Current Cardiology Reports (2022) 24:915-923
https://doi.org/10.1007/511886-022-01719-z

PERICARDIAL DISEASE (AL KLEIN AND CL JELLIS, SECTION EDITORS) q

Check for
updates

Recurrent Pericarditis: a Stubborn Opponent Meets New Treatments
in 2022

Tracy Hagerty'2® . Matthew A. Kluge' - Martin M. LeWinter'2

Accepted: 11 May 2022 / Published online: 25 May 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract

Purpose of Review Our goal in writing this review was to provide a comprehensive appraisal of current therapies for idi-
opathic recurrent pericarditis with a particular focus on the newest therapeutic agents. We sought to understand the role of the
inflammasome in the pathophysiology of pericarditis and how it informs the use of interleukin-1 (IL-1)-directed therapies.
Recent Findings The latest research on this topic has focused on the critical role of the NLRP3 (NACHT, leucine-rich
repeat, and pyrin domain-containing protein) inflammasome. Very recently, components of the NLRP3 inflammasome were
detected by immune staining in pericardial tissue from patients with recurrent idiopathic pericarditis. In a mouse model of
pericarditis, anti-IL-1 agents anakinra and rilonacept reduced NLRP3 immunostaining. Subsequent study of these drugs in
human subjects with idiopathic recurrent pericarditis demonstrated their efficacy.

Summary Recurrent idiopathic pericarditis, while relatively rare, poses a continued treatment challenge and contributes
to a diminished quality of life for those patients who are afflicted. Recent developments, including an animal model of the
disease and the use of IL-1-directed therapies, represent an exciting leap forward in our understanding of treatment targets.
These advances offer not only new tools in our fight against this disease, but also the promise of earlier intervention and
attenuation of disease morbidity. As our experience with these new agents expands, we can address questions about the ideal
timing of introduction of anti-IL-1 therapy and duration of therapy and better understand the potential side effect profile.
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Introduction

Recent developments in our understanding of the pathophys-
iology of recurrent idiopathic pericarditis have transformed
the treatment landscape and may favorably alter the long-
term trajectory of this difficult problem. The following is a
case presentation that will set the stage for a discussion of
these new approaches.
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Case Presentation

A 52-year-old man with no significant past medical history
presented to the emergency department (ED) with progres-
sive, pleuritic, substernal chest pain and dyspnea for 1 week.
He felt markedly worse when supine. He denied a preced-
ing illness or other symptoms. In the ED, T 38.1 °C, HR
98/min, BP 130/80 mmHg and O2 saturation 97% on RA.
He appeared uncomfortable, and his cardiac examination
was notable for a 3-component pericardial friction rub.
ECG revealed ST elevation in all leads except AVR and V1.
Lab data: WBC 10.7, hs-CRP 75 mg/L, troponin I normal.
Echocardiogram was completely normal except for a small,
circumferential pericardial effusion. Chest X-ray was also
normal.

Acute idiopathic pericarditis was diagnosed, and the
patient was discharged on ibuprofen 800 mg three times
daily, colchicine 0.6 mg twice daily, and omeprazole.
His symptoms resolved within 2-3 days. After 10 days
of treatment, hs-CRP was < 1.0 mg/L. Repeat echocar-
diogram revealed resolution of the effusion. Ibuprofen and
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omeprazole were stopped at this point, and colchicine was
continued for a total of 3 months of treatment.

