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Abstract
Background: Cardiotoxicity is a serious adverse effect of chemotherapy, often identified only after irreversible 
myocardial damage has occurred. Positron emission tomography/computed tomography (PET/CT) using fluorine-18 
fluorodeoxyglucose (18F-FDG) allows for the evaluation of myocardial glucose metabolism and may help detect early 
metabolic changes related to chemotherapy.

Objective: To assess changes in 18F-FDG standardized uptake values (SUVs) across different cardiac regions before and 
after chemotherapy in patients with lymphoma, and to identify which region exhibits the greatest increase. 

Methods: This retrospective cohort study included 62 lymphoma patients who underwent 18F-FDG PET/CT before and 
after chemotherapy. SUV measurements were obtained in the left ventricular (LV) free wall, interventricular septum 
(IVS), right ventricular (RV) free wall, and global myocardium. Control regions included the liver and aorta. Pre- and 
post-treatment SUV values were compared to evaluate metabolic changes related to chemotherapy. 

Results: Myocardial 18F-FDG uptake increased significantly after chemotherapy across all cardiac regions, with the most 
pronounced rise observed in the LV free wall (maximum SUV increase of 73%, p<0.001). The RV free wall showed a 
non-significant increase in SUV, and no significant changes were observed in the liver or aorta. 

Conclusions: Chemotherapy was associated with a global increase in myocardial 18F-FDG uptake, with the most 
pronounced elevation observed in the LV free wall. This regional predominance highlights the LV free wall as the most 
sensitive site for detecting early metabolic changes potentially related to cardiotoxicity.
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The clinical manifestations of CTX often appear months or years 
after initial chemotherapy, limiting the utility of traditional methods 
like LVEF assessment, which detects systolic dysfunction only after 
substantial myocardial injury has occurred.3,9,10 Positron emission 
tomography/computed tomography (PET/CT) with fluorine-18 
fluorodeoxyglucose (18F-FDG) offers a promising alternative by 
providing insights into myocardial metabolism and detecting 
subtle metabolic changes preceding overt contractile dysfunction.11 
Studies suggest that 18F-FDG uptake alterations in cardiomyocytes 
during or after chemotherapy may reflect early mitochondrial and 
metabolic stress, potentially serving as an early marker of CTX.9-15

Interestingly, 18F-FDG uptake varies physiologically between 
different cardiac regions. The left ventricle, due to its higher 
myocyte density and energy demand, exhibits greater glucose 
consumption than the right ventricle.16,17 This disparity may be 
further influenced by oxidative stress induced by chemotherapy, 
which could preferentially affect certain myocardial regions. 
Understanding these regional differences in 18F-FDG uptake 
may provide deeper insights into the mechanisms of CTX and 
its early detection.

This study aimed to evaluate changes in 18F-FDG standardized 
uptake values (SUV) in different myocardial regions before and 

Introduction
Cardiotoxicity (CTX) is one of the most severe long-term 

adverse effects of cancer treatment, potentially leading to 
heart failure with reduced ejection fraction (HFrEF) and other 
cardiovascular complications.1 Although initially defined as a 
reduction in left ventricular ejection fraction (LVEF), CTX has 
been expanded in recent guidelines to include a broader range 
of cardiovascular conditions.2,3 Among chemotherapy drugs, 
anthracyclines remain one of the leading causes of CTX due to 
their well-documented association with HFrEF, which is often 
irreversible and carries high morbidity and mortality.4-8
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Central Illustration: Monitoring Myocardial Metabolic Changes in Lymphoma Patients Undergoing Che-
motherapy Using FDG PET/CT Imagem
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after chemotherapy, offering a novel perspective on metabolic 
markers of CTX during cancer treatment monitoring.

Materials and Methods
This is a retrospective cohort study that reexamined the 

medical records and imaging exams of 70 patients who 
participated in a previous study conducted by the Nuclear 
Medicine Department of a private hospital between January 1, 
2012, and August 28, 2017. 

The inclusion criteria were age 18 years or older; diagnosis of 
lymphoma; and having undergone at least two 18F-FDG PET/CT 
scans – one prior to chemotherapy and another during or after 
treatment, as illustrated in the Central Illustration.

Patients were excluded due to insufficient data in their medical 
records, unavailability or inability to evaluate the 18F-FDG PET/
CT images, prior mediastinal chemotherapy or radiotherapy 
(before the baseline PET/CT of this study), or insulin therapy 
administered on the day of any 18F-FDG PET/CT exam. After 
reviewing the exams, eight patients were excluded due to the 
inability to assess the images.

