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EFFECT OF MEDIASTINAL RADIOTHERAPY 
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Late complications aff ecting the cardiovascular system depend on the extent of the capture of cardiac structures 
in the radiation fi eld and the cumulative dose of exposure. They are characterized by polymorphism in clinical 
manifestations. Objective: to identify the predictors infl uencing in-hospital mortality (IHM) in order to optimize 
the treatment of patients with radiation-induced heart disease. Materials and methods. This is a single-patient 
cohort study that was retrospective from 2004 to 2018 and prospective from 2018. Death after 30 days following 
heart valve surgery (HVS) under artifi cial circulation was taken as the end point of the study. The study included 
86 patients (mean age 59 ± 13 years, 81.4% female) who underwent HVS. They were split into 2 groups (extensive, 
tangential) depending on the cause of cancer. Results. In the postoperative period, the group with extensive irra-
diation had statistically signifi cant diff erences in the need for prolonged ventilation, OR 5.17 (CI 95% 1.7–15.7), 
more frequent exudative pleurisy OR 3.4 (CI 95% 1.1–10.8), and acute renal failure OR 1.2 (CI 95% 1.05–1.37). 
Regardless of postoperative complications, the length of hospital stay did not diff er statistically across the groups, 
with a median of 10.5 (CI 7.25:16.75) vs. 11 (CI 9:15.25) days, respectively. Overall IHM was 14 (16.27%) pati-
ents. Multiple organ failure (MOF) was the cause of death in 9 cases. Multivariate analysis revealed that extensive 
irradiation for lymphogranulomatosis increased IHM risk by 5.099 times, and an increase in the EuroSCORE II 
score by every “1” increased IHM risk by 1.19 times. Conclusion. Patients with post-radiation damage to heart 
valves and coronary arteries with a history of tangential irradiation can be successfully operated on. Extensive 
irradiation in anamnesis is associated with a high risk of heart failure and MOF in the early postoperative period.
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INTRODUCTION
Radiation therapy (RT) is widely used in the treatment 

of chest tumors, but its late cardiovascular complications 
depend on the extent of cardiac exposure and the cumu-
lative radiation dose. These complications exhibit poly-
morphic clinical manifestations, with their development 
following a time-dependent pattern [1–3].

The earliest manifestation of radiation-induced car-
diac damage is often coronary heart disease, which can 
become as signifi cant as cancer itself within the fi rst fi ve 
years post-RT [4]. In contrast, radiation-induced valvu-
lar disease emerges later and follows a linear-quadratic 
progression model [5, 6]. Over time, radiation-induced 
heart injury advances and frequently presents as a com-
plex syndrome, involving multiple cardiac structures 
alongside extracardiac complications.

Objective: to identify the predictors infl uencing in-
hospital mortality (IHM) in order to optimize the treat-
ment of patients with radiation-induced heart disease.

MATERIAL AND METHODS
Place and time of study

The study included patients treated at the Department 
of Emergency Surgery for Acquired Heart Defects, Ba-

kulev National Medical Research Center for Cardiova-
scular Surgery in Moscow (Department headed by Prof. 
R.M. Muratov from 2002 to 2023, and by D.A. Titov 
from 2023 to the present), and it covered the period from 
June 2004 to May 2023.

 Study population
The main inclusion criteria for the study were a do-

cumented history of RT, a minimum interval of 9 years 
from RT to the development of cardiac pathology, pre-
sence of valvular disease requiring surgical intervention, 
and clinical group 3 status (complete cancer remission) 
at the time of hospitalization for valvular surgery. Based 
on these criteria, the study included 86 patients who had 
previously undergone RT for breast cancer (tangential 
fi eld) or Hodgkin’s lymphoma (extensive fi eld exposure).

Study Design
This single-cohort study was conducted retrospec-

tively from 2004 to 2018 and prospectively from 2018 
onward. The primary objective was to identify predic-
tors of IHM in patients with radiation-induced cardiac 
lesions.
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Fig. 1. Structure of oncological diseases

The study endpoint was mortality within 30 days 
following cardiopulmonary bypass surgery for radiation-
induced valvular disease.

Methods
All patients underwent clinical, laboratory, and instru-

mental examinations following standard cardiac surgical 
care protocols. The diagnostic criteria for stenosis and 
regurgitation were based on the 2021 guidelines of the 
European Society of Cardiology (ESC) and the European 
Association for Cardio-Thoracic Surgery (EACTS) for 
managing valvular heart disease [7].

To assess mitral stenosis severity, echocardiographic 
evaluation included leafl et mobility, leafl et thickness, 
degree of subvalvular structure involvement, and annulus 
fi brosus calcifi cation. Each parameter was scored from 
1 to 4, with a maximum Wilkins score of 16 [8]. For 
patients with echocardiographic signs of mitral annular 
calcifi cation, the severity was further evaluated using 
Rajesh Movva et al.’s criteria [9], with annulus fi brosus 
scoring and summation.

