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Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is considered the best 
cure for many hematologic diseases, but it is associated with multiple short and long 
term cardiovascular adverse effects. This retrospective study assesses the short-term 
cardiovascular consequences after allo-HSCT and compares the risk of developing 
cardiotoxicity based on conditioning regimens and post-transplant prophylactic 
medications. A total of 310 patients were identified at the American University of Beirut 
Medical Center (AUBMC), of whom 255 were followed up for 100 days post-transplant. 
There was a significant decrease in left ventricular ejection fraction (LVEF), from a mean 
of 59.14% pre-transplant to 58.44% post-transplant (P= 0.037). Significant decreases were 
also noted in the E wave, E’ wave, and E/A ratio (P <0.01, <0.001, and 0.006, respectively), 
while no significant changes were observed in A wave or E/E’ ratio (P= 0.197 and 0.078, 
respectively). No significant decrease in global longitudinal strain was noted (P=0.18). 
Haploidentical transplants, cyclophosphamide, and sequential conditioning regimens 
were associated with reduced LVEF (P= 0.002, 0.007 and 0.019, respectively). Among 
those followed up for 100 days, 8 patients (3.2%) developed moderate or large pericardial 
effusion. While the average decrease in LVEF was of no clinical significance, the 
percentage of patients with reduced LVEF (<50%) increased from 3.1% pre-transplant to 
6.7% at 100 days. These subclinical changes in LVEF and diastolic measurements are not 
fully understood. We recommend serial echocardiographic follow-ups to assess their 
potential clinical relevance and the risk of cardiotoxicity later in life, particularly those 
undergoing haploidentical transplant, receiving cyclophosphamide or sequential 
conditioning regimens. 

INTRODUCTION 

Allogeneic hematopoietic stem cell transplantation (allo-
HSCT) is considered the treatment of choice, and a possible 
cure for many hematologic diseases.1,2 Even though allo-
HSCT can be a lifesaving procedure, it is associated with 

many immediate and long-term complications, including 
conditioning regimen side effects, sepsis, organ failure, and 
acute and chronic graft versus host disease (GVHD).2 Car
diac adverse events are among the serious complications 
that could affect those undergoing HSCT in general3‑6 and 
allo-HSCT in specific.7‑9 Cardiovascular consequences of 
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allo-HSCT can be classified into early and late complica
tions, and can result from sepsis or chemotherapy adverse 
effects. Cardiovascular diseases after allo-HSCT include 
cardiomyopathy, heart failure, arrhythmia, pericarditis, and 
coronary artery disease.6,10,11 Risk factors for developing 
cardiotoxicity after a transplant include age, comorbidities, 
and prior exposure to chemotherapeutic agents, especially 
anthracyclines.6,11 

Many studies have shown that allo-HSCT has a remark
able impact on cardiac function and that the prevalence of 
cardiovascular adverse effects is significant in these pop
ulations.8,12‑14 However, we found few studies comparing 
the effect of different conditioning regimens regarding 
their cardiotoxic effects in patients undergoing allo-
HSCT.8,15 

This study evaluated the short-term effect of allo-HSCT 
(around 100 days post-transplant), with a particular focus 
on comparing the effect of different conditioning regimens 
and post-transplant GVHD prophylactic medications, on 
the cardiac function post-transplant. It also examined the 
possible factors that put these patients at higher risk of 
developing cardiovascular complications post-transplant. 
This analysis aimed to provide valuable insights into miti
gating cardiac risks and improving outcomes for transplant 
recipients. 

MATERIALS AND METHODS 

This is a retrospective monocentric descriptive study that 
compares different parameters of echocardiography done 
in our patients before and after allo-HSCT. It includes all 
adult patients (age 18 years and above) who underwent 
allo-HSCT at the American University of Beirut Medical 
Center (AUBMC) between January 2013 and December 
2022. Data collection was done after Institutional Review 
Board (IRB) approval, via reviewing medical records. All pa
tients who proceeded to transplantation provided written 
informed consent for the use of their data for clinical re
search, in accordance with the local ethics committee and 
the modified Declaration of Helsinki. All the patients and 
transplant characteristics are listed in Table 1. 

Pre-HSCT cardiac assessment was done through a base
line echocardiography (within 30 days before transplant), 
and a follow-up echocardiography done about 100 days 
post-transplant. 

Echocardiographic characteristics including left ventric
ular ejection fraction (LVEF), global longitudinal strain 
(GLS), diastolic parameters (E/A and E/E’ ratios), peri
cardium status, right ventricular function and other values 
were collected. 

STATISTICAL ANALYSIS 

Clinical characteristics (gender, disease and transplant 
characteristics) and categorical parameters of echocardio
graphy are presented as frequency and percentage, while 
continuous echocardiographic parameters are summarized 
using mean and standard deviation. 

Paired Sample t-test is used to compare the continuous 
variables before and after the transplant. Data analysis is 
done via International Business Machines (IBM) SPSS ver
sion 28. P-values <0.05 are considered significant. 

RESULTS 

A total of 310 patients met the specified inclusion criteria 
of our study. Out of those, 255 (82.3%) did the post-HSCT 
follow-up echocardiogram approximately 100 days post-
transplant. In addition, 18 patients (5.8%) deceased before 
reaching day 100, but some of them (8 patients) did an 
echocardiogram before their demise, and 37 (11.9%) did not 
follow up in the same hospital post-transplant. The me
dian age of our patients was 41 years, ranging from 18 to 77 
years. 

