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(Abstract \

Primary cardiac sarcomas are rare, aggressive malignancies, with leiomyosarcoma (LMS) representing an unusual subtype.
Radiotherapy (RT) is often employed for palliation in unresectable cardiac tumours; However, the respiratory complications
of this approach are not well documented. We report the case of a 66-year-old man with primary cardiac LMS involving the
right atrium and inferior vena cava, treated with palliative RT, who subsequently developed hypoxia and bilateral pulmonary
infiltrates extending beyond the irradiated field.

This presentation created a complex diagnostic challenge, with differential considerations including Radiation Pneumonitis
(RP), pulmonary oedema, and infection. Despite treatment with corticosteroids, diuretics, and broad-spectrum antibiotics, his
condition deteriorated, culminating in acute respiratory distress syndrome.

This case highlights the rarity of RP following RT for cardiac tumours, particularly when affecting non-irradiated lung, and it
illustrates the diagnostic uncertainty that arises when cardiac and respiratory pathologies coexist. It emphasises the value of
early post-treatment follow-up, careful use of imaging, and close multidisciplinary collaboration across specialities. Finally,
it underscores the importance of clear and compassionate communication with patients and families when the prognosis is

uncertain and clinical decline is rapid.
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Introduction

Primary cardiac neoplasms are incredibly rare, with a reported
lifetime incidence of <0.02% [1]. In contrast, secondary (met-
astatic) involvement of the heart is substantially more com-
mon [2]. Of the primary cardiac tumours, fewer than 10% are
malignant; of those that are, the most common are classified
histologically as sarcomas or lymphomas [3], with an overall
incidence of <0.005% [4].

Among cardiac sarcomas, leiomyosarcomas (LMSs) account
for approximately 10%. These typically arise in the left atrium
and present between the fourth and sixth decades of life, with
no observed sex predilection [3]. Unfortunately, malignant
primary cardiac tumours carry a poor prognosis, with a mean
survival of approximately six months following diagnosis [5].

Radiotherapy (RT), whether delivered with curative or pallia-

tive intent, can cause adverse effects to adjacent critical struc-
tures, despite significant advancements in radiation delivery
techniques [6]. Radiation Pneumonitis (RP) is a common acute
manifestation of radiation-induced lung injury (RILI) that
typically presents between one and three months following
the completion of radiotherapy. Conversely, radiation-induced
pulmonary fibrosis represents a late sequela, usually develop-
ing between 6 to 24 months post-treatment [7].

The incidence of RP varies widely, affecting approximately
5-25 % of patients treated with thoracic irradiation [8]. Sever-
ity can be assessed with the five-grade Kong scale with step-
wise treatment recommendations based on severity [9,10].
Risk factors contributing to the development of RP include
mean lung radiation dose measured in gray (Gy) [11], non-
smokers who lack the protective effect of tobacco, pre-existing
lung conditions, and advanced patient age [12].
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Case Presentation

We report the case of a 66-year-old White British male with a
known diagnosis of an inter-atrial LMS, initially identified dur-
ing a prior admission in April 2025 for decompensated heart
failure refractory to diuretics. A cardiac biopsy confirmed LMS,
which was Murine Double Minute 2 (MDM?2) non-amplified.
Because MDM2 amplification is characteristic of liposarcoma,
its absence supports the diagnosis of LMS over liposarcoma.
The tumour was deemed unresectable because of its infiltra-
tion into the right atrium and inferior vena cava as shown in
imaging in Figures 1, 2 and 3. He was also unsuitable for ste-
reotactic ablative body radiotherapy because of the tumour size
and was not a candidate for systemic chemotherapy given his
underlying heart failure and impaired renal function.

Figure 1: Echocardiogram demonstrating a large echo-dense
mass (white arrow) in the right atrium, appearing to almost
fill the chamber.

Figure 2: Cardiac MRI showing a large mass in the right
atrium (white arrow) demonstrating heterogenous late gado-
linium enhancement in keeping with a tumour.
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Figure 3: CT chest, abdomen and pelvis with contrast demon-
strating a 10cm heterogeneously enhancing solid mass (white

arrow) in the right atrium extending into the suprahepatic
wc.

