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Abstract

Acute pericarditis is the most frequent pericardial disease characterized by inflammation of the pericardial layers resulting in pain, dyspnea
and fatigue. Often limited to an isolated event, up to 30% of patients experience one or more recurrences. There is limited knowledge
about the pathophysiology of this disease, possibly due to the limited availability of animal models. More recently, following seminal
clinical trials with colchicine and interleukin-1 (IL-1) blockers and a novel murine model of acute pericarditis using zymosan A, it has
become clear that the NLRP3 (NACHT, leucine-rich repeat, and pyrin domain-containing protein 3) inflammasome/IL-10 axis plays
a central role in driving acute pericardial inflammation and in sustaining this process during recurrences. Diagnostic management of
pericarditis has been implemented with multimodality imaging including echocardiography, cardiac computed tomography, and cardiac
magnetic resonance. These imaging modalities provide essential diagnostic and pathogenetic information, and are able to characterize
pericardial inflammation, allowing to refine risk stratification and personalize treatment. Recent acquisitions yield relevant implications
with regard to the therapeutic management of acute and recurrent pericarditis. Non-steroidal anti-inflammatory drugs (NSAIDs) and
colchicine are cornerstone therapies either for acute and recurrent pericarditis. However, the benefits of targeted agents, such as anakinra
— a recombinant human IL-1 receptor antagonist — and rilonacept — an IL-1a/IL-18 trap, are being increasingly recognized. To this
end, phenotyping patients with pericarditis and addressing such therapies to those presenting with auto-inflammatory features (elevated
C-reactive protein, sustained pericardial and systemic inflammation, multiple recurrences) is of utmost importance to identify patients
who might be more likely to benefit from NLRP3 inflammasome/IL-183 pathway blockade.
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1. Introduction has been placed on the emerging role of both NACHT,
leucine-rich repeat, and pyrin domain-containing protein
3 (NLRP3) inflammasome and interleukin-15 (IL-173) in
driving the onset of the acute pericardial inflammation, yet
further sustaining the inflammatory process during recur-
rences [6—8]. In addition, the RHAPSODY (Rilonacept in-
Hibition of interleukin-1 Alpha and beta for recurrent Peri-
carditis: a pivotal Symptomatology and Outcomes stuDY)
trial with rilonacept — an IL-1a and IL-15 trap — has
shown that IL-1 blockade is able not only to resolve the
acute flare of pericarditis rapidly but also to decrease the
risk of recurrences [9].

Acute pericarditis is the most frequent pericardial dis-
ease, and an increasingly recognized cause of chest pain,
with an estimated incidence of 27.7 cases per 100,000 per-
sons/year [1]. As a complication of acute pericarditis, re-
currences may occur in up to 30% of cases within 18 months
after a first episode, especially among patients not treated
with colchicine [2—4].

The latest 2015 European Society of Cardiol-
ogy (ESC) guidelines recommend non-steroidal anti-
inflammatory drugs (NSAIDs) or aspirin and colchicine
as an initial treatment either for the first episode or for

recurrences [5]. Recently, essential steps have been ac-
complished to enlighten the pathophysiology and therapy
for acute and recurrent pericarditis. Specifically, a focus

This review summarizes recent evidence about patho-
physiology, diagnosis, and therapy in acute and recurrent
pericarditis. The advancements in this field appear of ut-
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most importance, especially in managing patients expe-
riencing recurrent episodes, as a specific treatment, i.e.,
rilonacept, is now approved for treating this condition [10].

2. Novel Pathophysiological Clues: A Central
Role for the NLRP3 Inflammasome/IL-17
Axis

For many years, acute pericarditis has been thought to
be initiated by a virus, including the more recently emerged
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) [11]. However, when a precise etiology cannot be
determined, it is usually considered to be “idiopathic” [12].
The small number of animal models and pathology studies
may have accounted for a long time for a scarce understand-
ing of the disease and the consequential absence of targeted
therapies (Fig. 1).
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Fig. 1.
A limited number of animal models has been available for many

Animal models that investigated acute pericarditis.

years, thus explaining the limited knowledge about pericarditis
pathophysiology and the availability of very few therapies. Inter-
estingly, most of the stimuli of these animal models had a direct,
yet previously unknown, link with the NLRP3 inflammasome. In-
deed, hydrated magnesium silicate (talc) and Freund’s adjuvant
containing aluminum are canonical stimuli for the NLRP3 inflam-
masome activation. An innovative murine model of acute peri-
carditis is based on intrapericardial injection of zymosan A that

generates an inflammatory reaction of the pericardium.

The first available evidence of an animal model of
pericarditis dates back to 1980 when Matsumori et al. [13]
proposed a mouse model of chronic perimyocarditis ob-
tained through intraperitoneal injection of Coxsackie virus
B3 (Table 1, Ref. [6,13—17]). In this model, as the virus
stimulated chronic inflammation, a buildup of inflamma-
tory cells — histiocytes, lymphocytes, plasma cells, and
a few polymorphonuclear leukocytes — was evident start-
ing from day 14 with perimyocardial fibrosis appearing at
day 28 [13]. In 1986 Pagé et al. [14] reproduced the fea-
tures of acute pericarditis in animals by dusting talc powder
on dogs’ pericardium with a gauze (Table 1). A year later,
Leak et al. [15] further recreated acute pericarditis in sheep

through intrapericardial injection of heat-killed staphylo-
cocci in addition to Freund’s adjuvant (Table 1). The au-
thors established an exceptionally complete animal model,
able to recapitulate step-by-step all stages of pericardial in-
flammation up to a complete resolution of the inflammatory
process [15]. The early phases were indeed characterized
by neutrophil infiltration, edema, and accumulation of floc-
culent material in the submesothelial space. This process
became even more organized at day 7, with an abundance
of neutrophils, macrophages, erythrocytes, and fibrin de-
position. At this stage, denudation of the mesothelial lining
was observed, which favored platelet adherence and accu-
mulation of neutrophils and macrophages. A localized heal-
ing process was observed starting from the second week,
which ended after nearly nine months when the pericardial
layers recovered entirely. Alternatively, Afanasyeva et al.
[16] proposed a mouse model of perimyocarditis leading
to pericardial constriction through subcutaneous injection
with cardiac myosin emulsified in complete Freund’s ad-
juvant and intraperitoneal injection of pertussis toxin (Ta-
ble 1). This model was specifically created to evaluate the
clinical consequences of constrictive pericarditis. Kojima
et al. [17] generated their mouse model by mimicking the
post-operative pericardial adhesions (Table 1). To achieve
this, they tested low- and high-doses of talc, minocycline,
picibanil (lyophilized mixture of group A Streptococcus
pyogenes), and heparin-treated blood. Finally, they found
that talc was indeed the agent able to induce pericardial ad-
hesions to the greatest extent, confirming what was previ-
ously described by Pagé et al. [14].

Although previously unknown, most of the stimuli
used in the previously described animal models of peri-
carditis have a direct link to the NLRP3 inflammasome. In-
deed, hydrated magnesium silicate — talc — was shown to
induce NLRP3 inflammasome activation [18]. Similarly,
in the model by Leak et al. [15], bacterial products of the
Freund’s adjuvant, which also contains aluminum, are con-
sidered canonical stimuli for the NLRP3 inflammasome ac-
tivation [19]. This evidence suggests an inflammasome-
dependent model of acute pericarditis. A novel murine
model of acute pericarditis secondary to NLRP3 inflamma-
some activation has been recently developed [6] (Table 1).
This mouse model is based on intrapericardial injection of
zymosan A that generates a local inflammatory reaction
(Fig. 2, Ref. [6]). This technique shares similarities to what
was previously done in animal models to cause peritonitis
or arthritis [20,21]. Zymosan A is a cell wall extract derived
from the yeast Saccharomyces cerevisiae and an agonist of
the toll-like receptor-2 that activates the NLRP3 inflamma-
some [22,23]. As expression of pericardial inflammation,
we were able to observe the following manifestations: peri-
cardial effusion (83% increase at the time of sacrifice com-
pared to sham mice), pericardial thickness (45% increase
compared to sham), and ASC (apoptosis-associated speck-
like protein containing a COOH-terminus caspase activat-
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Table 1. Animal models of acute and chronic pericarditis.

Authors

Animal

Condition

Technique

Major findings

Matsumori and
Kawai [13]

Mouse

Chronic perimyoc-

arditis

Intrapericardial injection of Coxsackie virus B3 (0.1 mL of virus s-

uspension)

One-third of mice died after virus injection.

Initial histopathological changes occurred mainly in myocardial fibers with a limited
amount of inflammatory cells, that increased by day 14.

On day 28, perimyocardial fibrosis was more evident while cellular infiltration gradually
decreased. Perimyocardial fibrosis was marked over days 90 to 180.

Pagé et al. [14]

Acute pericarditis

After pericardiotomy, atrial surfaces were dusted with sterile talcum
powder. No information about the quantity of the talcum powder
was provided.

No details about histopathological alterations were discussed.

Leak et al. [15]

Sheep

Acute pericarditis

The pericardial sac was exposed through left thoracotomy at the 5th
intercostal space. The pericardial cavity was inoculated with bacte-
rial toxin (0.2 g of dried bacterial cells from Staphylococcus aureus),
complete Freund’s adjuvant (3 mL), and sterile phosphate-buffered
saline (3 mL) under sterile conditions. The intrapericardial injection
was suspended in a syringe with a 21-gauge needle to create a smoo-
th emulsion. Then, 5 mL of the emulsion were injected into the peri-

cardial cavity.

e 3 to 24 h: Changes in the shape of the mesothelial cells that appeared rounded, as if
contracted, were evident as well as initial neutrophil infiltration, edema, and accumula-
tion of flocculent material in the submesothelial space already after 3 h.

