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Abstract

Introduction: Incidental pathological findings are frequently
found outside the investigated cardiovascular system in car-
diac magnetic resonance (CMR) imaging. Some of these find-
ings might have clinical importance.

Aim: To evaluate the prevalence and significance of extracar-
diac findings (ECFs) in patients referred for CMR. The CMR has
the ability to depict ECFs in the visualized thorax and upper
abdomen. These incidental lesions can often present a chal-
lenge to physicians.

Material and methods: A total of 192 CMR reports were ret-
rospectively reviewed for extracardiac findings. ECFs were
classified as benign, indeterminate, or of clinical significance
at the time of image evaluation. Benign findings were those
considered to be of little clinical significance with no follow-
up needed. Indeterminate findings were those deemed of po-
tential clinical importance, requiring correlation of the patient
history or a follow-up study. Clinically significant findings were
those felt to be of definite clinical importance requiring imme-
diate evaluation or intervention.

Results: A total of 56 (29.2%) ECFs were found in 192 (29.2%)
patients. Of those, 21 (37.5%) were considered benign, 23 (41%)
indeterminate, and 12 (21.4%) clinically significant findings.
In the clinically significant group, the most common findings
were liver and pulmonary masses. Five malignancies were ob-
served with certainty at CMR. All of them had been incidentally
diagnosed on CMR for the first time, and the patients’ man-
agement was subsequently changed.

Conclusions: Extracardiac findings in clinically indicated CMR
are common in the present study (about 29.2%). Radiologists
and cardiologists should be aware of relevant extracardiac
findings that might require additional diagnostics or treat-
ment.

Key words: extracardiac findings, cardiac magnetic resonance
imaging.

Streszczenie

Cel: Ocena wystepowania i znaczenia przypadkowych znale-
zisk pozakardiologicznych (ECF) u pacjentéw skierowanych na
badanie rezonansu magnetycznego serca (CMR). Badanie CMR
umozliwia wykrycie zmian pozakardiologicznych w klatce pier-
siowej i gornej czedci jamy brzusznej. Zmiany te czesto stano-
wig wyzwanie dla lekarzy.

Materiat i metody: Badaniu retrospektywnemu poddano
ogb6tem 192 obrazy CMR pod katem zmian pozakardiologicz-
nych. Zmiany te klasyfikowano jako tagodne, nieokreslone lub
istotne klinicznie w czasie oceny. Zmiany tagodne to zmiany
o niewielkiej istotnosci klinicznej, niewymagajace obserwa-
cji. Zmianami nieokreslonymi nazywa sie zmiany potencjalnie
istotne klinicznie, ktére wymagaja zestawienia z historig pa-
cjenta lub obserwacji, natomiast istotnymi klinicznie —zmiany,
ktére maja okreslone znaczenie kliniczne i wymagaja natych-
miastowe] oceny lub interwencji.

Wyniki: Stwierdzono ogétem 56 (29,2%) zmian pozakardiolo-
gicznych u 192 pacjentdw, z czego 21 (37,5%) uznano za tagod-
ne, 23 (41%) — nieokreslone, a 12 (21,4%) — klinicznie istotne.
W grupie zmian klinicznie istotnych najczesciej obserwowano
masy w watrobie lub ptucach. W badaniu CMR odnotowano
5 guzbébw. Wszystkie guzy byty zdiagnozowane przypadkowo
w pierwszym badaniu CMR, a leczenie pacjentéw zostato na-
stepnie zmienione.

Whioski: Zmiany pozakardiologiczne stwierdzone w badaniach
CMR sg czestym zjawiskiem (ok. 29,2%). Radiolodzy i kardio-
lodzy powinni wiedzie¢ o waznych zmianach pozakardiologicz-
nych, ktére moga wymagac podjecia dodatkowej diagnostyki
lub leczenia.