A pre-radiotherapy staging computed tomography (CT) scan
(Figure 4) demonstrated no evidence of metastatic disease.
Additional findings included widespread bronchiectasis, with
no evidence of focal pulmonary consolidation or pleural effu-
sion.

At his oncology follow-up in early September, he was noted
to be recovering well clinically. Liver function tests revealed
a mild hyperbilirubinemia (46 pmol/L; normal range 0-21
pmol/L) with normal alanine transaminase (ALT; 13 U/L;
normal range 0-40 pmol/L), attributed to hepatic congestion
secondary to fluid retention. A contrast-enhanced magnetic
resonance imaging (MRI) liver as shown in Figure 5, revealed
an indeterminate lesion that was atypical for a metastasis or
primary liver tumour. Additional imaging findings were con-
sistent with congestive hepatopathy, including caudate and lat-
eral segment hypertrophy, posterior right liver notching, gall-
bladder wall oedema, and upper abdominal ascites-all of which
were considered likely secondary to IVC obstruction caused by
the cardiac tumour.

The management plan at the time was to repeat a CT Chest,
Abdomen, and Pelvis (CTCAP) later in September to assess
for disease progression. In the absence of metastatic disease, he
would remain on active surveillance. Further palliative chemo-
therapy would be considered if there was radiological progres-
sion, contingent upon his functional status.

In the interim, the patient reported discomfort with swallowing,
reduced oral intake, and poor appetite, which were attributed
to oesophageal irritation following RT. He had been unable to
continue furosemide after his supply was exhausted in the days
preceding admission. On presentation, he reported a two-day
history of progressive shortness of breath and dry cough, ac-
companied by worsening ascites and pleuritic left-sided chest
pain since radiotherapy, exacerbated by deep inspiration and
coughing. His past medical history is listed in Table 1. He was
taking aspirin 75 mg once daily, bisoprolol 10 mg once daily,
dapagliflozin 5 mg once daily, furosemide 40 mg twice daily,
lansoprazole 15 mg once daily, and linagliptin 5 mg once daily.
His nutritional intake was supported with Fortisip Compact
twice daily. For cardiovascular symptoms, he was on isosor-
bide mononitrate 10 mg twice daily and used glyceryl trinitrate
spray 400 micrograms per dose sublingually as required.

Initial Clinical Assessment

On admission, his National Early Warning Score (NEWS) [13]
was 6 with a heart rate of 109 beats per minute and oxygen sat-
uration of 96% while receiving 40% oxygen via a Venturi mask
and tachypnoea; he was also apyrexial. Electrocardiography
(ECG) as shown in Figure 6 demonstrated sinus tachycardia
with right bundle branch block and no evidence of ischemia.
His chest X-ray (CXR) (Figure 7) demonstrated bilateral mid-
to-lower zone opacifications. The left mid-zone changes were
felt to be most consistent with post-RT pneumonitis, given his
recent exposure to high-dose thoracic irradiation, whereas the
less well-defined right mid-zone opacity was considered to be
possibly infective in nature, while accepting this could also
represent RP.

Admission blood tests (Table 2) revealed a mildly elevated
Total White Cell count (TWC) and C-Reactive Protein (CRP)
when compared to previous results. An arterial blood gas dem-
onstrated type 1 respiratory failure. Respiratory viral swabs
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Figure 4: Comparison of CTCAP imaging between pre-admission scans (11/06/2024; panels A-F) and
admission scans (06/09/2024; panels G-L), demonstrating the interval changes described in the text.

Table 1
Condition Details
Type 2 diabetes Medically managed
Ischemic heart disease Previous coronary stenting in

2021, 2008, and 2003

Chronic kidney disease Stage 3A, baseline eGFR =~ 40
mL/min/1.73 m?