Coronary angiography was performed following the 
ESC/EACTS guidelines for myocardial revascularizati-
on [10]. For patients with extensive radiation exposure, 
diagnostic coronary angiography was conducted more 
broadly in the presence of clinical signs of coronary heart 
disease. To objectively assess the complexity of coronary 
artery lesions, the study used the SYNTAX Score (Sy-
nergy Between PCI With Taxus and Cardiac Surgery), 
a widely accepted anatomic classifi cation system [11].

A chest CT scan was performed to assess the severity 
of calcifi cation in cardiac structures and the presence of 
pneumofi brosis. Calcium deposits in the aortic valve, 
ascending aorta, and coronary arteries were measured 
using the Agatston method (1990) [12]. For Agatston 
score calculation, a 130 HU attenuation threshold was 
applied (130–199 corresponds to 1 point, 200–299 to 
2 points, 300–399 to 3 points, 400 and above to 4 points). 
Each calcifi ed area was assigned a score based on its 
attenuation value, then multiplied by the lesion area, 
with all values summed. The fi nal total calcium score 
was calculated for the mitral annulus fi brosus, coronary 
arteries, and ascending aorta.

Pneumofi brosis was assessed using a semi-quantita-
tive method, modifying the radiologic criteria for pneu-
mofi brosis on a 0–3 scale for each lung lobe, where 0 = 
absent, 1 = linear streaks, 2 = moderate fi brosis, and 3 = 
severe fi brosis with bronchiectasis. The total pneumofi -
brosis score was obtained by summing the scores across 
all lung lobes [13].

For risk stratifi cation based on the nature of surge-
ry, the following logistic scoring systems were used to 
estimate 30-day mortality: EuroSCORE, EuroSCORE 
II, and STS PROM.

Statistical analysis
Normality of distribution was tested using the Kolmo-

gorov–Smirnov test. Quantitative variables with normal 
distribution were processed using descriptive statistics, 
calculating mean ± standard deviation. On the contrary, 
variables with other type of distribution were evaluated 
by calculating the median and interquartile range (1st 
and 3rd quartiles). Qualitative variables were presented 
as absolute frequencies and percentages. When com-
paring groups with normal distribution, the data were 
analyzed using a parametric method (Student’s t-test for 
independent samples), the rest of the data were analyzed 
using a non-parametric method (Mann–Whitney U test). 
A binary logistic regression model was used to identify 
IHM predictors (outcome: dead/alive). Previous preope-
rative RT, clinical and instrumental data were used as 
independent variables. A signifi cance level of 0.05 was 
adopted for all statistical results.

Clinical material
The mean age of patients included in the study was 

58.85 ± 12.71 years. The most widely represented age 
group were old patients from 60 to 74 years old; they 
made up 42 (48.84%) patients. Middle-aged patients 
(45–59 years old) were 15 in number (17.44%), while 
young patients (18–44 years old) were 23 (26.74%). 
The smallest group was the very old group according to 
the WHO classifi cation (75–90 years), represented by 6 
(6.98%) patients. Females prevailed over males, accoun-
ting for 70 (81.4%) patients. According to the etiology 
of the oncological disease, the patients were distributed 
as follows: Hodgkin’s lymphoma (HL), 41 (46.67%) 
patients, and breast cancer (BC), 45 (53.33%) (Fig. 1). 
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To evaluate demographic indicators, risk factors of 
cardiovascular diseases, comorbid pathology, combined 
diseases refl ecting the severity of cardiovascular condi-
tions and symptoms of circulatory failure and functional 
status depending on tumor type and direction of ionizing 
radiation in relation to the mediastinum, patients were 
divided into two conditional groups: extensive irradiation 
and tangential irradiation (Table 1).

RESULTS
Analysis of preoperative data revealed signifi cant 

diff erences between the groups. The extensive irradiation 
group was notably younger. While the absolute values of 
coronary artery lesions were comparable, the number of 
combined lesions was signifi cantly higher in this group. 
Additionally, coronary artery lesions in the extensive 
irradiation group were predominantly proximal.

Pearson’s correlation analysis showed a signifi cant 
inverse relationship between the year of RT and the time 
of cardiac pathology occurrence (r = –0.897, p < 0.001).

As shown in Table 2, hemodynamic parameters did 
not diff er signifi cantly. Most patients had aortic steno-
sis, with an average peak gradient of 80 ± 28 mmHg. 
The primary diff erences between the groups were in 
the morphofunctional parameters of the left ventricle. 

