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Malignant lymphoma survivors are at increased risk for anthracycline and/or radiotherapy-induced 
chronic cardiotoxicity. Proper long-term follow-up is essential for malignant lymphoma survivors 
after-care. This study aimed to assess TTE parameters of potential subclinical cardiotoxicity and to 
examine their utility in diagnosing chronic cardiotoxicity. Improvement of the diagnostic process may 
precede the manifestation of cardiac adverse events. Main objective of the study was to improve the 
identification of cancer survivors in increased risk of treatment cardiotoxicity. To achieve this goal, 
utility of various echocardiography parameters was examined.In this retrospective study we analysed 
TTE of 167 subjects with speckle tracking according to the European Society of Echocardiography 
guidelines during the follow-up period. 88 of them were long-term lymphoma survivors diagnosed 
with malignant lymphoma between the years 1994–2015. Minimum follow up period was 5 years 
with the median of 10 years after anti-cancer treatment cessation. TTE were performed between the 
years 2017–2022 at cardio-oncology outpatient office during regular follow-up period. A total of 79 
volunteers with no history of chronic heart failure (CHF) or decline in LVEF, 51 (64.6%) of whom were 
males, with the median age of 46 (16–58) years were included in the analysis as control group. Control 
subjects had various indications for TTE (e.g. preoperative examination, benign palpitations, or with 
well controlled arterial hypertension taking two antihypertensives at most). Ischemic heart disease 
was ruled out by stress test. None of the control subjects had history of stroke or chronic lower limb 
ischemia. All control subjects were considered clinically stable with no sign of cardiac impairment 
caused by primary disease. Both cancer survivors and control group were divided into subgroups based 
on LVEF: lower normal LVEF (53–61%), and higher normal LVEF (> 61%). Survivors with lower normal 
LVEF (53–61%) had a statistically significant decline in GLS compared to those with higher normal 
LVEF (> 61%). This phenomenon was not observed in control group indicating a possible additional 
diagnostic value of this parameter. Inclusion of GLS assessment in follow-up TTE examination of 
subjects with lower normal LVEF may improve the sensitivity of detection of chronic cardiotoxicity. 
Patients with declined GLS and lower normal LVEF are candidates for intensified follow-up to precede 
manifestation of cardiac adverse events.
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Both modern and old anti-cancer therapeutic modalities (especially anthracyclines and thoracic irradiation) 
used in the treatment of malignant lymphomas possess cardiotoxic potential. Although cardiotoxicity of a 

1Department of Internal Medicine and Cardiology, University Hospital Brno and Faculty of Medicine, Masaryk 
University, Brno, Czech Republic. 2Department of Pharmacology, Faculty of Medicine, Masaryk University, Brno, 
Czech Republic. 3Department of Laboratory Methods, Faculty of Medicine, Masaryk University, Brno, Czech 
Republic. 4Department of Hematology and Transfusion, AGEL Hospital Prostejov, Prostejov 796 01, Czech Republic. 
email: m.rihacek@me.com

OPEN

Scientific Reports |         (2025) 15:9372 1| https://doi.org/10.1038/s41598-025-93933-2

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-93933-2&domain=pdf&date_stamp=2025-3-18


treatment of malignant lymphoma can be both acute and chronic, where chronic is represented by two main 
categories early-onset (type I) and late-onset (type II), it is the Type I, which occurs within one year after 
chemotherapy cessation. Type II cardiotoxicity may manifest after the first year with an unlimited timeframe1. 
Cardiotoxicity is defined as a drop in left ventricular ejection fraction (LVEF) by 10%. The absolute lower limit 
for LVEF differs, some authors point out the value < 50%, according to expert consensus of the American Society 
of Echocardiography and the European Association of Cardiovascular Imaging < 53%2,3.