Gastritis Medically managed
Depression Medically managed
Right anterior thigh follow-up, no recurrence on

myxoid Post wide excision | imaging
of adductor compartment

(right thigh) with
Figure 5: MRI Liver showing a 31.8 mm ill-defined area neoadjuvant radiotherapy;
(labelled B01) of low intensity bordering segment 44 and 2 tabl li
of the left lobe of the liver, best demonstrated on the portal ?2%1 ;)on {posarcorma

venous phase series.
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Figure 6: Admission electrocardiogram recorded at a paper speed of 25 mm/s and voltage calibration of
10 mm/mV, demonstrating a right bundle branch block pattern.
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Figure 7: Serial chest radiographs demonstrating progression of pulmonary changes. (A) Admission chest radiograph showing
bilateral mid-to-lower zone airspace opacification, more pronounced on the left, in keeping with early pneumonitic change or
pulmonary oedema. (B) Repeat chest radiograph on Day 6 demonstrating persistent and relatively unchanged florid bilateral mid-
to-lower zone consolidation with no pleural effusion, consistent with evolving severe pneumonitis.
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Table 2: Blood results on admission compared to previous results after competing radiotherapy.

lood results [Admission Results Pre-admission (Post-RT) Results ormal Range
pH 7.43 - 7.35-7.45
PaCO: (kPa) 4.1 - 4.6-6.4
a0: (kPa) 9.7 - 11-14.4
actate (mmol/L) 2.7 - 02
GIucose (mmol/L) 10.1 - -
aemoglobin (g/L) 121 112 130-180
hite cell count (x10°/L) 8.44 6.8 411
eutrophil count (x10°/L) 5.58 4.98 D7
ymphocyte count (x10°/L) 1 0.71 1-4.5
latelet count (x10°/L) 106 142 150-450
C-reactive protein (mg/L) 38 23 0-5
rea (mmol/L) 6.2 8.8 2.5-7.8
Creatinine (umol/L) 96 152 59-104
eGFR (mL/min/1.73 m?) 70 40 -
[Albumin (g/L) 33 35 35-50
ilirubin (pmol/L) 51 46 0-21
[Alkaline phosphatase (U/L) 303 203 30-130
[Alanine Transaminase (U/L) |16 13 0-40

eGFR = estimated glomerular filtration rate.

Figure 8: Admission abdominal ultrasound demonstrating gross ascites (4) Right upper quadrant view showing the liver
and right kidney with a large volume of surrounding anechoic free fluid (B) Left iliac fossa view demonstrating marked free
fluid tracking within the lower abdomen (C) Left kidney view with adjacent anechoic ascitic fluid confirming generalised
intra-abdominal accumulation.

were negative for severe acute respiratory syndrome coronavi-
rus 2, influenza virus, and respiratory syncytial virus.

The initial working diagnosis was pulmonary oedema, attrib-
uted to recent omission of furosemide, as well as ascites with
deranged liver function tests and possible community-acquired
pneumonia. Given his history and the initial differentials
above, a cardiology opinion was sought. They felt the presen-
tation was unlikely to be primarily cardiac in origin and more
consistent with post-radiotherapy changes and ascites, because
his echocardiogram demonstrated normal left ventricular ejec-
tion fraction (>55%) with normal RV function. A subsequent
abdominal ultrasound (Figure 8), confirmed the presence of
gross abdominal and pelvic ascites in keeping with congestive
hepatopathy secondary to intrahepatic [IVC obstruction.

As his symptoms persisted and oxygen saturations continued
to decline, he was escalated to IV piperacillin-tazobactam on
Day 2 of admission. He was subsequently transferred to the
Respiratory Support Unit and commenced on high-flow nasal
cannula (HFNC) oxygen therapy.

A contrast-enhanced CTCAP, as shown in Figure 4, demon-
strated ‘bilateral pneumonitic changes, with appearances high-
ly suggestive of viral pneumonitis. The differential diagnoses

include Acute Respiratory Distress Syndrome (ARDS) and
pulmonary oedema.