® 6t0 24 h: Accumulation of a brownish sero-sanguinous fluid containing a large number
of neutrophils, macrophages, red blood cells, and fibrin strands was recorded. It was
also evident pericapillary edema, extravasation of red blood cells and neutrophils, and
swelling of capillary endothelial cells and myocytes from the underlying myocardium.
Denudation of the mesothelial lining, favoring the adherence of platelets, neutrophils,
and macrophages, was also observed.

e 48 to 72 h: A large amount of fibrin was observed on the visceral and parietal surfaces
of the pericardium as well as a large number of inflammatory cells. The mesothelium
was detached as a result of the inflammatory injury.

e 6 to 8 days: Many neutrophils and macrophages were observed as aggregates included
in a filamentous network, while fibrin strands were progressively broken down.

e 2 weeks: A process of local healing was recorded, with a large increase in the amount
of connective tissue containing fibroblasts, lymphocyte aggregates, while the number of
neutrophils decreased.

¢ 9 months: A complete recovery of the pericardial surfaces was achieved with evidence
of small infiltrates of lymphocytes and fibroblasts surrounded by bundles of collagen and
elastic fibers.

Afanasyeva et al.
[16]

Mouse

Perimyocarditis e-
volving toward c-

onstriction

Subcutaneous injections of 200 to 250 g of cardiac myosin emulsifi-
ed in complete Freund’s adjuvant on days 0 and 7, and intraperitone-

al injection of 500 ng of pertussis toxin on day 0.

Cardiac myosin—induced experimental autoimmune myocarditis in IFN-y—KO mice de-
veloped pericarditis leading to a constrictive phenotype. The pericardium in KO mice
was thickened with white discoloration causing adhesions between the two pericardial
layers and to the pleura, diaphragm, and chest wall.

The cellular infiltrate of the pericardium included poly- and mononuclear cells including
eosinophils. Mesothelial hyperplasia and mesothelial reaction (i.e., change to cuboidal
morphology of mesothelial cells, typical of pericardial injury) was also described.
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Table 1. Continued.

Authors

Animal

Condition

Technique

Major findings

Kojima et al. [17]

Mouse

Acute post-opera-
tive pericarditis

Following skin incision in the abdomen and cut of the peritoneum t-
o reach the abdominal cavity, an intrapericardial injection of 500 uL
of low- (2.5 mg/g) or high-dose talc (5 mg/g), 300 uL of minocycline
(2mg/mL), 375 pL of picibanil (lyophilized mixture of group A Str-
eptococcus pyogenes; 3.0 KE/kg), 300 uL of heparin-treated blood
from donor mice, or saline solution was performed from the diaphr-

agm side through a 23-gauge needle from a 1 mL syringe.

Only talc-injected mice showed diffuse and marked pericardial adhesions over the whole
heart within 2 weeks visible.
A large amount of macrophages and myofibroblasts, together with elastic fibers and my-
ocardial erosion, were found.

Mauro, Bonavent-
ura et al. [6]

Mouse

Acute pericarditis

After an incision on the left part of the thorax in the region of the 3-
rd—4th and fourth rib, muscle layers were dissected to expose the in-
terosseous space and access the thoracic cavity. By carefully lifting
the pericardial sac, zymosan A (1 mg dissolved in 50 pL of sterile
NaCl 0.9%) was injected into the pericardial space througha 30-ga-
uge needle until a complete distribution of the solution into the per-
icardium was observed.

After surgery, mice were randomly treated to the following pharma-
cological agents through intraperitoneal injection (over a period of 1
week): ibuprofen (100 mg/kg/day), colchicine (100 pg/kg/day); 3)
16673-34-0, an NLRP3 inflammasome inhibitor (100

mg/kg/day), anakinra (100 mg/kg twice daily), recombinant murin-
e IL-1 trap, (1, 5, and 30 mg/kg/day every 48 h), and matching vol-
ume of vehicle (NaCl 0.9%). All drugs were administered after sur-
gery and then once daily with the exception of anakinra, given twi-
ce daily, and IL-1 trap, given once every 48 h.

Transthoracic echocardiography was performed at day 3 and 7 to m-
easure the amount of pericardial effusion. At day 7, mice were sac-
rificed and hearts harvested to get the pericardium for hematoxylin
and eosin staining to measure pericardial thickness and immunofl-
uorescence and immunohistochemistry stainings to look for the 3
components of the NLRP3 inflammasome (the sensor protein NL-

RP3, the scaffold protein ASC, and the effector protein caspase-1).

Seven days after the intrapericardial injection of zymosan A, mice developed typical
stigma of local inflammation:

o A significantly larger pericardial effusion (+83%) was evident compared with sham (p
< 0.001). This was already there at day 3.

o A significant increase (+45%) in the visceral pericardial thickness compared with sham-
operated mice (p = 0.016) was observed through a morphometrical analysis on hema-
toxylin and eosin—stained heart sections. No fibrinous deposits were found.

e Mice treated with zymosan A showed a 60-fold increase expression of ASC compared
with sham mice meaning activation of the NLRP3 inflammasome (p < 0.001).

e At day 3, a larger expression of IL-« and IL1-3 was found both at a transcriptional and
translational level in mice treated with zymosan A compared with sham-operated mice.
e No impairments in cardiac function were observed in mice injected with zymosan A
and in sham mice neither at 3 nor at 7 days.

Pharmacological treatments:

o [buprofen reduced pericardial effusion compared with vehicle-treated mice by 42% (p
< 0.001).

e Colchicine and the NLRP3 inh 16673-34-0 significantly reduced pericardial effusion at
day 7 by 28% and 46%, respectively (p < 0.010 for both). NLRP3 inhibition with 16673-
34-0 significantly reduced pericardial thickening by 32% (p = 0.003) Both colchicine and
the selective NLRP3 inh reduced ASC aggregation (—93% and —78% vs. vehicle-treated
mice, respectively, p < 0.001).

o Anakinra decreased pericardial effusion by 13% compared with the vehicle group (p
< 0.050) and the same did IL-1 trap given every 48 h (—43%, —35%, and —33% at all
3 doses tested, respectively, vs. vehicle-treated group; p < 0.010 for all). Anakinra
reduced pericardial thickening by 20% (p < 0.050 vs. vehicle), while IL-1 trap was
even more effective (—36%, —42%, and —44%, respectively, p < 0.001 for all). Finally,
inflammasome formation, as indicated by ASC aggregates, was significantly reduced by
anakinra (—75% vs. vehicle, p < 0.001) as well as by all doses of IL-1 trap (-85% for 1
mg/kg, -69% for 5 mg/kg, and —96% for 30 mg/kg, p < 0.001 for all).

Legend. IFN, interferon; KO, knockout; NLRP3, NACHT, leucine-rich repeat, and pyrin domain-containing protein 3; NLRP3 inh, NLRP3 inhibitor.


https://www.imrpress.com

ion and recruitment domain) expression (a 60-fold increase
compared to sham) [6]. ASC represents the scaffold for
NLRP3 inflammasome assembly [24], hence increased ex-
pression of ASC through formation of dense areas of ag-
gregation — termed specks — is indicative of NLRP3 in-
flammasome oligomerization [25,26]. In addition, phar-
macological blockade of the NLRP3 inflammasome im-
proved pericardial inflammation. Mice were treated with
ibuprofen (an NSAID), colchicine (an indirect blocker of
the NLRP3 inflammasome), 16673-34-0 (an experimental
NLRP3 inflammasome inhibitor) [27], anakinra (a recom-
binant human IL-1 receptor antagonist), and a recombinant
murine IL-1 trap (able to bind and block IL-1« and IL-13,
an equivalent for rilonacept in humans) (Fig. 2). Although
all pharmacological agents tested could alleviate inflamma-
tion to some extent, drugs directly or indirectly targeting the
NLRP3 inflammasome pathway (i.e., colchicine, 16673-
34-0, anakinra, and IL-1 trap) were able to attenuate the
pathological changes occurring after acute pericarditis. The
IL-1 trap decreased ASC expression as well as pericardial
effusion and thickness in a dose-dependent fashion [6].

Measurement of:
- pericardial effusion
> - pericardial thickening
- presence of NLRP3

Intrapericardial
instillation of |
A

NSAID NLRPS3 inhibitors

+ Ibuprofen daily

IL-1 antagonists

« Anakinra twice daily
« 1L trap every 48h

+ Colchicine daily
+  16673-34-0 daily

Fig. 2. A novel murine model of acute pericarditis induced by
zymosan A. Injection of zymosan A into the pericardial sac in-
duces a local inflammatory reaction. Following intrapericardial
zymosan A injection, augmented pericardial effusion and thick-
ness were observed in parallel with NLRP3 inflammasome acti-
vation. Reproduced with permission from “The Role of NLRP3
Inflammasome in Pericarditis:
proaches”, Mauro AG and Bonaventura A et al., JACC Basic
Transl Sci. 2021 Feb 22; 6 (2): 137-150 [6].

Potential for Therapeutic Ap-

Although large animals (sheep or dogs) might better
recapitulate the pathogenetic mechanisms occurring in hu-
man pericarditis and be easier to work with from a practi-
cal standpoint (Fig. 1), they also carry numerous disadvan-
tages, such as higher housing and handling costs. On the
contrary, using a mouse model may allow a more straight-
forward and wider replication at limited costs. Addition-
ally, using genetically modified mice may enable the study
of alternative molecular pathways involved in the patho-
physiology of pericarditis.

The innovative murine model strongly supports a piv-
otal role of the NLRP3 inflammasome/IL-1/ axis in the
pathophysiology of acute and recurrent pericarditis. Pre-
clinical findings also corroborated the positive results ob-
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tained by the RHAPSODY trial [9]. This evidence may
pave the way to further in-depth mechanistic studies inves-
tigating molecular and cellular pathways of both innate and
adaptive immunity in the pathophysiology of acute peri-
carditis to improve the treatment of this condition [28].
The accumulating evidence points to a role for the NLRP3
inflammasome/IL-13 axis in the auto-inflammatory pro-
cess sustaining recurrent pericarditis, as outlined by a recent
work [29].