Stowa kluczowe: zmiany pozakardiologiczne, rezonans ma-
gnetyczny serca.
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Introduction

Cardiac and cardiovascular magnetic resonance imag-
ing (CMR) is increasingly used to visualize and evaluate the
cardiovascular system [1-4]. Although the key components
of a CMR study are acquired in specific imaging planes ori-
entated along the axes of the heart, initial axial and occa-
sionally coronal images of the thorax and upper abdomen
are also acquired to help plan the study. Wide spatial cov-
erage of this imaging technique, capturing anatomical re-
gions of the thoracic and upper abdominal cavity, may lead
to incidental pathological findings outside the investigated
cardiovascular system. Some of these extracardiac findings
(ECFs) might have clinical implications including resulting
in a new diagnosis, leading to further investigations or re-
quiring early treatment.

Aim

This study aimed to determine the prevalence of extra-
cardiac finding in a clinically indicated CMR and their clini-
cal significance by reviewing how they reflect the subse-
quent diagnosis, further investigations and treatment plan
of the patient.

Material and methods

The study retrospectively analyzed the clinically indi-
cated CMR performed at a single academic hospital from
January 1, 2014 to December, 2017. In total, 192 clinical CMR
reports were reviewed. This study was performed in accor-
dance with the regulations of the local ethics committee.

Cardiovascular magnetic resonance

acquisition

Cardiovascular magnetic resonances were performed
on a 1.5 T Siemens Avanto system (Siemens Medical Solu-
tions, Erlangen, Germany) following a standard protocol.
The CMR study protocols varied according to the specific
clinical indications and adhered to standards published
in the literature [5]. Basically, all CMR studies were done
using electrocardiogram (ECG) gating or ECG trigger. After
a set of localizers, half-Fourier acquisition single shot tur-
bo spin echo (HASTE) as well as steady-state free preces-
sion (SSFP) sequences were used to cover an anatomical
range from the thyroid down to the upper abdomen, lat-
erally including both axillas. Imaging planes applied were
axial, coronal, and sometimes sagittal. Slice thickness was
kept between 6 and 8 mm without a gap for all anatomi-
cal imaging sequences. These anatomical sequences were
most important for the assessment of extracardiac find-
ings, since they provided the largest anatomical coverage
among all imaging sequences of the cardiac magnetic res-
onance imaging (MRI) examination. Specific cardiac axes
were covered by standard breath-hold cine SSFP sequenc-
es. If applicable, multislice SSFP-perfusion sequences were
used during adenosine-infusion for diagnosis of ischemia;
T1 dark blood SE, double inversion recovery T2-weighted
imaging as well as early enhancement imaging were ap-
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plied if necessary; late enhancement imaging was done
in almost all cases, replicating exactly the same imaging
planes from the cine SSFP sequences. When applicable,
Gd-based contrast medium was used (including spin echo
black blood coronal and axial sequences: short axis, four
chamber and three chamber views, myocardial perfusion
sequence and delayed contrast enhancement sequences).
Images were reviewed using a PACS system.

Cardiovascular magnetic resonance image
interpretation and follow-up

Each CMR examination was retrospectively reviewed
by an experienced radiologist and cardiologist in consen-
sus and the incidental extracardiac findings were reported.
They were blinded for any information. The follow-up pe-
riod was about 3 years in the first and 4 months in the
last CMR scan. Follow-up included searching for additional
imaging, continuing the patient’s history, and collecting
pathological or histological reports after surgical or inter-
ventional procedures. Patient characteristics were analyzed
and summarized.

The ECFs were subdivided as thoracic when located
above the diaphragm and abdominal when located below
the diaphragm. The ECFs were also classified according
to their clinical significance as severe, indeterminate, and
mild. A similar classification system was used as in several
cardiac MDCT and CMR studies before [6-10].

Severe findings were those of definite clinical impor-
tance, requiring immediate evaluation or intervention. In-
determinate findings were those of potential clinical impor-
tance, requiring a follow-up study or correlation with the
patient’s history. Finally, mild findings were those consid-
ered to be of little clinical significance with no further need
of follow-up.

To assess the clinical implications of extracardiac find-
ing, follow-up data were analyzed by reviewing the elec-
tronic medical records database of the hospital. According
to the follow-up data, extracardiac finding (for which data
were available) were classified as clinically significant or in-
significant.