On review, the patient’s dyspnoea and increasing oxygen re-
quirements were considered multifactorial. The leading differ-
ential diagnoses included the following:

. Post-RT pneumonitis

. Cardiac dysfunction related to atrial tumour burden

. Superimposed lower respiratory tract infection

. Impaired diaphragmatic movement secondary to

tense ascites

Other possibilities included aspiration pneumonia, pulmonary
oedema from underlying heart failure, obstruction to blood
flow by the right atrial mass, and less common causes such
as lymphangitic spread or post-RT sequelae including cardiac
dysfunction or pulmonary hypertension. A three-day empirical
trial of dexamethasone 8 mg was commenced, and an ascitic
tap was performed, which was negative for spontaneous bacte-
rial peritonitis and demonstrated transudative fluid. Escalation
to the critical care unit was not considered appropriate in view
of his overall condition, particularly given concerns that inva-
sive ventilation could exacerbate mechanical cardiac outflow
obstruction from the sizeable right atrial tumour and underly-
ing right heart failure.
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His hypoxia was managed with HFNC (100% at 60 L/min)
and continuous positive airway pressure (CPAP) at 8 cmH-0,
which was titrated in conjunction with physiotherapy support.
Despite this, he experienced recurrent desaturation on minimal
exertion and remained oxygen dependent.

At this stage, the patient was empirically treated with intra-
venous antibiotics, intravenous loop diuretics, and intravenous
dexamethasone. This broad therapeutic approach was intended
to address the range of differential diagnoses outlined. De-
spite these treatments, there was no clinical improvement and
he continued to require 100% oxygen support via 60L/min
HFNC and remained symptomatic with persistent dry cough,
dyspnoea, and intermittent pyrexia. Therapeutic ascitic drain-
age provided only transient symptomatic relief. In parallel, the
patient was commenced on insulin because of steroid-induced
hyperglycaemia associated with the dexamethasone therapy.

After two days without clinical improvement on intravenous
piperacillin-tazobactam, the antibiotic regimen was escalated
to intravenous co-trimoxazole to provide coverage for poten-
tial opportunistic infections, particularly Pneumocystis jirove-
cii pneumonia (PJP), given the context of relative lymphopenia
and recent thoracic radiotherapy. Further investigations were
undertaken to explore infectious and inflammatory differen-
tials; both Procalcitonin (PCT) and beta glucan were normal.

On day 6 of admission, a repeat CXR (Figure 7) demonstrat-
ed persistent florid bilateral mid-to-lower zone consolidative
changes, with no significant radiological improvement.

Despite ongoing treatment, he continued to deteriorate and was
unable to tolerate even brief breaks from CPAP, experiencing
immediate desaturation even on HFNC at 60L/min and 100%
FiO.. The working impression was evolving towards refrac-
tory RP, with differential consideration of an atypical infection,
notably PJP, in view of recent RT and relative immunosuppres-
sion

On day 8 of admission, discussions were ongoing with his
family regarding the gravity of the situation and the lack of
progress despite prolonged medical treatment. Despite broad-
spectrum intravenous antibiotics, high-dose corticosteroids,
and diuretics, there had been no clinical improvement. A PCT
level suggested that bacterial infection was unlikely to be the
primary driver of his condition.

As a final therapeutic attempt, a three-day trial of intravenous
(IV) methylprednisolone 250mg was commenced. On day 9,
his antimicrobial coverage was escalated to include IV me-
ropenem and clarithromycin to provide broader coverage for
any occult or resistant infections. A sputum culture later grew
A. baumannii complex, with sensitivities as summarised in
Table 3.

Table 3: Sputum culture result showing A. baumannii complex
and corresponding antimicrobial sensitivities.

Sensitivity Profile

Organism Identified

[Acinetobacter baumannii
complex

Gentamicin; Meropenem; Co-
trimoxazole

Unfortunately, he did not demonstrate any further clinical im-
provement, and corticosteroid therapy was de-escalated. He
became increasingly tachypnoeic and distressed, unable to tol-

erate CPAP, so focus shifted toward palliative care. He passed
away peacefully on day 13 of admission with the medical cause
of death recorded as pneumonitis.

