillation or flutter after HSCT 
range between 7.1% and 10.6%.9,36 Previously report-
ed to range between 5.6% and 10.8%,9,33,37–39 the 10-
year incidence of heart failure appears to be consistent 
with contemporary data: 9.2% and 8.2% in autologous 
HSCT and allogeneic HSCT recipients, respectively, 
among patients who survived to at least 100 days after 
HSCT.20

Pediatric Recipients
In a cohort of 661 patients ≤21 years of age who  
received HSCT between 1995 and 2008, the 5-year 
incidence of cardiovascular events (including cardiomy-
opathy, stroke, cardiac-related death, coronary artery dis-
ease, and myocardial infarction) was 1%. Over a median 
follow-up of 8 years, 3% of patients experienced cardio-
myopathy.40 Cardiomyopathy secondary to iron overload 
is more common in the pediatric population with hemato-
logic indications that require frequent transfusions such 
as β-thalassemia.41 In a separate study of 826 adoles-
cent and young adult HSCT recipients, the incidence of 
stroke, heart failure, and myocardial infarction was <1% 
for each.42 Incident diabetes and dyslipidemia frequently 
occurred (7% and 63%, respectively), which could in-
crease the risk of cardiovascular disease later in life.40

RISK FACTORS FOR CARDIOVASCULAR 
COMPLICATIONS
Risk factors related to cardiovascular complications of 
HSCT can be categorized into patient-specific factors 
(age, preexisting cardiovascular comorbidities), HSCT-
related factors (transplantation type, conditioning regi-
men), and cancer-related factors (type of malignancy, 
prior chemotherapy, and radiation; Figure 2).

Patient-Specific Factors
Comorbidities, including hypertension, chronic kidney 
disease, coronary artery disease, and heart failure, are 
important risk factors for developing short- and long-
term cardiovascular complications.20 Lifestyle factors, 
including obesity, smoking, and physical inactivity, have 
also been associated with both short- and long-term  
cardiovascular complications of HSCT.9,38,43,44

Older age at transplantation is linked to nearly all post-
HSCT cardiovascular complications, including arrhyth-
mias and heart failure.17,38,45 The risk of heart failure in 
recipients >55 years of age is 4 times greater compared 
with recipients ≤39 years of age.38 Age-related structural 
and functional changes and an increase in the preva-
lence of diabetes, hypertension, and obesity in older 
adults are likely drivers of that association.17,38,46 One 
study of post-HSCT survivors found that women had a 
2-fold greater risk of developing heart failure compared 
with men despite clinical characteristics.38 Differences in 
body composition and adipose tissue distribution have 
been proposed as a potential explanation for sex-based 
differences.47

Preexisting cardiomyopathy, defined as reduced 
left ventricular ejection fraction (LVEF), has been 
associated with an increased risk of short- and long-
term cardiovascular complications, including heart 
failure and atrial arrhythmias.19,48,49 This relationship 
may differ according to transplantation type, with a 
more prominent association observed in autologous 

Figure 2. Risk factors for HSCT-related cardiovascular 
complications.
Summary of patient-specific, transplantation-related, and 
cancer-related risk factors for cardiovascular complications after 
hematopoietic stem cell transplantation (HSCT). GVHD indicates 
graft-vs-host disease.
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HSCT, possibly because of this subgroup’s less strin-
gent cardiovascular exclusion criteria.20 Some studies 
have suggested that survival rates and complications 
are similar in HSCT recipients with and those with-
out reduced LVEF.50,51 However, bias is highly likely 
because patients with reduced LVEF included in these 
retrospective studies were carefully selected and likely 
represent a subset with demonstrated cardiovascular 
stability. Nevertheless, these data bring into question 
the absolute exclusion of patients from HSCT on the 
basis of LVEF alone.