Clinical data and personal history were retrieved from the 
medical records attached to the initial assessment form, which 
was completed by the patient prior to each PET scan. For PET/CT 

analysis, we collected the following parameters: 18F-FDG injected 
dose, activation time, and both maximum and mean SUV of the 
descending aorta, liver, and heart. We measured 18F-FDG SUV 
in various cardiac regions: the whole heart, the mid-region of 
the septal wall, the left ventricular (LV) free wall, and the right 
ventricular (RV) free wall (see Central Illustration; Figure 1).

The evolution of SUVs was analyzed based on the numerical 
measurements in the different cardiac segments evaluated, as well 
as in the control organs (aorta and liver). A comparison between 
the final and baseline maximum SUV values was also performed.

18F-FDG PET/CT Protocol
Patients were instructed to fast for six hours prior to the 

exam, continue taking their usual medications, and avoid 
physical activity for 24 hours beforehand. To proceed with the 
exam, blood glucose levels had to be below 180 mg/dL. The 
radiopharmaceutical 18F-FDG was administered at a dose of 
3.7 to 4.8 MBq/kg, and patients were instructed to rest for 60 
minutes (corresponding to the uptake period). After this interval, 
they were taken to the imaging room for acquisition.

All exams were performed using the same PET/CT scanner 
(Biograph 16, Siemens Healthcare, USA). Images were acquired 
from the skull base to the proximal middle third of the lower 
limbs (femur) in three-dimensional mode, with a scan time of 

Monitoring myocardial metabolic changes after chemotherapy. 18F-FDG PET-CT: Positron emission tomography/computed tomography 
with fluorine-18 fluorodeoxyglucose; IVS: Interventricular septum. LV: left ventricle. RV: right ventricle. SUV: standardized uptake 
values. Created with BioRender.com.
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three minutes per bed position (each body segment). The images 
were processed using iterative reconstruction (2 iterations with 8 
subsets and a Gaussian filter).

Computed tomography (CT) acquisition parameters included a 
5 mm slice thickness, 120 kV voltage, and no intravenous contrast 
administration. Additionally, the exam was complemented by a 
chest helical acquisition performed during maximum inspiration.

Statistical Analysis
Data were analyzed using R software version 4.0.0 (R 

Foundation for Statistical Computing, Vienna, Austria). 
Numerical data are presented as median and interquartile 
range, as they do not follow a normal distribution, while 
categorical data are expressed as n (%). The Bayesian Repeated 
Measures Profile Modeling (BRPM) method was used to 
compare SUV values between baseline and final PET groups. 
SUV analysis was performed across all cardiac regions as well 
as in the liver and aorta. A significance level of 5% was adopted 
to reject the null hypothesis.

Results

General Descriptive Analysis
A total of 62 patients were included in this study. The sample 

characteristics are further detailed according to socio-demographic 
and clinical criteria (Table 1). The mean age was 49 ± 15 years, 
and the average weight was 73 ± 9 kg. Clinical characteristics and 
patient data at the time of the exams are also presented (Table 2).

Evolution of the SUV During Cancer Therapy
Both maximum and mean SUV values increased significantly 

during cancer treatment across all assessed cardiac regions (see 

Central Illustration). The most prominent elevations were observed 
in the global cardiac SUV and the LV free wall SUV. In contrast, 
the aortic and hepatic SUVs (both mean and maximum) showed 
no statistically significant differences between the baseline and 
final PET scans (Table 2). Figure 2 illustrates the progression of 
maximum and mean SUVs across all cardiac segments and control 
regions (aorta and liver).

Discussion
This study demonstrated a statistically significant increase in 

cardiac 18F-FDG uptake across all left ventricular regions during 
chemotherapy. The most pronounced uptake was observed in 
the lateral wall of the LV. Although an increase in SUV uptake 
was also noted in the lateral wall of the RV, this change did not 
reach statistical significance.

Baucknet et al.18 reported that cardiac 18F-FDG uptake 
is directly proportional to the oxidative stress induced by 
anthracycline use. Therefore, the increased myocardial 18F-FDG 
uptake in these segments may suggest a greater rise in oxidative 
stress within the LV regions compared to other sites. 