Indexed myocardial mass was signifi cantly lower in the 
extensive irradiation group compared to the tangentially 
irradiated group (122 vs. 156 g/m2, respectively). Addi-
tionally, a signifi cantly higher proportion of patients in 
the extensive irradiation group had concentric hypertro-
phy (84.1% vs. 46.5%, p < 0.001). This phenomenon, 
known as ‘immobilizing interstitial myocardial fi brosis,’ 
is characterized by disruption of the endomysium and 
perimysium structure, leading to gradual mechanical 
compression and immobilization of the myocardium. 
Analysis of the mean fi ber shortening fraction revealed a 
slight decrease in the tangential irradiation group, while 
the fraction remained preserved in the extensive irradiati-
on group, possibly due to the high proportion of patients 
with arterial hypertension.

An integrated assessment of global longitudinal left 
ventricular (LV) strain parameters showed a signifi cant 
decrease in the extensive irradiation cohort (11.1 ± 9%) 
and a moderate decrease in the tangential irradiation 
group (14.5 ± 3.2%). Despite volume overload in patients 
with mitral and aortic regurgitation, the proportion of 
those with eccentric hypertrophy remained low – 13.6% 
in the tangential irradiation group and 18.2% in the ex-
tensive irradiation group. These fi ndings suggest that 
the observed changes can be interpreted in the context 

Table 1
Clinical characteristics of patients

Tangential (n = 45) Extensive (n = 41) General (n = 86) P value
Age (years) 67 ± 7 49 ± 11 59 ± 13 0.000
BMI (kg/m2) 29 ± 5.06 26.33 ± 4.56 27.8 ± 5 0.07
BSA (m2) 1.87 ± 0.15 1.87 ± 0.22 1.87 ± 0.19 0.910
Interval between RT and surgical treatment 
of cardiac pathology (years) 23 ± 9 27 ± 9 25 ± 9 0.044

Age at the time of RT (years) 44.67 ± 9.29 22.37 ± 9.8 34.03 ± 14.63 0.000
Female 45 (100) 26 (60.9) 70 (81.4) 0.000
Combination chemotherapy, n (%) 27 (61.4) 36 (87.8) 63 (74.1) 0.005
NYHA functional class III and IV, n (%) 44 (53) 39 (47) 82 (95.34) 0.503
Pacemaker, n (%) 1 (25) 3 (75) 4 (4.6) 0.262
Arterial hypertension, n (%) 37 (62) 23 (38) 60 0.08
Atrial fi brillation, n (%) 6 (60) 4 (40) 10 (11.83) 0.605
CHD, n (%) 5 (26) 14 (74) 19 (22.09) 0.010
Diabetes mellitus, n (%) 13 (93) 1 (7) 14 (16.27) 0.001

COPD FEV1 <50–80%
FEV1 <49–39%

11
2

36.6
40

19
3

63.4
60

30
5

34.88
5.8

0.006

SYNTAX Score 12 [8–16] 10 [3–16.5] 10.5 [4.7–16.2] 0.218
EuroSCORE I 6.35 [3.5–8.4] 3.89 [2.1–6.9] 4.9 [3.2–7.8] 0.008
EuroSCORE II 2.3 [1.6–4.9] 2.4 [1.5–4.4] 2.4 [1.6–4.7] 0.619
STS PROM 4.9 [3.4–6.2] 4.2 [1.9–6.8] 4.7 [2.5–6.9] 0.308
Creatinine clearance (CKD-EPI) 67 [54–78] 82 [66–104] 72 [57–89] 0.001

Note: BMI, body mass index; BSA, body surface area; RT, radiation therapy; NYHA, New York Heart Association; CHD, co-
ronary heart disease; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in 1 second; SYNTAX 
Score, Synergy Between PCI With TAXUS and Cardiac Surgery Systematic Coronary Risk Evaluation; EuroSCORE I and 
EuroSCORE II, European System for Cardiac Operative Risk Evaluation; STS, Society of Thoracic Surgeons.
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of myocardial fi brosis resulting from radiation exposure 
to the LV myocardium.

Echocardiographic assessment (Table 2) revealed a 
high incidence of mitral annular calcifi cation in patients 
who RT for breast cancer. However, a semiquantitative 
analysis of calcifi cation using Movva’s criteria showed 
no signifi cant diff erences between the groups.

While calcium deposition in cardiac structures was 
prevalent, there was no statistically signifi cant variation 
between groups. Notably, extensive irradiation resulted 
in signifi cant lung tissue exposure, leading to widespread 
pulmonary parenchymal fi brosis, which was markedly 
more severe in the extensive irradiation group (Table 2).