Most patients in this study had leukemia (213 patients, 
68.8%), and the vast majority of those cases were acute 
leukemia. Lymphoma was the second most common disease 
among the patients in this study (47 patients, 15.1%). 

Matched-related donors (MRD) were the most frequent 
type in this series (188 patients, 60.6%), with haploidentical 
donors being the next most common (115 patients, 37.1%). 

Fludarabine-busulfan, with or without anti-thymocyte 
globulin (ATG) or total body irradiation (TBI), was the most 
commonly used conditioning regimen (35.2%), followed by 
fludarabine-busulfan and thiotepa (with or without ATG) 
(31%), sequential regimens (11.9%), and Baltimore condi
tioning regimen [fludarabine, cyclophosphamide plus TBI 
(with or without ATG)] (9.7%). Other conditioning regimens 
are listed in Table 1. 

Most patients (245, 79%) did not receive TBI, whereas 
the majority (287 patients, 92.6%) did receive ATG. Cy
closporine was the primary drug used for GVHD prophy
laxis, followed by cyclosporine plus mycophenolate mofetil 
with post-transplant cyclophosphamide (PTCy), specifically 
used for haploidentical patients (Table 1). 

As mentioned earlier, 18 patients (5.8%) passed away be
fore reaching day 100 post-transplant. Their dates of death 
ranged from days 7 to 76 post-transplant. It is worth noting 
that some patients deceased after day 100, but this is not 
included in the data as post-transplant echocardiography 
would have already been conducted as per the protocol. 
Septic shock, acute GVHD, organ failure, and secondary 
graft failure were prevalent causes of death among these 
patients. One patient who had sepsis and passed away on 
day 7 post-transplant due to cardiac arrest, and whose post-
transplant echocardiography revealed an estimated ejec
tion fraction of 40% (it was above 55% pre-transplant) and 
severe mitral regurgitation, was considered as sepsis-in
duced cardiomyopathy. 

It is also important to note that 37 patients (11.9%) were 
lost to follow-up. Therefore, the 100-day mortality rate re
ported in this study (5.8%) reflects only the confirmed mor
tality of patients who continued follow-up at AUBMC. 

Table 2 presents a comparison of echocardiographic 
characteristics between pre-transplant and 100 days post-
transplant in patients with an echocardiography performed 
at or near day 100 post-transplant, who survived 100 days 
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Table 1. Demographics and Clinical Characteristics (N=310)      

Patient Characteristics N (%) 

Gender 
Male 
Female 

203 (65.5%) 
107 (34.5%) 

Disease 
Leukemia………………………………………………………………. 

Acute Myeloid Leukemiaa 

Acute Lymphoblastic Leukemia 
B-cell Acute Lymphoblastic Leukemia 
T-cell Acute Lymphoblastic Leukemia 

Mixed Phenotype Acute Leukemia (MPAL) 
Chronic Myeloid Leukemia 

Chronic Lymphocytic Leukemia 
Lymphoma……………………………………………………………. 

Hodgkin Lymphoma 
Non-Hodgkin Lymphoma (NHL) 

Diffuse Large B-cell Lymphomab (DLBCL) 
Peripheral T-cell Lymphoma (PTCL) 

Burkitt Lymphoma 
Lymphoplasmacytic Lymphoma 

B-cell Lymphoblastic Lymphoma 
Cutaneous T-cell Lymphoma (Mycosis Fungoides) 
Others…………………………………………………………………. 

Myelodysplastic Syndrome (MDS) 
Aplastic Anemia 

Myelofibrosis 
Multiple Myeloma 

Thalassemia Major 
Mastocytosis 

213 (68.8%) ……………………………………………. 
152 (49%) 
55 (17.7%) 
38 (12.3%) 
17 (5.5%) 
2 (0.6%) 
3 (1%) 
1 (0.3%) 
47 (15.1%) ……………………………………………… 
28 (9%) 
19 (6.1%) 
9 (2.9%) 
6 (1.9%) 
1 (0.3%) 
1 (0.3%) 
1 (0.3%) 
1 (0.3%) 
50 (16.1%) ……………………………………………… 
20 (6.5%) 
19 (6.1%) 
8 (2.6%) 
1 (0.3%) 
1 (0.3%) 
1 (0.3%) 

Donor Type 
MRD 
MUD 
MMRD 
MMUD 
Haplo 

188 (60.6%) 
4 (1.3%) 
2 (0.6%) 
1 (0.3%) 
115 (37.1%) 

Conditioning Regimen 
Fludarabine, Busulfan………………………………………………… 

FB4 
FB4, ATG 

FB4, ATG, TBI 
FB3, ATG 
FB2, ATG 
FB1, ATG 

Thiotepa, Busulfan, Fludarabine……………………………………… 
Thiotepa, FB3 

Thiotepa, FB3, ATG 
Thiotepa, FB3 
Thiotepa, FB2 

Thiotepa, FB2, ATG 
Thiotepa, FB2 

Sequential……………………………………………………………… 
Thiotepa, Etoposide, Cyclophosphamide, FB2, ATG 

Clofarabine, araCytarabine, FB2, ATG 
Clofarabine, araCytarabine, Busulfan, Cyclophosphamide, ATG 
Baltimore (Fludarabine, Cyclophosphamide, TBI)……………………. 

