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Abstract

Global longitudinal strain (GLS), a new cardiac parameter measured by the speckle-

tracking method, is reportedly more sensitive than ejection fraction (EF) in detecting

slight cardiac dysfunction in heart failure patients. We validated the utility of GLS in

allogeneic hematopoietic stem cell transplantation (HSCT) patients during a long-term

follow-up.Medical records of patientswho underwent allogeneicHSCTbetween2013

and2020were reviewed retrospectively.Weevaluated the last echocardiography per-

formed before transplantation and those performed annually during the 5 years after

transplantation. We also investigated newly diagnosed cardiac events, which devel-

oped after HSCT. Among 85 patients, 22 used cardioprotective drugs. The median

follow-up duration in surviving patients was 54.1 months (range, 2.9–92.6 months).

GLS significantly decreased year by year, and patients taking cardioprotective agents

tended to have a better GLS at 5 years than at 3 years, while EF did not change. Fifteen

patients developed newly diagnosed cardiac events. Multivariate analysis revealed

that low GLS and high serum ferritin levels at baseline were independently associated

with the development of cardiac events. Therefore, we need a continuous follow-

up of cardiac function by GLS and prescription of cardioprotective drugs might be

considered for HSCT patients with lowGLS. Further research is warranted.
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1 INTRODUCTION

Recent advances in allogeneic hematopoietic stem cell transplanta-

tion (HSCT) have improved the survival of patients with hematological

malignancies, but late-onset cardiovascular dysfunction is still a major

problem [1]. The rate of congestive heart failure after HSCT is 2%

[1, 2], resulting in high mortality. Allogeneic HSCT patients are heavily

pretreated with chemotherapy, including anthracycline and condition-

ing regimens, and sometimes experience graft-versus-host disease that

might damage cardiac function [3]. Although ejection fraction (EF) is

the most widely used parameter of cardiac function, heart failure with

preserved EF (HFpEF) also exists, and the prognosis is nearly the same

for both; the mortality rates were reported to be 65% versus 68% for

patients diagnosedofHFpEFandheart failurewith reducedEF (HFrEF)

at 5 years, respectively [4].

Recently, global longitudinal strain (GLS) has been reported to be

more sensitive than EF in detecting cardiac dysfunction [5]. GLS is a

simple, objective, and innovative assessment of cardiac function based

on the speckle-trackingmethod. Over the past few years, several stud-

ies on significance of GLS in heart failure patients or patients receiving

chemotherapy have been reported [6, 7]. However, the validity of GLS

in monitoring patients who undergo allogeneic HSCT remains to be

evaluated.

The main aim of our study was to evaluate the long-term cardiac

function in patients who underwent allogeneic HSCT by GLS and EF

using echocardiography.

2 METHODS

2.1 Patients

Medical records of all patients with various hematological disorders,

who underwent allogeneic HSCT between April 2013 andMarch 2020

at Kobe University Hospital, were reviewed retrospectively. We eval-

uated the last echocardiography performed before transplantation,

and those performed annually during the 5 years after transplanta-

tion. All 2D speckle-tracking strain analyseswere performed usingGLS

(AutoSTRAIN; TOMTEC ARENA, TOMTEC Imaging Systems GmbH,

Munich, Germany). We selected three-chamber patterns (two cham-

bers, three chambers, and four chambers), and this software automat-

ically traced the left ventricular endocardium and calculated the GLS.

If the wrong region of interest was described to a deficit view, it was

manually corrected; otherwise, one strain or themean of two available

strains was adopted.

We also investigated newly diagnosed cardiac events following

HSCT. Cardiac events were defined as the development of myocar-

dial infarction, arrhythmia, heart failure, which requires medication or

intervention, and death caused by cardiovascular disease.

Furthermore, we analyzed the effect of cardioprotective agents

such as beta-blockers, angiotensin-converting enzyme inhibitors

(ACEI), and angiotensin receptor blockers (ARB) on cardiac function.