Acute Pericarditis

Acute pericarditis is the most common form of pericardial
disease [1, 2]. There are numerous causes, including infec-
tion, auto-immune diseases, uremia, malignancy, and post-
injury (post-thoracotomy, post-MI, post-cardiac catheteriza-
tion, and electrophysiology device or ablation procedures).
However, idiopathic cases are by far the most common (idio-
pathic is taken to mean that no specific etiology emerges fol-
lowing a standard evaluation, as outlined in the case report).
Most cases of acute idiopathic pericarditis are considered
to be viral in origin, but this has never been systematically
tested. Epidemiologic data are limited, but this diagnosis has
an approximately 1% incidence at autopsy and accounts for
approximately 5% of all emergency room patients diagnosed
with non-ischemic chest pain [1, 2]. It is more common in
males than females and in middle age versus younger and
older patients. The etiology and epidemiology of pericarditis
differs markedly based on geography, with tuberculosis now
rare in the developed world but still quite common in under-
developed countries. At least two of four key findings are
required for diagnosis: typical chest pain, pericardial fric-
tion rub, typical ECG changes (PR depression, “diffuse” ST
segment elevations), and pericardial effusion [3]. Although
elevated CRP levels are supportive, they are not required
for diagnosis. The cornerstones of treatment for an initial
case of acute idiopathic pericarditis are exercise restriction,
an anti-inflammatory regimen consisting of high-dose non-
steroidal anti-inflammatories (most commonly ibuprofen or
aspirin), and colchicine along with a PPI for gastric protec-
tion [3-9]. Corticosteroids are considered second-line ther-
apy for an initial episode due to both short- and long-term
side effects and the observation that they appear to increase
the risk of recurrence, especially when used at high dose
with a rapid taper [7, 10, 11]. Duration of therapy is guided
by symptomatic improvement and serial assessment of CRP
with a goal of normalization (approximately 75-80% of peri-
carditis patients have an elevated CRP upon presentation)
[2,3,12,13].

Case Update

The patient returned to the office 2 months after comple-
tion of colchicine therapy with the recent onset of identical
symptoms of pleuritic chest pain and dyspnea. He did not
have a friction rub, and his ECG was normal. Labs were
notable for WBC 8.5, hs-CRP 25 mg/L, and a normal tro-
ponin I. Repeat echocardiogram revealed only a trivial peri-
cardial effusion. Ibuprofen, colchicine, and omeprazole were
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re-initiated with resolution of symptoms within several days
and hs-CRP normalization within 1 week. Ibuprofen was
tapered off, and omeprazole was discontinued, and colchi-
cine continued for a planned 3 months. Two months later,
symptoms recurred. The patient was treated with prednisone
20 mg daily, and colchicine was continued. Symptoms
cleared within a few days. The prednisone dose was gradu-
ally tapered over 3—4 months. With prednisone tapered to
a dose of 4 mg daily, the patient had another recurrence of
symptoms.

What Are the Therapeutic Options at this Point?

Diagnosis and Natural History of Recurrent
Idiopathic Pericarditis

Recurrent pericarditis presents not only a painful and life-
altering constellation of symptoms for the patient but is
often a treatment conundrum for the clinician. Up to 30% of
patients with a first episode of acute idiopathic pericarditis
have at least 1 recurrence and of those around 1/3 to 1/2
have multiple recurrences [1, 9, 14]. Through their 2021
retrospective US database analysis of recurrent pericarditis,
Dr. Klein and associates updated and deepened our under-
standing of the burden of this disease. Over a 2-year obser-
vation period after a first episode of pericarditis, 27.9% of
patients had at least a single recurrence, with a mean recur-
rence number of 2.16. Interestingly, each recurrence made
a next recurrence more likely. This was seen more often
in patients with corticosteroid-dependent and refractory
pericarditis. The timing of recurrent bouts of pericarditis
was found to be shorter in patients with a higher burden of
recurrent disease. Patients with recurrent pericarditis were
also found to have higher rates of complications such as
pericardial effusion and tamponade when compared to the
acute pericarditis population [15e].

To diagnose recurrent pericarditis, the patient must have
experienced complete remission of symptoms for at least 4
to 6 weeks prior to developing new symptoms and recur-
rent signs as outlined above [1, 2]. While some recurrences
may result from incomplete or inadequate treatment of a first
episode, they are not thought to be caused by a new viral or
other insult. Recurrences often but not always present with
milder symptoms than the first presentation, with less in the
way of objective signs of pericardial inflammation. When
idiopathic pericarditis first recurs, conventional treatment
stays centered around anti-inflammatory medications, i.e.,
NSAIDs and colchicine, at similar doses as those used for
an initial episode. Typically, a first recurrence responds very
well to treatment with the typical anti-inflammatory medi-
cations listed in Table 1. However, treatment of subsequent
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recurrences often becomes problematic, with many patients
receiving repeated courses of corticosteroids (CS) with
their attendant difficulties. Immunosuppressive drugs such
as azathioprine have had some success as corticosteroid-
sparing therapy for recurrent pericarditis [16]. Methotrexate,
mycophenolate mofetil, and intravenous immunoglobulin
also demonstrated some apparent efficacy in CS-dependent
cases or in those suffering unacceptable side effects from CS
[17, 18]. Recurrent pericarditis is often a long-term problem
with frequent, unpredictable flares that can markedly impair
quality of life. Although most cases eventually resolve and
complications such as constrictive pericarditis are extremely
rare, the time to resolution is unpredictable. This has led to
the continued search for new treatment targets.