Baltimore, ATG 
Baltimore 

Others…………………………………………………………………. 
Fludarabine 

Fludarabine, TBI, ATG 
Fludarabine, TBI 

Clofarabine 
Clofarabine, TBI, ATG 

Clofarabine, TBI 
Fludarabine, Melphalan, ATG 

Clofarabine, Busulfan, ATG 
Cyclophosphamide, TBI 

Thiotepa, FB4, Cyclophosphamide 

109 (35.2%) ……………………………………………. 
62 (20%) 
59 (19%) 
3 (1%) 
26 (8.4%) 
20 (6.5%) 
1 (0.3%) 
96 (31%) ………………………………………………. 
40 (12.9%) 
38 (12.3%) 
2 (0.6%) 
56 (18%) 
55 (17.7%) 
1 (0.3%) 
37 (11.9%) ……………………………………………… 
34 (11%) 
2 (0.6%) 
1 (0.3%) 
30 (9.7%) ………………………….……………………. 
20 (6.5%) 
10 (3.2%) 
38 (12.3%) ….…………………………………………. 
14 (4.5%) 
11 (3.5%) 
3 (1%) 
17 (5.5%) 
12 (3.9%) 
5 (1.6%) 
4 (1.3%) 
1 (0.3%) 
1 (0.3%) 
1 (0.3%) 

Anti-thymocyte globulin (ATG) 
Given 
Not given 

287 (92.6%) 
23 (7.4%) 

Total Body Irradiation (TBI) 
Given 
Not given 

65 (21%) 
245 (79%) 
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Patient Characteristics N (%) 

GVHD Prophylaxis 
CsA 
CsA, MMF, PTCy 
CsA, MMF 
CsA, MTX 
Tacrolimus 
Tacrolimus, MTX 
CsA, MMF, MTX 
CsA, MTX, PTCy, methylprednisolone 

160 (51.6%) 
115 (37.1%) 
26 (8.4%) 
4 (1.3%) 
2 (0.6%) 
1 (0.3%) 
1 (0.3%) 
1 (0.3%) 

a Includes MDS cases that progressed to AML and CML cases with myeloid blast phase/crisis 
b Includes cases of Richter transformation 
Abbreviation: MRD: Matched Related Donor, MUD: Matched Unrelated Donor, MMRD: Mismatched Related Donor, MMUD: Mismatched Unrelated Donor, Haplo: Haploidentical 
Donor. CsA: Cyclosporine. MMF: Mycophenolate mofetil. MTX: Methotrexate. PTCy: Post-transplant cyclophosphamide. 

post-transplant and were followed up at AUBMC. There was 
a significant decrease in ejection fraction (P= 0.037), an in
crease in the left ventricular mass per square meter (P= 
0.013) and a change in the E/A ratio (P=0.006) between pre- 
and post-transplant. There was no significant change in left 
ventricle fractional shortening, GLS, E/E’ ratio, mitral de
celeration time, left atrium size, or tricuspid annulus sys
tolic course. 

When categorizing patients based on left ventricular 
systolic function to either with preserved (LVEF≥50%) or re
duced ejection fraction LVEF<50%) during the post-trans
plant period, 6.7% fell into the reduced ejection fraction 
category, compared to 3.1% in the pre-transplant period 
(Table 2). During the post-transplant period, pericardial ef
fusions were notably more prevalent, and two patients ex
hibited large pericardial effusions accompanied by signs 
of cardiac tamponade (Table 2). There was no significant 
change in the right ventricular systolic function from the 
pre-transplant to the post-transplant period (Table 2). 

Table 3 provides a comparison of different variables re
garding the change in LVEF between the pre- and post-
transplant periods. Haploidentical transplant patients ex
perienced a significant decrease in ejection fraction (P= 
0.002) compared to non-haploidentical transplant patients 
(P= 0.863). This was also true for patients who received cy
clophosphamide or sequential conditioning also showed a 
significant (P= 0.007 and 0.019, respectively). In patients 
who were treated with ATG and those who did not receive 
TBI, the decrease in ejection fraction was significant (P= 
0.034 and 0.009, respectively). Conversely, there was no 
significant change in ejection fraction among those who 
received TBI and those who did not receive ATG (P-value 
0.682 and 0.804). 

There was a significant decrease in LVEF in patients 
younger than 60 years after the transplant compared to be
fore, with a p-value of 0.015. However, in patients aged 60 
and above, this was not observed (p= 0.505). 

Supplemental Table 1 shows the echocardiographic 
characteristics, comparing pre-HSCT with post-transplant 
results, with pre-transplant data including all the patients, 
and post-transplant data encompassing measurements 
taken at 100 days post-transplant, as well as those obtained 
before 100 days for some of the deceased patients who 
passed away before reaching the 100-day mark. 

Eighteen patients were confirmed deceased at AUBMC 
before reaching day 100 post-transplant. Of these, only 

eight had documented post-transplant echocardiography 
performed before their death (echocardiography done be
fore day 100 post-transplant). Supplemental Table 2 dis
plays the echocardiographic results of these patients. It is 
noteworthy that those who were confirmed deceased be
fore 100 days (18 patients), and those who lost to follow-up 
(37 patients), are excluded from the analysis in Table 2 and 
Table 3. 

Supplemental Table 3 encompasses the analysis of all 
patients with post-transplant echocardiography (including 
both: those who followed up at day 100 post-transplant 
and deceased patients with earlier echocardiographic as
sessments). The echocardiographic parameters that showed 
statistical significance remained the same as those in Table 
2, except for the E/E’ ratio. In this analysis, which includes 
deceased patients with earlier post-transplant echocardio
graphic assessments, the change in E/E’ ratio reached sig
nificance, increasing from 6.38 to 6.72, with a p-value of 
0.034. 