The initiation of cardioprotective therapy based on LVEF alone has limitations due to its low sensitivity. On 
the other hand, global longitudinal strain (GLS) is a robust and sensitive marker of left ventricular impairment4. 
Evaluation of GLS may prove useful in early detection of cardiac toxicity caused by oncology treatment5. Whether 
GLS may serve as “a robust” tool in long-term follow-up of type II cardiotoxicity is yet to be determined.

Chronic cardiotoxicity represents an immense problem considering the increasing number of survivors due 
to the progress in anti-cancer treatment. This is particularly seen in young-age cancer survivors, e.g. Hodgkin 
lymphoma (HL)6,7.

Primary prevention is represented by modification of drug formula (e.g liposomal form of anthracyclines, 
modern irradiation techniques), or using an alternative chemotherapeutics with similar efficacy and lower cardiac 
burden. Another option is administration of cardioprotective agents1,8. In terms of primary cardioprotection 
for patients at high or very high risk of cardiotoxicity, the administration of statins should be considered. For 
patients in this group who are additionally treated with targeted therapy (that is known to possibly cause heart 
failure) or anthracyclines, therapy with beta-blockers in combination with ACE inhibitors or ARBs should be 
considered. Furthermore, for patients in this group treated with high-dose anthracyclines, the administration of 
dexrazoxane should be considered (see Fig. 1). The mentioned recommendations have a low level of endorsement, 
and there are currently no entirely convincing data on the benefits of this treatment approach9. However, several 
clinical trials on cardioprotection during anti-cancer treatment are currently conducted including STOP-CA 
with atorvastatin/DOX. Early results of STOP-CA presented by Neilan TG at ACC/WCC 2023 show that 
patients receiving 40 mg of oral atorvastatin were less likely to develop 10% or greater decline in LVEF than those 
receiving placebo10. Clinical trial evaluating the effects of ACE-i and β-blockers in management of cardiotoxicity 
in cancer patients are expected to be completed in 203011. Until chemotherapeutics with cardiac adverse effects 
are incorporated into clinical practice, comprehensive long-term follow-up, prompt initiation of farmacotherapy 
for heart failure will be essential for inpatient care9.

According to ESC Cardio-oncology guidelines, survivors are divided into two groups of risk categories 
according to maturity during exposition to potentially cardiotoxic agents: 1/ childhood and adolescent cancer 
survivors (CACS) and 2/ adult cancer survivors (AdCS). Furthermore, the subjects are divided into subgroups 
based on chosen therapeutic regimens, baseline cardiovascular toxicity risk, or whether they experienced cancer-
therapy-related cardiac dysfunction during treatment9. Most childhood adolescent-age survivors are classified as 
high-risk or very high-risk, where echocardiography is recommended every two years9,12.

The median age of patients at the diagnosis of non-Hodgkin lymphoma (NHL) is 67 years, whereas HL is 
commonly diagnosed between 20 and 34 years of age13. Most lymphoma patients are classified as AdCS receiving 
higher doses of anthracyclines or radiotherapy and are therefore indicated to have an echocardiographic 
screening at years 1,3 and 5 after the cessation of anti-cancer therapy with subsequent examinations every 
5 years. However, only a weak recommendation for echocardiographic screening exists in moderate-risk AdCS 

Fig. 1. General strategy and recommendations for reducing the risk of developing cardiotoxicity in patients 
at high risk of cardiotoxicity associated with antitumor therapy. ACE-I – angiotensin-converting enzyme 
inhibitors; ARB – AT1 receptor blockers for angiotensin II; ESC – European Society of Cardiology; CVD – 
cardiovascular disease; RF – risk factor.
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and late high-risk AdCS9. Follow-up recommendations based on 2022 ESC cardio-oncology guidelines are 
described in more detail in Fig. 2.