Mechanistic Basis of Recurrent Idiopathic
Pericarditis and Newer Therapies

It has been theorized that recurrent idiopathic pericarditis
is an auto-inflammatory disease caused by dysregulated
production of the pro-inflammatory cytokines IL-1o/p.
Pericardial injury results in the release of what are termed
damage-associated molecular patterns (DAMPs) and/or
pathogen-associated molecular patterns (PAMPs), leading to
the inflammatory cascade illustrated in Fig. 1. This hypoth-
esis was originally based on its resemblance to the periodic
fever syndromes, especially Familial Mediterranean Fever.
Periodic fever syndromes are inherited diseases which often
feature recurrent bouts of pericarditis and respond dramati-
cally to IL-1 directed treatment, for example, the IL-1 o/p
blocking agent anakinra [19, 20]. Many patients with recur-
rent idiopathic pericarditis also have evidence of a more
generalized polyserositis, e.g., pleural effusions, which is
also reminiscent of periodic fever disorders. The underlying
basis of the periodic fever syndromes is genetically deter-
mined dysregulation of the NLRP3 (NACHT, leucine-rich
repeat, and pyrin domain-containing protein) inflammasome.
NLRP3 is one of several inflammasomes that have been
identified. NLRP3 is a complex, multi-protein component
of the innate immune system which is assembled in mac-
rophages mainly in vascular endothelium and becomes acti-
vated in response to various “danger” signals (PAMPs and
DAMPs), where its caspase component functions to convert

inactive to active IL-1p [21ee, 22]. In contrast, IL-1a is pro-
duced locally in damaged tissues. Very recently, components
of the NLRP3 inflammasome were detected by immune
staining in pericardial tissue from patients with recurrent
idiopathic pericarditis. Staining was not evident in pericar-
dial tissue from control subjects without pericardial disease.
This is the first direct proof of the involvement of the NLRP3
inflammasome in recurrent pericarditis (Fig. 1) [21ee, 22].
In a parallel study in a mouse model of pericarditis, both
anakinra and rilonacept reduced NLRP3 immunostaining
[23]. The role of NLRP3 in pericarditis is discussed in more
detail below.

Evidence for Clinical Use of Anti-IL-1 Agents

Three IL-1 directed agents are currently available: anak-
inra, rilonacept, and canakinumab. Based on the proposed
mechanistic role of IL-1, each has been tested in recurrent
pericarditis (Fig. 1). Support for the safety and clinical use
of these therapies, particularly anakinra and rilonacept, is
provided by randomized, placebo-controlled clinical trials
and registry results.

Anakinra-AIRTRIP Trial

Anakinra is recombinant human IL-1Ra, a naturally occur-
ring protein that blocks both IL-1a and p receptors. It is
administered subcutaneously (s.c.) daily and is currently
used in certain periodic fever syndromes and rheumatoid
arthritis. AIRTRIP was a small, event-driven, double-blind,
placebo-controlled, randomized withdrawal trial preceded by
an open-label run-in phase during which anakinra (2 mg/kg
s.c.) was administered to all patients during an active recur-
rence of idiopathic pericarditis associated with CRP eleva-
tion. During the run-in phase, symptoms rapidly resolved,
and other anti-inflammatories including corticosteroids were
successfully discontinued. During the randomized phase,
patients were followed for 6 months or until recurrent peri-
carditis occurred. Recurrent pericarditis occurred in 90% of
patients assigned to placebo and in 18% of those assigned
to anakinra, a highly significant difference. Side effects of
treatment were minor and most related to injection site skin