3. Diagnosis: An Increasingly Large
Armamentarium

According to 2015 ESC guidelines, pericarditis is
classified as acute, incessant, recurrent, or chronic [5].
Acute pericarditis is diagnosed in the presence of at least
two out of the following four criteria: (i) chest pain; (ii)
pericardial rubs; (iii) electrocardiogram (ECG) changes;
(iv) new or worsening pericardial effusion [5]. Sharp chest
pain with rapid onset, typically worsened by inspiration or
coughing, and alleviated by leaning forward or sitting up,
is characteristic of acute pericarditis. Additional manifes-
tations may include a dull or throbbing chest pain radiat-
ing to the trapezius ridge, low-grade fever or sinus tachy-
cardia, which may be accompanied by non-cardiac mani-
festations (e.g., arthritis, rash, weight loss, night sweats)
when pericarditis is associated with a systemic disease [30].
Regarding ECG changes, PR segment depression is rather
sensitive and specific for pericarditis, along with diffuse
ST-segment elevation. However, PR segment depression
may often be the only ECG modification, while nondiag-
nostic or atypical changes are found in up to 40% of patients
[30]. More than 30% of patients with pericarditis exhibit
elevation in serum troponin I or T, or signs of myocardial
involvement without new-onset abnormalities in left ven-
tricular function upon imaging. Inflammatory biomarkers
such as erythrocyte sedimentation rate (ESR), white blood
cells (WBC), and C-reactive protein (CRP) are increased
in approximately 80% of patients having acute pericarditis,
however overall sensitivity and specificity are low. Acute
pericarditis can progress to recurrent pericarditis in up to
30% of cases [3,4]. Recurrent pericarditis is defined in the
presence of signs and symptoms of acute pericarditis after
a symptom-free window of at least 4—6 weeks after a prior
episode of pericarditis [5,31].

Echocardiography, cardiac computed tomography
(CCT), and cardiac magnetic resonance (CMR) are the most
commonly used imaging techniques to assess and charac-
terize pericardial pathology and associated myocardial in-
volvement [32,33]. Major findings at cardiac multimodal-
ity imaging and their clinical relevance in patients with peri-
carditis are reviewed in detail elsewhere [34]. Echocardio-
graphy is considered a first-line imaging test, whereas CCT
and CMR are generally used in case of inadequate echocar-
diographic images or diagnostic uncertainty and/or to de-
termine the severity of illness. Although normal in about
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40% of cases, transthoracic echocardiography is essential
to evaluate ventricular dysfunction or possible complica-
tions (e.g., constrictive pericarditis, cardiac tamponade), to
quantify pericardial effusion, and to monitor response to
medical treatments. CCT provides morphological infor-
mation, being the most accurate for the measurement of
pericardial thickness and the most sensitive in identifying
pericardial calcifications [34]. While CCT is not primarily
suggested for the diagnosis of cardiac tamponade, it may
be more informative to investigate constrictive pericarditis.
CCT requires iodinated contrast, exposes patients to ion-
izing radiations, and provides minimal hemodynamic in-
formation, which limit its clinical usefulness and make it
unsuitable for serial evaluations [34]. CMR has emerged
as the most comprehensive imaging technique to interro-
gate the pericardium and adjacent myocardium as it offers
both morphological and hemodynamic information by in-
tegrating several sequences within the same study [34,35].
Late gadolinium enhancement (LGE) provides accurate in-
formation regarding the presence and degree of pericardial
inflammation with very high sensitivity, and it is positively
associated with histological inflammatory and neovascular-
ization markers [36] (Fig. 3, Ref. [30]). Patients with mul-
tiple recurrences and LGE achieve significantly lower clin-
ical remission rates [37]. Pericardial thickening at CMR
and CRP elevation have been shown to predict the occur-
rence of adverse events, while the presence of LGE con-
ferred lower risk [38]. In addition, in patients with recurrent
pericarditis, CMR-guided management was associated with
lower recurrence and pericardiocentesis rates together with
decreased use of glucocorticoids [39]. Pericardial inflam-
mation, as evaluated through LGE measurement combined
with the assessment of pericardial edema in To-weighted se-
quences, may provide additional information since marked
LGE with augmented signal in To-weighted sequences is
suggestive of acute inflammation [30,34] (Fig. 3). Con-
versely, the lack of increased T signal is generally asso-
ciated with chronic inflammation. LGE with a normal To
signal can be instead indicative of resolving edema. CMR
is also the preferred imaging modality to evaluate, through
myocardial LGE, the presence and degree of myocardial in-
volvement eventually associated with pericarditis and may
also be used in stable patients with suspected constrictive
evolution [30,34]. CMR has, however, some limitations,
which include elevated costs and relatively restricted avail-
ability, the need for a stable heart rhythm, and contraindi-
cation of gadolinium use in subjects with advanced kidney
disease. Main findings at CMR are summarized in Fig. 3.
As the amount of information for a timely diagnosis of
acute or recurrent pericarditis is progressively increasing,
these elements must be considered as a whole for a tailored
therapy according to two different phenotypes (Fig. 1).
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Morphological assessment of the pericardium

« Thickened pericardium
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Fig. 3. Main findings at CMR in patients with acute peri-

carditis. Reproduced with permission from ‘“Management of
JACC State-of-the-Art Re-
view”, Chiabrando JG and Bonaventura A et al., ] Am Coll Car-

diol. 2020 Jan 7; 75 (1): 76-92 [30].

Acute and Recurrent Pericarditis:

4. Therapy: IL-1 Blockade as a Game
Changer in Recurrent Pericarditis

Currently available agents targeting the NLRP3 in-
flammasome and/or IL-1 are colchicine, anakinra, and
rilonacept [40—42].

4.1 Colchicine

The first description of colchicine in acute peri-
carditis dates back to 1987. Based on previous experi-
ences in patients with recurrent polyserositis in the context
of familial Mediterranean fever [43], three patients with
glucocorticoid-dependent recurrent pericarditis (two idio-
pathic and one associated with systemic lupus erythemato-
sus) were treated with colchicine 1 mg daily [44]. Indeed,
they experienced a long recurrence-free period lasting 15 to
36 months and were able to stop glucocorticoids after two
months while on a 0.5 mg daily dose [44]. In 2005, the
first two randomized, open-label trials using colchicine for
the treatment of acute and recurrent pericarditis were pub-
lished, namely the COPE (Colchicine for acute Pericardi-
tis) and CORE (Colchicine for Recurrent pericarditis) trials
[45,46] (Table 2, Ref. [45-54]). Colchicine (loading dose
1 to 2 mg, maintenance 0.5 to 1 mg daily) was used to-
gether with NSAIDs for 3 to 6 months, and it was shown to
reduce symptoms after 72 h as well as first and following
recurrences [45,46]. Colchicine was further investigated in
other randomized, double-blind trials for patients with ei-
ther acute or recurrent pericarditis (Table 2). The CORP
(Colchicine for recurrent pericarditis), ICAP (Investigation
on Colchicine for Acute Pericarditis), and CORP-2 trials
tested weight-adjusted colchicine (0.5 mg once daily for pa-
tients <70 kg or 0.5 mg twice daily, no loading dose) for
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Table 2. Randomized controlled trials that tested colchicine in acute and recurrent pericarditis.

Study Study design  Treatment Patients Key results
Acute pericarditis
Aspirin Colchicine significantly decreased recurrence rate (at 18 months: 10.7% vs.
Vvs. . 32.3% for aspirin alone, p = 0.004, NNT = 5) and symptom persistence at 72
. . .. 120 patients (mean age 56.9 .
COPE trial [45]  Open-label  aspirin + colchicine: hours (11.7% vs. 36.7% for aspirin alone, p = 0.003).

e loading dose: 1 mg on day 1; 0.5 mg daily (if body weight <70
kg) for 3 months;

e loading dose: 1 mg twice daily; 0.5 mg twice daily (if body weight
>70 kg) for 3 months

+ 18.8 years, 54 males)

No SAEs were observed
Colchicine was discontinued in 5 cases (8.3%) because of diarrhea.

ICAP trial [48]

Double-blind

Aspirin/ibuprofen +Placebo

vs.

aspirin/ibuprofen + colchicine:

e (0.5 mg daily if body weight <70 kg;

e 0.5 mg twice daily if body weight >70 kg

240 patients (mean age 52.1
=+ 16.9 years, 60% males)

Colchicine reduced the occurrence of incessant or recurrent pericarditis (16.7%
vs. 37.5% for placebo; RRR 0.56, 95% CI 0.30 to 0.72, p < 0.001; NNT = 4).
Colchicine reduced symptom persistence at 72 hours (19.2% vs. 40.0%, p =
0.001) and hospitalization (5.0% vs. 14.2%, p = 0.02).

GI disturbance was similar in the two groups. No SAEs were reported.

Sambola et al. [53]Open-label

Aspirin/NSAIDs alone

vs.

aspirin/NSAIDs + colchicine:

e 0.5 mg twice daily if body weight <70 kg;
e | mg twice daily if body weight >70 kg

110 patients (mean age 44 +
18.3 years, 83.6% males)

No differences in the rate of recurrences was found (13.5% vs. 7.8%, p = 0.34).

Recurrent pericarditis

CORE trial [46]

Open-label

Aspirin

vs.

aspirin + colchicine:

e loading dose: 1 mgonday 1; 0.5 mg daily (if body weight <70 kg)
for 6 months;

e loading dose: 1 mg twice daily; 0.5 mg twice daily (if body weight
>70 kg) for 6 months

88 patients (55.2% males)

Colchicine reduced the recurrence rate (at 18 months 24% vs. 50%, p = 0.02;
NNT = 4) and symptom persistence at 72 hours (10% vs. 31%, p = 0.03).

Colchicine allowed for a longer symptom-free interval (17.2 £ 12.2 months vs.
10.6 + 9.6 months, p = 0.007).

Diarrhea led to drug discontinuation in 7% of colchicine-treated patients. No
SAEs were reported.

CORP trial [47]

Double-blind

Aspirin/ibuprofen +Placebo

Vs.

aspirin/ibuprofen + colchicine:

e loading dose: 1 mg on day 1; 0.5 mg daily (if body weight <70
kg) for 6 months;

e loading dose: 1 mg twice daily on day 1; 0.5 mg twice daily (if
body weight >70 kg) for 6 months

120 patients (52.5 males)

Colchicine decreased the recurrence rate at 18 months (24% vs. 55%, p < 0.001;
NNT = 3) and symptom persistence at 72 h (23% vs. 53%, p < 0.001) as well as
remission rate at 1 week (82% vs. 48%, p < 0.001).