HSCT-Related Factors
In the early era of HSCT, during which high-dose cyclo-
phosphamide and total body irradiation were common, 
conditioning regimens were the major contributors to 
the development of cardiovascular complications. In a 
contemporary cohort, fludarabine/melphalan had the 
highest cardiovascular event rate (100-day incidence, 
7.2%; 10-year incidence, 26.0%). Fludarabine/busulfan 
and clofarabine/busulfan also had high 10-year inci-
dences of cardiovascular events (20.3% and 19.3%, re-
spectively).20 Total body irradiation, although historically 
associated with metabolic syndrome and CVD,32,52 was 
recently found not to be a significant contributor to the 
risk of cardiovascular events after HSCT.20,53,54 Whether 
reduced-intensity conditioning leads to lower incidence 
of cardiovascular events is unclear because it is often 
adopted in HSCT recipients who are perceived to be at 
higher risk of developing cardiovascular events, including 
those with a higher prevalence of preexisting cardiovas-
cular comorbidities.19,20,55,56

Allogeneic HSCT recipients are at higher risk of long- 
but not short-term cardiovascular events compared with 
autologous HSCT recipients.20,54 The difference could be 
explained partly by the occurrence of GVHD in alloge-
neic HSCT recipients, which is associated with a 68% 
increased risk of cardiovascular events after accounting 
for age at transplantation and sex.20 GVHD is a common 
complication of allogenic HSCT that leads to a hyperin-
flammatory state, promoting vascular injury and athero-
genesis.57–60 In addition, the treatment of GVHD, which 
includes immunosuppressants, contributes to a higher 
prevalence of post-HSCT cardiovascular risk factors such 
as dyslipidemia, hypertension, and insulin resistance.32,61

Cancer-Related Factors
Data on differences in cardiovascular events related 
to specific malignancies treated with HSCT are lim-
ited. One study examined the incidence of short- and 
long-term cardiovascular events of the most common 
transplantation diagnoses for autologous and alloge-
neic transplantation, which included leukemias, lympho-
mas, multiple myeloma, and myelodysplastic syndrome. 

Among autologous HSCT recipients, recipients with 
diffuse large B-cell lymphoma had the highest rate of 
short-term cardiovascular events (100-day incidence, 
7.0%); however, recipients with multiple myeloma 
had the highest incidence of long-term cardiovascu-
lar events >5 years after HSCT (10-year incidence, 
23.0%).20 Allogeneic HSCT recipients with myelodys-
plastic syndrome had the highest rates of cardiovas-
cular events at all follow-up times (100-day incidence, 
2.9%; 10-year incidence, 15.0%).20

Several therapies for hematologic malignancies 
treated with HSCT are associated with cardiotoxicity. 
Anthracyclines, used in close to 50% of HSCT candi-
dates, have been linked to an increased risk of heart 
failure and cardiovascular death in a dose-dependent 
manner, with cumulative doses >250 mg/m2 identified 
as a cut point for heart failure risk.19,20,24,38,62 Although 
anthracycline use has decreased over time, newer can-
cer therapies, including monoclonal antibodies,63,64 pro-
teosome inhibitors,65,66 immunomodulatory agents,67,68 
and tyrosine kinase inhibitors,69–71 all confer a small risk 
of cardiotoxicity independently of their role in HSCT. Oth-
erwise, beyond anthracyclines, there are no data on syn-
ergistic cardiotoxicity between pre-HSCT cancer therapy 
and HSCT.

MECHANISMS OF CARDIAC 
COMPLICATIONS
The pathogenesis of cardiovascular disease after HSCT 
is multifactorial and results from multiple cardiovascular 
insults throughout the HSCT process, often exacerbating 
preexisting cardiovascular disease. Known mechanisms 
include direct endothelial injury related to the condition-
ing regimen, the acute hyperinflammatory state second-
ary to engraftment syndrome, and chronic inflammation 
in GVHD.

High-dose alkylating agents in conditioning regi-
mens such as cyclophosphamide can cause various 
cardiovascular complications, including heart failure, 
atrial arrhythmias, pericardial effusion, and myocarditis 
through inflammatory and oxidative stress pathways.72,73 
Cardiotoxicities from busulfan, carmustine, and melpha-
lan are rare.74–77 Inflammation, oxidative stress, calcium 
homeostasis alterations, and programmed cell death are 
mechanisms involved in cardiotoxicity caused by alkylat-
ing agents.78–81 These agents cause endothelial dysfunc-
tion, calcium overload, myocardial damage, and apoptosis 
activation in the myocardium.79–81 Reduced-intensity con-
ditioning was developed as a less toxic alternative for 
certain patients.54