Table 1 Current standard

Initial dose

Therapy duration

750-1000 mg every 8 h
600-800 mg every 8 h
0.6 mg twice daily or dose adjusted for CKD

Slow taper over weeks to months
Same taper as aspirin
3 to 6 months

or GI intolerance

Drug
treatments for recurrent
pericarditis Aspirin
Ibuprofen
Colchicine
Prednisone

0.2 to 0.5 mg/kg/daily

Slow taper over months
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Fig. 1 The role of the NLRP3 inflammasome in the pathophysiology
of recurrent idiopathic pericarditis and as a therapeutic target. Colchi-
cine reduces the activation of IL-1f via inhibition of NLRP3 inflam-
masome aggregation and caspase activation. Corticosteroids have
numerous anti-inflammatory properties including inhibition of NFkB
and phospholipase A2 and their downstream inflammatory effects.
NSAIDs and aspirin inhibit COX-2 activity, thereby preventing the
conversion of arachidonic acid to various proinflammatory molecules
which contribute to clinical pericarditis. Anakinra blocks IL-1a and
IL-1p from binding with IL receptors and inhibits their local, NFkB-
mediated pro-inflammatory response. Rilonacept exerts similar effects

reactions, which were quite common. No patients discontin-
ued anakinra treatment [24]. Drug dosing and monitoring
are summarized in Table 2. Study design and results are
summarized in Table 3.

IRAP Registry

The International Registry of Anakinra for Pericarditis
(IRAP) has confirmed the safety and efficacy of this treat-
ment in a real-world clinical cohort of 224 patients. Most
patients had an elevated CRP and a pericardial effusion
(91% and 88%, respectively). After a median treatment of
6 months, recurrent pericarditis was reduced sixfold, emer-
gency room visits were reduced 11-fold, and hospitalizations

@ Springer

l— Corticosteroids
\/ Phospholipase A,
~ ]

e T

Pro- inflammatory transcription:
NLRP Inflammasome components
PLA2, TLR, NF-kB, Pro IL-1B, etc

I-1Ra @ ol
. -~ Anakinra Rilonacept Canakinumab
s : = (-1 & IL-1B) (IL-1a, IL-1Ra & IL-1B trap) ‘ H (IL-18 monoclonal Ab)
[ ]
0. e ® "
& = X

el @®
o

. Cardiac injury

IL-1 receptors

<. Tolllike

receptor " Infection

v
Arachidonic Acid
+ NSAIDs, | coxa i
e Aspirin H
Prostaglandins,
Thromboxanes

v
Vasodilation,
Vascular permeability,
WBC migration, Cytokine
release

S~

\
R

via “trapping” of IL-la and IL-1P to prevent their binding to IL-1
receptors. The monoclonal antibody Canakinumab selectively inhibits
IL-1B. ASC, apoptosis-associated speck-like protein containing a cas-
pase recruitment domain; COX-2, cyclooxygenase-2; CRP, C-reactive
protein, DAMP, damage-associated molecular pattern; IL, interleu-
kin; IL-1Ra, interleukin 1 receptor antagonist; NFkB, nuclear factor
k-light-chain-enhancer of activated B cells; TLR, Toll-like receptor;
NLR, nod-like receptor; NSAIDs, non-steroidal anti-inflammatory
drugs; PAMP, pathogen-associated molecular pattern; PLA2, phos-
pholipase A2. Similar mechanistic components are illustrated in a dif-
ferent cell type in the JACC review by Chiabrando et al. [34]

were reduced sevenfold. Corticosteroid use markedly
decreased from 80 to 27% when anakinra was used. No
serious adverse events were recorded, and, as in AIRTRIP,
the most common was a transient skin reaction at the injec-
tion site, leading to discontinuation of this therapy in 3% of
patients. Treatment of greater than 3 months followed by a
slow taper over a period of at least 3 months was associated
with lowering the risk of recurrence of pericarditis [25].