DISCUSSION 

In this study, we analyzed the echocardiographic character
istics of patients who had undergone allo-HSCT, comparing 
the baseline echocardiograms taken before the transplant 
with those taken about 100 days afterwards. Generally, 
there were no remarkable changes in echocardiographic 
features post-transplant. However, some did show signifi
cant differences, although most of these were of no clinical 
relevance. 

One of these was a decrease in LVEF. Although the av
erage decrease in ejection fraction was minimal (<1.5%), in 
some patients the change was sufficient to move them from 
the preserved ejection to the reduced ejection group (be
fore the transplant, 3.1% of patients were in the reduced 
ejection fraction group, whereas after the transplant, this 
percentage increased to 6.7%). Some studies reported a de
crease in ejection fraction, as in a systematic review and 
meta-analysis that showed a 3.66% prevalence of conges
tive heart failure post HSCT (both autologous and allo
geneic transplants) , with a risk of cardiac events being 
higher among people who received an allo-HSCT than in 
those who received an autologous HSCT.5 Dulery et al. re
ported that PTCy exposure was associated with a higher in
cidence of left ventricular systolic dysfunction after allo-
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Table 2. Echocardiographic comparison of patients who survived post 100 days after transplant with post-transplant echocardiogram done around day 100 (N=255)                    

Echocardiographic parameter Pre-transplant 
Echocardiogram (done within 30 

days before transplant). 
Mean (standard deviation) 

Post-transplant Echocardiogram (done roughly 
100 days post-transplant). 
Mean (standard deviation) 

95% Confidence Interval 
of the difference 

Paired 
Sample t-

test 
P-value 

Estimated Left Ventricular Ejection Fraction 59.14 % (SD=4.65) 58.44 % (SD=6.28) -1.364 to -0.041 0.037 

Left Ventricular mass in grams 
LV mass in grams/m2 

137.80 (SD=37.19) 
75.82 (SD=17.37) 

141.74 (SD=39.17) 
78.96 (SD=18.83) 

-0.593 to 8.470 
0.677 to 5.599 

0.088 
0.013 

LVIDd in mm 
LVIDs in mm 
Left Ventricle Fractional Shortening 

45.85 (SD=4.79) 
31.10 (SD=4.34) 

32.42 % (SD=6.48) 

44.95 (SD=5.13) 
30.64 (SD=5.01) 

31.87 % (SD=7.28) 

-1.498 to -0.304 
-1.096 to 0.179 
-1.742 to 0.646 

0.003 
0.158 
0.367 

Global longitudinal strain (GLS) -19.08 % (SD=2.31) -18.80 % (SD=2.60) -0.131 to 0.697 0.180 

E wave (cm/sec) 
A wave (cm/sec) 
E/A ratio 
E’ wave (cm/sec) 
E/E’ ratio 

72.50 (SD=18.96) 
67.83 (SD=18.10) 

1.13 (SD=0.42) 
12.18 (SD=4.22) 
6.39 (SD=1.98) 

69.43 (SD=18.15) 
69.20 (SD=17.61) 

1.06 (SD=0.38) 
11.03 (SD=3.34) 
6.68 (SD=2.01) 

-5.387 to -0.734 
-0.713 to 3.447 

-0.121 to –0.020 
-1.674 to -0.636 
-0.032 to 0.601 

0.010 
0.197 
0.006 

<0.001 
0.078 

Mitral DT in ms 189.88 (SD=66.97) 184.16 (SD=52.51) -16.501 to 5.060 0.296 

Left Atrium Size in mm (PLAX) 34.72 (SD=6.02) 34.19 (SD=6.18) -1.263 to 0.201 0.155 

TAPSE (Tricuspid Annulus Systolic course) in mm 21.41 (SD=4.06) 21.03 (SD=3.98) -1.031 to 0.281 0.262 

Echocardiographic parameter Pre-transplant 
Echocardiogram (done within 30 days 

before transplant) 

Post-transplant 
Echocardiogram (done roughly 100 days post-transplant) 

Patients with Reduced LV Systolic Function (<50%) 
vs Preserved (≥50%) N (%) 
Reduced 
Preserved 

8 (3.1%) 
247 (96.9%) 

17 (6.7%) 
237 (93.3%) 

Pericardium N (%) 
No pericardial effusion 
Trace pericardial effusion 
Small pericardial effusion 
Moderate pericardial effusion 
Large pericardial effusion with signs of Tamponade 

236 (92.5%) 
11 (4.3%) 
8 (3.1%) 

0 (0%) 
0 (0%) 

203 (79.6%) 
17 (6.7%) 

27 (10.6%) 
6 (2.4%) 
2 (0.8%) 

Right Ventricular Systolic Function N (%) 
Normal 
Mildly decreased 

251 (98.4%) 
4 (1.6%) 

248 (98%) 
5 (2%) 

Definitions: LVIDd: Left ventricular internal diameter at end diastole. LVIDs: Left ventricular internal diameter at end systole. E wave: early diastolic transmitral flow. A wave: late (atrial) diastolic transmitral flow. E’: early diastolic mitral annular tissue velocity. PLAX: 
Parasternal long-axis view. 
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Table 3. Comparison of different variables concerning the change in left ventricular ejection fraction between              
the pre-transplant and 100 days post-transplant       