Echocardiography screening for cardiac impairment in HL survivors is recommended every 5  years (in 
lower-risk patients, guidelines even allow omission of echocardiography screening). This period represents a 
long interval in which subclinical cardiac impairment may progress into symptomatic heart failure. In practice, 
routine follow-up after anti-cancer treatment performed in all cases may provide us with information about 
cardiac function. However, in terms of sensitive identification of the most vulnerable long-term survivors, basic 
TTE parameters such as LVEF may prove insufficient. Therefore, parameters evaluating slight signs of cardiac 
impairment, such as GLS could prove useful in the identification of these cases. In terms of GLS evaluation, 
performing a full examination on every subject would be time-consuming hence subjects would have to be 
chosen carefully according to previously selected criteria.

This study aimed to assess LVEF in correspondence with GLS obtained from echocardiographic findings 
in clinically asymptomatic long-term malignant lymphoma survivors. We focused on the evaluation of GLS 
in patients with normal LVEF to examine its possible benefit in more sensitive identification of early cardiac 
impairment and subclinical cardiotoxicity.

Materials and methods
Study design
In this retrospective single tertiary care centre study, medical charts were reviewed from the cardio-oncology 
outpatient office at the Department of Internal Medicine and Cardiology, Faculty Hospital Brno between the years 
2017 and 2022. All experimental protocols were approved by the local ethical board of the University Hospital 
Brno 03–100,424/EK. All methods were carried out in accordance with relevant guidelines and regulations. 
Informed consent was waived by the local ethical board of the University Hospital Brno 03–100,424/EK.

Transthoracic echocardiography (TTE)
TTE was performed using the GE Vivid E90 or E95 systems, following the guidelines of the European Society 
of Echocardiography14. We calculated LVEF using Simpson’s biplane method. TTE was performed by a 
single experienced professional with long-term practice in echocardiography and clinical cardiology. Global 
longitudinal strain (GLS) was assessed by speckle tracking in apical long-axis view (GLS_APLAX), four-chamber 
view (GLS_4CH), 2-chamber view (GLS_2CH), and by an average of GLS values obtained from all three planes 
(GLS_AVG). Besides standard TTE parameters, the myocardial performance index (MPI) was assessed. The 
MPI is calculated as a sum of isovolumetric contraction time (ICT) and isovolumetric relaxation time (IRT) 
divided by ejection time. Value of LVEF of < 53 was considered abnormal2,3. The cutoff value for normal left 
ventricular ejection fraction (LVEF) of 53% was selected based on the recommendations of Plana et al. to address 
concerns that the ESC-recommended cutoff of 50% (50–53% respectively, which had previously been considered 
borderline) may include patients with potentially affected GLS15.

Fig. 2. Follow-up TTE recommendations according to ESC Cardio-oncology guidelines 2022. Abbreviation: 
adult cancer survivors (AdCS), childhood and adolescent cancer survivors (CACS).
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Characteristics of the studied group
A total of 167 subjects attending the cardiology outpatient cardio-oncology office at University Hospital, Brno, 
Czech Republic for routine check-ups with TTE examinations were included in the study.

Characteristics of the long-term survivors group
A total of 88 adult lymphoma survivors with the median age of 40 (24–84) years were enrolled in the analysis. 
They were diagnosed with malignant lymphoma between the years 1994–2015. In this group, 46 (52.3%) patients 
were males and 42 (47,7%) were females. The median age at primary oncological diagnosis was 29 (15–76). 
A cardiovascular examination was carried out 10 (5–27) years after treatment. The underlying diagnosis was 
Hodgkin lymphoma in 79 (89.8%) cases and non-Hodgkin lymphoma in 9 (10.2%).

All of the survivors were treated with DOX, the median cumulative doxorubicin (DOX) dose applied during 
treatment was 200 (50–400) mg/m2. While combination therapy (DOX + ionizing radiation) received 53 (60.2%) 
cases with the median cumulative dose of 30 (20–50)Gray.

Characteristics of the control group
The group consisted of subjects with various indications for TTE (e.g. preoperative examination, benign 
palpitations, or with well controlled arterial hypertension taking two antihypertensives at most). Ischemic heart 
disease was ruled out with stress test, they did not have history of stroke or chronic lower limb ischemia. When 
enrolled, all subjects were considered clinically stable with no sign of cardiac impairment caused by primary 
disease. A total of 79 volunteers with no history of chronic heart failure (CHF) or decline in LVEF, 51 (64.6%) of 
whom were males, with the median age of 46 (16–58) years were included in the analysis.