Rilonacept-RHAPSODY Trial

Rilonacept is the newest anti-IL-1 agent to be trialed in
recurrent pericarditis. It is approved for use in certain peri-
odic fever syndromes and recently received FDA approval
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Table 2 Anti-IL-1 agents currently used for recurrent pericarditis

Anakinra Rilonacept
Form Recombinant IL-1Ra IL-l1o and IL-1 B trap
IL-1 target IL-loand IL-1 B IL-loand IL-1 B
Loading dose Not recommended 320 mg/s.c., day 1
Maintenance dose Up to 100 mg/s.c./day 160 mg/s.c./ weekly
Pre-treatment lab evaluation CBC, AST, ALT, renal function, lipids, screen for HIV, hepatitis B and same
C, screen for tuberculosis/latent TB with QuantiFERON gold assay
Vaccinations Assure up to date; avoid live vaccines while on anti-IL-1 therapy Same
Contraindications to anti-IL-1 agents -Active hepatitis B or C, HIV, tuberculosis, or latent tuberculosis Same
(some exceptions w/ infectious disease consultation)
-No safety information for treatment during pregnancy
-Concomitant use of systemic immunomodulatory therapy such as
TNF- o agents
Monitoring CBC, AST, ALT, renal function, lipid panel at 1-, 3-, and 6-month Same
intervals
Duration 6 months or more Same
Side effects Anakinra Rilonacept
Mild/moderate skin reaction at injection site 38-95% Up to 60%
Infections (typically upper respiratory) Upto 5% Variable
Elevated transaminases 3-14% Up to 4%
Arthralgias, myalgias 6-8% Up to 12%
Elevated blood lipids Not quantified Up to 8%
Neutropenia or leukopenia 1-3% Not quantified
Permanent discontinuation due to adverse events 3% 3%

for recurrent idiopathic pericarditis. Rilonacept is a fusion
protein that acts to bind or “trap” both IL-1a and IL-1p,
blocking their function and role in the inflammatory cas-
cade leading to recurrent pericarditis. In an open-label
phase II study, 25 adult patients with idiopathic or post-
pericardiotomy pericarditis with at least two recurrences
and/or corticosteroid-dependence (again with at least 2
recurrences) were enrolled. They received a 320 mg s.c.

loading dose followed by weekly injections of 160 mg dur-
ing a 6-week treatment period followed by an optional
18-week treatment extension. There was a rapid and sus-
tained decrease in CRP and pericarditis manifestations as
well as health-related improvement in quality of life [26].

This positive trial led to RHAPSODY, a phase III, mul-
ticenter, double-blind, event-driven, randomized withdrawal
trial of rilonacept in patients suffering from acute symptoms

Table 3 Summary of trial design and results for anti-IL-1 agents currently used for recurrent pericarditis

Anakinra

Rilonacept

Trial acronym AIRTRIP

Key inclusion criteria

Acute recurrent pericarditis (>3 prior recurrences),
elevated CRP, colchicine resistance, corticosteroid

RHAPSODY

Acute recurrent pericarditis (>2 prior recurrences),
elevated CRP despite NSAIDs, colchicine, or oral

dependence glucocorticoids

Trial design Multicenter, double-blind, placebo-controlled, Multicenter, international, double-blind, placebo-
randomized-withdrawal trial controlled, randomized-withdrawal trial

Patients enrolled 21 61

Study duration 8-week run-in, followed by a randomized with- 12-week run-in, followed by a randomized withdrawal
drawal period (up to 12 months) period

Incidence of recurrent pericarditis Placebo: 9 of 10 patients (90%)
Anakinra: 2 of 11 patients (18%)

(p=0.001)

Placebo: 72 (64-150)
Anakinra: Too low, not calculable
(p<0.001)

Median time to pericarditis recur-
rence (IQ range), days

Placebo: 23 of 31 patients (74.2%)
Rilonacept: 2 of 30 patients (6.7%)
(p<0.0001)