Left Ventricular Ejection Fraction Pre-transplant 
Echocardiogram (done 
within 30 days before 

transplant). 
Mean (standard 

deviation) 

Post-transplant 
Echocardiogram (done 

roughly 100 days 
post-transplant) 
Mean (standard 

deviation) 

95% 
Confidence 

Interval of the 
difference 

Paired 
Sample 

t-test 
P-

value 

Non-Haplo HSCTa (N=161) 
Haploidentical HSCT (N=93) 

59.14 % (SD=4.65) 
59.14 % (SD=4.67) 

59.20 % (SD=5.29) 
57.11 % (SD=7.53) 

-0.678 to 0.809 
-3.272 to -0.792 

0.863 
0.002 

Cyclophosphamide not given (N=136) 
Cyclophosphamide givenb (N=118) 

59.54 % (SD=4.61) 
58.67 % (SD=4.67) 

59.54 % (SD=5.06) 
57.17 % (SD=7.26) 

-0.808 to 0.793 
-2.583 to -0.424 

0.986 
0.007 

Non-Sequential Conditioning (N=227) 
Sequential Conditioning (N=27) 

59.45 % (SD=4.59) 
56.51 % (SD=4.37) 

58.98 % (SD=6.02) 
53.85 % (SD=6.58) 

-1.161 to 0.223 
-4.860 to -0.472 

0.183 
0.019 

TBI not given (N=203) 
TBI given (N=51) 

59.36 % (SD=4.36) 
58.27 % (SD=5.62) 

58.39% (SD=6.11) 
58.60 % (SD=6.96) 

-1.686 to -0.239 
-1.289 to 1.955 

0.009 
0.682 

ATG not given (N=20) 
ATG given (N=234) 

59.07 % (SD=5.25) 
59.14 % (SD=4.61) 

58.70 % (SD=9.79) 
58.41 % (SD=5.91) 

-3.498 to 2.748 
-1.405 to -0.055 

0.804 
0.034 

Age at transplant <60 years (N=218) 
Age at transplant ≥60 years (N=36) 

58.93 % (SD=4.74) 
60.43 % (SD=3.85) 

58.02 % (SD=6.39) 
60.94 % (SD=4.86) 

-1.631 to -0.175 
-1.035 to 2.063 

0.015 
0.505 

a Includes MRD, MUD, MMRD and MMUD 
b Cyclophosphamide given as Conditioning and/or as GVHD prophylaxis PTCy 

HSCT, and that haploidentical transplant and sequential 
conditioning regimens were factors associated with early 
cardiac events.8 This is similar to our results in Table 3, 
which showed a significant decrease in LVEF among hap
loidentical transplant patients, and those who received se
quential conditioning regimens. Similarly, a study done on 
adults receiving allo-HSCT showed that early cardiac events 
were more prevalent in haploidentical transplant patients, 
and that PTCy increased the risk of early cardiac toxicity.9 

Marumo et al. reported that allo-HSCT patients receiving 
cyclophosphamide at a dose of 120 mg/kg or less were more 
prone to develop heart failure, with 4 patients (1.4%) ne
cessitating treatment in a cardiac-ICU.14 Our study showed 
that receiving cyclophosphamide (either as a part of a con
ditioning regimen or as PTCy for GVHD prophylaxis) was 
associated with a significant reduction in LVEF post-trans
plant (Table 3). 

A report on matched allo-HSCT patients found that 38 
(6.5%) experienced cardiac toxicity, including 14 cases of 
heart failure and 10 cases of pericardial effusion. It also 
showed that those who received PTCy had a higher inci
dence of cardiac toxicity (7.4%) compared to those who 
did not (5.8%), though this difference was not significant 
(P=0.4). Similarly, there was no significant difference in 
cardiac toxicity between patients under reduced-intensity 
versus myeloablative conditioning regimens (P=0.9). How
ever, it showed that a history of cardiac disease and age 
above 55 years were identified as predictors of cardiotoxic
ity (P <0.001 and 0.02, respectively).15 On the other hand, 
although we found no significant change in LVEF in pa
tients aged 60 years or older (P=0.505), there was a sig
nificant decrease post-transplant in those younger than 60 
years of age (P= 0.015). This either could be due to the fact 
that most of the patients in our study were younger than 
60 years, preventing the detection of a possible significant 
change in the older age group (Table 3), or to the possi

bility that the younger age group was receiving higher in
tensity conditioning regimens. However, we demonstrated 
that receiving cyclophosphamide and sequential condition
ing could be risk factors for reducing the left ventricular 
ejection fraction (Table 3). 

Notably, all haploidentical transplant patients received 
PTCy, and nearly all sequential conditioning regimens in
cluded cyclophosphamide. This suggests that cyclophos
phamide may be the major contributor for cardiotoxicity 
in these populations. A review article by Iqubal et al. dis
cussed the underlying mechanism of cyclophosphamide-
induced cardiotoxicity, explaining that the drug is metab
olized into acrolein and phosphoramide mustard. While 
phosphoramide mustard exerts a cytotoxic anticancer ef
fect, acrolein is primarily responsible for cardiotoxicity. 
Acrolein contributes to cardiac inflammation, apoptosis, 
endothelial dysfunction, and vasoconstriction through var
ious pathways. Furthermore, it can cause calcium dysregu
lation, endoplasmic reticulum damage, antioxidant deple
tion, and altered contractility. These effects may contribute 
to the development of cardiomyopathy, myocardial infarc
tion, pericardial effusion and heart failure.16 

Ritchie et al. documented severe left ventricular failure 
in three (14%) out of 21 patients who received a condition
ing regimen that included a combination of melphalan and 
fludarabine.17 In our study, only 4 patients (1.3%) were un
der such a regimen, and none had a reduced LVEF (<50%) 
on post-transplant follow-up. 