General characteristics of the studied group and the control group are summarized in Table 1.

Statistical analysis
Variables with normal distribution were described by mean and standard deviation, otherwise, median and 
range were used.

The Shapiro–Wilk test was used to assess the normality of distribution. The independent t-test and the 
Mann–Whitney U test were used to compare groups with normal and non-normal distribution, respectively.

The Fisher’s exact test was used to compare proportions of pathological values.
The analyses were performed using the statistical software R (R Core Team, 2022).

Results
Survivors had statistically significant lower LVEF and significantly impaired GLS_AVG and GLS_APLAX 
comparing to control group, see Table 2.

Patients were divided into subgroups based on LVEF: decreased LVEF (< 53%), lower normal LVEF (53–
61%), and higher normal LVEF (> 61%). One survivor had decreased LVEF, 17 survivors had lower normal 
LVEF, and the rest of the survivors had higher normal LVEF. Differences in GLS in each plain between the lower 
normal LVEF and higher normal LVEF groups were evaluated. Statistically significant differences between the 
lower normal and higher normal subgroups were found in GLS parameters GLS _2CH (p = 0.022), GLS _4CH 
(p = 0.023), GLS _AVG (p = 0.043), see Table 3. That difference was not observed in the control group (Table 4). 

Characteristic control N = 791 survivor N = 881

HT 27 (34%) 12 (13.6%)

ICHS 0 (0%) 3 (3.4%)

HLP 19 (24%) 5 (5.7%)

DM 5 (6.3%) 4 (4,5%)

BB 0 (0%) 5 (5.7%)

ASA 0 (0%) 2 (2.3%)

OAC/DOAC 13 (16%) 1 (1.1%)

ACEI/ARB 16 (20%) 11 (12.5%)

CCB 4 (5.1%) 4 (4.5%)

DIU 2 (2.5%) 5 (5.7%)

INZ 2 (2.5%) 1 (1.1%)

OAD 3 (3.8%) 3 (3.4%)

STATINS 16 (21,5%) 5 (5,7%)
1n (%)

Table 1. General characteristics of the studied group and the control group including cardiovascular risk 
factors and data about ambulatory cardiovascular medication. HT: Hypertension ICHS: Ischemic Heart 
Disease HLP: Hyperlipidemia DM: Diabetes Mellitus BB: Beta-Blockers ASA: Acetylsalicylic Acid (Aspirin) 
OAC/DOAC: Oral Anticoagulants/Direct Oral Anticoagulants ACEI/ARB: Angiotensin-Converting Enzyme 
Inhibitors/Angiotensin II Receptor Blockers CCB: Calcium channel blockers DIU: Diuretics INZ: Insulin 
OAD: Oral antidiabetics.
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Comparison of GLS value in each plain according to LVEF in control/survivor group is summarized in Figs 
3,4,5,6.

Comparing patients treated with combined therapy of DOX and ionizing irradiation, and those treated solely 
with DOX, we found statistically significant differences in LVMI (p = 0.0013), MPI (p = 0.01), TAPSE (p = 0.037), 
see Table 5.

GLS evaluation in lower normal LVEF, and higher normal LVEF 
subgroups (control group)

Lower normal LVEF Higher normal LVEF p-value

GLS _2CH (%) −20.3 ± 1.3 −20 (15–25) 0.78

GLS _4CH (%) −19.8 ± 2.2 −20 (14–25) 0.88

GLS _APLAX (%) −19.3 ± 1.7 −20.2 ± 2.5 0.34

GLS _AVG (%) −19.8 ± 2.1 −20 (16–24) 0.69

Table 4. GLS evaluation in lower normal LVEF, and higher normal LVEF subgroups (control group). 
Abbreviations: GLS (global longitudinal strain), LVEF (left ventricle ejection fraction), GLS_APLAX (global 
longitudinal strain apical long-axis view), GLS_4CH (global longitudinal strain four-chamber view), GLS_2CH 
(global longitudinal strain 2-chamber view), GLS_AVG (an average of GLS values obtained from all three 
planes).