All patients underwent surgery with artifi cial circula-
tion (Table 3). Although median cardiopulmonary bypass 
time diff ered between groups – 137 minutes (105–205) 
in the tangential group vs. 177 minutes (130–220) in 
the extensive group (p = 0.084) – the diff erence was 
not statistically signifi cant. However, aortic clamping 
time was signifi cantly longer in the extensive irradiation 
group (103 minutes [77–124] vs. 78 minutes [63–109], 

p < 0.018), likely due to the greater surgical volume. In 
most cases, the procedure was limited to a single-valve 
intervention, with aortic valve replacement performed 
in 51.7% of patients.

Due to post-RT skin changes preventing median ster-
notomy (Fig. 2), alternative surgical access was used in 
20.98% of cases (n = 18), including J-shaped minister-
notomy along the 4th intercostal space and, in one case, 
bipleural access.

Prolonged ventilation (PV) was required in 22 pa-
tients (25.58%), most commonly due to heart failure, 
which developed in 17 patients. Intra-aortic balloon 
counterpulsation was used in 7 patients, while extracor-
poreal membrane oxygenation (ECMO) was required 
in 4 cases. Acute renal failure developed in 5 patients 
(Fig. 3).

In the postoperative period, there were statistically 
signifi cant diff erences in the need for PV (OR 5.17, CI 
95% 1.7–15.7), more frequent exudative pleurisy (OR 
3.4, CI 95% 1.1–10.8), and acute renal failure (OR 1.2, 
CI 95% 1.05–1.37) in the extensive radiation group. Re-

Table 2
Findings from instrumental diagnostic methods

Tangential Extensive P value
Electrocardiographic parameters

Preoperative HR (beats/min) 78.5 ± 13.4 84.39 ± 11.1 0.033
QT interval (sec) 0.397 ± 0.05 0.404 ± 0.05 0.547
QRS (sec) 0.1 [0.09–0.12] 0.108 [0.008–0.120] 0.336

Echocardiographic fi ndings
Left atrium, cm 5.1 ± 1 4.2 ± 0.809 0.118
LV end-diastolic volume (cm) 122 ± 35.1 127 ± 41.4 0.522
LV ejection fraction (%) 64 ± 10.3 62 ± 11.5 0.425
LV fractional shortening (%) 36 ± 8.05 34 ± 8.03 0.473
LV relative wall thickness 0.55 ± 0.13 0.47 ± 0.2 0.016
Mean circumferential fi ber shortening fraction, % 12.5 ± 3.16 14.29 ± 3.1 0.019
Indexed myocardial mass, gr/ 156 ± 67.1 122 ± 64.2 0.006
Mitral stenosis (n) 9 10 0.374
Peak diastolic gradient across MV, mmHg. 10 [7.5–13] 11 [9.7–13.5] 0.787
Annular calcifi cation (n) 29 12 0.024
Calcifi cation total score 7.38 [6.31–8.47] 6.7 [5.15–8.39] 0.802
Wilkins score 8.9 [7–10.7] 8.37 [7–9.7] 0.454
MV regurgitation > grade 2 (n) 13 22 0.020
Aortic stenosis >40 mmHg (n) 36 27 0.716
Aortic valve annulus size, mm 21.91 ± 2.44 21.7 ± 2.08 0.695
Aortic valve peak gradient, mmHg. 83 [73–93] 75 [65–85] 0.266
AV regurgitation > grade 2 (n) 8 8 0.916
LV systolic pressure, mmHg 38 ± 23 46 ± 17.2 0.189

Computer tomography
Coronary artery calcifi cation 681 [204–1158] 857 [442–1273] 0.334
Ascending aorta calcifi cation 3018 [1649–4387] 2136 [1113–3159] 0.785
Aortic valve calcifi cation 3945 [2227–5663] 2802 [1473–4132] 0.895
Mitral annular calcifi cation 3872 [1596–6148] 2974 [881–5067] 0.9
Pulmonary fi brosis level 3.35 [2.45–4.25] 7.15 [5.9–8.41] 0.0001

Note: HR, heart rate; LV, left ventricular; MV, mitral valve; AV, aortic valve.
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Fig. 2. Radiation injury to the chest skin

gardless of postoperative complications, the length of 
hospital stay was not statistically diff erent between the 
groups, with a median of 10.5 (CI 7.25:16.75) vs. 11 (CI 
9:15.25) days, respectively.

Overall, IHM was 16.27% (n = 14). Multiple organ 
dysfunction syndrome (MODS) was the leading cause 
of death in 9 cases. Among these, MODS resulted from 
acute cerebrovascular insuffi  ciency in one case, respi-
ratory failure in two cases, and acute heart failure in 
four cases during the postperfusion period. In these four 
cases, ECMO was required due to the ineff ectiveness of 
intra-aortic balloon pump (IABP) in stabilizing hemo-

dynamics. In two additional cases, IABP was initiated 
in the intensive care unit due to worsening heart failure.