GI intolerance was the main side effect and was balanced between groups. No
SAEs were observed.
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Table 2. Continued.

Study Study design Treatment Patients Key results
Aspirin/NSAIDs + placebo Colchicine reduced recurrences (21.6% vs. 42.5%; RR 0.49, 95% CI 0.24 to
Vs. 240 patients (mean age 48.7  0.65, p < 0.001; NNT = 5) and symptom persistence at 72 h (19.2% vs. 44.2%,

CORP-2 trial [49] Double-blind

aspirin/NSAIDs + colchicine:

e 0.5 mg daily if body weight <70 kg for 6 months;

e 0.5 mg twice daily if body weight >70 kg twice daily (if body
weight >70 kg) for 6 months

+ 14.6 years, 50% males) w- p < 0.001).

ith >2 recurrences

Colchicine was effective in inducing remission at 1 week (83.3% vs. 59.2%, p <
0.001), reducing incessant course (8.3% vs. 26.7%, p < 0.001) and pericarditis-
related hospital admissions (1.7% vs. 10%, p = 0.001).

GI intolerance was the main side effect and was similar between groups. No
SAEs were observed.

Post-pericardiotomy syndrome

Finkelstein et al. Open-label
[50]

On 3rd post-operative day, placebo or colchicine (0.5 mg three times
daily for 1 month

111 patients (73% males)

No difference was observed for the occurrence of PPS was diagnosed between
colchicine and placebo groups (10.6.% vs. 21.9%, p < 0.135, trend level).

COPPS [51] Double-blind

On 3rd post-operative day,

Standard therapy + placebo

vs.

standard therapy + colchicine:

e loading dose: 1 mg twice daily on day 1; 0.5 mg twice daily (if
body weight >70 kg) for 1 month;

e loading dose: 1 mg daily on day 1; 0.5 mg daily (if body weight
<70 kg) for 1 month

360 patients (mean age 65.7
=+ 12.3 years, 66% males)

Colchicine reduced PPS incidence at 12 months (8.9% vs. 21.1%, p = 0.002; N-
NT = 8) and the secondary endpoint including PPS-related hospitalization, car-
diac tamponade, constrictive pericarditis, and relapse at 18 months (0.6% vs.
5.0%, p = 0.024; NNT = 22).

GI disturbance occurs most frequently in the colchicine group. No SAEs were
observed.

COPPS-2[52]  Double-blind

From 48 to 72 hours before surgery, placebo

vs.

colchicine:

e 0.5 mg twice daily (if body weight >70 kg) for 1 month;
e 0.5 mg daily (if body weight <70 kg) for 1 month

360 patients (mean age 67.5
+ 10.6 years, 68.9% men)

Colchicine decreased PPS occurrence (19.4% vs. 29.4%, p < 0.01; NNT = 10)
but failed to reduce occurrence of AF (34% vs. 42%) or pericardial/pleural effu-
sion 57% vs. 59%).

Meurin et al. [54] Double-blind

Placebo

Vs.

colchicine:

e Loading dose: 1 mg twice daily; 1 mg daily (if body weight >70
kg) for 14 days;

e no loading dose; 1 mg daily (if body weight <70 kg) for 14 days

197 patients (86.3% males)

Colchicine failed to reduce pericardial effusion or late cardiac tamponade (7%
vs. 6%).

Diarrhea was frequently occurred among patients on colchicine. No SAEs were
recorded.

Legend. AF, atrial fibrillation; CI, confidence interval; GI, gastrointestinal; NNT, number needed to treat; PPS, post-pericardiotomy syndrome; RRR, relative risk reduction; SAE, serious adverse effect.
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3 months in acute pericarditis and 6 months in recur-
rent pericarditis confirming previous results, also in pa-
tients experiencing >2 recurrences [47-49]. Colchicine
was found equally effective also in patients experiencing
post-pericardiotomy syndrome, as shown in three random-
ized trials (Finkelstein ef al. [50], COPPS [Colchicine for
the Prevention of the Post-pericardiotomy Syndrome], and
COPPS-2) [50-52] (Table 2).

In sum, colchicine in addition to standard anti-
inflammatory therapy demonstrated to reduce recurrences
up to 50% in acute and recurrent pericarditis as well as in
post-pericardiotomy syndrome [55]. Over the past years,
several meta-analyses supported the benefits of colchicine
[56—66]. The most recent one [67], including all 6 available
randomized clinical trials in acute and recurrent pericardi-
tis (914 patients in total), demonstrated a significant lower
recurrence and treatment failure rate with colchicine when
compared to control (odds ratio [OR] 0.37, 95% confidence
interval [CI]0.27t00.51, and OR 0.29, 95% C10.21 t0 0.41,
respectively).

4.2 Anakinra

Nineteen case reports or series described a total of 65
patients (including both adults and children) treated with
anakinra for a variable number of recurrences [68]. Among
them, 77% (50/65) were treated with NSAIDs, while 92%
(60/65) were both on colchicine and glucocorticoids. Re-
currences occurred in 3% (2/65) of patients receiving full-
dose anakinra (i.e., 100 mg once daily), 61% (21/34) expe-
rienced recurrent pericarditis following anakinra interrup-
tion, and 56% (35/62) still had recurrences after anakinra
therapy was instituted [68].

In a small clinical proof-of-concept study by Wohlford
et al. [69], five patients with acute pericarditis (three
with a first episode and two with recurrent pericardi-
tis) already treated with colchicine and NSAIDs (but not
glucocorticoid-dependent) and experiencing moderate-to-
severe pericarditis-related chest pain (initial or subsequent
episode) were prescribed anakinra 100 mg subcutaneously
within 24 hours of presentation. Anakinra significantly re-
duced pain, and no patients required rescue pain medica-
tion. In addition, IL-6 levels were also reduced consider-
ably, and no treatment-related adverse events occurred [69]
(Table 3, Ref. [7,9,69,70]).

The first clinical trial of anakinra in recurrent peri-
carditis is the double-blind, placebo-controlled medica-
tion withdrawal trial AIRTRIP (Anakinra-Treatment of Re-
current Idiopathic Pericarditis) [7] (Table 3). Twenty-
one colchicine-resistant, glucocorticoid-dependent patients
with recurrent pericarditis and systemic inflammation were
given anakinra for 60 days and then randomized to either
anakinra 100 mg daily, or placebo for another 6 months.
All patients had a complete response to anakinra by day
8 that persisted until randomization (day 60) [7]. Pa-
tients assigned to anakinra were able to successfully dis-
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continue glucocorticoids within six weeks. Flares of peri-
carditis were significantly reduced, occurring in nine out
of 10 (90%) patients in the placebo arm, and two out of
11 (18.2%) patients in the anakinra arm during the double-
blind treatment withdrawal phase. After randomization,
median flare-free survival was 72 days in the placebo group,
whereas it could not be calculated in the anakinra group
(p < 0.001). In patients with recurrences, the mean time
to flare was 28.4 days vs. 76.5 days in the placebo and
anakinra groups, respectively [7]. Localized skin reactions
at the site of injection were the most common adverse ef-
fect.

The IRAP (International Registry of Anakinra for
Pericarditis) is a registry of 224 colchicine-resistant,
glucocorticoid-dependent patients (46 £ 14 years old, 63%
women, 75% idiopathic) with recurrent pericarditis and
elevated CRP levels receiving colchicine and NSAIDs,
who were treated with anakinra [70] (Table 3). Follow-
ing anakinra treatment, a median of zero recurrences was
observed, with an 83% reduction in recurrence rate and a
mean of | recurrence every 939 days. Similarly, after 36
months of anakinra treatment, almost three-quarters of pa-
tients experienced 0 to 1 recurrence. During follow-up, no
need for emergency department visits nor hospitalizations
was recorded, with a nearly 90% reduction compared with
the period before anakinra treatment. Regarding glucocorti-
coids, treatment with anakinra allowed to successfully taper
and suspend these drugs, with <30% still on glucocorticoid
therapy. No serious adverse events were recorded, while in-
jection site reactions occurred in 38% of the patients. Six
patients experienced infections that resolved with appropri-
ate treatment, with half of them needing temporary interrup-
tion of anakinra.

4.3 Rilonacept

First data with rilonacept in recurrent pericarditis de-
rive from the phase II, multicenter, single-arm, open-label
clinical trial RHAPSODY. In this study, either patients with
at least a second recurrence and glucocorticoid-dependent
recurrent pericarditis (no active recurrence, but at least
two previous episodes) received subcutaneous rilonacept
320 mg (loading dose) with 160 mg weekly (maintenance
dose) for 5 additional doses followed by an optional 18-
week on-treatment extension period (option to wean back-
ground therapy) when already receiving conventional ther-
apies (colchicine, NSAIDs, glucocorticoids) [71]. In symp-
tomatic patients, chest pain was reduced, and CRP rapidly
normalized in all patients. In addition, prednisone was suc-
cessfully discontinued in 11 out of 13 patients (84.6%), with
no patient experiencing recurrent pericarditis during this
time [71]. Notably, the number of pericarditis episodes per
year was nearly zero. The positive results of this phase II
study found rilonacept to be safe, with most of the adverse
events being mild-to-moderate in severity, primarily injec-
tion site reactions [71]. Among additional endpoints, a gen-
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Table 3. Clinical studies that tested IL-1 blockers in acute and recurrent pericarditis.

Study

Study design

Treatment

Patients

Key results

‘Wohlford et al.
[69]

Prospective open-label
study

Anakinra 100 mg subcutaneously
within 24 hours of hospital admi-

ssion

6 patients with acute pericarditis wi-
th moderate-to-severe chest pain

Anakinra was administered a median of 20 h after hospital admission. Pain score decreased from a
baseline of 6 (6-7.5) to 4 (2.5-4) after 6 h and to 2 (1.5-2.5) after 24 h (»p = 0.012 and p = 0.002,
respectively).

IL-6 levels reduced within 24 h (95.3 [24.2-155.1] — 23.9 (4.5-71.9) pg/mL, p = 0.037) following
anakinra administration.