TABLE 1 Patient characteristics

Median age (range, years) 49 (17–69)

Median ferritin (range, ng/ml) 1147 (42–23163)

Sex n %

Female 39 46

Male 46 54

Disease

Acutemyeloid leukemia 37 44

Acute lymphoblastic leukemia 13 15

Myelodysplastic syndrome 5 6

Malignant lymphoma 22 26

Others 8 9

Stem cell source

Related donor (n= 24)

Bonemarrow 10 12

Peripheral blood 14 16

Unrelated donor (n= 61)

Bonemarrow 25 29

Peripheral blood 4 5

Cord blood 32 38

Conditioning regimen

MAC,myeloablative conditioning 43 51

RIC, reduced-intensity conditioning 42 49

Total amount of anthracycline (mg/m2)

0 20 23

<200 22 26

≥200 43 51

Ferritin (ng/dl)

No result 8 9

≤1500 45 53

>1500 32 38

Reason for cardioprotective drugs use n= 22

Hypertension 3 14

Decreased ejection fraction 12 55

Tachycardia 6 27

Others 1 4

Timing of cardioprotective drugs started n= 22

>3months before transplantation 2 9

<3months before transplantation 4 18

<1 year after transplantation 13 59

1–5 year(s) after transplantation 1 5

>5-year after transplantation 2 9

The definition of “MAC” and “RIC” was based on the internationally rec-

ognized criteria in which “MAC” was defined as >8 Gy of fractionated

total body irradiation (TBI), >5 Gy of single TBI, >6.4 mg/kg of intravenous

busulfan, otherwise categorized as “RIC”.
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F IGURE 1 Ejection fraction (EF) and global longitudinal strain (GLS) over time. One year after transplantation, they were equivalent to those
at baseline. However, 3 years after the transplantation, GLSwas significantly lower than that at the baseline (pre).

F IGURE 2 Waterfall chart of global longitudinal strain (GLS) change. GLS changes before and 3 years after the transplantation. GLS decreased
inmore than 80% of patients for whom data were available.

2.2 Statistical analysis

The EF and GLS parameters were compared using the Wilcoxon

signed-rank test. Overall survival (OS) curves were estimated using

the Kaplan–Meier method and compared using the log-rank test. The

cumulative incidence of cardiac events was estimated using cumula-

tive incidence functions, considering death as a competing risk, and

Gray’s test was performed. Univariate logistic analysis to identify the

risk factors for cardiac events was followed by a multivariate logistic

regression model using stepwise selection, with P levels for entry set

at< 0.1. For all steps, statistical significance was set at p< 0.05. More-

over, relationship with each risk factor was calculated by Spearman

rank correlation coefficient. All analyses were performed using EZR

(Saitama Medical Center, Jichi Medical University, Saitama, Japan),

a graphical user interface for R (The R Foundation for Statistical

Computing, Vienna) [8].

3 RESULTS

3.1 Patient characteristics

In total, 85 patients who underwent allogeneic HSCT were included in

this study, and their baseline characteristics are summarized in Table 1.

Patients with relapsed or refractory acute myeloid leukemia received

higher anthracycline doses, while patients with natural killer/T-cell
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F IGURE 3 Ejection fraction (EF) and global longitudinal strain (GLS) grouped by patients with or without cardioprotective agents. (A) There
were no EF changes in both groups. (B) Patients taking cardioprotective agents tended to have slightly better GLS at 5 years than that at 3 years.
Among patients not taking cardioprotective agents, GLS gradually decreased over years.

lymphoma, aplastic anemia, and myelodysplastic syndrome did not

receive anthracycline.

Twenty-two patients received cardioprotective drugs including

beta-blockers (n = 17) and ACEI or ARB (n = 8). With the excep-

tion of one patient who had idiopathic dilated cardiomyopathy before

chemotherapy, all patients had been recently prescribed medication

due to hypertension (n = 3), decreased EF (n = 12), or tachycardia,

such as atrial fibrillation (n = 6). None had ischemic cardiac disease.

Drug prescription or selection depends on the physician’s choice. The

timing for drug prescriptions was more than 3 months prior to HSCT

(n= 2), within 3months prior toHSCT (n= 4), within 1 year after HSCT

(n= 13), within 5 years after HSCT (n= 1), andmore than 5 years after

HSCT (n= 2).