 

GLS evaluation in lower normal LVEF, and higher normal LVEF 
subgroups (survivor group)

Lower normal LVEF Higher normal LVEF p-value

GLS_2CH (%) −17.6 ± 3.1 −19.7 ± 3.2 0.022

GLS_4CH (%) −17.2 ± 3.5 −20 (12–27) 0.023

GLS_APLAX (%) −17.8 ± 3.5 −19.3 ± 3.8 0.14

GLS_AVG (%) −17.6 ± 3.2 −19.4 ± 2.9 0.043

Table 3. GLS evaluation in lower normal LVEF, and higher normal LVEF subgroups (survivor group). 
Abbreviations: GLS (global longitudinal strain), LVEF (left ventricle ejection fraction), GLS_APLAX (global 
longitudinal strain apical long-axis view), GLS_4CH (global longitudinal strain four-chamber view), GLS_2CH 
(global longitudinal strain 2-chamber view), GLS_AVG (an average of GLS values obtained from all three 
planes).

 

Survivors and control groups

Parameter Survivors Control p-value

Age (years) 40 (24–84) 46 (16–58) 0.12

Age_DG (years) 29 (15–76) – –

BMI (kg/m2) 22.8 (16.7–44.3) 26.4 ± 4.2  < 0.001

DOX (mg/m2) 200 (50–400) – –

LVEF (%) 65.0 (36.0–74.0) 67.9 ± 4.1  < 0.001

Follow-up (years) 10 (5–27) NA

GLS_2CH (%) −19.2 ± 3.4 −20 (−25 – −15) 0.17

GLS_4CH (%) −19 (−27—−10) −20 (−25—−14) 0.092

GLS_APLAX (%) −18.9 ± 3.9 −20.2 ± 2.5 0.0099

GLS_AVG (%) −19 (−27—−10) −20 (−24—−16) 0.017

Irradiation (Gy) 30 (0–50) – –

LVMI (g/m2) 89.5 (43–152) 90.9 ± 18.8 0.51

MPI (ratio) 0.60 ± 0.11 0.62 ± 0.11 0.26

TAPSE (mm) 23 (15–35) 23 (18–32) 0.57

Table 2. Comparison of survivors and control group parameters. Abbreviations: age at the time of diagnosis 
(AGE_DG), body mass index (BMI), Gray (Gy), Left ventricular mass index (LVMI), myocardial performance 
index (MPI), tricuspid annular plane systolic excursion (TAPSE).
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Discussion
Cardiotoxicity of anti-cancer therapy has been a topic since the 70  s when long-term adverse events of 
chemotherapy administered to individuals in the late 40 s and 50 s emerged and could be evaluated16. Since 
this initial period, advances and modernization of anti-cancer therapy led to a significant increase in long-
term cancer survivors that require follow-up17. ESC 2022 Cardio-oncology guidelines present an overview and 
recommendations regarding risk stratification and long-term follow-up9, however, the topic of cardioprotective 
treatment adjustment is still steadily being discussed1,18,19.

Fig. 4. Box plot of GLS_AVG value according to LVEF in control/survivor group.

 

Fig. 3. Box plot of GLS_4CH value according to LVEF in control/survivor group.
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Global longitudinal strain in long-term cancer survivors
Assessment of GLS proved to be a valuable diagnostic parameter in the prediction of subclinical cardiac 
dysfunction and the prediction of a future significant LVEF decrease in patients with acute cardiotoxicity20. 
Nevertheless, few data regarding GLS use in the prediction of long-term cardiotoxicity and decline of LVEF in 
cancer survivors were published21–23.