Pain reduction at 24 h was correlated with IL-6 reduction at 24 h (r = +0.966, p = 0.007).

No AEs were described.

AIRTRIP study
(7]

Double-blind, placebo-
controlled, randomized

withdrawal trial

Anakinra at 2 mg/kg daily (up to 100
mg) subcutaneously for 2 months.
Patients who responded (i.e., resolu-
tion of pericarditis) were randomized
to anakinra or placebo for 6 months or
until pericarditis recurrence

21 patients (n = 11 anakinra, n =10
placebo) with recurrent pericarditis

(>3 recurrences), increased CRP, r-
esistant to colchicine and dependent
on glucocorticoid

In the open-label phase, all patients had a complete response to anakinra at day 8 as well as CRP
normalized and pain rapidly reduced. All patients were able to stop glucocorticoids within 6 weeks.
During the double-blind treatment phase, pericarditis recurrence was experienced by 90% (n = 9/10)
patients in the placebo group vs. 18.2% (n = 2/11) patients in the anakinra group (incidence rate,
0.11% of patients per year).

Median time-to-flare was 72 (64—150) days after randomization in the placebo group, whereas it could
not be computed in patients randomized to anakinra (p < 0.001). Mean time-to-flare was 28.4 vs. 76.5
days in the placebo and anakinra groups, respectively (absolute mean difference of —48.1, 95% CI,
—118.1 to 21.9 days).

The most common AE in patients treated with anakinra was a local skin reaction at the injection site
(95% patients).
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Table 3. Continued.

Study Study design Treatment

Patients

Key results

Multicenter observati- Anakinra 100 mg daily subcutaneo-
IRAP study [70]
onal cohort study usly

224 patients with glucocorticoid-
dependent and colchicine-resist-
ant recurrent pericarditis

Recurrences occurred in 35% (n = 78/224) patients with a median flare-free of 10 months (5-18).
After anakinra treatment, a median of zero recurrences occurred with an 83% reduction in recurrence
rate (RR 0.17, 95% CI1 0.14-0.20, p < 0.001). After 36 months from anakinra initiation, 72% patients
experienced none or at most one recurrence.

A reduction of 91% for ED admissions (RR 0.09, 95% CI 0.06-0.13, p < 0.001) and 86% for hospi-
talizations (RR 0.14, 95% CI 0.11-0.19, p < 0.001) was observed in patients treated with anakinra.
During follow-up, 8.9% were admitted to the hospital for pericardiectomy and discontinued anakinra.
After anakinra treatment, glucocorticoids were tapered and NSAIDs suspended in most patients with-
out recurrences (27% and 24% still on glucocorticoid and NSAID therapy, respectively; 58% on
colchicine).

Transient skin reaction at the injection site was the most frequent AE (38% of patients). Arthralgias
and myalgias were found in 6% of patients, while 3% experienced infections during follow-up.

Phase 3 multicenter,  Rilonacept as a loading dose of 320
RHAPSODY s- double-blind, event- mg (or 4.4 mg/kg in patients <18 yea-
tudy [9] driven, randomized-  rs of age) subcutaneously, followed by
withdrawal trial weekly doses of 160 mg (or 2.2 mg/kg
in patients <18 years of age) subcuta-
neously

86 patients in the 12-week run-in p-

eriod.

61 patients who experienced clini-
cal response during the run-in per-
iod (CRP <0.5 mg/dL and no or
minimal pain while on rilonacept
monotherapy without recurrences)
were randomized to continue rilo-

nacept (n = 30) or placebo (n =31)

Rilonacept greatly lowered risk of recurrences compared to placebo (HR 0.04, 95% CI 0.01-0.18, p
< 0.001). Median time to recurrence in the placebo group was 8.6 weeks, while it was not possible
to compute this period in the rilonacept group because of too few events.

Injection-site skin reactions and upper respiratory tract infections were the most common AEs.

Legend. AE, adverse event; AIRTRIP, Anakinra-Treatment of Recurrent Idiopathic Pericarditis; CI, confidence interval, CRP, C-reactive protein; ED, emergency department; HR, hazard ratio; IL-6, interleukin-
6; IRAP, International Registry of Anakinra for Pericarditis; NSAID, non-steroidal anti-inflammatory drug; RHAPSODY, Rilonacept inHibition of interleukin-1 Alpha and beta for recurrent Pericarditis, a pivotal

Symptomatology and Outcomes stuDY; RR, rate ratio.
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eral improvement in the health-related quality of life was
seen in symptomatic patients with increased CRP levels
[72], while the exploratory cardiac magnetic resonance
imaging substudy (11 patients) showed improvement in
pericardial inflammation [73].

These promising results were confirmed in the
phase III RHAPSODY study, a double-blinded, placebo-
controlled, multicenter randomized-withdrawal trial
in colchicine-resistant, glucocorticoid-dependent patients
with symptomatic recurrent pericarditis [9] (Table 3). After
an initial 12-week run-in period, during which all patients
received rilonacept as a subcutaneous injection (loading
dose 320 mg followed by 160 mg weekly thereafter), pa-
tients who responded favorably to rilonacept monotherapy
(in terms of improvement in CRP and chest pain) were
eligible to enter the randomized-withdrawal period, where
they were randomly assigned in a 1:1 ratio to continue
rilonacept or a matching dose of placebo each week. Dur-
ing the run-in phase, a quick and persistent improvement of
chest pain and systemic inflammation was observed, with
a median time to pain response of 5 days, and a median
time to CRP normalization of 7 days. The median time
required for patients to discontinue background therapy
and continue with rilonacept monotherapy was 7.9 weeks.
Of note, all patients on glucocorticoids were able to stop
them and started receiving rilonacept monotherapy during
the run-in period. A recent post-hoc analysis has shown
that the transition from background therapies to rilonacept
monotherapy occurred without recurrences, irrespective
of a sequential or concurrent tapering approach [74].
Regarding the randomized-withdrawal period, rilonacept
strikingly decreased the risk of pericarditis recurrence
compared with placebo (hazard ratio 0.04, 95% confidence
interval 0.01 to 0.18, p < 0.001). During this phase,
two out of 30 patients (7%) in the rilonacept group vs.
twenty-three out of 31 patients (74%) in the placebo group
experienced a pericarditis recurrence event. Importantly,
recurrences in the rilonacept group were motivated by
temporary interruptions of the trial-drug regimen. By
taking a look to the long-term extension study, only one
recurrence in subjects on rilonacept (associated with a
4-week interruption) compared with 75% recurrence rate
(n = 6/8) in the off-treatment observation group was
recorded (hazard ratio 0.018, p < 0.0001) [75]. Major
secondary efficacy endpoints (assessed at week 16 of the
randomized-withdrawal period) highlighted the positive
effect of rilonacept vs. placebo on persistent clinical
response (81% vs. 20%, p < 0.001) and improvement of
pericarditis symptoms (81% vs. 25%, p < 0.001). Im-
portantly, no patient in the randomized-withdrawal period
had to re-introduce glucocorticoid therapy. Improvements
in patient-reported quality of life, symptom severity, pain
and sleep, while on rilonacept were recorded [76]. As
demonstrated in the previous phase II trial, injection-site
reactions and infections (especially of the upper respiratory
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tract) were the most common adverse events, with only 5
serious adverse reactions and no death during the whole
trial.

In sum, the rapid resolution of pain (median five
days), CRP normalization (median time of seven days), ef-
fective withdrawal of glucocorticoids, and the lack of re-
currences in the treatment group following a randomized-
withdrawal period provide confirmatory evidence that
rilonacept monotherapy is sufficient to maintain disease
control [42]. Hence, rilonacept is not only able to provide
a rapid resolution of the acute flare of pericarditis but war-
rants successful maintenance of remission during rilonacept
monotherapy. As of March 2021, rilonacept was approved
by the FDA for the treatment of recurrent pericarditis [10]
following the results of the RHAPSODY trial [9].

4.4 Canakinumab

Evidence on the benefits of canakinumab in recurrent
pericarditis is unclear, and described only in case reports
and relatively small case series [77-80]. Moreover, recur-
rences have been described after switching from anakinra
to canakinumab in patients with good response to anakinra

[81].

4.5 The Importance of Phenotyping Patients with
Recurrent Pericarditis

A subset of patients experiences multiple recurrences
(>2 recurrences). When first-line treatments fail, it is of
utmost importance to phenotype patients to offer them tai-
lored therapies [82]. Patients with increased levels of CRP
and multiple recurrences are more likely to benefit from
IL-1 blockade. In this case, an auto-inflammatory mech-
anism is generally believed to be the cause of the acute
flare. Along with inflammatory biomarkers, these patients
should undergo routine CMR in the diagnostic work-up
to promptly assess pericardial inflammation, which might
be an important prognostic factor. In patients with an
auto-inflammatory mechanism of disease, pharmacological
blockade of IL-1 can blunt inflammation and help resolve
pericardial inflammation and control symptoms. In this
context, colchicine must not be discontinued while start-
ing IL-1 blockers to synergize the inhibition of the NLRP3
inflammasome/IL-1/ axis. In patients with recurrent peri-
carditis without a frank increase in inflammatory biomark-
ers (e.g., CRP), low-dose glucocorticoids might be the treat-
ment of choice since auto-inflammation is less likely to be
the primary driver of the acute flare. However, additional
signs (e.g., evidence of pericardial inflammation at CMR)
should be considered before starting an IL-1 blocker. These
concepts are summarized in Fig. 4 and have been recently
discussed elsewhere [82].