Postconditioning, infusion of the hematopoietic 
stem cells, and engraftment can lead to cardiovascu-
lar complications, primarily by affecting hemodynamics. 
Dimethyl sulfoxide, a standard cryoprotective agent used 
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to preserve hematopoietic stem cells, has been linked 
to hypertension and bradycardia, which are generally 
manageable.82 Contributors to the effect of dimethyl 
sulfoxide include its dose, cell lysis products, red blood 
cell content, total nuclear cell content, and acute volume 
expansion, as well as the recipient’s age.82

Engraftment syndrome is an early complication of 
HSCT characterized by the release of proinflammatory 
cytokines, resulting in activated leukocytes, endothelial 
injury, and vascular leak.83 This hyperinflammatory state 
can exacerbate preexisting cardiovascular conditions 
and induce acute heart failure and arrhythmias at least 
partially through acute hemodynamic changes.83

Chronic inflammation and oxidative stress due to 
endothelial injury are key to the development of long-
term atherosclerosis after HSCT.44,59,60 Radiation therapy, 
a component in the treatment of various malignancies 
and conditioning regimens, causes direct cellular injury, 
leading to an upregulation of proinflammatory markers 
and oxidative stress–mediated chronic inflammation.84,85 
Subsequent chronic oxidative stress and inflammation 
induce endothelial cell proliferation, impaired remodel-
ing, vascular thickening, fibrosis, and thrombi formation 
in arteries, which can progress to premature atheroscle-
rosis and coronary artery disease.86

The inflammatory state induced by GVHD promotes 
vascular injury and plaque instability, leading to acceler-
ated atherosclerosis and predisposing recipients to arte-
rial complications.57–60 The onset of GVHD also has been 
associated with the development of established cardio-
vascular risk factors such as diabetes, hypertension, and 
dyslipidemia, which are thought to stem from adverse 
effects of immunosuppression from steroids, calcineu-
rin inhibitors, and other agents used to treat GVHD.61,87 
Other GVHD prophylactic therapies have reports of early 
cardiac toxicities after HSCT, including posttransplanta-
tion cyclophosphamide, methotrexate, and tacrolimus, 
although data on incidence rates are limited.55

Maintenance immunomodulatory therapies such as 
lenalidomide given after HSCT in patients with multiple 
myeloma can increase the risk of venous thromboembo-
lism and stroke, although rare when these therapies are 
given in conjunction with anticoagulants. Lenalidomide 
increases platelet aggregation, cytokine production, and 
the activity of endothelial tissue factor, contributing to 
thrombosis.88,89

THE PRE-HSCT CARDIOVASCULAR 
EVALUATION
There are no published evidence-based guidelines on 
pre-HSCT cardiovascular screening or assessment. Cur-
rent management strategies are based primarily on ex-
pert opinion. The protocols for pre-HSCT assessment 
vary widely, with most centers establishing institutional 

guidelines for determining HSCT eligibility and referring 
for a cardiovascular evaluation.

The approach of cardiovascular specialists differs 
between pediatric and adult HSCT recipients. For the 
pediatric patient, greater emphasis is placed on pre-
empting late complications of therapy. In the older adult, 
the focus is on optimizing comorbid conditions that may 
compromise the ability of the patient to withstand the 
challenges of the immediate peritransplantation period 
such as sepsis, severe anemia and thrombocytopenia, 
significant fluid and electrolyte disturbances, and major 
organ dysfunction.

There are 4 steps in the pre-HSCT cardiovascular 
evaluation: (1) initial risk stratification, (2) exclusion of 
high-risk cardiovascular disease, (3) assessment of 
cardiac reserve, and (4) optimization of cardiovascular 
reserve (Figure 3).