In fi ve cases, the immediate cause of death was acute 
heart failure. In two patients, heart failure resulted from 
ventricular fi brillation – one occurring on day 3 post-aor-
tic prosthesis and mammary-coronary artery bypass of 
the anterior interventricular artery, and the other on day 9 
after aortic valve replacement and coronary artery bypass 
grafting (CABG) in a patient with multivessel coronary 
artery disease, poor peripheral circulation, and aortic ste-
nosis. Additionally, one case involved iatrogenic injury 
to the left coronary artery trunk due to massive arterial 

Table 3
Scope of surgical intervention

Tangential Extensive Σ
Single-valve intervention (n = 47)

AV replacement 30 (66.7%) 14 (34.14%) 44
MV repair 1 (2.2%) 0 1
MV replacement 0 2 (4.9%) 2

Two-valve intervention (n = 26)
MV and TV repair 1 (2.2%) 0 1
AV replacement and TV repair 1 (2.2%) 0 1
AV and MV replacement 3 (6.7%) 8 (19.5%) 11
MV and TV replacement 1 (2.2%) 0 1
AV replacement and MV repair 2 (4.4%) 3 (7.3%) 5
MV replacement and TV repair 1 (2.2%) 6 (14.6%) 7

Three-valve intervention (n = 13)
AV, MV and TV replacement 0 1 (2.2%) 1
AV and MV replacement, and TV repair 4 (8.9%) 5 (12.2%) 9
AV replacement and atrioventricular valve repair 1 (2.2%) 2 (4.9%) 3

Additional procedures
Jatene ventriculoplasty 0 1 1
Myocardial revascularization 5 14 19
Annulus fi brosus decalcifi cation with repair 3 2 5
AV annulus fi brosus boring 0 1 1
Reoperation 2 1 3
Pericardiectomy 0 2 2

Note: AV, aortic valve; MV, mitral valve; TV, tricuspid valve.
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Fig. 3. Postoperative complications and in-hospital mortality. ECMO, extracorporeal membrane oxygenation; IABP, intra-
aortic balloon counterpulsation

calcifi cation. In one case, early prosthetic endocarditis 
developed on day 16 after two-valve replacement, neces-
sitating repeat surgery. However, this was complicated 
by acute heart failure in the postperfusion period. Ano-
ther case of acute heart failure occurred during cardiac 
recovery following aortic and mitral valve replacement, 
tricuspid valve repair, and CABG of the anterior inter-
ventricular artery. Intra-aortic balloon counterpulsation 
failed to stabilize hemodynamics, and ECMO could not 
be initiated due to a high risk of bleeding.

Pathological and morphological examinations were 
performed on 11 patients. Histological analysis of the 
heart revealed interstitial and perivascular spaces repla-
ced by collagen fi bers (Fig. 4). Qualitative assessment of 
the micropreparations showed that cardiomyocyte repla-
cement by collagen fi bers averaged 33.1 ± 5.6%. Among 
patients who underwent mantle irradiation, interstitial 
fi brosis measured 32 ± 3.09%, while in the tangential 
irradiation group, it was 37 ± 7%.

Multivariate analysis using the stepwise exclusion 
method identifi ed a predictive model with two signifi cant 
factors infl uencing IHM (Table 4). Extensive chest irra-
diation for lymphogranulomatosis increased the risk of 
IHM by 5.099 times, while each 1-point increase in the 
EuroSCORE II scale raised the risk by 1.19 times. This 
model demonstrated satisfactory predictive accuracy, 
with an AUC of 75% (CI: 63–87%) (Fig. 5).

DISCUSSION
Advances in anticancer therapy have signifi cantly 

reduced mortality for certain types of cancer. However, 
in the long term, treatment-related side eff ects and sub-
sequent development of cardiovascular complications 
remain critical concerns for early detection and manage-
ment. To mitigate these risks, baseline risk assessment 
for cardiac toxicity (Class I, Level of Evidence B) is 
recommended before initiating cancer treatment.

Stratifying risk levels for late complications can help 
identify patients at higher risk for unfavorable cardi-
ovascular outcomes. However, many quality-of-care 
improvements, including guideline recommendations, 
were not introduced until the early 21st century. As a 
result, the ESC guidelines on cardio-oncology – deve-
loped in collaboration with the European Hematology 
Association (EHA), the European Society for Radio-
therapy and Oncology (ESTRO), and the International 
Cardio-Oncology Society (ICOS) – were only published 
on August 26, 2022.

