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ABSTRACT

Background: Pericardial late gadolinium enhancement (LGE) on cardiac magnetic resonance (CMR) is typically
interpreted as a marker of active pericardial inflammation. However, it may also be detected incidentally during
CMR performed for unrelated indications, and its clinical significance remains unclear. Whether incidental
pericardial LGE reflects persistent subclinical inflammation associated with adverse long-term outcomes is
unknown.

Methods: We conducted a retrospective single-center study including consecutive patients undergoing clinically
indicated CMR. Patients with incidentally detected pericardial LGE were identified and compared with a control
population without LGE. Clinical characteristics, CMR findings, and long-term outcomes were collected. The
primary endpoint was the development of constrictive pericarditis (CP) during follow-up.

Results: Among 590 patients, incidental pericardial LGE was identified in 31 (5.3%), while 559 patients had no
LGE. During a median follow-up of 72 months, CP occurred in 2 patients (6.5%) with LGE and in none of the
patients without LGE (p = 0.003). Patients with LGE more frequently had a history of pericarditis and showed
higher prevalence of pericardial effusion and increased pericardial thickness on CMR.

Conclusions: Incidental pericardial LGE on CMR was associated with a history of prior pericardial and myocardial
inflammation, and CP occurred only among patients with LGE during follow-up. However, these findings should
be interpreted cautiously, as LGE may represent a surrogate marker of an underlying inflammatory pericardial
substrate rather than an independent prognostic marker. Larger prospective studies are needed to determine
whether incidental pericardial LGE provides prognostic information beyond clinical history.

1. Introduction

cardiac magnetic resonance (CMR) emerging as a particularly valuable
technique for assessing both the structural and inflammatory compo-

Pericardial diseases encompass a broad spectrum of inflammatory nents of pericardial disease. [1-3]
and structural conditions affecting the pericardium, ranging from acute Late gadolinium enhancement (LGE) imaging is widely used in CMR
pericarditis to chronic constrictive pericarditis. Multimodality imaging to identify myocardial fibrosis and inflammation, but it also provides
plays a fundamental role in their diagnosis and management, with important insights into pericardial pathology. In the setting of
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pericardial inflammation, gadolinium contrast accumulates within the
pericardial layers because of increased vascular permeability, neo-
vascularization, and inflammatory cell infiltration. These processes
result in delayed contrast washout and therefore visible enhancement on
LGE sequences. [3]

Importantly, pericardial LGE should not be interpreted solely as a
marker of fibrotic remodelling. Instead, it frequently reflects an active
inflammatory process involving the pericardial layers. Experimental and
clinical data suggest that persistent inflammation may lead to progres-
sive pericardial thickening and fibrosis, ultimately contributing to the
development of constrictive physiology. [1,3]

While pericardial LGE is commonly observed in patients with clini-
cally apparent pericarditis, it may also be detected incidentally during
CMR examinations performed for other indications such as cardiomy-
opathy, ischemic heart disease, or myocarditis. In these circumstances,
the prognostic significance of this imaging finding remains unclear. The
presence of LGE could represent residual inflammatory activity from
prior pericardial injury or may reflect ongoing subclinical inflammation.

Several studies have suggested that CMR markers of pericardial
inflammation may have prognostic value. For example, pericardial LGE
has been associated with disease activity in recurrent pericarditis and
may help identify patients at increased risk of recurrence [4] [5]. In
addition, pericardial LGE combined with elevated inflammatory bio-
markers has been shown to predict reversibility of constrictive pericar-
ditis with anti-inflammatory therapy [6].

More recently, Pavon and colleagues demonstrated that pericardial
LGE may persist for many years after cardiac surgery and is associated
histologically with chronic low-grade inflammation of the pericardium
[7]. These findings highlight the possibility that pericardial LGE may
represent a marker of ongoing inflammatory remodelling even in the
absence of overt clinical symptoms.

Despite these observations, the long-term clinical implications of
incidentally detected pericardial LGE remain poorly defined. It is un-
known whether this finding identifies patients at increased risk of
developing constrictive pericarditis.