Placebo: 60 (28-82)
Rilonacept: Too low, not calculable
(»<0.001)
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of recurrent pericarditis (utilizing a patient-reported scale) and
systemic inflammation (demonstrated by elevated CRP levels)
[27e]. Like AIRTRIP, the enrolled patients received rilonacept
for a 12-week run-in period at the same dosing as the phase
II trial; during this phase, their other pericarditis treatments,
including CS, were successfully discontinued. All enrollees
met prespecified clinical response criteria (CRP level <0.5 mg/
dl and mean daily pain score of <2, i.e., minimal to no pain)
and then were randomly assigned to either continue therapy
or switch to placebo. The median time to the primary end-
point of first pericarditis recurrence was 8.6 weeks. Recurrent
pericarditis was defined as the return of pericarditis pain or an
increase in the CRP level. If only elevated CRP was present,
other objective evidence was required such as pericardial effu-
sion, rub, or ECG changes. Only 2 patients (7%) receiving
rilonacept experienced a recurrence of pericarditis, while 23
of 31 placebo patients (74%) experienced a recurrence. Four
patients experienced adverse events that led to discontinua-
tion of rilonacept during the run-in period. Injection site reac-
tions (mild to moderate; 34% of participants affected, all of
whom were rilonacept recipients) and upper respiratory tract
infections (23% of rilonacept patients) were the most com-
mon reported adverse events, as summarized in Table 2 [27e].
Drug dosing and monitoring are summarized in Table 2. Study
design and results are summarized in Table 3.

Canakinumab-CANTOS Trial

Canakinumab is a selective monoclonal antibody that blocks
the effects of IL-1p. CANTOS was a large, phase III trial
in which canakinumab was shown to have favorable effects
on long-term outcomes in patients with prior myocardial
infarction who were receiving optimal guideline-directed
treatment, including lipid lowering therapy [28]. Its lim-
ited published use in pericarditis is based on case studies
and uncontrolled case series, the results of which have been
mixed and clearly not as favorable as anakinra or rilonacept
[29, 30]. These results with canakinumab have led to the
concept that both IL-1f and IL-1a activity underlie recurrent
idiopathic pericarditis.

Safety of Anti-IL-1 Agents

Anakinra and rilonacept both have an excellent safety pro-
file to date. The most common side effect in AIRTRIP
and RHAPSODY was skin reactions at the injection. This
occurred in most patients treated with anakinra [24, 25] as
well as rilonacept [26, 27¢]. It is recommended that patients
inject after the solution has come to room temperature to
minimize this reaction. Topical corticosteroids and oral anti-
histamines can provide relief. If patients are educated about
these generally self-limited (resolving in up to 2 months)
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and non-progressive skin reactions, this will set expectations
and avoid potential unnecessary discontinuation of therapy.

Infections of skin and upper respiratory system are the
second most common reported side effect. Anakinra appears
to have a lower risk than rilonacept or canakinumab [26,
27e, 29, 31]. Thus far, these infections have been mild and
have not resulted in discontinuation. Laboratory abnormali-
ties, listed in Table 2, are typically not clinically significant.
However, based on these lab abnormalities, the measurement
of white blood count and transaminases at baseline and 1-,
3-, and 6-month intervals during therapy is recommended.
Further lab testing is dictated by clinical events and/or length
of therapy. It is important to realize that while the safety
profiles of anakinra and rilonacept appear excellent, a rela-
tively small number of patients have received these drugs,
especially in the case of rilonacept. Going forward, it will be
important to be alert for more serious infections than those
already encountered. While there has not been a signal to
date, development of cancers is another concern with long-
term IL-1 antagonism.

The NLRP3 Inflammasome: a Key Player
in Pericarditis

Recent insights into the vital role of the inflammasome in
pericarditis further explain the efficacy of the anti-IL-1
therapies we have reviewed. The intense activation of the
NLRP3 inflammasome in pericarditis has advanced our
understanding of the pathophysiology and most important
treatment targets for recurrent pericarditis. The inflamma-
some is an intracellular complex capable of sensing stress
or injury and triggering a systemic inflammatory cascade
that starts with the release of the pro-inflammatory cytokine
IL-1P (Fig. 1) [21ee, 22,23, 32]; IL-1a is produced locally
in damaged tissues. Its role in pericarditis, however, had
never been studied in an animal model.

Drs. Stefano Toldo and Adolfo Mauro and colleagues
endeavored to meet three goals in their 2021 preclinical
research publication: determine if the inflammasome was
detectable in human pericarditis, develop a mouse model
of pericarditis through activation of the inflammasome, and
determine if the inflammasome itself or IL-1o/p would be
suitable treatment targets in pericarditis [23].