Treatment standards for this patient population have 
not yet been established, as no randomized trials exist 

Table 4
Multivariate analysis results

Beta 
regression 
coeffi  cient

P 
value

OR 95% confi dence 
interval for OR
Lower Upper

Extensive RT 1.510 0.033 4.526 1.130 18.129
EuroScore II 0.170 0.016 1.185 1.032 1.361
Constant –3.282 0.000 0.038

Note: OR, odds ratio; RT, radiation therapy; EuroSCORE II, 
European System for Cardiac Operative Risk Evaluation II.
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Fig. 4. I mage 1 a, sclerosis and hyalinosis of all layers of intramural coronary arteries; +, adventitia, *, media, intima lens 10, 
eyepiece 10; b, left ventricular myocardial fi brosis. Myocardial fi brosis of the perivascular and interstitial space 42%. lens 20, 
eyepiece 10; c, diff use thickening and fi brosis of the vessel intima lens 40, eyepiece 10; d, coronary artery wall calcifi cation 
lens 20, eyepiece 10; e and f, pulmonary fi brosis
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Fig. 5. ROC curve of the predictive model for the develop-
ment of in-hospital mortality

challenges. The 2017 ESC/EACTS guidelines provide 
limited guidance on RT-related valvular dysfunction, 
primarily recommending against conventional surgical 
treatment for aortic stenosis (Class I) in favor of trans-
catheter aortic valve replacement (TAVR), based on the 
heart team’s discretion. The latest guidelines do not off er 
clear recommendations regarding RT-related valvular 
disease. However, the 2022 ESC cardio-oncology gui-
delines suggest that for patients at intermediate risk of 
complications, an alternative to TAVR (Class IIa, Level 
B) may be considered if severe aortic stenosis has resol-
ved following radiotherapy [14].

Correlation analysis revealed an inverse relationship 
(r = –0.897, p < 0.001) between the year of RT and the 
interval before the development of cardiac pathology. 
However, this correlation is purely statistical and not a 
direct causal link to modern RT techniques. Instead, it 
refl ects multiple contributing factors, particularly im-
proved post-cancer therapy surveillance in high-risk 
survivors. For patients who underwent high-risk cancer 
therapy in childhood, echocardiographic screening is 
recommended every two years (Class IIa, Level B). In 
adults, annual risk stratifi cation (class I, level B) is ad-
vised, with echocardiography at 1, 3, and 5 years after 
treatment (Class IIa, Level C).

With growing attention to cancer treatment-related 
complications, current guidelines emphasize risk strati-
fi cation for late eff ects. In our study, we specifi cally ana-
lyzed a cohort with extensive irradiation. The evidence 
linking RT to heart failure is dose-dependent and follows 

due to the limited number of cases (competing secondary 
malignancies) and the unclear eff ects of prior treatments. 
Therefore, a multidisciplinary team approach is recom-
mended to evaluate and determine surgical treatment 
options (Class I, Level of Evidence C).

The treatment principles for cardiac pathology in pa-
tients with prior radiotherapy (RT) generally align with 
conventional methods. However, the correction of val-
vular disease due to radiation exposure presents unique 
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a linear model for late complication development. A mul-
ticenter, retrospective case-control study demonstrated a 
high risk of heart failure in individuals exposed to high 
mean doses of left ventricular irradiation [15].

An EBCTCG study examined estimated cardiac radi-
ation doses and their association with adverse cardiovas-
cular events in 30,000 women over a 20-year follow-up. 
The analysis revealed a 3% increase in the risk of death 
from heart disease per Gy of average cardiac dose [16].

Additionally, Brown et al. compared extensive and 
tangential exposure groups, demonstrating that patients 
with tangential or minimal exposure had a lower risk of 
death compared to those with extensive irradiation (OR 
0.6, 95% CI: 0.35–1.02, p = 0.060) [17].

Our meta-analysis demonstrated a 4.98-fold (95% 
CI 1.86–13.12; p < 0.001) increase in IHM risk in pa-
tients with a history of RT compared to a control group 
without RT [18].

The study also found that the extensive irradiation 
group was signifi cantly younger, aligning with the fi n-
dings of Chang et al., where the mean age in the tangen-
tial and extensive groups was 72 ± 8.8 vs. 51 ± 13 years, 
respectively (p < 0.001) [19]. Despite their younger age, 
patients in the extensive irradiation group experienced 
severe circulatory disorders due to the combined nature 
of the lesions and concomitant diseases.

Our data indirectly confi rm that high-dose irradiation 
induces signifi cant changes in all cardiac structures and is 
a key factor in the development of in-hospital mortality 
(IHM). In our study, IHM was 16.4%, whereas Ejifor 
reported rates of 3.8% for primary interventions and 
17.4% for repeat procedures.

A potential explanation for this elevated IHM could 
be the extensive radiation exposure, leading to a high cu-
mulative left ventricular radiation dose. However, these 
fi ndings should be interpreted with caution. One major 
limitation is that the exact radiation dose to mediastinal 
structures was only available for a subset of patients due 
to the long history of prior radiotherapy.