5. Conclusions

In the past years, substantial advances in the under-
standing of acute and recurrent pericarditis have been ac-
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Recurrent Pericarditis

First line
Aspirin/NSAIDs + " Exercise restriction |
Colchicine
Second line ‘
Colchicine +

" Low-dose ‘
| Glucocorticoids |

vs. Anakinra/ Rilonacept

| Rilonacept or Anakinra |

vs. Low-dose Glucocorticoids

* Multiple recurrences (at least 2)

« Increased CRP levels, i.e. >10 mg/L |
* Pain, i.e. NRS 24

« Inflammatory signs at CMR imaging ‘

Third line

Azathioprine or
Rilonacept/Anakinra

4

Fourth line

‘ I.V. Immunoglobulin or

[ Pericardiectomy ]

Fig. 4. Suggested flowchart for the use of IL-1 inhibitors in
patients with recurrent pericarditis. In patients experiencing
>2 recurrences, it is important to evaluate specific disease phe-
notypes to tailor the therapeutic strategy. For those with an auto-
inflammatory phenotype, an IL-1 inhibitor should be the drug of
choice compared with glucocorticoids. On the contrary, for pa-
tients presenting without a clear auto-inflammatory phenotype,
low-dose glucocorticoids could be evaluated along with IL-1 in-

hibitors on a case-by-case basis.

complished. As an etiologic diagnosis is often unfeasible
or fails, in most cases, acute pericarditis has been regarded
to as “idiopathic”. This has probably prevented the medical
community for many years from more in-depth mechanis-
tic research aimed at pathophysiology and targeted thera-
pies. Thanks to clinical and pre-clinical studies conducted
in recent times, it is now clear that acute pericarditis is an
inflammatory condition that can be triggered by infectious
or non-infectious stimuli, except for those cases due to an
autoimmune disease (e.g., systemic lupus erythematosus,
rheumatoid arthritis). In most cases, the acute inflamma-
tion of the pericardium completely resolves. Almost 30%
of patients may, however, experience recurrences, that re-
sult from a rapid tapering of anti-inflammatory drugs or al-
ternatively from a not adequately controlled autoinflamma-
tory phenomenon. The latter is likely to depend on a sus-
tained production of IL-1/ that stimulates the additional re-
lease of IL-1« and IL-17, thus fueling the vicious circle of
pericardial inflammation [83]. As a further proof, patients
not treated with colchicine during the first episode are at
higher risk of recurrence [84]. On the contrary, pharmaco-
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logical agents targeting IL-1 — anakinra and rilonacept —
greatly reduced recurrence rates [7,9,85]. Recently, Peet et
al. [29] have shown that idiopathic recurrent pericarditis is
associated with MEFV gene variants, that are involved in
IL-108 overactivity in Mediterranean fever, a prototypical
systemic autoinflammatory disease presenting with recur-
rent serositis. These findings collectively support the role
of the NLRP3 inflammasome/IL-1/5 axis as a pivotal me-
diator in the pathophysiology of recurrent pericarditis, and
corroborate the use of targeted therapies to block the inflam-
masome [6].

An additional important point deals with patients’ phe-
notyping in order to provide a tailored therapy. Recent stud-
ies identified a central role for CMR in the diagnosis of
acute pericarditis (e.g., LGE sequence and edema-weighted
T2-weighted short-tau inversion recovery sequence) in pa-
tients experiencing multiple recurrences [34,38,86]. CMR
can be coupled with the measurement of inflammatory
biomarkers to recognize patients at higher risk for compli-
cations [87,88]. This allows a more cautious tapering of
anti-inflammatory therapies which should take place when
both inflammatory biomarkers are lowering or negative,
and pericardial LGE has resolved [37,39].

Given the increased pathophysiological understanding
of acute and recurrent pericarditis and recent solid evidence
from clinical studies, it is time for guidelines to incorporate
novel treatments targeting the NLRP3 inflammasome/IL-
13 axis. In the next future, research should be focused
on the selective pharmacological blockade of the NLRP3
inflammasome to address additional pathogenetic mecha-
nisms involved in acute and recurrent pericarditis.

Author Contributions

AB, NP, and AA conceived the structure of the
manuscript. GKT, MG, AGM, AV, and MGDB drafted the
first version of the manuscript. AB drafted Figures 1 and
4 and obtained permissions to reproduce Figures 2 and 3.
AB, NP, AA, GKT, MG, AGM, AV, MGDB, and ST pro-
vided critical revisions of the first draft of the manuscript.
AB, NP, AA, GKT, MG, AGM, AV, MGDB, and ST read
and approved the final version of the manuscript.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

Aldo Bonaventura and Alessandra Vecchié received a
travel grant from Kiniksa Pharmaceuticals Ltd. to attend the

13


https://www.imrpress.com

2019 AHA Scientific Sessions and honoraria from Effetti
s.r.l. (Milan, Italy). Marco Giuseppe Del Buono received
honoraria from Effetti s.r.1. (Milan, Italy). Nicola Potere re-
ceived a training fellowship from the International Society
on Thrombosis and Hemostasis. Antonio Abbate has served
as a consultant to Applied Clinical Intel, AstraZeneca, Car-
diol, Cromos Pharma, Effetti s.r.l, Eli Lilly, Implicit Bio-
sciences, Janssen Pharmaceuticals, Kiniksa, Novo Nordisk,
Olatec, Sanofi, and Serpin Pharma. Antonio Abbate is serv-
ing as Guest Editor of this journal. We declare that Antonio
Abbate had no involvement in the peer review of this article
and has no access to information regarding its peer review.
Full responsibility for the editorial process for this article
was delegated to Yan Topilsky.

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

14

Imazio M, Cecchi E, Demichelis B, Chinaglia A, lerna S, De-
marie D, et al. Myopericarditis versus viral or idiopathic acute
pericarditis. Heart (British Cardiac Society). 2008; 94: 498-501.
Imazio M, Cecchi E, Demichelis B, Ierna S, Demarie D, Ghi-
sio A, et al. Indicators of poor prognosis of acute pericarditis.
Circulation. 2007; 115: 2739-2744.

Vecchié A, Chiabrando JG, Dell MS, Bonaventura A, Mauro
AG, Wohlford G, et al. Clinical Presentation and Outcomes of
Acute Pericarditis in a Large Urban Hospital in the United States
of America. Chest. 2020; 158: 2556-2567.

Del Buono MG, Vecchié A, Damonte JI, Chiabrando JG, Dell
MS, Bonaventura A, et al. Pericarditis Recurrence After Initial
Uncomplicated Clinical Course. The American Journal of Car-
diology. 2021; 160: 112-116.

Adler Y, Charron P, Imazio M, Badano L, Barén-Esquivias G,
BogaertJ, et al. 2015 ESC Guidelines for the diagnosis and man-
agement of pericardial diseases: The Task Force for the Diag-
nosis and Management of Pericardial Diseases of the European
Society of Cardiology (ESC)Endorsed by: The European Asso-
ciation for Cardio-Thoracic Surgery (EACTS). European Heart
Journal. 2015; 36: 2921-2964.

Mauro AG, Bonaventura A, Vecchié A, Mezzaroma E, Carbone
S, Narayan P, ef al. The Role of NLRP3 Inflammasome in Peri-
carditis: Potential for Therapeutic Approaches. JACC: Basic to
Translational Science. 2021; 6: 137-150.

Brucato A, Imazio M, Gattorno M, Lazaros G, Maestroni S,
Carraro M, et al. Effect of Anakinra on Recurrent Pericarditis
Among Patients With Colchicine Resistance and Corticosteroid
Dependence: The AIRTRIP Randomized Clinical Trial. JAMA.
2016; 316: 1906-1912.

Vecchié A, Del Buono MG, Chiabrando GJ, Dentali F, Abbate A,
Bonaventura A. Interleukin-1 and the NLRP3 Inflammasome in
Pericardial Disease. Current Cardiology Reports. 2021; 23: 157.
Klein AL, Imazio M, Cremer P, Brucato A, Abbate A, Fang F, et
al. Phase 3 Trial of Interleukin-1 Trap Rilonacept in Recurrent
Pericarditis. The New England Journal of Medicine. 2021; 384:
31-41.

FDA approves first treatment for disease that causes recurrent
inflammation in sac surrounding heart. 2021. Available at:
https://www.fda.gov/drugs/news-events-human-drugs/fda-app

roves-first-treatment-disease- causes-recurrent-inflammation-s

ac-surrounding-heart (Accessed: 1 September 2022).

Potere N, Del Buono MG, Caricchio R, Cremer PC, Vecchié
A, Porreca E, et al. Interleukin-1 and the NLRP3 inflamma-
some in COVID-19: Pathogenetic and therapeutic implications.
EBioMedicine. 2022; 85: 104299.

Brucato A, Valenti A, Maisch B. Acute and Recurrent Pericardi-

[13]

[14]

[15]

[16]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

tis: Still Idiopathic? Journal of the American College of Cardi-
ology. 2017; 69: 2775.

Matsumori A, Kawai C. Coxsackie virus B3 perimyocarditis in
BALB/c mice: experimental model of chronic perimyocarditis
in the right ventricle. The Journal of Pathology. 1980; 131: 97—
106.

Pagé PL, Plumb VJ, Okumura K, Waldo AL. A new animal
model of atrial flutter. Journal of the American College of Car-
diology. 1986; 8: 872—879.

Leak LV, Ferrans VJ, Cohen SR, Eidbo EE, Jones M. Animal
model of acute pericarditis and its progression to pericardial
fibrosis and adhesions: ultrastructural studies. The American
Journal of Anatomy. 1987; 180: 373-390.

Afanasyeva M, Georgakopoulos D, Fairweather D, Caturegli P,
Kass DA, Rose NR. Novel model of constrictive pericarditis as-
sociated with autoimmune heart disease in interferon-gamma-
knockout mice. Circulation. 2004; 110: 2910-2917.

Kojima A, Sakaue T, Okazaki M, Shikata F, Kurata M, Imai Y,
et al. A simple mouse model of pericardial adhesions. Journal of
Cardiothoracic Surgery. 2019; 14: 124.

Hornung V, Bauernfeind F, Halle A, Samstad EO, Kono H, Rock
KL, et al. Silica crystals and aluminum salts activate the NALP3
inflammasome through phagosomal destabilization. Nature Im-
munology. 2008; 9: 847-856.

Franchi L, Nufiez G. The Nlrp3 inflammasome is critical for alu-
minium hydroxide-mediated IL-1beta secretion but dispensable
for adjuvant activity. European Journal of Immunology. 2008;
38: 2085-2089.

Monroe LL, Armstrong MG, Zhang X, Hall JV, Ozment TR,
Li C, et al. Zymosan-Induced Peritonitis: Effects on Cardiac
Function, Temperature Regulation, Translocation of Bacteria,
and Role of Dectin-1. Shock (Augusta, Ga.). 2016; 46: 723—
730.

