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Ventricular Dysfunction and Heart Failure in Patients Undergoing 
Hematopoietic Stem Cell Transplant
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It has been known for a long time that Cyclophosphamide 
(Cy) for conditioning regimens in hematopoietic stem cell 
transplant (HSCT) can induce cardiotoxicity.1 We have 
been learning in cardio-oncology that the best practice is 
to identify the risks of cardiotoxicity and, when possible, 
minimize them before the exposure. Several factors contribute 
to define cardiovascular toxicity risks including the type of 
transplant, age at transplant, hypertension, diabetes mellitus, 
dyslipidemia, and current smoking. Multiple uncontrolled 
preexisting cardiovascular conditions such as atrial fibrillation 
or atrial flutter, node sinus disease, ventricular arrhythmias, 
coronary artery disease, valve diseases and heart failure with 
reduced ejection fraction may also contribute to cardiotoxicity. 
So, it is important to know about the disease severity at the 
time of transplantation and probability of relapse, which may 
be correlated with increased exposure to other cardiotoxic 
chemotherapy drugs and radiotherapy before HSCT.

There are mainly two types of HSCT: (1) autologous 
transplantation, in which the patient receives his/her own 
progenitor cells, and the cardiotoxicity is mainly attributed 
to the direct toxic effects of the conditioning regimen; and 
(2) allogeneic transplantation in which the patient receives 
cells from another individual who may be fully or partially 
compatible. The allogeneic transplantation is known to 
have a higher risk of cardiotoxicity because in addition to 
the conditioning toxic effects, there are indirect effects of 
cytokines released in graft-versus-host disease and a possible 
direct cardiotoxicity through donor T-cell infiltration into 
the myocardium with subsequent inflammation leading to 
cardiac dysfunction.2 The HSCT has six stages as presented in 
Figure 1: pre-transplant, conditioning phase (when the patient 
receives chemotherapy and often radiotherapy to eliminate 
the recipient’s bone marrow, infusion, aplasia, recovery and 
post-transplant stage. In pre-transplant, the cardio-oncologist 
must perform a comprehensive assessment of the risk factors 
for cardiotoxicity. Clinical history and physical examination, 
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electrocardiogram, laboratory tests including T troponin 
and brain natriuretic peptide (BNP) (or N-terminal-proBNP 
NTproBNP), X-ray or, preferably, chest computed tomography, 
strain echocardiogram and spirometry test are essentials for 
a good evaluation.3 Rhythm and hemodynamic changes are 
described in the infusion stage, usually quick and benign as 
sinus tachycardia or bradycardia, hypotension or hypertension, 
but also serious ones as a total AV block. These changes seem 
to be caused by dimethyl sulfoxide, a cryoprotectant, but 
there is still not enough data to support this hypothesis.4 Many 
infectious complications may occur in the aplasia phase, such 
as myocarditis due to viral reactivation and sepsis-induced 
cardiomyopathy. The differential diagnosis between these 
conditions and cardiotoxicity can be challenging.

Cardiovascular risk factors, exposure to cardiotoxic 
agents, high cumulative dose (anthracyclines ≥250mg/m2) 
chemotherapy administered during conditioning (which is 
rare), with or without radiation, contribute synergistically 
to cardiovascular morbidity and mortality. Oxidative stress, 
cycling by iron complexes and genetic variants have been 
suggested as mechanisms. Women are twice as likely as men 
to develop heart failure. Cardiac adverse events have been 
attributed to different components of HSCT itself such as total 
body ablative radiation therapy combined with a multi-drug 
conditioning regimen.5

Congestive heart failure is generally considered a long-
term complication of HSCT, but a new onset left ventricular 
dysfunction can also occur in the short term. Early-onset heart 
failure occurs in approximately 0.4% to 2.2% of patients, 
occurring within 100 days after allogeneic HSCT and as early 
as four days after Cy infusion.2,6 It was defined as a decrease in 
left ventricular function a reduction ≥10% from baseline left 
ventricular function and of ≤53% after HSCT, irrespective of 
baseline left ventricular function, which was assessed before 
the first chemotherapy session. 