Our data indirectly confi rm that high-dose irradiation 
induces signifi cant changes in all cardiac structures and 
is a key factor in the development of IHM. In our study, 
IHM was 16.4%, whereas Ejifor reported rates of 3.8% 
for primary interventions and 17.4% for repeat procedu-
res [20]. A potential explanation for this elevated IHM 
could be the extensive radiation exposure, leading to a 
high cumulative left ventricular radiation dose. Howe-
ver, these fi ndings should be interpreted with caution. 
One major limitation is that the exact radiation dose to 
mediastinal structures was only available for a subset of 
patients due to the long history of prior RT.

Secondly, during the treatment of breast cancer in the 
1970s–1980s, RT targeting the internal mammary lymph 
node chain was commonly used to improve tumor control 
in internal quadrant lesions. Indirect signs of such irra-
diation, such as skin manifestations, can be observed in 

Fig. 2. This historical treatment approach likely explains 
the absence of signifi cant diff erences in calcifi cation of 
cardiac and ascending aortic structures. However, our 
fi ndings highlight the critical role of myocardial inter-
stitial fi brosis as a key predictor of IHM.

CONCLUSION
The degree of calcifi cation in cardiac structures, the 

presence of pulmonary fi brosis, and the extent of cardiac 
surgery were not signifi cant factors infl uencing IHM. 
Patients with post-radiation damage to heart valves and 
coronary arteries following tangential irradiation can 
successfully undergo surgery with artifi cial circulation. 
However, a history of extensive irradiation is associated 
with a high risk of cardiac and multiple organ failure in 
the early postoperative period. To reduce IHM, a more 
comprehensive assessment of both cardiac and non-car-
diac complications from prior RT is essential.

The authors declare no confl ict of interest.

REFERENCES
1. Cutter DJ, Schaapveld M, Darby SC, Hauptmann M, 

van Nimwegen FA, Krol AD et al. Risk of valvular heart 
disease after treatment for Hodgkin lymphoma. J Natl 
Cancer Inst. 2015 Feb 23; 107 (4): djv008. https://doi.
org/10.1093/jnci/djv008.

2. Van Nimwegen FA, Schaapveld M, Cutter DJ, Janus CP, 
Krol AD, Hauptmann M et al. Radiation Dose-Respon-
se Relationship for Risk of Coronary Heart Disease 
in Survivors of Hodgkin Lymphoma. J Clin Oncol. 
2016 Jan 20; 34 (3): 235–243. https://doi.org/10.1200/
JCO.2015.63.4444.

3. Van Nimwegen FA, Ntentas G, Darby SC, Schaapveld M, 
Hauptmann M, Lugtenburg PJ et al. Risk of heart failu-
re in survivors of Hodgkin lymphoma: eff ects of cardiac 
exposure to radiation and anthracyclines. Blood. 2017 
Apr 20; 129 (16): 2257–2265. https://doi.org/10.1182/
blood-2016-09-740332.

4. Atkins KM, Rawal B, Chaunzwa TL, Lamba N, Bitter-
man DS, Williams CL et al. Cardiac Radiation Dose, 
Cardiac Disease, and Mortality in Patients With Lung 
Cancer. J Am Coll Cardiol. 2019 Jun 18; 73 (23): 2976–
2987. doi: 10.1016/j.jacc.2019.03.500.

5. Machann W, Beer M, Breunig M, Störk S, Angermann C, 
Seufert I et al. Cardiac magnetic resonance imaging 
fi ndings in 20-year survivors of mediastinal radiothe-
rapy for Hodgkin’s disease. Int J Radiat Oncol Biol 
Phys. 2011 Mar 15; 79 (4): 1117–1123. doi: 10.1016/j.
ijrobp.2009.12.054. Epub 2010 Apr 10. PMID: 
20385449.

6. Adams MJ, Lipsitz SR, Colan SD, Tarbell NJ, Treves ST, 
Diller L et al. Cardiovascular status in long-term survi-
vors of Hodgkin’s disease treated with chest radiothera-
py. J Clin Oncol. 2004 Aug 1; 22 (15): 3139–3148. doi: 
10.1200/JCO.2004.09.109. PMID: 15284266.

7. Vahanian A, Beyersdorf F, Praz F, Milojevic M, Baldus S, 
Bauersachs J et al. ESC/EACTS Scientifi c Document 



171

RELATED DISCIPLINES

Group. 2021 ESC/EACTS Guidelines for the manage-
ment of valvular heart disease. Eur Heart J. 2022 Feb 
12; 43 (7): 561–632. doi: 10.1093/eurheartj/ehab395. Er-
ratum in: Eur Heart J. 2022 Feb 18. PMID: 34453165.

8. Wilkins GT, Weyman AE, Abascal VM, Block PC, Pa-
lacios IF. Percutaneous balloon dilatation of the mitral 
valve: an analysis of echocardiographic variables related 
to outcome and the mechanism of dilatation. Br Heart 
J. 1988 Oct; 60 (4): 299–308. https://doi.org/10.1136/
hrt.60.4.299.