Baker et al. revealed that 9.8% of patients who under
went both allogeneic and autologous HSCT experienced 
cardiac events, including atrial arrhythmia, acute heart fail
ure, acute coronary syndrome, and new-onset hyperten
sion. There were also a few cases of bradycardia, ventricular 
arrhythmia, pericardial effusion, and pericarditis. They fur
ther indicated that older age and a history of coronary 
artery disease are risk factors for developing cardiac 
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events.18 In our study, the percentage of patients with re
duced ejection fraction increased from 3.1% (pre-trans
plant) to 6.7% (about 100 days post-transplant), and only 
3.2% developed moderate or large pericardial effusion at 
about 100 days post-transplant. 

A recent study by Harvanova et al. on allo-HSCT patients 
found that 11.1% experienced cardiac events, including ar
rhythmia, pericarditis with cardiac tamponade, and heart 
failure.19 That group. also demonstrated a decrease in ejec
tion fraction, with the mean dropping from 64% before to 
61% after the transplant, with a p-value of 0.02. This is 
somewhat similar to our study, which showed a decrease in 
the mean ejection fraction from 59.14% before to 58.44% 
after the transplant, with a p-value of 0.037. 

A study conducted on pediatric population who under
went both allogeneic and autologous transplants identified 
subclinical declines in systolic and diastolic function. The 
study suggested that these small changes could become 
clinically significant over time and recommended serial 
non-invasive assessments of cardiac function in all children 
following a transplant.20 

Regarding diastolic parameters, Ishida et al. found that 
cyclophosphamide-induced cardiotoxicity in allo-HSCT pa
tients may present as diastolic dysfunction and a decrease 
in the E/A ratio.12 Similarly, Harvanova et al. demonstrated 
a significant decrease in the E/A ratio following the trans
plant (dropped from a mean of 1.39 pre-transplant to a 
mean of 1.1 post-transplant with a p-value of 0.0003.19 

Similarly, our study also observed a decrease in the E/A ra
tio, with the mean dropping from 1.13 before to 1.06 after 
the transplant, (P= 0.006). Clinically, that decrease remains 
within the normal range for the E/A ratio, but its long-
term clinical significance may not be immediately appar
ent. On the other hand, our study did not show a change 
in the E/E’ ratio, though there was a significant decrease 
in both E and E’ values (Table 2). However, they remained 
within normal ranges. Therefore, the clinical significance of 
this decrease over the long term remains uncertain. Simi
larly, a study conducted on children undergoing autologous 
and allogeneic transplants showed a subclinical, yet signifi
cant, drop in the mitral E’ value. The researchers suggested 
that such subclinical changes in diastolic function could 
become clinically significant over time.20 Notably, when 
deceased patients with earlier post-transplant echocardio
graphic assessments were included, the change in the E/
E’ ratio became significant, increasing from 6.38 to 6.72, 
with a p-value of 0.034 (Supplemental Table 3). However, 
this change is not considered clinically significant, as it was 
minimal and the mean ratio remained within the normal 
range. 

Previous studies have established a link between TBI and 
cardiac adverse effects.9,11,21,22 However, one analysis on 
pediatric patients who received allo-HSCT did not demon
strate such an association.23 A possible explanation offered 
by the authors was that survivors who underwent non-
TBI-based conditioning may have had additional risk fac
tors that increased their cardiovascular outcomes, making 
it challenging to isolate the impact of TBI, or that the con
ditioning agents used in place of TBI might have long-term 

harmful cardiovascular effects similar to those observed af
ter radiation therapy. Although our study did not identify 
TBI as a risk factor for reducing LVEF (P= 0.682), this could 
be attributed to the fact that the majority of our patients 
did not receive it, with only a minority receiving low (2-4 
Gy) to intermediate dose (6-8 Gy) irradiation, and none at 
a high dose (> 10 Gy), which may have prevented a proper 
statistical assessment of the impact of TBI on ejection frac
tion (Table 3). Similarly, there was no significant change in 
ejection fraction among those who did not receive ATG (P= 
0.804), which may be also due to the small number of pa
tients in this group (Table 3). 

Regarding pericardial complications, a study conducted 
on aplastic anemia patients undergoing haploidentical 
HSCT, who received busulfan, cyclophosphamide and ATG, 
found that 12 (5.6%) developed grade 3 or 4 cardiotoxicity. 
Notably, 9 of these 12 patients had moderate or massive 
pericardial effusion at the time of diagnosis.13 Moreover, 
Yeh et al. study on matched allogeneic HSCT revealed that 
10 out of 585 patients developed pericardial effusion fol
lowing the transplant.15 Also, the analysis by Baker et al. 
involving allogeneic and autologous HSCT patients re
ported a few instances of pericardial effusion and peri
carditis following the transplant.18 Our study found that 
8 patients (3.2%) who were followed up 100 days post-
transplant developed moderate or large pericardial effu
sion, when this was not present in the pre-transplant pe
riod. This absence might be attributed to the possibility 
that patients with such effusions were not cleared to un
dergo the HSCT. Our observed significant increase in the 
left ventricular mass per square meter and decrease in 
LVIDd after the transplant showed no clinical relevance, 
because the changed values remained within the normal 
range. While Deshmukh et al. demonstrated that left ven
tricular GLS was significantly reduced in patients undergo
ing HSCT who had a history of anthracycline treatment,24 

we did not detect a difference pre- and post-HSCT in our 
series. 