The aim of the present study was therefore to evaluate the prognostic
significance of incidental pericardial LGE detected on CMR and to assess
whether this imaging finding is associated with an increased risk of
constrictive pericardial disease during long-term follow-up.

2. Materials and methods
2.1. Study design and population

This retrospective observational study included consecutive patients
who underwent CMR for any clinically indicated reason other than
suspected pericarditis, at our tertiary referral centre between January
2016 and December 2019. Symptoms present at the time of CMR were
not related to active pericarditis or constrictive physiology, and CMR
was performed for indications other than pericarditis.

Exclusion criteria were known history of constrictive pericarditis,
cardiac transplantation, insufficient clinical data for analysis (primarily
patients referred externally and not followed at our centre), and CMR
examinations performed without gadolinium contrast. For patients who
underwent more than one CMR during the study period, only the earliest
examination was included. Of 989 patients screened, 590 were eligible
and included in the final analysis.

CMR scans were screened for the presence of pericardial LGE on
standard LGE sequences. Patients demonstrating incidental pericardial
LGE constituted the study group. In the present study, ‘incidental peri-
cardial LGE’ was defined as pericardial enhancement detected on a CMR
examination performed for an indication other than suspected active
pericarditis or known constrictive pericarditis. Thus, the term ‘inci-
dental’ refers to the reason for CMR referral and not necessarily to the
absence of previous inflammatory cardiac disease.

The control population consisted of patients undergoing CMR during
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the same period without evidence of pericardial LGE.

Clinical history, CMR parameters, and follow-up data were obtained
from institutional electronic medical records. Inflammatory biomarkers,
including C-reactive protein, were not systematically available at the
time of CMR and therefore were not included in the main analysis.
Follow-up information included clinical visits, hospitalizations, and
imaging studies. Diagnostic criteria of myocarditis and pericarditis and
diagnostic criteria for cardiomyopathies followed respectively 2025 and
2023 corresponding ESC guidelines.

The primary endpoint of the study was development of constrictive
pericarditis during follow-up. Secondary outcomes included occurrence
of pericarditis and all-cause mortality.

Constrictive pericarditis was diagnosed by the presence of compat-
ible clinical features of right-sided heart failure or impaired diastolic
filling together with imaging evidence of constrictive physiology on
echocardiography, CMR, CT, and confirmation at -cardiac
catheterization.

2.2. Cardiac magnetic resonance protocol

All CMR examinations were performed using 1.5 T magnetic reso-
nance scanner (Siemens Aerea). Studies were performed using dedicated
cardiac software and ECG-gating. Cine short axis images were acquired
in a stack of contiguous 8 mm-thick slices from cardiac base to apex.
Approximately ten minutes after intravenous administration of 0.2
mmol/kg gadolinium-based contrast agent, LGE images were acquired
using segmented T1-weighted gradient-echo inversion-recovery and
phase sensitive gradient-echo inversion-recovery sequences in the same
views used for cine images. When available, T1-weighted morphological
imaging and STIR T2-weighted were also examined.

LV and RV volumes and function and LV myocardial mass were
measured using the standard volumetric technique from the cine short
axis stack.

Pericardial LGE was considered present only when enhancement was
visible in the expected anatomical location of the pericardium on at least
two contiguous images and orthogonal views, and was distinguishable
from blood-pool signal, respiratory motion, partial-volume effects,
epicardial fat, and adjacent pleural enhancement. Pericardial enhance-
ment was evaluated visually by two experienced observers. Interob-
server agreement for the presence of pericardial LGE was good, with a
Cohen's kappa of 0.80; discordant cases were resolved by consensus with
a third experienced observer.