Marchetti C, Swartzwelter B, Koenders MI, Azam T, Tengesdal
IW, Powers N, et al. NLRP3 inflammasome inhibitor OLT1177
suppresses joint inflammation in murine models of acute arthri-
tis. Arthritis Research & Therapy. 2018; 20: 169.

Kumar H, Kumagai Y, Tsuchida T, Koenig PA, Satoh T, Guo Z,
et al. Involvement of the NLRP3 inflammasome in innate and
humoral adaptive immune responses to fungal beta-glucan. Jour-
nal of Immunology (Baltimore, Md.: 1950). 2009; 183: 8061—
8067.

Toldo S, Das A, Mezzaroma E, Chau VQ, Marchetti C, Durrant
D, et al. Induction of microRNA-21 with exogenous hydrogen
sulfide attenuates myocardial ischemic and inflammatory injury
in mice. Circulation: Cardiovascular Genetics. 2014; 7: 311—
320.

Abbate A, Toldo S, Marchetti C, Kron J, Van Tassell BW,
Dinarello CA. Interleukin-1 and the Inflammasome as Thera-
peutic Targets in Cardiovascular Disease. Circulation Research.
2020; 126: 1260-1280.

Masumoto J, Taniguchi S, Ayukawa K, Sarvotham H, Kishino
T, Niikawa N, et al. ASC, a novel 22-kDa protein, aggregates
during apoptosis of human promyelocytic leukemia HL-60 cells.
The Journal of Biological Chemistry. 1999; 274: 33835-33838.
Toldo S, Mezzaroma E, Mauro AG, Salloum F, Van Tassell BW,
Abbate A. The inflammasome in myocardial injury and cardiac
remodeling. Antioxidants & Redox Signaling. 2015; 22: 1146—
1161.

Marchetti C, Chojnacki J, Toldo S, Mezzaroma E, Tranchida
N, Rose SW, et al. A novel pharmacologic inhibitor of the
NLRP3 inflammasome limits myocardial injury after ischemia-
reperfusion in the mouse. Journal of Cardiovascular Pharmacol-
ogy. 2014; 63: 316-322.

Silvestre J. Modeling Acute Pericarditis: An Inflammatory Step
Toward Tailored Therapeutic Strategies. JACC: Basic to Trans-

&% IMR Press


https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-first-treatment-disease-causes-recurrent-inflammation-sac-surrounding-heart
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-first-treatment-disease-causes-recurrent-inflammation-sac-surrounding-heart
https://www.fda.gov/drugs/news-events-human-drugs/fda-approves-first-treatment-disease-causes-recurrent-inflammation-sac-surrounding-heart
https://www.imrpress.com

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

lational Science. 2021; 6: 151-153.

Peet CJ, Rowczenio D, Omoyinmi E, Papadopoulou C, Mapalo
BRR, Wood MR, et al. Pericarditis and Autoinflammation: A
Clinical and Genetic Analysis of Patients With Idiopathic Re-
current Pericarditis and Monogenic Autoinflammatory Diseases
at a National Referral Center. Journal of the American Heart As-
sociation. 2022; 11: e024931.

Chiabrando JG, Bonaventura A, Vecchié A, Wohlford GF,
Mauro AG, Jordan JH, et al. Management of Acute and Recur-
rent Pericarditis: JACC State-of-the-Art Review. Journal of the
American College of Cardiology. 2020; 75: 76-92.

Vecchi¢ A, Dell M, Mbualungu J, Ho A, VAN Tassell B, Abbate
A. Recurrent pericarditis: an update on diagnosis and manage-
ment. Panminerva Medica. 2021; 63: 261-269.

Klein AL, Abbara S, Agler DA, Appleton CP, Asher CR, Hoit
B, et al. American Society of Echocardiography clinical rec-
ommendations for multimodality cardiovascular imaging of pa-
tients with pericardial disease: endorsed by the Society for Car-
diovascular Magnetic Resonance and Society of Cardiovascu-
lar Computed Tomography. Journal of the American Society of
Echocardiography: Official Publication of the American Soci-
ety of Echocardiography. 2013; 26: 965-1012.el15.

Cosyns B, Plein S, Nihoyanopoulos P, Smiseth O, Achenbach
S, Andrade MJ, et al. European Association of Cardiovascu-
lar Imaging (EACVI) position paper: Multimodality imaging
in pericardial disease. European Heart Journal: Cardiovascular
Imaging. 2015; 16: 12-31.

Chetrit M, Xu B, Kwon DH, Ramchand J, Rodriguez RE, Tan
CD, et al. Imaging-Guided Therapies for Pericardial Diseases.
JACC: Cardiovascular Imaging. 2020; 13: 1422-1437.

Wang TKM, Ayoub C, Chetrit M, Kwon DH, Jellis CL, Cremer
PC, et al. Cardiac Magnetic Resonance Imaging Techniques and
Applications for Pericardial Diseases. Circulation: Cardiovas-
cular Imaging. 2022; 15: e014283.

Zurick AO, Bolen MA, Kwon DH, Tan CD, Popovic ZB, Ra-
jeswaran J, et al. Pericardial delayed hyperenhancement with
CMR imaging in patients with constrictive pericarditis undergo-
ing surgical pericardiectomy: a case series with histopathologi-
cal correlation. JACC: Cardiovascular Imaging. 2011; 4: 1180—
1191.

Kumar A, Sato K, Yzeiraj E, Betancor J, Lin L, Tamarappoo
BK, et al. Quantitative Pericardial Delayed Hyperenhancement
Informs Clinical Course in Recurrent Pericarditis. JACC: Car-
diovascular Imaging. 2017; 10: 1337-1346.

Imazio M, Pivetta E, Palacio Restrepo S, Sormani P, Pedrotti
P, Quarta G, et al. Usefulness of Cardiac Magnetic Resonance
for Recurrent Pericarditis. The American Journal of Cardiology.
2020; 125: 146-151.

Alraies MC, AlJaroudi W, Yarmohammadi H, Yingchoncharoen
T, Schuster A, Senapati A, et al. Usefulness of cardiac magnetic
resonance-guided management in patients with recurrent peri-
carditis. The American Journal of Cardiology. 2015; 115: 542—
547.

Abadie BQ, Cremer PC. Interleukin-1 Antagonists for the Treat-
ment of Recurrent Pericarditis. BioDrugs: Clinical Immunother-
apeutics, Biopharmaceuticals and Gene Therapy. 2022; 36:
459-472.

Lo Presti S, Elajami TK, Reyaldeen R, Anthony C, Imazio
M, Klein AL. Emerging Therapies for Recurrent Pericarditis:
Interleukin-1 inhibitors. Journal of the American Heart Associ-
ation. 2021; 10: e021685.

Goel A, Bandyopadhyay D, Malik AH, Gupta R, Frishman WH,
Aronow WS. Rilonacept and Other Interleukin-1 Inhibitors in
the Treatment of Recurrent Pericarditis. Cardiology in Review.
2022. (Online ahead of print)

Wright DG, Wolff SM, Fauci AS, Alling DW. Efficacy of inter-

&% IMR Press

[44]

[45]

[46]

[47]

(48]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

mittent colchicine therapy in familial Mediterranean fever. An-
nals of Internal Medicine. 1977; 86: 162—165.

Rodriguez de la Serna A, Guindo Soldevila J, Marti Claramunt
V, Bayés de Luna A. Colchicine for recurrent pericarditis. Lancet
(London, England). 1987; 2: 1517.

Imazio M, Bobbio M, Cecchi E, Demarie D, Demichelis B, Po-
mari F, et al. Colchicine in addition to conventional therapy for
acute pericarditis: results of the COlchicine for acute PEricardi-
tis (COPE) trial. Circulation. 2005; 112: 2012-2016.

Imazio M, Bobbio M, Cecchi E, Demarie D, Pomari F, Moratti
M, et al. Colchicine as first-choice therapy for recurrent peri-
carditis: results of the CORE (COlchicine for REcurrent peri-
carditis) trial. Archives of Internal Medicine. 2005; 165: 1987—
1991.

Imazio M, Brucato A, Cemin R, Ferrua S, Belli R, Maestroni S,
et al. Colchicine for recurrent pericarditis (CORP): a random-
ized trial. Annals of Internal Medicine. 2011; 155: 409-414.
Imazio M, Brucato A, Cemin R, Ferrua S, Maggiolini S, Beqaraj
F, et al. A randomized trial of colchicine for acute pericarditis.
The New England Journal of Medicine. 2013; 369: 1522—1528.
Imazio M, Belli R, Brucato A, Cemin R, Ferrua S, Beqaraj F,
et al. Efficacy and safety of colchicine for treatment of multi-
ple recurrences of pericarditis (CORP-2): a multicentre, double-
blind, placebo-controlled, randomised trial. Lancet (London,
England). 2014; 383: 2232-2237.

Finkelstein Y, Shemesh J, Mahlab K, Abramov D, Bar-El Y,
Sagie A, et al. Colchicine for the prevention of postpericar-
diotomy syndrome. Herz. 2002; 27: 791-794.

Imazio M, Trinchero R, Brucato A, Rovere ME, Gandino A,
Cemin R, et al. COlchicine for the Prevention of the Post-
pericardiotomy Syndrome (COPPS): a multicentre, randomized,
double-blind, placebo-controlled trial. European Heart Journal.
2010; 31: 2749-2754.

Imazio M, Brucato A, Ferrazzi P, Pullara A, Adler Y, Barosi A,
et al. Colchicine for prevention of postpericardiotomy syndrome
and postoperative atrial fibrillation: the COPPS-2 randomized
clinical trial. JAMA. 2014; 312: 1016-1023.

Sambola A, Roca Luque I, Mercé J, Alguersuari J, Francisco-
Pascual J, Garcia-Dorado D, et al. Colchicine Administered in
the First Episode of Acute Idiopathic Pericarditis: A Random-
ized Multicenter Open-label Study. Revista Espanola De Cardi-
ologia (English Ed.). 2019; 72: 709-716.

