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Abstract

Original Article

Introduction

Hematopoietic stem cell transplantation (HSCT) has become a 
mainstay in the treatment of various malignancies and benign 
conditions.[1] The concept of high‑dose (HD) chemotherapy 
plus HSCT has considerably improved clinical outcomes. 
Moreover, by reducing the intensity of conditioning 
regimens, the undesirable effects of allogeneic HSCT have 
been reduced, extending its indication to patients who were 

previously ineligible for the treatment. HD chemotherapy 
and conditioning regimens can result in rare but potentially 
hazardous cardiac complications.[2,3] Hence, early evaluation of 
cardiac injury is of paramount relevance so that timely initiation 
of treatment may slow down or even stop disease progression. 
According to the current guidelines, cardiovascular evaluation 
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of HSCT patients involves annual measurement of lipid 
profile and fasting glucose levels in low‑risk patients and 
echocardiographic and electrocardiographic examinations in 
symptomatic patients. Cardiac evaluation of patients is usually 
performed when clinically necessary.[4] However, by the time 
a diagnosis is made, complete recovery occurs in less than 
half of the patients.[5] The timing of the cardiac assessment of 
HSCT patients without clinical symptoms is not well known, 
but routine screening and treatment may improve patient 
survival.[6]

Cardiac evaluation of oncology patients is usually performed 
with echocardiography, which is a quick, reliable, and 
noninvasive tool that can provide detailed physiological and 
morphological information about cardiac function.[7] Most of 
the researches conducted so far on HSCT recipients have mainly 
focused on left ventricular structure and function. The right 
ventricle (RV) has a crescentic anatomical and morphological 
structure, making it difficult to evaluate its complex 
morphology and function. Tissue Doppler imaging  (TDI) is 
an echocardiography mode that is based on the measurement 
of myocardial velocities. It enables us to quantitatively assess 
RV function throughout the cardiac cycle.[8]

To determine the impact of HSCT on RV function, conventional 
echocardiographic measurements and TDI were performed in 
137 allogeneic or autologous HSCT patients before and after 
transplantation. The pre‑  and post‑transplant values were 
compared in allogeneic and autologous recipients. Therefore, 
we aimed to evaluate RV function by sensitive techniques for 
the early recognition of cardiotoxic effects.

Methods

Patients with multiple myeloma, acute myeloid leukemia 
(AML), myelodysplastic syndrome, aplastic anemia, Hodgkin’s 
lymphoma, and non‑Hodgkin’s lymphoma receiving allogeneic 
or autologous HSCT who underwent echocardiographic 
examination before transplantation were included in our 
study. Each patient gave informed consent before study 
enrollment. Approval of the study was obtained from the 
local ethics committee  (approval number B 08.06 YOK 
2.I.U.E.50.0.05.00/12, approval date: 12.04.2019). Our 
exclusion criteria were previous anthracycline use, inadequate 
echocardiographic images, hypertension, diabetes mellitus, a 
history of percutaneous coronary intervention or coronary artery 
bypass operation, arrhythmia, conduction disturbances, valvular 
heart disease (more than mild), and volume overload or depletion.

In total, 140 successive HSCT patients were studied during 
the study period. Three of the patients died before the second 
echocardiographic examination. The remaining 137 patients, 
who had both pre‑  and post‑transplant examinations, were 
included in our study.

Conditioning regimens
After the patients were admitted to the bone marrow 
transplant (BMT) unit, stem cell mobilization was performed 

with etoposide plus granulocyte‑colony‑stimulating 
factor  (G‑CSF) in multiple myeloma and non‑Hodgkin’s 
lymphoma patients. Hodgkin’s lymphoma patients achieved 
autologous stem cell mobilization with G‑IVE  (G‑CSF, 
ifosfamide, VP‑16, and epirubicin). The cells were collected 
by a cell separator unit  (COB brand) on the 5th  day of 
mobilization. If the number of mononuclear cells was lower 
than 2.5–5  ×  108/kg  (median: 4  ×  106/kg), then a repeat 
apheresis was performed on the same day. After harvesting, the 
cells were kept frozen at −198°C, and induction chemotherapy 
was started. Lymphoma patients were conditioned with the 
BEAM regimen, which included carmustine, etoposide, 
cytarabine (ara‑C), and melphalan. Multiple myeloma patients 
were treated with melphalan, and AML patients were treated 
with cyclophosphamide  (2  days) followed by intravenous 
busulfan (1 day, 4 patients) or fludarabine (5 days, 6 patients). 
Patients with myelodysplastic syndromes and aplastic anemia 
were treated with cyclophosphamide, thymoglobulin (ATG), 
and fludarabine (4 days). The harvested cells were infused 
in patients 1 day after the completion of chemotherapy. The 
infusion was administered through the jugular or subclavian 
vein. G‑CSF 5  mg/kg was started on the 5th  day. Control 
echocardiography was performed after approximately 
2 weeks, which was when engraftment of the white blood 
cells occurred. Variables found in pre‑BMT echocardiography 
were compared with the variables found in post‑BMT 
echocardiography.