Pericardial LGE severity was graded according to the 2025 ACC
Expert Consensus Statement on the Diagnosis and Management of
Pericarditis criteria using three parameters: 1) number of short-axis
levels involved, assessed at basal, mid-ventricular, and apical slices; 2)
circumferential extent of enhancement on each slice, using a 50%
threshold; and 3) maximal pericardial LGE thickness, using a 3-mm
threshold. The presence of LGE was classified as mild when enhance-
ment involved >50% of the circumference in fewer than three slices
with thickness < 3 mm, or < 50% of the circumference in fewer than
three slices with thickness > 3 mm; moderate when enhancement
involved >50% of the circumference in all three slices or thickness > 3
mm, but not both, or when <50% circumferential enhancement
involved all three slices with thickness > 3 mm; and severe when
enhancement involved >50% of the circumference in all three slices and
thickness was >3 mm [2].

Pericardial thickness and the presence of pericardial effusion were
also systematically evaluated in T1- or STIR T2-weighted when avail-
able, or in their absence in cine sequences.

2.3. Statistical analysis
Continuous variables are reported as median and interquartile range

(IQR) or as mean =+ standard deviation when normally distributed.
Categorical variables are presented as counts and percentages. Group
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comparisons for continuous variables were performed using the Man-
n-Whitney U test or Student's t-test, depending on the distribution of the
data, and the chi-square or Fisher's exact test for categorical variables, as
appropriate.

To evaluate independent predictors of pericarditis recurrence, uni-
variable and multivariable logistic regression analyses were performed.
Variables included in the multivariable model were selected based on
clinical relevance and included prior history of pericarditis and prior
history of myocarditis. Results are expressed as odds ratios (OR) with
95% confidence intervals (CI).

The cumulative incidence of pericardial constriction was estimated
accounting for the competing risk of death. Given the very small number
of events, time-to-event analyses are presented descriptively.

A two-sided p-value <0.05 was considered statistically significant.
All analyses were performed using R software (version 4.5.1, R Foun-
dation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Study population

A total of 590 patients were included in the analysis. Among these,
31 patients (5.3%) demonstrated pericardial LGE. The control group
consisted of 559 patients without evidence of pericardial LGE. A
representative CMR example of incidental pericardial LGE is illustrated
in Fig. 1.

3.2. Characteristics of pericardial LGE

Among patients with pericardial LGE, enhancement intensity was
lower than the blood pool in 61.3% and greater than the blood pool in
38.7%. In most cases (87.1%), enhancement involved more than 50% of
the pericardial surface at least in one axial level.

Pericardial enhancement was observed in a mean of 2.45 axial levels
per patient, indicating that in most cases the process involved multiple
pericardial regions.

Pericardial LGE was graded as mild in most patients (48.4%), mod-
erate in 29.0%, and severe in the remaining 22.6%.

3.3. Clinical characteristics

Patients with pericardial LGE had a significantly higher prevalence
of prior pericarditis compared with those without LGE (48.4% vs 7%, p
< 0.001). They also more frequently had a history of myocarditis (41.9%
vs 10.2%, p < 0.001). These baseline differences indicate that patients
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with incidental pericardial LGE represented a clinically distinct sub-
group with a substantially higher burden of previous inflammatory
cardiac disease. Therefore, subsequent associations between LGE and
follow-up pericardial events may be confounded by prior pericarditis or
myocarditis.

Although prior cardiac surgery was numerically more frequent
among patients with LGE, this difference did not reach statistical sig-
nificance. The baseline features of patients with pericardial LGE are
summarized in Table 1. A comparison of the clinical features of patients
with or without pericardial LGE is reported in Tables 2 and Table 3.

3.4. Associated CMR findings

Pericardial effusion was significantly more frequent in patients with
pericardial LGE (22.6% vs 4.7%, p < 0.001). Pericardial thickness was
also significantly greater among patients with LGE compared with those
without enhancement (2.4 mm vs 1.8 mm, p < 0.001). Left ventricular
ejection fraction and right ventricular function were similar between
groups. Left ventricular end diastolic volume was significantly greater
than in the non-LGE group, due to the greater prevalence of ischemic
and non-ischemic cardiomyopathy (17.4% and 30.1% respectively).