Identifying Patients at Risk of Cardiovascular 
Complications
Identifying HSCT recipients at risk of cardiovascular 
complications is challenging because of the variability 
of recipient characteristics, the relatively low incidence 
of cardiovascular events, and different influencing fac-
tors. The CARE-BMT (Cardiovascular Registry in Bone 
Marrow Transplantation) risk score is an externally vali-
dated, simple-to-calculate, point-based, pre-HSCT risk 
score derived from a large, contemporary multicenter 
cohort of adult allogeneic and autologous HSCT recipi-
ents (n=2435).90 The risk model includes the following 
variables: age at transplantation, transplantation type, 
race, history of coronary artery disease, heart failure, pe-
ripheral artery disease, creatinine, triglycerides, and prior 
anthracycline exposure (Figure 4).90 Outcomes included 
a composite of cardiovascular death, myocardial infarc-
tion, heart failure, stroke, atrial fibrillation or flutter, and 
sustained ventricular tachycardia. The CARE-BMT risk 
score ranges from 0 to 16 points (Figure 4). The areas 
under the curve for predicting cardiovascular events at 
100 days, 1 year, 5 years, and 10 years after HSCT were 
0.66, 0.71, 0.73, and 0.76, respectively. The model per-
formed equally well in autologous and allogeneic HSCT 
recipients. The final risk model identified low-risk (0–1 
point; 5-year cumulative incidence, 3.8%), intermediate-
risk (2–4 points; 5-year cumulative incidence, 12.7%), 
and high-risk (≥5 points; 5-year cumulative incidence, 
31.5%) groups. The CARE-BMT risk model is currently 
the only risk score developed in adult HSCT recipients 
using pre-HSCT variables aimed at predicting cardiovas-
cular events.90

Other studies have examined risk models predicting 
long-term cardiovascular complications in pediatric or 
mixed (adults and pediatric) survivors of HSCT and have 
limited usefulness in the pre-HSCT cardiovascular risk 
stratification of adult patients.11,29,91
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The Hematopoietic Cell Transplantation–Comorbidity  
Index is widely used in oncology settings to predict 
nonrelapse mortality and overall survival in patients 
being considered for HSCT on the basis of the pres-
ence of several pretransplantation comorbidities 
(Figure 5).92 The Index assigns a weighted score to 
various comorbidities, including coronary artery dis-
ease, congestive heart failure, history of myocardial 
infarction, or ejection fraction <50%, with total scores 
ranging from 0 to 29. The C statistic for predicting 
nonrelapse mortality at 2 years is 0.69.92 Although 
the Hematopoietic Cell Transplantation–Comorbidity 
Index score has clinical implications for transplanta-
tion eligibility, this score was not derived to specifi-
cally examine the risk of cardiovascular events, nor 
has it been associated with cardiovascular events in 
other studies.

Although risk scores are useful for systematic screen-
ing and referrals, they do not account for patient symp-
toms. Patients who exhibit signs or symptoms of potential 

undiagnosed cardiovascular disease should be referred 
for further evaluation.

Exclusion of High-Risk Cardiovascular Disease
There are no absolute cardiovascular contraindications 
to HSCT in the stable outpatient. However, high-risk  
cardiovascular conditions with poor cardiac reserve such 
as advanced heart failure, untreated severe valvular heart 
disease, and severe triple-vessel or left main obstructive 
coronary artery disease are associated with poor out-
comes (1-year survival, 30%–50%) regardless of HSCT 
and preclude candidacy unless a pre-HSCT corrective 
intervention is possible. Thus, the most critical step in the 
pretransplantation assessment is to rule out the pres-
ence of high-risk cardiovascular disease through a de-
tailed history and physical examination, along with the 
indicated testing.

Assessment of cardiac function is routinely performed 
before HSCT. Most institutional guidelines exclude 