Our study reports the results of a TTE examination in a group of clinically asymptomatic cancer survivors 
(median age at the diagnosis 29 years) in long-term follow-up (median 10 years). All subjects were classified as 
NYHA functional class I. Long-term CS had significantly lower LVEF, GLS_APLAX, and GLS_AVG compared 

Fig. 6. Box plot of GLS_2CH value according to LVEF in control/survivor group.

 

Fig. 5. Box plot of GLS_APLAX value according to LVEF in control/survivor group.
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to the control group. The significance of this finding is also supported by the higher average age of the control 
group compared to the long-term CS group at the time of TTE.

In GLS analysis between the patients with lower normal LVEF (53–61%), and higher normal LVEF (> 61%), 
a significant difference was discovered in parameters: GLS _2CH, GLS _4CH, GLS _AVG. Decline in GLS was 
not found in the control group. This establishes a lower normal value of LVEF as a possible “red flag” and 
an indication for GLS evaluation in long-term cancer survivors. Considering our results and those previously 
published in the literature, we propose the inclusion of GLS in TTE follow-up protocol for long-term CS 
(depicted in Fig. 6) (Fig. 7). 

To date, we have not found a study involving long-term AdCS classified as NYHA functional class I and no 
history of cardiac disease to compare with. A study involving AdCS with a history of breast cancer treatment 

Fig. 7. Proposed inclusion of GLS in the management of long-term CS TTE follow-up protocol.

 

Irradiated, and unirradiated subgroups

Parameter Unirradiated Irradiated p-value

Age (years) 46.7 ± 14.5 37.0 (24–68) 0.014

Age_DG (years) 37 (17–76) 22.5 (16.9–35.8) 0.0015

BMI (kg/m2) 23.1(16.7–44.3) 26.4 ± 4.2 0.049

DOX (mg/m2) 210 (50–400) 200 (70–400)  < 0.001

LVEF (%) 65.8 ± 3.8 64 (36–73) 0.15

Follow-up (years) 8 (5–27) 11 (5–24)  < 0.001

GLS_2CH (%) −19.3 ± 3.2 −19.2 ± 3.6 0.87

GLS_4CH (%) −19.2 ± 3.1 −19 (−27- −11) 0.75

GLS_APLAX (%) −19.3 ± 3.5 −18.6 ± 4.1 0.42

GLS_AVG (%) −19.3 ± 2.9 −19 (10–27) 0.7

Irradiation (Gy) – 30 (20–50) –

LVMI (g/m2) 99.0 ± 23.4 82.5 ± 21.4 0.0013

MPI (ratio) 0.6 ± 0.1 0.6 ± 0.1 0.01

TAPSE (mm) 24.9 ± 4.7 22.8 ± 4.2 0.037

Table 5. Comparison of survivors and control group parameters. Abbreviations: age at the time of diagnosis 
(AGE_DG), body mass index (BMI), Gray (Gy), Left ventricular mass index (LVMI), myocardial performance 
index (MPI), tricuspid annular plane systolic excursion (TAPSE).
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(anthracycline and radiotherapy) in GLS evaluation was published but that study included around 50% of 
subjects with clinical signs of CVD24.

Our results are predominantly supported by studies involving CACS. A study by Gonzalez-Manzanares et 
al. identified a significantly higher number of acute lymphoblastic leukemia (ALL) CACS (median age at the 
diagnosis 4 years) suffering from subclinical cardiotoxicity by GLS than by LVEF assessment21. Another study by 
Niemelä et al. demonstrated that CACS with various malignancies (age at the diagnosis mostly around 8 years), 
a history of anthracycline therapy, and abnormal LV longitudinal strain had normal LVEF in 70% of cases. This 
suggests a potential of GLS for long-term risk assessment among CACS beyond the first decade of follow-up22. 
Furthermore, GLS seemed to be a more sensitive parameter for determining LV dysfunction than LVEF in the 
study by Christiansen et al. on CACS (age at the diagnosis mostly around 5 years) with a history of childhood 
lymphoma and acute leukemia23.