3.5. CMR diagnosis

CMR final diagnosis in the pericardial LGE group was myocardial or
pericardial inflammatory syndrome in 74.2% of cases. In the remaining
patients, the main diagnosis was ischemic cardiomyopathy (n = 4,

Table 1
Characteristics of patients with pericardial late gadolinium enhancement (LGE).

Pericardial LGE patients (n = 31)

LGE grading - Intensity
Less than blood pool
More than blood pool

19 (61,3%)
12 (38,7%)

LGE diffusion

< 50% 4 (12,9%)
> 50% 27 (87,1%)
Pericardial axial levels (base, medium, apex)

Mean Mean 2,45 (+ 0,77 DS)
One level 16,1%
Two levels 22,6%
Three levels 61,3%
Pericardial LGE severity (2025 ACC expert consensus)

Mild 15 (48,4%)
Moderate 9 (29,0%)
Severe 7 (22,6%)

Fig. 1. Representative CMR image showing severe pericardial late gadolinium enhancement (LGE) indicated by red arrows and consistent with pericardial in-
flammatory involvement. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 2
Comparison between patients with and without pericardial LGE in terms of
anamnestic data, CMR data and follow-up results.
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Table 3
Univariable and multivariable logistic regression model for pericarditis
recurrence.

Variable LGE - (n° 559) LGE + (n° 31) P_value
(follow up available  (follow up available
in 541 pts) in 31 pts)
Clinical data
Age (years) 54 [42-66] 46 [35.5-60] 0.078
Male sex 180 (32.2%) 8 (25.8%) 0.585
History of pericarditis 39 (7%) 15 (48.4%) <0.001
Type of pericarditis
Acute 32 (82.1%) 9 (60%)
Recurrent 5 (12.8%) 4 (26.7%)
Incessant 2 (5.1%) 1 (6.7%)
Chronic 0 (0%) 1(6.7)
History of myocarditis 57 (10.2%) 13 (41.9%) <0.001
Previous cardiac surgery 18 (3.2%) 3 (9.7%) 0.092
CABG 8 1
Aortic surgery 1 0
Mixed 2 1
Congenital 8 1
Early pericardial
complications
None 17 (94.4%) 2 (66.7%)
Pericarditis 0 0
Pericardial effusion 1 (5.6%) 1 (33.3%)
Revision surgery 0 0
Late reinterventions 1 (5.6%) 0
CMR
LVEF (%) 58 [45-67] 60 [52.25-65] 0.611
LVEDVi (ml/m2) 85 [72-106] 78 [67.5-87.25] 0.024
RVEF (%) 63 [57-69] 63 [58.25-66.5] 0.728
RVEDVi (ml/m2) 73 [62-86] 71.5 [62.5-79.75] 0.459
Pericardial effusion 26 (4.7%) 7 (22.6%) <0.001
Circumferential 19 (76%) 4 (57.1%) 0.370
pericardial effusion
Pericardial effusion, 9 [7-17] 7 [5.5-10] 0.170
width (mm)
Pericardial thickness 1.8 [1.7-2] 2.4 [2.1-3.1] <0.001
(mm)
Follow-up
Length of follow up 61 [36-76.75] 72 [43.5-88.5] 0.036
(months)
Pericarditis relapse 8 (1.5%) 5 (16.1%) <0.001
Pericardial constriction 0 (0%) 2 (6.5%) 0.003
Death (all causes) 62 (11.2%) 2 (6.5%) 0.562
CV death 24 (44.4%) 1 (100%)
CMR diagnosis
Normal 202 (36.1%) 0 (%)
Ischaemic 97 (17.4%) 4 (12.9%)
Non-ischaemic 168 (30.1%) 2 (6.5%)
cardiomyopathy
Pericarditis or 53 (9.5%) 21 (67.7%)
myocarditis
Valvular disease 18 (3.2%) 0 (%)
Congenital 10 (1.8%) 0 (%)
Other/mixed 11 (2%) 4 (12.9%)

Values are presented as number (%) or median (interquartile range) as appro-
priate.