Echocardiography
Echocardiographic examinations of the patients were 
performed in the left lateral decubitus position with the use 
of a 2.5–3.5 MHz transducer (Vivid 7 system, GE‑Vingmed, 
Horten, Norway). The same cardiologist who was specialized 
in echocardiography obtained the images from the standard 
parasternal, short‑axis, and apical views. Pulsed Doppler 
recordings, standard M‑mode, and two‑dimensional and 
left ventricular ejection fraction  (LVEF) measurements 
were performed according to the American Society of 
Echocardiography guidelines.[9] Three measurements were 
made for each parameter and averaged. The first and second 
echocardiographic examinations were performed on the 
day before and 30  days after HSCT. Tricuspid annular 
plane systolic excursion  (TAPSE) was measured at the 
lateral annulus of the tricuspid valve using an M‑mode 
echocardiogram from an apical four‑chamber view.[10] The 
pulmonary artery systolic pressure was obtained as the sum 
of the right atrial pressure and trans‑tricuspid gradient, which 
was estimated with the modified Bernoulli equation.[11] The 
pulmonary acceleration time (PAT) was calculated from the 
onset to the peak velocity of the pulse Doppler pulmonary 
arterial velocity in the apical short‑axis view. The ratio of 
PAT to the  Pulmonary ejection time (PET) (PAT/PET) was 
calculated.[12] TDI assessment of the RV was obtained at the 
lateral tricuspid annulus in an apical four‑chamber view.[13] To 
achieve a clear tissue signal, the gains were minimized, and 
the Nyquist limit was adjusted to 30 cm/s. The peak systolic 
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velocity (S ’) and early (E’) and late (A’) diastolic velocities 
were measured, and E’/A’ was calculated.

The volume status of the patients was evaluated by measuring 
the inferior vena cava diameter from the subcostal inferior 
vena cava long‑axis view within 2  cm of the right atrial 
junction. More than 50% inspiratory collapse of a normal‑sized 
inferior vena cava (1.5–2.5 cm) was consistent with normal 
intravascular volume status.

Statistical analysis
The results of descriptive analyses were presented as means and 
standard deviations or median and interquartile range (range 
from the 25th to the 75th percentile). The categorical variables 
were expressed as numbers and percentages. Numerical 
variables were compared using the Student’s t‑test. The effect 
of age upon variables that showed P < 0.05 was assessed by 
Pearson’s correlation. Statistical analyses were performed using 
the SPSS software version 20 for Windows (SPSS Inc., Chicago, 
IL, USA), with P < 0.05 considered statistically significant.

Results

Table 1 illustrates the clinical characteristics of the patients. 
Among 137 HCST recipients, 86 had autologous graft, whereas 
51 had allogeneic graft. Our study population comprised 
41 autologous multiple myeloma, 25 autologous Hodgkin’s 
lymphoma, 20 autologous and 19 allogeneic non‑Hodgkin’s 
lymphoma, 10 allogeneic AML, 12 allogeneic myelodysplastic 
syndrome, and 10 allogeneic aplastic anemia patients. All 
patients with multiple myeloma and Hodgkin’s lymphoma 
received an autologous graft, and all patients with AML, 
myelodysplastic syndrome, and aplastic anemia had an 
allogeneic graft. The mean age of the patients at the time of 
transplantation was 46.51 ± 16.24 years, the mean hospital 
length of stay was 30 (ranged from 14 to 64) days, and the 
mean leukocyte engraftment and platelet engraftment time 
were 11 (ranged from 6 to 23) and 13 (ranged from 7 to 25) 
days, respectively. The number of female and male patients 
was 60 (43.8%) and 77 (56.2%), respectively.