Figure 3. The HSCT cardiovascular evaluation and management.
The cardiovascular (CV) assessment is a critical component at all stages of the hematopoietic stem cell transplantation (HSCT). Before 
transplantation, determining a patient’s risk of cardiovascular complications is essential to evaluate eligibility and safety. This preliminary 
cardiovascular examination includes a thorough assessment of cardiovascular risk factors and cardiovascular imaging, preferably with 
echocardiography. The application of risk scores such as CARE-BMT (Cardiovascular Registry in Bone Marrow Transplantation) aids in identifying 
patients at high risk, warranting more comprehensive evaluation. To prepare for transplantation, patients should receive guideline-directed medical 
therapy as required, in addition to optimizing their cardiovascular status. During the transplantation process, it is crucial to frequently monitor 
for acute cardiovascular complications, the most common being atrial fibrillation or flutter and heart failure. Management at this stage includes 
monitoring fluid balance and administering diuretics in cases of hypervolemia. The posttransplantation phase, specifically after 100 days, shifts 
focus toward long-term survival and monitoring for long-term cardiovascular complications. For low-risk patients, cardiovascular monitoring can 
be done as necessary. However, high-risk patients should undergo cardiovascular imaging, preferably an echocardiogram, 3 months after the 
transplantation, followed by annual checkups. CMRI indicates cardiac magnetic resonance imaging; and MUGA, multiple gated acquisition scan.
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patients with an ejection fraction ≤35% from HSCT 
candidacy. The data surrounding that exclusion criterion 
are limited, and likely, a subset of patients with preexist-
ing cardiomyopathy and optimized cardiovascular status 
would fare well through HSCT.51,93,94 Echocardiography is 
preferred as the initial test because it allows the exami-
nation of various parameters beyond left ventricular func-
tion, including chamber sizes, valvular regurgitation or 
stenosis, and estimation of intracardiac pressures (dia-
stolic function). In the unlikely situation in which echo-
cardiography is not available or images are poor despite 
contrast, either cardiac magnetic resonance imaging or 
multiple gated acquisition scan can be used to estimate 
LVEF.95 Cardiac magnetic resonance imaging has the 
additional benefits of providing both detailed morpho-
logical and functional data without the use of radiation; 
however, its limited availability and high costs make wide-
spread use challenging. Multiple gated acquisition scan 
provides data limited to chamber sizes and biventricular 
ejection fraction, but it is more accessible.95

A review of previously performed computed tomog-
raphy imaging studies can provide valuable information 
on the presence of coronary and aortic calcifications. 
Signs of atherosclerotic disease should prompt initia-
tion of statin therapy in the absence of contraindica-
tions. HSCT candidates with a high pretest probability 
of coronary artery disease and poor exercise tolerance, 
with or without angina, should be evaluated for high-risk 
ischemia. Coronary computed tomography angiography 
and myocardial stress perfusion imaging are valuable for 
evaluating high-risk ischemic heart disease. Coronary 

angiography and revascularization should be limited in 
patients with high-risk coronary artery disease and those 
with angina refractory to medical therapy to avoid delay-
ing HSCT and in anticipation of developing thrombocyto-
penia during HSCT.

Evaluating Cardiac Reserve
Once the probability of high-risk cardiovascular disease is 
deemed low, the next step in the pre-HSCT cardiovascular 
evaluation is the assessment and optimization of cardiovas-
cular reserve, or the ability of the cardiovascular system to 
withstand stressors imparted by the HSCT process, includ-
ing the cardiotoxicity of conditioning regimens, rapid volume 
shifts, and increased oxygen demand due to anemia and 
the systemic inflammatory response. Quantifying cardiovas-
cular reserve relies on a detailed assessment of symptoms 
attributable to cardiovascular disease, functional status, risk 
factors, signs of increased intracardiac pressures on exami-
nation, and cardiovascular structure and function.

The history and physical examination aim to determine 
the contribution of cardiovascular disease to the patient’s 
symptoms.96 For example, jugular venous distention in 
a patient with HSCT should prompt additional workup 
given its high positive predictive value for heart failure. 
In contrast, a low jugular venous pulse is reassuring. An 
assessment of exercise tolerance is crucial because the 
absence of symptoms of heart failure in patients with 
poor exercise capacity is not meaningful. Poor cardiopul-
monary fitness is common in patients with multimorbidity, 
especially those with cancer, who experience rapid muscle 