3.2 Evaluation of EF and GLS

The median EF and GLS at baseline were 62.6% (range, 37.7%–75%)

and 17.6% (1.8%–29%), respectively. EF in each year after transplan-

tation was equivalent to that at baseline. However, GLS significantly

decreased compared to baseline, except for 1 year after transplan-

tation (Figure 1). The median decrease in GLS between baseline and

3 years after transplantation was 4.8% (range;−7.3–20.1), and 15% of

the patients (4 of 26 patients) experienced more than 10% decrease

in GLS (Figure 2). Although the difference was not significant, patients

taking cardioprotective agents (n = 22) tended to have slightly better

GLS at 5 years than at 3 years; the median GLS changed from 9.6%

at 3 years to 14.8% at 5 years (p = 0.25), while it decreased from
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F IGURE 4 The cumulative incidence of newly diagnosed cardiac
events that occurred both within 1 year and around 4 years after the
transplant. (A) All patients, (B) GLS (≥18 vs.<18), and (C) serum
ferritin level (>1500 ng/dl vs.≤1500 ng/dl)

11.6% to 9.0% in the others who did not take cardioprotective agents

(p = 0.20) (Figure 3). However, EF did not show any changes in both

populations.

3.3 New-onset cardiac events

Of the 85 patients, 15 (18%) developed newly diagnosed cardiac

events, which occurred bimodally (Figure 4A); 12 patients developed

cardiac events approximately 1 year after transplantation; the oth-

ers developed events beyond 4 years. Univariate analysis showed that

patients with poor GLS at baseline (GLS < 18, n = 46) developed

significantly more cardiac events (hazard ratio [HR] 4.75, 95% confi-

dence interval [CI, 1.01–22.2], p = 0.048), and those with high levels

of serum ferritin (>1500 ng/dl, n= 32), and had received more anthra-

cycline (≥200 mg/m2, n = 43) tended to develop more cardiac events

(HR 2.82, 95%CI [0.971–8.16], p= 0.057 andHR 3.00, 95%CI [0.948–

9.49],p=0.062, respectively; Table2). The cumulative incidence curves

of cardiac events grouped by GLS at baseline and serum ferritin levels

are shown in Figure 4B,C, respectively. Multivariate analysis revealed

that poor GLS at baseline and high levels of serum ferritin were inde-

pendently associated with the development of cardiac events (HR

8.73, 95% CI [1.06–71.9], p = 0.044 and HR 3.70, 95% CI [1.22–11.2],

p= 0.021, r=−0.09, p= 0.457, Table 2).

3.4 Overall survival and mortality

The median follow-up duration in surviving patients was 54.1 months

(range, 2.9–92.6months). TheOS rate at 5 yearswas54.6%, and almost

all deaths occurred within 1 year after transplantation. The major

causes of death were disease progression (n = 21), infection (n = 6),

acute respiratory distress syndrome (n= 4), and others (n= 7). None of

the patients were hospitalized or died of cardiac events. Although GLS

at baseline was not associated with OS (OS at 5 years, 54% vs. 56%,

p = 0.71), patients with a high serum ferritin level (>1500 ng/dl) had

a significantly poor prognosis, as analyzed by the log-rank test (OS at

5 years: 29% vs. 73%, p= 0.0017; Figures S1 and S2).

4 DISCUSSION

In this study, we found that GLS significantly decreased over time after

transplantation, although the decrease in EF was not apparent. Addi-

tionally, less than 18% of GLS at baseline and serum ferritin levels

of>1500 ng/dl were factors associated with more cardiac events after

allogeneic HSCT. Several reports revealed a relationship between high

ferritin and cardiac events in thalassemia patients [9–11]. Telfer et al.