There were no significant differences in left ventricular 
echocardiographic parameters including left ventricular 
end‑diastolic diameter, left ventricular end‑systolic diameter, 
LVEF, and   E wave velocity, A wave velocity, E/A ratio, 
and Deceleration time (DT) before and after HSCT. When 
we analyzed the RV indices, we did not find any significant 
differences in RV, right atrium, pulmonary artery pressure, 
pulmonary velocity, PAT/PET, PAT, and A’ velocity between 
pre‑ and post‑HSCT groups. Compared to pretransplant values, 
posttransplant values of the E’ velocity, S’ velocity, E’/A’ 
ratio, and TAPSE showed a statistically significant decrease 
(0.15  ±  0.34  vs. 0.12  ±  0.04, P  =  0.032; 0.19  ±  0.06  vs. 
0.9 ± 0.04, P < 0.001; 0.90 ± 0.40 vs. 0.72 ± 0.37, P = 0.012; 
and 2.30  ±  0.39  vs. 1.63  ±  0.30, P ˂ 0.001, respectively). 
Table  2 displays the echocardiographic parameters of the 
patients before and after HSCT.

Discussion

In our study, we found that TAPSE, tricuspid annular S’, E’ 
velocities, and E’/A’ ratio decreased significantly after HSCT. 
We found no significant differences with regard to LVEF and 
mitral diastolic velocities before and after HSCT.

After its first usage in 1980, HSCT has today become one of the 
most effective ways in treating various cancer types.[14] As the 
number of HSCT patients has increased, cardiac complications 

Table 1: Clinical characteristics of the patients

Characteristics mean±SD
Age, years 46.51±16.24
Sex, n (%)

Male 77 (56.2)
Female 60 (43.8)

Allogeneic graft, n (%) 51 (37.2)
Autologous graft, n (%) 86 (62.8)
Underlying disease, n (%)

Multiple myeloma 41 (29.92)
Hodgkin’s lymphoma 25 (18.25)
Non-Hodgkin’s lymphoma 39 (28.47)
Acute myeloid leukemia 10 (7.30)
Myelodysplastic syndrome 12 (8.76)
Aplastic anemia 10 (7.30)

Table 2: Echocardiographic values of the patients 
before (T1) and after (T2) hematopoietic stem cell 
transplantation

T1 T2 P
LVEDD, cm 4.92±0.47 4.88±0.53 0.252
LVESD, cm 3.11±0.38 3.13±0.47 0.519
LVEF, % 64.61±4.43 64.30±5.00 0.512
E, m/s 0.77±0.19 0.76±0.18 0.185
A, m/s 0.75±0.19 0.78±0.24 0.212
E/A 1.11±0.51 0.98±0.36 0.198
DT, ms 198.36±53.26 196.25±49.64 0.573
RV, cm 2.97±0.50 2.96±0.47 0.678
RA, cm 3.32±0.45 3.30±0.32 0.405
PAP, mmHg 21.43±6.40 22.01±6.08 0.231
PV, m/s 0.93±0.18 0.94±0.17 0.112
PAT/PET 0.43±0.06 0.47±0.35 0.221
PAT, ms 153.34±27.92 152.56±24.88 0.324
E’, m/s 0.15±0.34 0.12±0.04 0.032
A’, m/s 0.19±0.06 0.19±0.68 0.356
S’, m/s 0.19±0.06 0.09±0.04 <0.001
E’/A’ 0.90±0.40 0.72±0.37 0.012
TAPSE, cm 2.30±0.39 1.63±0.30 ˂0.001
LVEDD: Left ventricular end-diastolic diameter, LVESD: Left ventricular 
end-systolic diameter, LVEF: Left ventricular EF, E: Mitral early diastolic 
velocity, A: Mitral late diastolic velocity, DT: Deceleration time, RV: 
Right ventricle, RA: Right atrium, PAP: Pulmonary artery pressure, PV: 
Pulmonary velocity, PAT: Pulmonary acceleration time, PET: Pulmonary 
ejection time, E’: Tricuspid annular early diastolic velocity, A’: Tricuspid 
annular late diastolic velocity, S’: Tricuspid annular systolic velocity, 
TAPSE: Tricuspid annular plane systolic excursion
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have become more widespread that their prompt diagnosis is 
crucial in order to prevent permanent damage. HSCT can result 
in either acute or chronic cardiovascular complications. Acute 
cardiovascular complications are defined as those developing 
within 100 days of the treatment and include congestive heart 
failure  (HF), cardiac tamponade, and arrhythmias, whereas 
chronic complications refer to the events that may occur even 
years after treatment.[15] The pathogenesis of the myocardial 
damage after HSCT is related to direct toxic effects of the 
anticancer or conditioning treatment regimens.[6] Formation of 
reactive oxygen species and increased inflammatory activity 
have been accused of the underlying causes of congestive 
HF and coronary artery disease.[16‑18] Lifestyle modifications, 
physical inactivity, and graft versus host disease are some 
of the factors that are thought to contribute to an increased 
cardiovascular risk in HSCT patients.[19‑21] Anthracyclines by 
far are the most extensively studied drugs in terms of their 
cardiovascular adverse effects as well as treatment options 
and preventive strategies. Clinical features of the early and 
late anthracycline toxicity include left ventricular dysfunction, 
exercise intolerance, dyspnea, and HF symptoms, which are 
closely related to the anthracycline cumulative dose.[22]