The more noticeable changes in the left heart segments may be 
due to the higher density of cardiac muscle cells in the left ventricle. 
Since the left ventricle has a larger muscle mass, it contains more 
cells that have been affected by oxidative damage caused by 
chemotherapy.16 Another possible explanation is that the fibers 
on the left side of the heart have a greater energy demand. Under 
oxidative stress, these cells can no longer produce enough energy 
to function properly, leading to cell death (apoptosis). Because the 
fibers in the LV require more energy, this process of cell damage 
occurs more frequently in these fibers, resulting in greater 18F-FDG 
uptake in the myocardium.17

Bulten et al.19 observed that only some cardiomyocytes are 
susceptible to anthracycline-induced injury and that this damage 

Figure 1 – Regions of interest (ROIs) for SUV acquisition in various cardiac sites and in control regions (aorta and liver) (A), global 
heart SUV; (B), LV free wall SUV; (C), IVS SUV; (D), RV free wall; (E), Aorta SUV; (F), Liver SUV. SUV: standardized uptake value, LV: 
left ventricle, IVS: interventricular septum, RV: right ventricle
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When analyzing the SUV changes, a notable rise in all cardiac 
segments examined was observed. This finding aligns with the 
results from the study by Dourado et al.,21 where they reported 
an average increase of 66.5% in the maximum global cardiac SUV 
when comparing baseline PET/CT to PET/CT after chemotherapy.

Bauckneht et al.²² performed 18F-FDG PET/CT scans on 69 
patients with Hodgkin’s lymphoma undergoing doxorubicin 
therapy. Four scans were conducted: one at baseline, one during 
treatment, another four to six weeks after chemotherapy, and 
a final scan six months post-treatment. The study revealed a 
significant increase in LV SUV following chemotherapy. Moreover, 
the LV SUV was notably low prior to treatment and was identified 
as a potential predictive marker for the development of CTX.

Kim et al.13 evaluated not only the increase in myocardial 
18F-FDG uptake but also the uptake pattern. In their study, among 
121 patients monitored, 15 developed CTX, diagnosed via 
echocardiography one week after treatment with anthracyclines 
(doxorubicin and epirubicin) or trastuzumab. A diffuse uptake 
pattern and increased LV 18F-FDG uptake were more frequently 
observed in patients who developed CTX.¹²

Another key finding was that an increase of 0.4 in the RV 
maximum SUV, as well as an RV maximum SUV greater than 
1.8, were statistically significant indicators of CTX.12 In the 
present study, although less pronounced, both the maximum and 
mean RV SUV values increased during cancer therapy, partially 
corroborating the findings of Kim et al.13 These results highlight 
the need for more targeted studies to better understand the role 
of the RV and its association with the development of CTX. 

While this study offers valuable insights, several limitations 
should be acknowledged. First, its retrospective design limits 
control over confounding factors, such as pre-existing cardiac 
conditions or concurrent medications, which may have 
influenced the results. Future prospective studies with stricter 
controls could help mitigate these biases. The small sample size 
also restricts the generalizability of the findings; expanding the 
cohort in future research would enhance statistical power and 
enable subgroup analyses.

Additionally, the lack of functional data – such as 
echocardiography or cardiac magnetic resonance imaging 
(MRI) – makes it challenging to correlate metabolic changes 
with functional outcomes. Including these assessments in future 
studies would provide a more comprehensive understanding 
of the relationship between metabolic alterations and CTX. 
Finally, although the follow-up period was short and the study 
was conducted at a single center without standardized dietary 
preparation, larger multi-center studies with extended follow-up 
and consistent protocols would help overcome these limitations. 

Still, the results help to further clarify the behavior of 18F-FDG 
myocardial uptake before and after chemotherapy. Moreover, this 
investigation offers an innovative perspective, given the limited 
number of studies in this field and the fact that CTX diagnosis 
remains delayed.

Conclusion
This study demonstrated an increased 18F-FDG uptake in 

various cardiac regions in patients with lymphoma undergoing 
chemotherapy. Among the evaluated cardiac sites, the maximum 

Table 1 – Sociodemographic and clinical characteristics of 
patients undergoing 18F-FDG PET/CT in the assessment of 
myocardial uptake during chemotherapy treatment.

Variable (N=62) N (%)

Female 31 (50%)

Hypertension 13 (20.9%)

Dyslipidemia 9 (14.5%)

Diabetes mellitus 8 (12.9%)

Coronary artery disease 3 (4.8%)

Smoke

   Smoker 2 (3.2%)

   Not smoker 44 (70.9%)

   Ex-smoker 16 (25.8%)

Type of Lymphoma

   Hodgkin 23 (37%)

   Não Hodgkin 39 (62.9%)

Chemoterapy useda

   ABVD 12 (37.5%)

   ABVD + alternative scheme 1 (3.1%)

   R-CHOP 14 (43.9%)

   R-CHOP + alternative scheme 2 (6.2%)