Our study has certain limitations. First, data on potential 
confounding factors, such as prior exposure to cardiotoxic 
chemotherapy and pre-existing cardiovascular comorbidi
ties, were not collected. Similarly, we did not include data 
on clinical symptoms, which may limit the ability to estab
lish a direct clinical correlation. We recommend that fu
ture studies incorporate these missing parameters, along
side echocardiographic findings, to enhance clinical 
relevance. In addition, echocardiographic assessments were 
only performed 100 days post-transplant for patients who 
survived beyond that point. This timing may have missed 
any transient changes that occurred in the early post-trans
plant period, as well as long-term cardiac alterations that 
could develop after 100 days, which were not captured in 
our analysis. Furthermore, some subgroup analyses may 
have been underpowered due to the small sample size. Fu
ture studies with larger cohorts are necessary to improve 
statistical power and strengthen subgroup analyses. Al
though our study was conducted at a single center, result
ing in a more homogenous population, it included patients 
with different hematological diseases and conditioning reg
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imens, which that may offset the population homogeneity. 
Also, this analysis is a retrospective chart review study, 
prone to some missing or unmeasured data. 

In conclusion, the average drop in LVEF and the decrease 
in the E, E’, and E/A ratio 100 days post-transplant was sig
nificant but not clinically important. Additionally, a small 
number of patients developed moderate or large pericardial 
effusion following the transplant. The long-term clinical 
significance of the subclinical decrease in means of ejection 
fraction and some of the diastolic measurements is unclear, 
and it remains uncertain whether these patients may be 
more susceptible to cardiotoxic medications in the future. 
Further studies are needed to evaluate the long-term clini
cal implications of these changes. 

We also recommend serial echocardiographic follow-ups 
for these patients, particularly those who received haplo-
identical transplants with PTCy, or sequential conditioning 
regimens. 
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APPENDIX 

Supplemental Table 1.  Echocardiographic Characteristics of the patients before and after allogeneic HSCT           

Echocardiographic parameter Pre-Allogenic HSCT 
Mean (standard deviation) 

Post-Allogenic HSCT* 
Mean (standard deviation) 

Estimated Left Ventricular Ejection Fraction 58.93 % (SD=4.55) 58.30 % (SD=6.75) 

Left Ventricular mass in grams 
Left Ventricular mass in grams/m2 

141.51 (SD=37.26) 
77.22 (SD=17.91) 

144.26 (SD=41.36) 
79.18 (SD=18.67) 

LVIDd in mm 
LVIDs in mm 
Left Ventricle Fractional Shortening 

46.04 (SD=4.78) 
31.30 (SD=4.26) 

32.15 % (SD=6.22) 

45.06 (SD=5.14) 
30.74 (SD=5.07) 

31.75 % (SD=7.25) 

Global longitudinal strain (GLS) -19.16% (SD=2.34) -18.71% (SD=2.52) 

E wave (cm/sec) 
A wave (cm/sec) 
E/A ratio 
E’ wave (cm/sec) 
E/E’ ratio 

73.19 (SD=19.96) 
68.33 (SD=19.49) 

1.14 (SD=0.42) 
12.02 (SD=4.00) 
6.41 (SD= 2.04) 

69.83 (SD=18.35) 
69.22 (SD=18.71) 

1.06 (SD=0.38) 
11.01 (SD=3.31) 
6.68 (SD=2.00) 

Mitral DT (deceleration time) in milliseconds 189.28 (SD=64.79) 186.42 (SD=54.85) 

Left Atrium Size in mm (PLAX) 34.88 (SD=5.97) 34.65 (SD=6.50) 

TAPSE (Tricuspid Annulus Systolic course) in mm 21.53 (SD=4.12) 21.19 (SD=4.04) 

Echocardiographic parameter Pre-Allogenic HSCT Post-Allogenic HSCT* 

Right Ventricular Function N (%) 
Normal 
Mildly decreased 

306 (98.7%) 
4 (1.3%) 

255 (97.7%) 
6 (2.3%) 

Pericardium N (%) 
No pericardial effusion 
Trace pericardial effusion 
Small pericardial effusion 
Moderate pericardial effusion 
Large pericardial effusion with signs of Tamponade 

282 (91%) 
15 (4.8%) 
13 (4.2%) 

0 (0%) 
0 (0%) 

208 (79.1%) 
18 (6.8%) 
29 (11%) 
6 (2.3%) 
2 (0.8%) 

*Including the deceased patients who had done an echocardiogram even significantly before 100 days post-transplant 
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Supplemental Table 2.  Echocardiographic features of patients who have deceased before Day 100 post-transplant            

Echocardiographic parameter Pre-transplant Echocardiograma 

(done within 30 days before 
transplant) 

Mean (standard deviation) 

Post-transplant Echocardiogramb 

(done before Day 100 post-transplant) 
Mean (standard deviation) 

Estimated Left Ventricular Ejection 
Fraction 

57.72 % (SD=3.49) 54.00 % (SD=15.92) 