emphasized that most complications can be avoided if ferritin levels

can be brought down to <1500 μg/L [10]. Iron is a catalyst generating
oxidative stress, which can harm cardiac function because of a lot of

oxidative consumption in cardiomyocytes. Besides, anthracycline may

damage cardiac function by the formation of free radicals; iron over-

loadmaypromote free radical damage [11]. Similarly, forOS, high levels

of serumferritinwere significantly associatedwithpooroutcomes [12],

but the same was not true for GLS. Anthracycline is widely used to

treat hematologic malignancies and is known to cause chemotherapy-

related cardiac dysfunction (CTRCD) [13, 14]. In our study, patients
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TABLE 2 Univariate/multivariate analysis for cardiac events

Univariate Multivariate

HR for cardiac events 95%CI p-Value HR for cardiac events 95%CI p-Value

GLS at baseline< 18 4.75 1.01–22.2 0.048 8.73 1.06–71.9 0.044

Ferritin> 1500 ng/ml 2.82 0.971–8.16 0.057 3.70 1.22–11.2 0.021

Anthracycline≥ 200mg/m2 3.00 0.948–9.49 0.062

QTc 0.99 0.980–1.01 0.51

HCT-CI 1.04 0.901–1.20 0.59

Age 1.01 0.976–1.04 0.61

Sex 1.24 0.447–3.46 0.68

EF at baseline< 55 1.26 0.290–5.49 0.76

Conditioning 0.89 0.329–2.43 0.83

Abbreviations: CI, confidence interval; EF, ejection fraction; GLS, global longitudinal strain; HCT-CI, hematopoietic stem cell transplantation-comorbidity

index; HR, hazard ratio.

who had received ≥200 anthracycline had a tendency to develop more

cardiac events (p= 0.06).

Several studies on GLS in allogeneic HSCT recipients have been

reported [14, 15]; however, much remains to be elucidated regarding

long-term cardiac follow-up with GLS. Recent studies have shown that

GLS is a more sensitive parameter than EF for evaluating cardiac func-

tion in patientswith heart failure or CTRCD [6, 7, 16]. The utility of GLS

in allogeneic HSCT remains to be investigated. Our data indicated that

GLS was more helpful than EF for long-term cardiac follow-up after

allogeneic HSCT. Surprisingly, 46 of 85 (56%) patients had decreased

GLS (<18) at baseline despite having a normal EF. It has been reported

that GLS less than 18 is a high mortality factor in cancer patients [17],

indicating HSCT patients are often at high risk for mortality. Our study

highlights the need to evaluate cardiac function continuously using

GLS.

The relationship between GLS reduction and cardiotoxicity has

been reported for this decade; in particular, a 10%–15% early reduc-

tion in GLS appears to be the most useful parameter for the pre-

diction of cardiotoxicity [18]. Our data included approximately 15%

of patients who experienced a >10% reduction in GLS and might

have some cardiac dysfunction in the future. We also found that car-

dioprotective drugs might improve GLS, although only four patients

using them were followed for 5 years. Some researchers have rec-

ommended cardioprotective drugs for patients receiving chemother-

apy because of their ability to improve cardiac function [16, 19];

however, the long-term effectiveness of cardioprotective agents in

HSCT patients is unknown. Our data may support the benefits

of cardioprotective agents in HSCT patients. Prospective random-

ized studies are needed in the future to gather more evidence on

this.

Our study has several limitations. First, it was retrospective in

naturewith relatively small sample size. Second, therewere somecases

inwhich theEForGLScouldnotbe calculatedbecauseofpoorechocar-

diograms. However, this study is one of the few studies focused on the

continuous utility of GLS in the long-term cardiac follow-up of HSCT

patients. Additionally, the number of patients taking cardioprotective

drugs before HSCT was too small to evaluate the potential effects for

prevention of cardiac events.

EF has been used to assess cardiac function in patients undergo-

ing allogeneic HSCT. Our study found that GLS after allogeneic HSCT

significantly decreased, whereas EF did not change. Poor GLS and

high serum ferritin levels before transplantation were significantly

associated with the development of newly diagnosed cardiac events

after several years. For long-term follow-up of HSCT patients, cardiac

function should be monitored not by EF but by GLS, and prescribing

cardioprotective drugs might be considered in HSCT patients with low

GLS, further research is warranted.
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