Several studies have addressed the detection of subclinical 
cardiac damage in HSCT recipients. Patients with elevated 
levels of cTnI and BNP after HSCT may face a greater risk of 
mortality and HF in long‑term care.[23‑25]

Echocardiography is an easy, noninvasive, and widely used 
method that plays a key role in evaluating cardiac structure 
and function. Roziakova et  al.[25] evaluated left ventricular 
function, high‑sensitive cardiac troponin T (hs‑cTnT), and N 
terminal pro‑B‑type natriuretic peptide (NT‑proBNP) levels 
in allogeneic HSCT patients. Both hs‑cTnT and NT‑proBNP 
levels begun to increase after the 1st  day of HSCT and 
persistently elevated at 1  month in about one‑third of the 
patients. Moreover, LVEF and E/A ratio decreased in 13.5% 
and 5.4% of patients, respectively, indicating newly developed 
systolic and diastolic dysfunction. In a study performed by 
Oliver et al., it has been shown that pro‑BNP was the biomarker 
that increases during HSCT, and global longitudinal strain had 
the greatest specificity in predicting subclinical left ventricular 
dysfunction. In that study, 12.5% of patients had a significant 
reduction in Global longitudinal strain (GLS).[26] Poreba 
et  al.[27] have performed transthoracic echocardiography of 
47 allogeneic and autologous HSCR patients before and at 
about 11 days after the procedure; in their study, LVEF, E/A, 
and E’ were found to be decreased, whereas DT, Isovolumetric 
relaxation time (IVRT), and E/E’ were found to be increased. 
Yet another study has shown that cardiac toxicity determined 
by a decrease in LVEF, developed 31% of the autologous 
HSCT recipients 18 days after transplantation. Cardiac toxicity 
occurred both with and without cTnI elevation, and the absence 
of anthracycline usage did not hinder the development of it.[28] 
These results indicate that deterioration of left ventricular 
functions occurs as early as within 1 month after the treatment 
without clinical symptoms.

Previous studies have been predominantly based on the effects 
HSCT on left ventricular structure and function, but there 
has been little research about RV functions. The RV received 
little attention in these group patients. Hence, in our study, RV 
functions along with left ventricular functions were evaluated. 
In fact, RV function is one of the major determinants for 
survival in HF irrespective of the underlying etiology.[29] In a 
study conducted to evaluate the effects of cancer chemotherapy 
on echocardiographic indices, it was found that RV systolic and 
diastolic functions were affected in a rather short period of time 
and earlier than the left ventricle.[30] Moreover, LV dysfunction 
during cancer chemotherapy was associated with worsened RV 
functions.[31] Karvandi et al. showed that HSCT recipients had 
worsened diastolic function characterized by decreased tissue 
Doppler E’ velocity in both the left and RV.[32] An important 
aspect of TDI reveals itself in yielding an independent 
echocardiographic examination of the patient volume 
status, which is likely to change during HSCT. Although we 
found no significant differences in LV echocardiographic 
parameters, RV parameters such as TAPSE, S’, E’ velocities, 
and tricuspid annular mean E’/A’ ratios decreased significantly 
in HSCT recipients, indicating earlier involvement of the RV. 
Chemotherapy‑related cardiac toxicity primarily involves 
subendocardial layer of the heart.[33] Because RV is thinner 
and contains less myofibrils compared to LV, it may be more 
vulnerable to the toxic effects of chemotherapeutics.

Conclusion

HSCT is associated with deteriorated RV systolic and diastolic 
functions. Moreover, RV functions seem to be affected earlier 
than the LV. TDI and TAPSE can be used as reliable measures 
to assess early cardiotoxicity in HSCT recipients.

Limitations
The limitations of our study are as follows: (1) as cTnI and 
BNP levels were not measured in our study, we do not know 
whether worsening of the RV functions was associated with a 
rise in cTnI and/or BNP concentrations; (2) patients were not 
followed up. It is not known what percentage of the patients 
who had subclinical cardiac dysfunction would have clinically 
relevant disease; and (3) we did not use strain and strain rate 
analysis for evaluation of the cardiac function.
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