Statistical analysis

Statistical analysis was performed with commercially
available software (SPSS Inc., version 18.0, Chicago, IL,
USA). Averages are presented with 1 standard deviation
(SD). Continuous variables were reported as mean + stan-
dard deviation or median and interquartile range, dichoto-
mous as percentages.

Results
Patient characteristics

Within the study period 192 clinically indicated CMR
were consecutively performed and retrospectively reviewed
for this study. All patients were studied, including young
patients (e.g., children with congenital heart disease) and
elderly patients (e.g., with CMR for detection of myocardial
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ischemia and scars). Clinical characteristics of the patients
are summarized in Table I.

Prevalence

A total of total of 192 CMR cases were retrospectively
reviewed including 121 men and 71 women (age range from
5 to 88, mean age: 50.2 +12.1 years). A total of 56 ECFs
(29.2%) were found: 21 (37.5%) were classified as mild,
23 (41.1%) as indeterminate and 12 (21.4%) as severe. The
mild findings were 47.6% (10 of 21) thoracic and 52.4%
(11 of 21) abdominal, while indeterminate findings were
87% (20 of 23) thoracic and 13% (3 of 23) abdominal. Lastly,
the severe findings were 58.3% (7 of 12) thoracic and 41.7%
(5 of 12) abdominal. Mild abdominal findings included renal
cyst or liver cyst (Table I1). Mild thoracic findings included
healed rib fracture and extramedullary hematopoiesis
(Fig. 1). The indeterminate abdominal finding were ascites
and hiatal hernia (Fig. 2). Indeterminate thoracic findings
included pulmonary nodules > 0.8 cm and < 3 ¢cm, lymph-
adenopathy, pleural effusion, consolidation, and pleural
thickening (Table Ill). Severe abdominal findings included
liver mass and renal mass (Table 1V). Severe thoracic find-
ings included pulmonary nodules > 3 cm, an ascending aor-
tic aneurysm, aortic dissection, and pulmonary embolism
(Fig. 3). In 2 patients, pulmonary nodules classified as inde-
terminate were known from previous thorax computed to-
mography (CT) examinations. No change in size was detect-
ed within 2 or more years and the nodules were considered
mild. For the indeterminate and severe pulmonary nodules,
eitherafollow-up with CT or further evaluation by biopsy was
recommended. A pathological verification was available for
2 of the 3 pulmonary nodules > 3 ¢cm, which proved to be
malignant. The patients with consolidation received anti-
biotic therapy (n = 2). A follow-up with CT chest showed
regression of the lung lesions. Eight patients with pleural
effusions had a known history of congestive heart failure
and the effusions existed in recent previous chest radio-

i
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Table I. Patient characteristics (n = 192)

Value
50.2 +12.1 (5-88)
121 (63%)

Parameter
Age, mean * SD (range) [years]
Men

Height, mean + SD [cm] 160.9 +15
Weight, mean + SD [kg] 56.2 £12
Body mass index, mean + SD (range) [kg/m?] 24.2 +8 (18-36)
Diabetes mellitus 65 (34%)
Hypertension* 98 (51%)
Hypercholesterolemia** 72 (38%)
Current smoker 21 (11%)
Obesity*** 5 (3%)

*Blood pressure > 140/90 mm Hg or treatment for hypertension. **Total cholesterol
> 180 mg/dl or treatment for hypercholesterolemia. **Body mass index > 30 kg/m?.

Table Il. Classification of mild incidental non-cardiac abnormal
findings according to location

Parameter Value

Abdomen: 11
Liver cyst 5
Renal cyst 6

Thorax: 10
Extramedullary hematopoiesis 3
Healed rib fracture 7

graphs. A patient with pulmonary emboli received antico-
agulant therapy.