9. Movva R, Murthy K, Romero-Corral A, Seetha Rammo-
han HR, Fumo P, Pressman GS. Calcifi cation of the mi-
tral valve and annulus: systematic evaluation of eff ects 
on valve anatomy and function. J Am Soc Echocardiogr. 
2013 Oct; 26 (10): 1135–1142. https://doi.org/10.1016/j.
echo.2013.06.014.

10. Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Ban-
ning AP, Benedetto U et al. ESC Scientifi c Document 
Group. 2018 ESC/EACTS Guidelines on myocardial re-
vascularization. Eur Heart J. 2019 Jan 7; 40 (2): 87–165. 
https://doi.org/10.1093/eurheartj/ehy394.

11. Sianos G, Morel MA, Kappetein AP, Morice MC, Colom-
bo A, Dawkins K et al. The SYNTAX Score: an angio-
graphic tool grading the complexity of coronary artery 
disease. EuroIntervention. 2005 Aug; 1 (2): 219–227.

12. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, 
Viamonte M Jr, Detrano R. Quantifi cation of coronary 
artery calcium using ultrafast computed tomography. 
J Am Coll Cardiol. 1990 Mar 15; 15 (4): 827–832. doi: 
10.1016/0735-1097(90)90282-t. PMID: 2407762.

13. Arriagada R, de Guevara JC, Mouriesse H, Hanzen C, 
Couanet D, Ruffi  e P et al. Limited small cell lung can-
cer treated by combined radiotherapy and chemothe-
rapy: evaluation of a grading system of lung fi brosis. 
Radiother Oncol. 1989 Jan; 14 (1): 1–8. https://doi.
org/10.1016/0167-8140(89)90002-9.

14. Lyon AR, López-Fernández T, Couch LS, Asteggiano R, 
Aznar MC, Bergler-Klein J et al. ESC Scientifi c Docu-
ment Group. 2022 ESC Guidelines on cardio-oncology 
developed in collaboration with the European Hema-

tology Association (EHA), the European Society for 
Therapeutic Radiology and Oncology (ESTRO) and the 
International Cardio-Oncology Society (IC-OS). Eur 
Heart J. 2022 Nov 1; 43 (41): 4229–4361. https://doi.
org/10.1093/eurheartj/ehac244.

15. Van Nimwegen FA, Ntentas G, Darby SC, Schaapveld M, 
Hauptmann M, Lugtenburg PJ et al. Risk of heart failu-
re in survivors of Hodgkin lymphoma: eff ects of cardiac 
exposure to radiation and anthracyclines. Blood. 2017 
Apr 20; 129 (16): 2257–2265. https://doi.org/10.1182/
blood-2016-09-740332.

16. Early Breast Cancer Trialists’ Collaborative Group. 
Long term toxicity of radiation therapy. 2006 Update of 
the Early Breast Cancer Trialists’ Collaborative group 
overview of radiation therapy for early breast cancer; 
2007 American Society of Clinical Oncology Annual 
Meeting; June 1–5 2007; Chicago.

17. Brown JA, Aranda-Michel E, Kilic A, Serna-Gallegos D, 
Bianco V, Thoma FW, Sultan I. Impact of Thoracic Ra-
diation on Patients Undergoing Cardiac Surgery. Semin 
Thorac Cardiovasc Surg. 2022 Spring; 34 (1): 136–143. 
https://doi.org/10.1053/j.semtcvs.2021.01.008.

18. Muratov RM, Babenko SI, Sorkomov MN, Sachkov AS. 
Meta-analysis of surgical treatment of valvular patholo-
gy after radiotherapy for cancer of the mediastinal or-
gans. Creative cardiology. 2023; 17 (4): 453–463. doi: 
10.24022/1997-3187-2023-17-4-453-463.

19. Chang AS, Smedira NG, Chang CL, Benavides MM, My-
hre U, Feng J et al. Cardiac surgery after mediastinal ra-
diation: extent of exposure infl uences outcome. J Thorac 
Cardiovasc Surg. 2007 Feb; 133 (2): 404–413. https://
doi.org/10.1016/j.jtcvs.2006.09.041.

20. Ejiofor JI, Ramirez-Del Val F, Nohria A, Norman A, Mc-
Gurk S, Aranki SF et al. The risk of reoperative cardiac 
surgery in radiation-induced valvular disease. J Thorac 
Cardiovasc Surg. 2017 Dec; 154 (6): 1883–1895. doi: 
10.1016/j.jtcvs.2017.07.033. Epub 2017 Jul 29. PMID: 
28870399.

The article was submitted to the journal on 9.07.2024