Figure 4. Calculating the CARE-BMT risk score for cardiovascular risk stratification.
Points are assigned for age, race, transplantation type, anthracycline dosage, comorbidities, and laboratory values, summing to a total risk score. 
The total score, which ranges from 0 to 16, classifies patients into low-risk (0–1 points), intermediate-risk (2–4 points), and high–risk (≥5 points) 
groups for the 1-year and 5-year incidence of cardiovascular (CV) events after transplantation, with corresponding percentages shown for each 
risk category. CARE-BMT indicates Cardiovascular Registry in Bone Marrow Transplantation. Modified with permission from Vasbinder et al.90 © 
2024, American Heart Association, Inc.
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wasting and adverse effects related to their treatment.97 
There are currently no objective criteria defining adequate 
or inadequate exercise capacity. The Eastern Cooperative 
Oncology Group and Karnofsky scores are derived from 
questionnaires routinely used by oncologists to assess 
patients’ ability to perform daily activities, from which one 
may infer exercise tolerance.98,99 Maximal oxygen con-
sumption (Vo2max) obtained with cardiopulmonary stress 
testing is a highly validated measure used as an outcome 
in several exercise studies in patients undergoing HSCT.97 
The 6-minute walk test is a simpler alternative that is well 
validated in certain patient populations such individu-
als with pulmonary hypertension, but data are lacking in 
patients with HSCT.100 Specific risk thresholds have yet 
to be determined. Nevertheless, a lack of improvement in 
exercise tolerance after a 2-week daily exercise regimen 
suggests pathology beyond frailty that warrants investi-

gation.101,102 Ongoing studies are examining the clinical 
utility of a prerehabilitation (prehab) exercise program to 
improve the cardiopulmonary fitness of HSCT candidates, 
their HSCT outcomes, and their quality of life.97

Optimizing Cardiac Reserve
Every effort to optimize patients’ cardiovascular status 
should be made before HSCT, including treating revers-
ible disease; optimizing volume status and blood pres-
sure; and maximal dosing of guideline-directed medical  
therapy.103 Patients with adequate cardiopulmonary re-
serve, defined as having adequate exercise tolerance 
(≥4 metabolic equivalents) without experiencing car-
diovascular symptoms and on optimal medication regi-
men, should still be considered for HSCT regardless of 
whether their cardiac function, as measured by LVEF, has 

Figure 5. The HCT-CI Score and its Predictive Performance for CV Events.
The figure presents the components of Hematopoietic Cell Transplantation-Comorbidity Index (HCT-CI) score and its predictive performance for 
cardiovascular outcomes in the CARE-BMT cohort. It delineates the risk percentages for 2-year non-relapse mortality in the original HCT-CI study, 
and cardiovascular events at 1- and 5-year intervals post-hematopoietic stem cell transplantation (HSCT) in the CARE-BMT cohort, stratified by 
low, intermediate, and high-risk categories based on HCT-CI scores. Additionally, the figure includes C-statistic values to quantify the predictive 
accuracy of the HCT-CI score for each outcome. Note the relatively poor performance of the HCT-CI score in predicting cardiovascular outcomes.
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recovered. Excluding patients from HSCT for cardiovas-
cular reasons should be limited to the occasional patient 
with severe, nontreatable disease, poor cardiopulmonary 
reserve, or a life expectancy of <1 year.

IN-PATIENT MANAGEMENT OF ACUTE 
CARDIOVASCULAR COMPLICATIONS
Providing early guidance to the hematology and oncol-
ogy teams as to the management of the possible exac-
erbation of comorbid cardiovascular conditions such as 
heart failure and atrial fibrillation during transplantation 
is essential. Iatrogenic volume overload is common in pa-
tients with cancer.104–108 Because large volumes of fluids 
are administered during HSCT, patients at risk for heart 
failure should undergo daily weight monitoring, with di-
uretics administered for 2- to 3-lb fluctuations within 24 
hours to avert hypervolemia.105 Moreover, volume shifts 
and systemic inflammation related to engraftment or in-
fections can trigger supraventricular arrhythmias, most 
commonly atrial fibrillation. Because the circumstances 
during which atrial fibrillation or flutter may occur can 
vary significantly, individualizing the treatment approach 
is essential. Avoiding aggressive rate control is recom-
mended if the patient is asymptomatic and hemodynami-
cally stable. Hypervolemia often triggers and maintains 
atrial fibrillation; hence, careful assessment for hyper-
volemia and administration of diuretics should precede 
rate control initiation. Cardioversion and rhythm control 
strategies should be reserved for urgent scenarios (eg, 
hemodynamic instability) in patients receiving HSCT 
because they frequently experience thrombocytopenia 
and cannot undergo anticoagulation. The management 
of acute myocardial infarction during HSCT presents 
analogous complexities, particularly in the context of the 
pancytopenic phase, with respect to anticoagulation risk. 
In the absence of high-risk features and when symptoms 
have resolved, it may be judicious to defer percutaneous 
coronary angiography until the thrombocytopenia has 
abated, thereby mitigating the potential life-threatening 
hemorrhagic complications associated with the applica-
tion of heparin and dual antiplatelet therapy. Conversely, 
the presence of high-risk indicators such as ST-segment 
elevation, ischemic cardiomyopathy, or persistent chest 
discomfort unresponsive to conventional medical inter-
vention should not deter timely therapeutic measures. 
Strategically managing these scenarios through serial 
platelet transfusions in the periprocedural context, es-
chewing glycoprotein IIb/IIIa inhibitors, and postpon-
ing the initiation of a secondary antiplatelet agent until 
platelet count restoration can effectively attenuate the 
inherent bleeding risks in this clinical setting. Last, spe-
cial consideration must be given to the risk of drug-drug 
interactions with concurrent cancer therapeutics related 
to alterations in the cytochrome P450 or P-glycoprotein 
metabolism.109,110