Discussion

In the present study, we found extracardiac findings in
29.2% of CMR. Approximately a quarter of ECF were clini-
cally significant in the follow-up with an overall prevalence
in CMR of 1.3%. The majority of incidental findings are
clinically irrelevant or insignificant with anatomical varia-

Fig. 1. Incidentally detected extramedullary hematopoiesis in a 12-year-old thalassemia patient. Coronal (A) and axial (B) black blood
half-Fourier acquisition single shot turbo spin echo (HASTE) images showed bilateral paravertebral masses (arrows)
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Fig. 2. A, B — Hiatal hernia incidentally found in a 72-year-old man

tions or benign minor changes, such as simple cysts. Early
treatment of such incidental pathologies (e.g. early stage
kidney or lung tumor) might prevent their progression and

Table Ill. Classification of indeterminate incidental non-cardiac
abnormal findings according to location

Parameter Value

Abdomen: 3
Ascites 2
Hiatal hernia 1

Thorax: 20

Pulmonary nodule > 0.8 cm and < 3 cm

Lymphadenopathy

Pleural effusion

Consolidation

= N[00 | NN

Pleural thickening

Table IV. Classification of severe incidental non-cardiac abnormal
findings according to location

Parameter Value

Abdomen: 5

Liver mass

Renal mass

Thorax:

Pulmonary nodule > 3 cm

Pulmonary embolism

Aortic dissection

N[ |=lWwW|g|-=]|P

Ascending thoracic aortic aneurysm
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complications and eventually lead to better outcomes. On
the other hand, further investigation of an incidental be-
nign finding might be redundant and survival might not be
improved [11]. Therefore, it is important to discriminate be-
tween clinically significant and insignificant ECF and to de-
cide which should be treated and which could be left alone.
Atalay et al. [10] reported an ECF rate of 27% compared to
29.2% in our study. This rate is similar to our result, as the
study designs were quite similar. Khosa et al. found 33%
ECF prevalence with a second revision of clinically indicated
CMR [11]. In the present study, we did not have informa-
tion on whether ECF was previously known. However, even
when a finding is already known, additional incidental im-
aging may be valuable as a follow-up opportunity. Changes
or persistence of the incidentally found pathology may
provide important information, helping to decide not to
treat a patient unnecessarily. We consider that the best
approach is to view all available data in each CMR study,
report all non-cardiac findings estimating their clinical sig-
nificance, and consult each patient appropriately. Specifi-
cally, the early detection of malignancy is an issue of great
importance; in our study, five patients were diagnosed with
lung cancer, cholangiocarcinoma, hepatocellular carcinoma
and renal cancer. All of them had been incidentally diag-
nosed on CMR for the first time, and the patients’ manage-
ment was subsequently changed. Accordingly, specialists
who interpret CMR should be trained and qualified enough
to recognize and evaluate extra-cardiac pathologies. The
limitations of our study are as follows. There were limited
follow-up data, and a lack of histopathological verifica-
tion of indeterminate incidental extracardiac findings. We
might have underestimated the significance of the noncar-
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Fig. 3. A, B — Pulmonary thromboembolism (arrow) detected at CMR. In CMR of a 48-year-old woman the pulmonary thromboembolism
was detected on 3-chamber view SSFP sequence. This extracardiac finding was classified as a severe extracardiac finding and changed

the patient’s clinical management

diac findings. Due to the retrospective design, follow-up
data were not available for all patients, and it was also not
known whether ECF had already been found before. Addi-
tionally, we did not perform a separate dedicated reading
of the actual CMR scans and focused only on the data from
an original clinic setting. Thus, the actual prevalence of
ECF could be higher. More ECF, especially insignificant and
minor findings, might be detected with a second reading.
A cost/efficacy analysis was not performed in the present
study. A prospective, controlled study is necessary to eluci-
date cost/efficacy of evaluating ECFs in CMR.

Conclusions

Although a small percent of the findings resulted in
therapeutic consequences, some of them are clinically
significant and might change a patient’s diagnosis, lead
to further investigations, intervention or treatment and
therefore should not be dismissed, including asymptom-
atic malignancies, pulmonary thromboembolism or aortic
dissection. The lungs, mediastinum, bones, and upper ab-
domen should be reviewed in all CMR studies. Physicians
who analyze cardiac magnetic resonance imaging, either
radiologists or cardiologists, should carefully evaluate all
the organs in the scan.
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