No relation of LVEF and GLS to the DOX dose was discovered, the latter being consistent with the results 
of a study by Wolf et al.12. This phenomenon could be explained by possible individual susceptibility to DOX-
induced cardiac damage or an insufficient number of subjects in our study. Furthermore, our evaluation is 
limited because the study lacked long-term CS with no history of DOX.

In 2017 a model examining relation between LVEF, and myocardial strain was published by Stokke et al. This 
study elucidated, why simultaneous normal LVEF and significantly altered LV function may coexist. According 
to this model LVEF is quadratically dependent on global circumferential strain (GCS) though linearly on GLS 
and even a significant decline in GLS may be compensated with GCS. Furthermore, Stokke’s model explains how 
LVEF may be affected by ventricle size and wall thickness. It was found, that reduced ventricle size with thicker 
wall amplifies each other’s impact on LVEF25. Thus, increasing myocardial wall thickness and simultaneous 
reduction of ventricle size results in stabile LVEF despites highly affected GCS.

. Considering, that radiotherapy-induced heart damage leads to decrease in LVMI (as also demonstrated in 
our study) and concentrical remodulation, GLS assessment, especially in cancer survivor’s cohort, may lead to 
sooner detection of cardiac impairment. Therefore, introduction of GLS into chronic cardiotoxicity follow-up 
protocols may prevent underdiagnosing post-radiotherapy systolic cardiac dysfunction26,27.

Another assessed TTE parameters
Comparison between long-term cancer survivors with a history of radiotherapy + DOX and those with a 
history of DOX and no radiotherapy revealed significantly worse function of the right ventricle—TAPSE, lower 
LVMI, and worse MPI in subjects with a history of radiotherapy. The observed decline of LVMI is consistent 
with previously published studies and supports the theory of myocardial wall thinning caused by anti-cancer 
treatment-induced cardiomyocyte loss13. Although left ventricle impairment caused by anti-cancer therapy is 
well studied, the influence of irradiation on the function of the right ventricle is often overlooked. Anatomically, 
RV is exposed to high doses of irradiation. In our study, survivors who underwent irradiation had significantly 
worse TAPSE possibly caused by radiotherapy-induced RV remodelling14. The group treated with irradiation 
had significantly worse MPI. According to a recently published study from Dons et al. increasing MPI in patients 
with atrial fibrillation was associated with an increased risk of major cardiac adverse events15. Whether this 
parameter can be used as a predictor of major cardiac adverse events in patients without atrial fibrillation is yet 
to be evaluated.

On TTE, there were no abnormalities in morphologic parameter LVMI compared to controls supporting 
the evidence of subclinical rather than clinical cardiovascular impairment is consistent with other recently 
published studies12.

Study limitations
One limitation of this study is its retrospective design, which may introduce selection bias and limit the ability to 
draw definitive causal inferences regarding the association between echocardiographic parameters and chronic 
cardiotoxicity in long-term malignant lymphoma survivors. Occurrence of malignant lymphoma in human 
population is heterogenous ranging from early life to the old age. Our study includes patients mostly from 
early adulthood with median of age 29 years. Age match between our survivor group and control group was 
not optimal, however GLS value in higher age (control group) is expected to be pathological more often than 
in adolescence which tightens up criteria for statistical significance. Other limitations are caused by survivor/
selection bias, being a single centre study and limited number of samples.

Conclusion
In this study, we discovered, that patients with lower normal LVEF (53–61%) had a statistically significant 
decline in GLS, indicating a possible diagnostic value of this parameter. Patients with declined GLS and lower 
normal LVEF are candidates for intensified follow-up to precede manifestation of cardiac adverse events. 
Further prospective randomised trials are necessary to confirm whether inclusion of GCS-led follow up will 
result in decreasing cardiovascular morbidity and mortality similarly to its utility in early detection of acute 
cardiotoxicity.

Data availability
The data presented in this study are available on request from the corresponding author.
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