The five-year incidence of congestive heart failure was 
reported to be 4.8%, rising to 9.1% at 15 years. The transplant 
is usually contraindicated in patients with a pre-transplant left 
ventricular ejection fraction less than 35%, especially because 
of the association between pre-transplant ejection fraction and 
short-term outcomes.7 Cardiovascular disease, unless very severe, 
should not be a specific barrier to indicate HSCT and can often 
be managed by a multidisciplinary team before the procedure. 
Periodic monitoring of cardiac function using global longitudinal 
strain or left ventricular ejection fraction in echocardiography and 
serum biomarkers is recommended to detect early changes in 
cardiac status before irreversible cardiac complications develop.8 
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Clinical benefits with prophylactic usage of beta-blockers or 
angiotensin-converting enzyme inhibitors have not been fully 
established in preventing cardiotoxicity in HSCT. 

In summary, patients who are candidates for HSCT must 
be evaluated in advance by a cardio-oncologist or an expert 
cardiologist, have their cardiovascular and metabolic status 
optimized and followed up during the various stages of the 
transplant, and during a mid- and long-term follow-up plan.
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Figure 1 – Stages of hematopoietic stem cell transplantation.

Aplasia

Recovery

Post-Transplant

Infusion

Conditioning

Pre-Transplant

1.	 Braverman AC, Antin JH, Plappert MT, Cook EF, Lee RT. Cyclophosphamide 
Cardiotoxicity in Bone Marrow Transplantation: A Prospective Evaluation 
of New Dosing Regimens. J Clin Oncol. 1991;9(7):1215-23. doi: 10.1200/
JCO.1991.9.7.1215.

2.	 Lin CJ, Vader JM, Slade M, DiPersio JF, Westervelt P, Romee R. Cardiomyopathy 
in Patients after Posttransplant Cyclophosphamide-Based Hematopoietic Cell 
Transplantation. Cancer. 2017;123(10):1800-9. doi: 10.1002/cncr.30534.

3.	 Hatzimichael E, Tuthill M. Hematopoietic Stem Cell Transplantation. Stem 
Cells Cloning. 2010;3:105-17. doi: 10.2147/SCCAA.S6815.

4.	 Keung YK, Lau S, Elkayam U, Chen SC, Douer D. Cardiac Arrhythmia 
after Infusion of Cryopreserved Stem Cells. Bone Marrow Transplant. 
1994;14(3):363-7.

5.	 Armenian SH, Chemaitilly W, Chen M, Chow EJ, Duncan CN, Jones LW, et 
al. National Institutes of Health Hematopoietic Cell Transplantation Late 

Effects Initiative: The Cardiovascular Disease and Associated Risk Factors 
Working Group Report. Biol Blood Marrow Transplant. 2017;23(2):201-10. 
doi: 10.1016/j.bbmt.2016.08.019.

6.	 Lee CJ, Savani BN, Mohty M, Labopin M, Ruggeri A, Schmid C, et al. 
Haploidentical Hematopoietic Cell Transplantation for Adult Acute Myeloid 
Leukemia: A Position Statement from the Acute Leukemia Working Party of 
the European Society for Blood and Marrow Transplantation. Haematologica. 
2017;102(11):1810-22. doi: 10.3324/haematol.2017.176107.

7.	 Tichelli A, Bhatia S, Socié G. Cardiac and Cardiovascular Consequences after 
Haematopoietic Stem Cell Transplantation. Br J Haematol. 2008;142(1):11-
26. doi: 10.1111/j.1365-2141.2008.07165.x.

8.	 Horacek JM, Pudil R, Tichy M, Jebavy L, Zak P, Slovacek L, et al. Biochemical 
Markers and Assessment of Cardiotoxicity During Preparative Regimen 
and Hematopoietic Cell Transplantation in Acute Leukemia. Exp Oncol. 
2007;29(3):243-7.

References

This is an open-access article distributed under the terms of the Creative Commons Attribution License