To accomplish the first goal, pericardial tissue samples
from patients with chronic pericarditis who were experienc-
ing a flare and undergoing pericardiectomy for constriction
were compared to control tissue from autopsied patients
without a history of pericardial disease. Expression of the
NLRP3 inflammasome, using its scaffold ASC as a sur-
rogate, was detected in all pericarditis samples. A mouse
model of pericarditis was then undertaken and found to
share common features of inflammation in the pericardium
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to those observed in human pericarditis cases. Various treat-
ment strategies were undertaken in the mice. Ibuprofen, a
COX-2 (cyclooxygenase 2) inhibitor, reduced pericardial
effusion size but did not prevent pericardial thickening or
expression of the inflammasome scaffold (i.e., formation
of the inflammasome). Colchicine, which is already a cor-
nerstone in treatment of acute and chronic pericarditis, and
more recently shown to inhibit the NLRP3 inflammasome
(Fig. 1) [33], significantly reduced formation of the NLRP3
inflammasome components by day 7 of treatment [23].

The effects of IL-1 blockade were studied initially with
anakinra, a blocker of cytokines IL-1p and IL-1a. This was
followed by use of the IL-1f and IL- 1« trap (i.e., rilonacept)
which prevents these cytokines from binding with their recep-
tor. Both anti-IL-1 therapies demonstrated significant reduc-
tion in pericardial effusion, pericardial thickening, and forma-
tion of the inflammasome as measured by ASC aggregates.
Anakinra reduced pericardial effusion by 13% compared to
control, pericardial thickening was diminished by 20%, and
the presence of the inflammasome was reduced by 75%. The
IL-1 trap was studied at 3 separate doses and reduced peri-
cardial effusion by 33—43% depending on dose administered,
decreased pericardial thickening by 36-44%, and reduced
presence of the inflammasome by 69-96%. This important
study was the first to describe the presence and activation of
the NLRP3 inflammasome in human pericardial tissue and
characterize effective treatment targets. It also offered tissue-
specific, cellular-level explanations for these findings.

Case Conclusion

In view of multiple recurrences requiring corticosteroid ther-
apy, the patient was an excellent candidate for IL-1-directed
therapy. He was placed on rilonacept 320 mg s.c. followed
by a 160 mg maintenance dose with resolution of chest pain

Fig.2 Potential update to the
treatment algorithm for recur-
rent pericarditis

s Diagnosis of acute pericarditis

 Aspirin or NSAIDS + colchicine
* Exercise restriction
¢ 2" ine or triple therapy: prednisone

and dyspnea over 2-3 days. His hs-CRP normalized, and he
has had no recurrence of symptoms during the first 3 months
of therapy.

Treatment Algorithm for Recurrent
Idiopathic Pericarditis

The current treatment algorithm for recurrent pericarditis
includes NSAIDs and colchicine (first-line therapy) with
prednisone (2nd-line therapy) or the combination of 1st- and
2nd-line therapies held in reserve. Pericardiectomy is a “last
resort,” 4th line option of uncertain efficacy. As shown in
Fig. 2, future modification of the algorithm could include
anti-IL-1 therapy after an initial episode of acute pericarditis
to potentially reduce any recurrences or after a first recur-
rence or second recurrence. Optimal use of these agents will
require additional research.

Pericarditis and Recurrent Pericarditis
in COVID-19 and COVID-19 Vaccination

Both pericarditis and myocarditis, alone and in combination,
have been reported during and after COVID-19 infection as
well as after vaccination. Post vaccination pericarditis/myo-
carditis is rare and tends to occur in younger males [35-43].
Protection from acute infection and/or reduction in the severity
of breakthrough infections with approved vaccines has been
very well-documented in the scientific literature. Although we
will undoubtedly continue to learn about variabilities in the
pathophysiology and course of COVID-19 associated pericar-
ditis, current data suggest that standard treatments for pericar-
ditis and recurrent idiopathic pericarditis, as well as anti-IL-1
agents, remain safe and effective in this population [44].

’— Recurrent pericarditis

 Aspirin or NSAIDs + colchicine
* Exercise restriction
* 2" ine or triple therapy: prednisone

Colchicine-resistant or corticosteroid dependent pericarditis

* Anakinra or Rilonacept
e 4% ine: Pericardiectomy
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