SURVIVORSHIP AND MANAGEMENT 
OF LONG-TERM CARDIOVASCULAR 
COMPLICATIONS
HSCT survivors experience a higher burden of cardio-
vascular risk factors and long-term events, including car-
diomyopathy, ischemic heart disease, stroke, peripheral 
vascular disease, and rhythm disorders, than the general 
population. Guidelines on screening and preventive mea-
sures for vascular complications in long-term HSCT sur-
vivors have been published by the American Society of 
Blood and Bone Marrow Transplantation.111,112 The opti-
mization of cardiovascular risk factors and monitoring are 
cornerstones of the long-term cardiovascular manage-
ment of HSCT survivors.10 There are no data to guide the 
optimal frequency of monitoring in HSCT survivors, with 
existing guidelines focusing on cardiovascular monitoring 
of the broader adult cancer survivor population. A 3-month 
cardiovascular assessment after HSCT in patients with 
preexisting cardiovascular disease is typical in many in-
stitutions, with earlier evaluations in patients who experi-
enced complications during HSCT. Patients are then seen 
every 1 to 3 years, with factors such as cardiovascular co-
morbidity burden dictating the frequency of monitoring.5 
A risk score such as CARE-BMT in adults and pediatric-
specific risk models could potentially help identify patients 
who will require more frequent assessments.29,90,91

Given the overall higher risk of this patient population, a 
low threshold to evaluate for cardiovascular causes of symp-
toms should be maintained.95 Routine imaging during or after 
HSCT is not typically recommended for low-risk, asymptom-
atic individuals. Individuals considered at high risk for devel-
oping cardiovascular complications may benefit from routine 
imaging surveillance in survivorship with echocardiography.95 
Cardiac biomarkers (cardiac troponin and BNPs [B-type 
natriuretic peptides]) are useful for the overall diagnosis 
and management of cardiovascular complications. However, 
there are no data supporting their systematic measurement 
for cardiovascular monitoring in asymptomatic patients. No 
guidelines prescribe exact time frames for imaging surveil-
lance in HSCT recipients, although yearly assessment of 
echocardiography has been recommended for symptomatic 
cancer survivors.113 The frequency of monitoring should be 
made considering individual patient characteristics.5,95

Pediatric Considerations
The International Late Effects of Childhood Cancer Guide-
line Harmonization Group has released updated cardio-
myopathy surveillance guidelines for childhood cancer  
survivors, which recommend echocardiographic surveil-
lance in asymptomatic patients every 2 years for those 
who received a cumulative anthracycline dose ≥250 mg/
m2 or chest radiation therapy ≥30 G or anthracycline ≥100 
mg/m2 and chest radiation ≥15 Gy.114 Survivors who re-
ceived 100 to <250 mg/m2 anthracycline or 15 to <30 
Gy radiation should undergo surveillance every 5 years.10
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FUTURE DIRECTIONS
As HSCT use expands to an aging population with mul-
timorbidity, cardiovascular specialists’ role in patient man-
agement grows increasingly important. Multidisciplinary 
collaboration among health care professionals is crucial for 
driving advancements in this field, ensuring optimal care 
for this complex patient population. Future research should 
prioritize refining risk stratification and creating evidence-
based guidelines and strategies to optimize outcomes.
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