   BEACOPP 1 (3.1%)

   DA-EPOCH-R 1 (3.1%)

   Imunotherapy 1 (3.1%)

Mediastinal radiotherapy 9 (14%)

Use of medication

   No 4 (6.4%)

   Yes (Cardioprotective)b 15 (24.1%)

   Sim (Non-cardioprotective)b 43 (69.3%)
aAvailable for 32 patients. bCardioprotective medication: angiotensin 
II receptor blocker, beta-blocker, angiotensin-converting enzyme 
inhibitor. ABVD: Adriamycin or Doxorubicin + Bleomycin + 
Vinblastine + Dacarbazine, BEACOPP: Bleomycin + Etoposide + 
Doxorubicin + Cyclophosphamide + Vincristine + Procarbazine + 
Prednisone, DA-EPOCH-R: Etoposide + Prednisone + Vincristine + 
Cyclophosphamide + Doxorubicin + Rituximab Dose adjusted, R-

occurs even with low doses of doxorubicin. A greater 18F-FDG 
uptake in the different cardiac segments may be a consequence of 
the greater presence of these susceptible cells in those segments.

It is possible that PET/CT provides a diagnosis of this process 
in which the oxidative stress increases until the cell starts its 
apoptosis. It is known that the apoptosis process can be reversed 
until the moment immediately prior to the cell membrane lysis.20 
If there is a possibility of suppression of this oxidative stress, the 
cardiomyocytes death could be avoided. Hence the importance 
of diagnosing this cellular damage as early as possible.
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SUV in the LV free wall showed the most significant increase 
during treatment.
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Figure 2 – Evolution of maximum and mean SUVs (median values) across different cardiac regions and control sites (aorta and liver) 
at baseline and at the end of chemotherapy treatment. 1median (interquartile range). IVS: Interventricular septum. LV: left ventricle. RV: 
right ventricle. AO: aorta. Created with Microsoft Excel.

Table 2 – Evolution of standardized uptake value, body weight, and test characteristics in patients undergoing 18F-FDG PET/CT for 
myocardial uptake assessment during chemotherapy

Variable Basal1

(N = 62)
Final1

(N = 62) P2 Final vs Baseline
Dif. (95%CI)3

Weight (kg) 73 (66 - 82) 74 (65 - 83)

Activation time (min) 67 (60 - 76) 65 (60 - 76)

Dose injected (MBq) 344 (303 - 394) 333 (296 - 392)

Mean heart SUV 1.80 (1.40 – 2.73) 2.55 (1.61 – 3.77) < 0.001 0.75 (0.35 – 1.37)

Maximum heart SUV 2.96 (2.29 – 5.47) 5.12 (3.16 – 8.77) < 0.001 2.23 (1.04 – 3.43)

Mean interventricular septum SUV 1.87 (1.42 – 2.74) 2.62 (1.64 – 4.39) 0.024 0.75 (0.15 – 2.05)

Maximum interventricular septum SUV 2.16 (1.67 – 2.49) 3.00 (1.96 – 5.61) 0.020 0.83 (0.10 – 2.62)

Mean right ventricular SUV 1.33 (1.16 – 1.54) 1.49 (1.31 – 1.72) 0.059 0.16 (-0.01 – 0.31)

Maximum right ventricular SUV 1.69 (1.43 – 1.96) 1.83 (1.60 – 2.10) 0.068 0.14 (-0.01 – 0.36)

Mean left ventricular SUV 2.03 (1.54 – 3.66) 3.62 (1.86 – 5.64) < 0.001 1.60 (0.68 – 2.66)

Maximum left ventricular SUV 2.43 (1.87 – 4.58) 4.51 (2.28 – 7.18) < 0.001 2.08 (0.87 – 3.07)

Mean aorta SUV 1.48 (1.28 – 1.67) 1.44 (1.22 – 1.68) 0.766 -0.03 (-0.16 – 0.12)

Maximum aorta SUV 1.80 (1.51 – 2.11) 1.67 (1.45 – 2.02) 0.405 -0.12 (-0.28 – 0.105)

Mean liver SUV 2.20 (1.86 – 2.50) 2.29 (2.04 – 2.63) 0.125 0.09 (-0.05 – 0.24)

Maximum liver SUV 2.57 (2.18 – 2.98) 2.63 (2.38 – 2.99) 0.331 0.06 (-0.10 – 0.22)
1Median (interquartile range). Kg: kilograms. min: minutes. MBq: megabecquerel. 2BRPM Method 3Difference between medians 
and their respective 95% confidence interval. 
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