Left Ventricular mass in grams 
Left Ventricular mass in grams/m2 

149.68 (SD=46.31) 
82.81 (SD=19.86) 

175.12 (SD=64.02) 
83.10 (SD=16.50) 

LVIDd in mm 
LVIDs in mm 
Left Ventricle Fractional Shortening 

45.88 (SD=3.95) 
31.73 (SD=2.68) 

31.53 % (SD=3.66) 

48.37 (SD=5.18) 
34.16 (SD=6.96) 

29.66 % (SD=6.34) 

Global longitudinal strain (GLS) -20.48 % (SD=1.89) Not measured in any of the above 
patients 

E wave (cm/sec) 
A wave (cm/sec) 
E/A ratio 
E’ wave (cm/sec) 
E/E’ ratio 

76.00 (SD=27.84) 
74.35 (SD=21.01) 

1.08 (SD=0.38) 
10.94 (SD=2.46) 
6.83 (SD=2.43) 

90.16 (SD=19.13) 
62.25 (SD=25.35) 

1.39 (SD=0.29) 
11.16 (SD=2.71) 
8.24 (SD=1.42) 

Mitral DT in ms 169.23 (SD=54.08) 180.00 (SD=18.73) 

Left Atrium Size in mm (PLAX) 36.62 (SD=7.88) 39.28 (SD=6.39) 

TAPSE (Tricuspid Annulus Systolic 
course) in mm 

20.81 (SD=4.43) 22.00 (SD=4.72) 

Echocardiographic parameter Pre-transplant Echocardiogram1 (done 
within 30 days before transplant) 

Post-transplant Echocardiogram2 

(done before Day 100 post-transplant) 

Patients with Reduced LV Systolic 
Function (<50%) vs Preserved (≥50%) N 
(%) 
Reduced 
Preserved 

0 (0%) 
18 (100%) 

2 (25%) 
6 (75%) 

Right Ventricular Function N (%) 
Normal 
Mildly decreased 

18 (100%) 
0 (0%) 

7 (87.5%) 
1 (12.5%) 

Pericardium N (%) 
No pericardial effusion 
Trace pericardial effusion 
Small pericardial effusion 

11 (61.1%) 
3 (16.7%) 
4 (22.2%) 

5 (62.5%) 
1 (12.5%) 

2 (25%) 

a 18 patients deceased before  Day 100 post-transplant 
b 8 patients (out of the 18 who have deceased before Day 100) did an echocardiogram before Day 100 post-transplant 
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Supplemental Table 3.  Analysis of patients with post-transplant echocardiography (including both: those who           
followed up at day 100 post-transplant and deceased patients with earlier echocardiographic assessments)              
(N=263)a  

Echocardiographic parameter Pre-Allogenic 
HSCT 

Mean (standard 
deviation) 

Post-Allogenic 
HSCT 

Mean (standard 
deviation) 

95% Confidence 
Interval of the 

difference 

Paired 
Sample t-

test 
P-value 

Estimated Left Ventricular 
Ejection Fraction 

59.11 % (SD=4.62) 58.30 % (SD=6.75) -1.511 to -0.110 0.023 

Left Ventricular mass in grams 
Left Ventricular mass in grams/mb 

138.56 (SD=37.69) 
75.92 (SD=17.53) 

142.17 (SD=39.14) 
79.02 (SD=18.80) 

-0.927 to 8.146 
0.662 to 5.553 

0.118 
0.013 

LVIDd in mm 
LVIDs in mm 
Left Ventricle Fractional 
Shortening 

45.89 (SD=4.77) 
31.15 (SD=4.32) 

32.41 % (SD=6.43) 

45.04 (SD=5.16) 
30.71 (SD=5.07) 

31.84 % (SD=7.26) 

-1.440 to -0.255 
-1.077 to 0.198 
-1.751 to 0.600 

0.005 
0.176 
0.336 

Global longitudinal strain (GLS)b -19.08 % (SD=2.31) -18.80 % (SD=2.60) -0.131 to 0.697 0.180 

E wave (cm/sec) 
A wave (cm/sec) 
E/A ratio 
E’ wave (cm/sec) 
E/E’ ratio 

72.50 (SD=18.93) 
67.75 (SD=18.12) 

1.13 (SD=0.42) 
12.18 (SD=4.19) 
6.38 (SD=1.96) 

70.00 (SD=18.45) 
69.07 (SD=17.73) 

1.06 (SD=0.38) 
11.03 (SD=3.32) 
6.72 (SD=2.01) 

-4.827 to -0.172 
-0.768 to 3.413 
-0.118 to -0.017 
-1.659 to -0.643 
0.026 to 0.652 

0.035 
0.214 
0.008 

<0.001 
0.034 

Mitral DT (deceleration time) in 
milliseconds 

189.70 (SD=66.41) 184.08 (SD=52.08) -16.210 to 4.981 0.297 

Left Atrium Size in mm (PLAX) 34.83 (SD=6.05) 34.36 (SD=6.25) -1.190 to 0.249 0.199 

TAPSE (Tricuspid Annulus 
Systolic course) in mm 

21.42 (SD=4.04) 21.06 (SD=4.00) -0.997 to 0.289 0.279 

a Includes 255 patients who have followed up 100 post-transplant, and 8 patients who have deceased before day 100 and had an earlier post-transplant echocardiographic assessment 
b Represents those who followed up at 100 days only (none of the deceased patients had a measured GLS post-transplant) 
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