Discussion

This case is notable due to the extreme rarity and aggressive
behaviour of primary cardiac LMS [14,15]. Sadly, LMS is fre-
quently unresectable at the time of diagnosis [16] and has a
mean survival time of 17.5 months with treatment [17] and 6
months without treatment [18].

In contrast, atrial myxomas - the most common primary cardi-
ac tumour - typically originate in the left atrium [19], are slow-
growing, often curable with surgery, and associated with better
outcomes [20,21,22]. While LMS most commonly involve the
left atrium, our patient’s tumour involved the right atrium and
extended into the IVC, a particularly rare presentation, previ-
ously reported only in isolated case studies such as this [23].

Consistent with existing literature, this tumour remained clini-
cally silent until it led to symptoms related to mechanical ob-
struction and decompensated heart failure [16,23], prompting
the initial diagnosis and later contributing to both admission
and death. In this case, heart failure symptoms proved refrac-
tory even to high-dose IV diuretics and underscores the diag-
nostic challenges and rapid clinical deterioration typically as-
sociated with cardiac sarcomas - though RP was ultimately the
driving process.

Data specifically addressing RP following RT for cardiac tu-
mours are extremely limited. The majority of existing literature
reports RP pertaining to patients treated with RT for thoracic
malignancies such as lung, breast, and oesophageal cancers as
well as lymphoma and in paediatric tumours [24-27].

Adjuvant RT has occasionally been employed for local con-
trol in cardiac sarcoma, but outcome data remain scarce. In a
large modern series [28], postoperative therapy outcomes for
primary cardiac sarcomas demonstrated the feasibility of adju-
vant RT and improved local control, yet without reporting pul-
monary toxicity. This absence of toxicity data highlights both
the rarity of such cases and the likelihood of under-recognised
RILI in this context. Our patient’s course therefore represents
one of few documented instances of clinically significant RP
following cardiac-directed RT.

In conventional RT, a significant volume of surrounding
healthy lung tissue may be inadvertently irradiated, thereby
increasing the risk of RP [12]. Although newer RT modalities-
such as intensity-modulated radiotherapy (IMRT), volumetric-
modulated arc therapy (VMAT), and stereotactic body radio-
therapy (SBRT)-have minimized lung injury and are generally
better tolerated, major pulmonary toxicity can still occur, with
rates reported as high as 20% in some series [29,30].

The severity and distribution of RP may be influenced by sev-
eral factors, including the total lung dose, volume of irradiated
lung, fractionation scheme, chemotherapy, and patient-specific
risk factors such as age, smoking history, and underlying co-
morbidities [12]. RILI can extend beyond the irradiated vol-
ume, manifesting histologically as organising pneumonia [6],
or widespread interstitial pneumonitis, including contralateral
lung involvement, and may be refractory to corticosteroid ther-

apy [31].
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Figure 9: Author-generated diagram of the pathophysiology of radiation pneumonitis,
informed by references [7,40].

Our patient initially presented with Grade 2 RP which unfor-
tunately progressed to Grade 5 during his admission. He had
received 30-40 Gy of RT, a dose range that is less commonly
associated with overt radiographic changes of RP - these are
typically observed at doses exceeding 40 Gy [32]. However,
it is well-documented that doses above 20 Gy can increase the
risk of developing radiation-induced lung injury [33-35].

Although he was a non-smoker - thereby lacking the paradoxi-
cal "protective" effect of tobacco exposure or smoking-induced
pulmonary damage, which may confer relative radio-resistance
by creating non-functional airspaces and fibrotic tissue [12] -
he had a background of bronchiectasis. This underlying lung
disease, evident on pre-RT CTCAP imaging, may have con-
tributed to increased symptomatic burden [36,37].

At 66 years old, he was below the commonly cited age thresh-
old of 70 years associated with increased risk of severe RP
[38]. However, his low serum albumin at presentation (33 g/L)
and the development of out-of-field RP were consistent with
factors linked to poorer survival outcomes [39].