CABG: coronary artery bypass grafting; LVEF: left ventricular ejection fraction;
LVEDVi: left ventricular end-diastolic volume indexed; RVEF: right ventricular
ejection fraction; RVEDVi: right ventricular end-diastolic volume indexed.

12.9%), non-ischemic cardiomyopathy (n = 2, 6.5%) and mixed
phenotype (n = 4, 12.9%). In the context of ischemic cardiomyopathy,
the finding of pericardial LGE was associated with inflammatory
involvement of the pericardial layers in the early phase of an acute
coronary syndrome. The two cases in non-ischemic cardiomyopathy
were classified both as non-dilated left ventricular cardiomyopathy, one
of them with history of systemic sclerosis. The mixed phenotype group
included patients with overlapping ischemic and inflammatory features,
post-surgical pericardial involvement, and connective tissue disease.

Variable Univariable OR p-value  Multivariable OR p-value
(95% CI) (95% CDf

Pericardial 12.81 <0.001  2.933(0.71-11.461) 0.1249
LGE (3.66-41.23)

Prior - - 37.52 <0.001
pericarditis (7.189-297.647)

Prior - - 1.72 (0.433-7.389) 0.4496
myocarditis

tOR: odds ratio; CI: confidence interval.

3.6. Follow-up outcomes

The median follow-up duration was 72 months in patients with LGE
and 61 months in those without LGE.

On univariable analysis, incidental pericardial LGE was significantly
associated with pericarditis occurrence (16.1% vs 1.5%, OR 12.8, 95%
CI 3.66-41.2, p < 0.001). However, after adjustment for prior history of
pericarditis, LGE was no longer independently associated with recur-
rence (OR 2.93, 95% CI 0.71-11.46, p = 0.12), while prior pericarditis
emerged as the dominant predictor (OR 37.52, 95% CI 7.19-297, p <
0.001). These findings suggest that the association between incidental
pericardial LGE and pericarditis may be largely mediated by the un-
derlying inflammatory history of the patient.

During follow-up, constrictive pericarditis developed in two patients
with pericardial LGE and in none of the patients without LGE. Given the
very small number of events and the absence of events in the control
group, no multivariable time-to-event analysis was feasible, therefore,
findings are presented descriptively and should not be interpreted as
establishing independent prognostic value. The cumulative incidence of
pericardial constriction in patients with LGE was 3.6% at 36 months and
8.5% at 60 months, whereas no events were observed in patients without
LGE (Fig. 2). The time-to-event curve is shown for descriptive purposes
only.

All-cause and cardiovascular mortality did not differ significantly
between groups (Fig. 3). Both patients with constrictive pericarditis
underwent pericardiectomy and are still living at follow up visits.

4. Discussion

The present study provides preliminary observational data on the
long-term clinical course of patients with incidentally detected peri-
cardial LGE. Although constrictive pericarditis occurred only in patients
with pericardial LGE, this finding was based on only two events and
should therefore be considered exploratory and hypothesis-generating
rather than definitive evidence of prognostic value. This observation
supports the concept that pericardial LGE may represent an imaging
marker of persistent inflammatory activity within the pericardium.
Chronic inflammation of the pericardial layers can lead to progressive
fibrotic remodelling and thickening, ultimately resulting in impaired
diastolic filling due to constrictive physiology.

The pathophysiologic mechanisms underlying pericardial enhance-
ment on LGE imaging are complex. Inflammatory processes increase
vascular permeability and promote neovascularization within the peri-
cardial tissue. These changes allow accumulation of gadolinium contrast
within the extracellular space, producing delayed enhancement on CMR
imaging. [3]

Our findings are consistent with previous studies demonstrating the
role of CMR in characterizing inflammatory activity in pericardial dis-
ease. In patients with recurrent pericarditis, CMR markers such as
pericardial oedema and LGE have been shown to correlate with disease
activity and may provide incremental diagnostic and prognostic infor-
mation [4] [5].