Meurin P, Lelay-Kubas S, Pierre B, Pereira H, Pavy B, Iliou MC,
et al. Colchicine for postoperative pericardial effusion: a multi-
centre, double-blind, randomised controlled trial. Heart (British
Cardiac Society). 2015; 101: 1711-1716.

Imazio M, Nidorf M. Colchicine and the heart. European Heart
Journal. 2021; 42: 2745-2760.

Raval J, Nagaraja V, Eslick GD, Denniss AR. The Role of
Colchicine in Pericarditis—A Systematic Review and Meta-
analysis of Randomised Trials. Heart, Lung & Circulation. 2015;
24: 660—666.

Avondo S, Andreis A, Casula M, Biondi-Zoccai G, Imazio M.
Pharmacologic treatment of acute and recurrent pericarditis: a
systematic review and meta-analysis of controlled clinical trials.
Panminerva Medica. 2021; 63: 314-323.

Alabed S, Cabello JB, Irving GJ, Qintar M, Burls A. Colchicine
for pericarditis. The Cochrane Database of Systematic Reviews.
2014; CD010652.

Papageorgiou N, Briasoulis A, Lazaros G, Imazio M, Tousoulis
D. Colchicine for prevention and treatment of cardiac diseases:
A meta-analysis. Cardiovascular Therapeutics. 2017; 35: 10-18.
Imazio M, Brucato A, Markel G, Cemin R, Trinchero R, Spod-
ick DH, et al. Meta-analysis of randomized trials focusing on
prevention of the postpericardiotomy syndrome. The American
Journal of Cardiology. 2011; 108: 575-579.

15


https://www.imrpress.com

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

16

Alam M, Kayani WT, Bandeali SJ, Shahzad SA, Huang HD,
Virani SS, et al. Impact of colchicine on pericardial inflamma-
tory syndromes—an analysis of randomized clinical trials. Inter-
national Journal of Cardiology. 2012; 161: 59-62.

Imazio M, Brucato A, Forno D, Ferro S, Belli R, Trinchero R, et
al. Efficacy and safety of colchicine for pericarditis prevention.
Systematic review and meta-analysis. Heart (British Cardiac So-
ciety). 2012; 98: 1078-1082.

Imazio M, Brucato A, Belli R, Forno D, Ferro S, Trinchero R,
et al. Colchicine for the prevention of pericarditis: what we
know and what we do not know in 2014 - systematic review
and meta-analysis. Journal of Cardiovascular Medicine (Hager-
stown, Md.). 2014; 15: 840-846.

Briasoulis A, Afonso L. Prevention of pericarditis with
colchicine: an updated meta-analysis. Journal of Cardiovascu-
lar Medicine (Hagerstown, Md.). 2015; 16: 144-147.

Agarwal SK, Vallurupalli S, Uretsky BF, Hakeem A. Effective-
ness of colchicine for the prevention of recurrent pericarditis
and post-pericardiotomy syndrome: an updated meta-analysis of
randomized clinical data. European Heart Journal. Cardiovascu-
lar Pharmacotherapy. 2015; 1: 117-125.

Li Y, Qiao S, Wang J, Chen Y, Luo J, Zhang H. Colchicine in
addition to conventional therapy for pericarditis recurrence: An
update meta-analysis. Herz. 2016; 41: 630-638.

Melendo-Viu M, Marchén-Lopez A, Guarch CJ, Roubin SR,
Abu-Assi E, Meneses RT, ef al. A systematic review and meta-
analysis of randomized controlled trials evaluating pharmaco-
logic therapies for acute and recurrent pericarditis. Trends in
Cardiovascular Medicine. 2022. (Online ahead of print)
Correia ETDO, Dos Santos Barbetta LM, de Almeida JPCL,
Mesquita ET. Anakinra in Recurrent Pericarditis: Current Ev-
idence on Clinical Use, Effectiveness, and Safety. Journal of
Cardiovascular Pharmacology. 2020; 76: 42—49.

Wohlford GF, Buckley LF, Vecchié A, Kadariya D, Markley R,
Trankle CR, et al. Acute Effects of Interleukin-1 Blockade Using
Anakinra in Patients With Acute Pericarditis. Journal of Cardio-
vascular Pharmacology. 2020; 76: 50-52.

Imazio M, Andreis A, De Ferrari GM, Cremer PC, Mardigyan
V, Maestroni S, et al. Anakinra for corticosteroid-dependent and
colchicine-resistant pericarditis: The IRAP (International Reg-
istry of Anakinra for Pericarditis) study. European Journal of
Preventive Cardiology. 2020; 27: 956-964.

Klein AL, Lin D, Cremer PC, Nasir S, Luis SA, Abbate A, et
al. Efficacy and safety of rilonacept for recurrent pericarditis:
results from a phase II clinical trial. Heart (British Cardiac So-
ciety). 2020; 107: heartjnl-2020-317928.

Lin D, Klein A, Cella D, Beutler A, Fang F, Magestro M, et al.
Health-related quality of life in patients with recurrent pericardi-
tis: results from a phase 2 study of rilonacept. BMC Cardiovas-
cular Disorders. 2021; 21: 201.

Cremer P, Lin D, Wheeler A, Abbate A, Brucato A, Fang F, et
al. Cardiac Magnetic Resonance Imaging for Guiding Decision-
Making on Treatment Duration: Data from Rhapsody, a Phase 3
Clinical Trial of Rilonacept in Recurrent Pericarditis. Journal of
the American College of Cardiology. 2021; 77: 1302.

Brucato A, Wheeler A, Luis SA, Abbate A, Cremer PC, Zou L,
et al. Transition to rilonacept monotherapy from oral therapies

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

(84]

[85]

[86]

(87]

[88]

in patients with recurrent pericarditis. Heart (British Cardiac So-
ciety). 2023; 109: 297-304.

Imazio M, Klein AL, Abbate A, Arad M, brucato a, Cremer PC,
et al. Abstract 11653: Prolonged Rilonacept Treatment in Rhap-
sody Long-Term Extension Provided Persistent Reduction of
Pericarditis Recurrence Risk. Circulation. 2022; 146: A11653.
Brucato A, Lim-Watson MZ, Klein A, Imazio M, Cella D, Cre-
mer P, et al. Interleukin-1 Trap Rilonacept Improved Health-

Related Quality of Life and Sleep in Patients With Recurrent
Pericarditis: Results From the Phase 3 Clinical Trial RHAP-

SODY. Journal of the American Heart Association. 2022; 11:
¢023252.

Theodoropoulou K, von Scheven-Géte A, Bressieux-Degueldre
S, Prsa M, Angelini F, Boulos T, et al. A case of corticosteroid-
dependent recurrent pericarditis with different response to two
IL-1 blocking agents. Pediatric Rheumatology. 2015; 13: P155.
Epcagan S, Sahin S, Kasapcopur O. Anaphylactic reaction to
anakinra in a child with steroid-dependent idiopathic recurrent
pericarditis and successful management with canakinumab. Car-
diology in the Young. 2019; 29: 549-551.

Chawla S, Lak HM, Furgan M, Klein A. Use of Canakinumab
(Illaris) for the Management of Autoimmune Mediated Recur-
rent Pericarditis. Journal of the American College of Cardiology.
2021; 77: 1874.

Kougkas N, Fanouriakis A, Papalopoulos I, Bertsias G, Avgous-
tidis N, Repa A, et al. Canakinumab for recurrent rheumatic dis-
ease associated-pericarditis: a case series with long-term follow-
up. Rheumatology (Oxford, England). 2018; 57: 1494—1495.
Signa S, D’ Alessandro M, Consolini R, Miniaci A, Bustaffa M,
Longo C, et al. Failure of anti Interleukin-1 8 monoclonal an-
tibody in the treatment of recurrent pericarditis in two children.
Pediatric Rheumatology Online Journal. 2020; 18: 51.

Vecchié A, Del Buono MG, Mauro AG, Cremer PC, Imazio M,
Klein AL, et al. Advances in pharmacotherapy for acute and re-
current pericarditis. Expert Opinion on Pharmacotherapy. 2022;
23: 681-691.

Bonaventura A, Vecchié A, Mauro AG, Brucato AL, Imazio M,
Abbate A. An update on the pathophysiology of acute and recur-
rent pericarditis. Panminerva Medica. 2021; 63: 249-260.
Imazio M, Spodick DH, Brucato A, Trinchero R, Adler Y. Con-
troversial issues in the management of pericardial diseases. Cir-
culation. 2010; 121: 916-928.

Imazio M, Lazaros G, Gattorno M, LeWinter M, Abbate A, Bru-
cato A, et al. Anti-interleukin-1 agents for pericarditis: a primer
for cardiologists. European Heart Journal. 2022; 43: 2946-2957.
Kumar S, Khubber S, Reyaldeen R, Agrawal A, Cremer PC,
Imazio M, et al. Advances in Imaging and Targeted Therapies
for Recurrent Pericarditis: A Review. JAMA Cardiology. 2022;
7: 975-985.

Cremer P, Lin D, Wheeler A, Abbate A, Brucato A, Fang F, et
al. Cardiac Magnetic Resonance Imaging for Guiding Decision-
Making on Treatment Duration: Data from Rhapsody, a Phase 3
Clinical Trial of Rilonacept in Recurrent Pericarditis. Journal of
the American College of Cardiology. 2021; 77: 1302.

Conte E, Agalbato C, Lauri G, Mushtaq S, Cia AD, Bonomi A, et
al. Cardiac MRI after first episode of acute pericarditis: A pilot
study for better identification of high risk patients. International
Journal of Cardiology. 2022; 354: 63—-67.

&% IMR Press


https://www.imrpress.com

	1. Introduction
	2. Novel Pathophysiological Clues: A Central Role for the NLRP3 Inflammasome/IL-1 Axis
	3. Diagnosis: An Increasingly Large Armamentarium
	4. Therapy: IL-1 Blockade as a Game Changer in Recurrent Pericarditis
	4.1 Colchicine
	4.2 Anakinra
	4.3 Rilonacept
	4.4 Canakinumab
	4.5 The Importance of Phenotyping Patients with Recurrent Pericarditis

	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