RP represents an acute inflammatory response of the lung
parenchyma to radiation exposure, as illustrated in Figure 9.
When the contra-lateral or non-irradiated lung is involved - as
in this case - an immune-mediated lymphocytic alveolitis has
been proposed as the underlying mechanism [40]. Although
CXR frequently demonstrate airspace opacities, these findings
are non-specific as CT is more sensitive at identifying paren-
chymal abnormalities with ground-glass opacities (GGO) and
airspace consolidation being the most commonly reported fea-
tures [6,7,41,42], as evident in this case from the post-radio-
therapy CT (Figure 4).

The diagnosis of RP is more straightforward when there is a
known history of thoracic RT and a clear demarcation of ra-
diographic changes correlating with the irradiation field. In
atypical distributions, however, GGOs - defined as areas of
increased pulmonary attenuation without obscuration of bron-
chial and vascular margins - are non-specific and can represent
a broad differential, including infectious pneumonia, opportu-
nistic infections such as PJP, chronic interstitial lung disease,
and acute alveolar processes such as pulmonary oedema [7].

In this case, diagnostic interpretation was confounded by mul-

tiple overlapping factors: a history of heart failure with missed
doses of diuretics upon presentation, recent RT targeted at an
atrial mass (rather than lung tissue), and potential infectious
actiologies in an immunocompromised patient. Consequently,
our patient was treated empirically for all three leading dif-
ferential diagnoses - receiving IV diuretics, broad-spectrum
antibiotics, and high-dose corticosteroids, the latter being the
mainstay of therapy for RILI and acute RP [6,7,10].

This therapeutic approach was initiated with an awareness of
the risks associated with systemic corticosteroids, including
sodium and fluid retention [43], and worsening oedema - an
adverse prognostic marker in patients with cardiogenic shock
[44]. While some isolated reports suggest corticosteroids may
improve congestion, neurohormonal status, and renal function
in selected heart failure patients [45], our patient received a
combination of corticosteroids with both glucocorticoid (e.g.
dexamethasone) and significant mineralocorticoid activity
(e.g. methylprednisolone, prednisolone) [46] in an effort to
mitigate the severity of acute RP. Unfortunately, this strategy
did not prevent progression to ARDS, a condition associated
with high mortality [40,41].

Moreover, moderate to high doses of systemic corticosteroids
increase susceptibility to infections, including life-threatening
opportunistic pathogens [8,43,47]. This risk was compounded
in our patient by active cardiac malignancy, recent RT, and
advanced age - all factors associated with impaired host im-
munity and increased infection risk [48]. In light of this, he
was empirically treated with broad-spectrum IV antibiotics
throughout his admission, initially piperacillin-tazobactam
followed by co-trimoxazole, and subsequently meropenem.
While initial microbiological cultures were negative, a later
sputum culture identified Acinetobacter baumannii complex,
sensitive to both meropenem and co-trimoxazole. This find-
ing supported the antimicrobial regimen, though the likelihood
of A. baumannii being pathogenic or causative in this clinical
context was considered low.

Conclusion

This case illustrates the clinical challenges posed by a rare pri-
mary cardiac LMS involving the right atrium and IVC, com-
plicated by severe RP. Diagnosis and management were par-
ticularly difficult, and the patient’s deterioration could not be
reversed despite optimal treatment for the principle differential
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diagnoses: RP, pulmonary oedema from heart failure, and 1n-
fection. Importantly, the case underlines the need to consider
RP even outside the irradiated field, particularly when new re-
spiratory symptoms emerge after radiotherapy.

MDT collaboration between cardiology, oncology, respiratory
medicine, and radiology was vital in navigating this complex,
multisystem presentation. Equally, this case highlights the
importance of open, compassionate, and ongoing discussions
with patients and families when prognosis is uncertain and
treatment options are limited. Clear communication and shared
decision-making remain central to patient-centred care, espe-
cially in rapidly evolving cancer scenarios.
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