In addition, Feng et al. demonstrated that pericardial LGE in patients
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Fig. 2. Cumulative incidence of constrictive pericarditis in patients with and without incidental pericardial late gadolinium enhancement (LGE) on cardiac magnetic
resonance. Shaded areas represent 95% confidence intervals. Numbers at risk are shown below the x-axis. Gray's test p < 0.001.
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Fig. 3. Kaplan-Meier curves for all-cause mortality in patients with and without
incidental pericardial LGE. Log-rank p = 0.29.

with constrictive physiology may identify those with active inflamma-
tory disease who are more likely to respond to anti-inflammatory ther-
apy. [6] These observations further emphasize the importance of
inflammatory processes in the pathogenesis of constrictive pericarditis.
Our results also align with recent findings reported by Pavon et al.,
who observed that pericardial LGE may persist many years after cardiac
surgery and corresponds histologically to chronic subclinical inflam-
mation [7]. In that study, low-grade inflammatory infiltrates were
detected in biopsy specimens from patients with circumferential peri-
cardial enhancement, suggesting that LGE may reflect ongoing inflam-
matory remodelling even in clinically asymptomatic individuals.
Notably, on multivariable logistic regression analysis, the association
between pericardial LGE and pericarditis recurrence was attenuated and
no longer statistically significant after adjustment for prior history of
pericarditis, which emerged as the dominant independent predictor of
recurrence. This finding suggests that, at least for the recurrence
endpoint, pericardial LGE may serve as a surrogate marker of an un-
derlying inflammatory substrate rather than an independent prognostic
driver. Patients with incidental pericardial LGE frequently carry a his-
tory of prior pericardial disease, and it is this inflammatory background

— rather than the imaging finding per se — that appears to drive the risk
of recurrence. Whether pericardial LGE provides additional prognostic
information beyond clinical history in patients without prior pericardial
disease remains an open question that warrants investigation in larger
prospective cohorts.

Taken together, these data suggest that incidental pericardial LGE
may represent a spectrum of chronic inflammatory pericardial injury.
While many patients remain clinically stable, a subset may progress
toward constrictive disease over time.

From a clinical standpoint, recognition of incidental pericardial LGE
may justify careful clinical correlation, particularly in patients with
prior pericarditis, pericardial thickening, or pericardial effusion. How-
ever, the present data are insufficient to define a specific surveillance
strategy or to recommend management changes based solely on this
imaging finding. The presence of additional features such as pericardial
thickening or effusion may further increase suspicion for persistent in-
flammatory activity.

4.1. Study limitations

Some limitations of the present study should be acknowledged. A
major limitation of the present study is the very small number of
constrictive pericarditis events. Only two cases occurred, both in the
pericardial LGE group, while no events were observed among controls.
Consequently, the statistical comparison is driven by extremely low
event counts, and no multivariable time-to-event analysis could be
performed because of complete separation. The observed association
should therefore be interpreted descriptively and as hypothesis-
generating rather than as evidence that incidental pericardial LGE is
an independent prognostic marker. The retrospective single-centre
design introduces potential selection and referral bias. Patients
referred externally and not followed at our institution were excluded
because of insufficient follow-up data, which may have selected a pop-
ulation with more complete local clinical information. Moreover, as a
tertiary referral centre, our cohort may not be fully representative of
patients undergoing CMR in other clinical settings.

Finally, inflammatory biomarkers such as C-reactive protein were
not systematically collected, preventing correlation between imaging
findings and serological markers of disease activity. Future studies
should prospectively collect clinical, laboratory, and imaging data in
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larger multicentre cohorts to better define the prognostic significance of
incidental pericardial LGE.

5. Conclusions

In this retrospective single-centre cohort, incidental pericardial LGE
was identified in a small proportion of patients undergoing clinically
indicated CMR, and constrictive pericarditis occurred only among pa-
tients with LGE. Because this observation was based on only two events,
the findings should be interpreted as exploratory and hypothesis-
generating. Larger prospective studies are required to determine
whether incidental pericardial LGE provides independent prognostic
information and whether it should influence follow-up strategies.
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