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ORIGINAL ARTICLE

Clinical characteristics and intermediate-term outcomes of young
patients with uncomplicated myopericarditis
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ABSTRACT

Objective: Although the long-term prognosis of myoperi-
carditis is good, recurrence continues to be a problem. In
addition, there are concerns regarding the safety of the em-
pirical use of anti-inflammatory drugs. This study was an in-
vestigation of the clinical outcomes of young patients with un-
complicated myopericarditis, the majority of whom received
both nonsteroidal anti-inflammatory drugs and colchicine.
Methods: Patients aged 18 to 40 years who were admitted
between May 2015 and May 2018 due to myopericarditis
and had normal left ventricular function were included in the
study. The primary outcome of the research was analysis of
major adverse cardiac events (MACEs): all-cause mortality,
myopericarditis recurrence, development of significant ar-
rhythmia, heart failure, and cardiac tamponade. A total of 60
patients were included in the study. The median duration of
follow-up was 19 months.

Results: A MACE occurred in 11.7% of the patients. None
of the patients experienced heart failure, significant arrhyth-
mia, cardiac tamponade, or all-cause mortality. Recurrence
of myopericarditis was the only MACE observed. Most pa-
tients were treated with both nonsteroidal anti-inflamma-
tory drugs and colchicine (96% and 95% of the patients,
respectively). Univariate cox regression analysis indicated
that only the maximum in-hospital C-reactive protein (CRP)
level was associated with recurrence (hazard ratio: 1.01,
95% confidence interval: 1.01-1.02; p=0.04).

Conclusion: The intermediate-term prognosis of myoperi-
carditis patients was excellent in terms of mortality. However,
recurrence remains a challenge. The role of CRP, particu-
larly in recurrence, should be explored further.

OzET

Amac: Her ne kadar miyoperikarditin uzun dénem prog-
nozunun iyi oldugu bildirilmis olsa da, niks gelisimi sorun
olmaya devam etmektedir. Ayrica, ampirik olarak kullanilan
anti-enflamatuvar ilaglarin givenilirligi icin de bazi endiseler
bulunmaktadir. Bu nedenle, ¢alismamizda komplikasyon-
suz miyoperkardit gegirmis ve ¢ogunlugu nonsteroid anti-
enflamatuvar ilag ve kolsisin ile tedavi edilmis gen¢ hastala-
rin klinik sonuglarini arastirdik.

Yéntemler: Mayis 2015 ile Mayis 2018 tarihleri arasin-
da, miyoperikardit nedeniyle hastaneye yatan, normal sol
ventrikul fonksiyonuna sahip, 18—-40 yas arasi hastalar ¢a-
lismaya dahil edildi. Calismanin birincil sonlanim noktasi,
tim nedenlere bagh 6lim, miyoperikardit ntksu, aritmi, kalp
yetersizligi ve kardiyak tamponad gelisimini iceren majoér
kardiyak olaylardi. Calismaya toplam 60 hasta dahil edildi.
Ortalama izlem suresi 19 aydi.

Bulgular: Majoér kardiyak olaylar hastalarin %11.7’sinde
meydana gelmis olup bu oran, esas olarak miyoperikardit
niksune baghydi. Hicbir hastada kalp yetersizligi, belirgin
aritmi, kalp tamponadi ve tim nedenlere bagli 6lim izlen-
medi. Hastalarin ¢cogu nonsteroid antienflamatuvar ilaglar
ve kolsisin ile tedavi edildi (sirasiyla, %96 ve %95). Tek de-
giskenli Cox regresyon analizinde, sadece hastane i¢i mak-
simum C-reaktif protein dizeyleri, niks gelisimi ile iligkili
bulundu (HR: 1.01 [1.01-1.02, %95 GA], p=0.04).

Sonuc: Miyoperikarditin prognozu orta vadede mortalite
agisindan c¢ok iyi olmasina ragmen niiks bir sorun olmaya
devam etmektedir. C-reaktif proteinin 6zellikle niiks Gzerin-
deki rolt daha fazla arastiriimalidir.
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yopericarditis refers to inflammation of both

the myocardium and the pericardium, with a
more pronounced degree of inflammation in the peri-
cardium. The etiology is varied; however, autoimmune
diseases, hypersensitivity reactions, and infections,
particularly viral infections, are the most common
causes.!! The true incidence is unknown due to under-
diagnosis, but it is believed to affect approximately
1.5 million people worldwide per year.! A national
study in Turkey reported an incidence of 0.5% in the
pediatric population during viral outbreaks.®! The di-
agnosis is established with definite acute pericarditis
and myocardial involvement evidenced by elevated
cardiac markers of injury. Left ventricular (LV) sys-
tolic function is assessed with echocardiography or
cardiac magnetic resonance imaging (CMRI)."

However, gaps remain in our knowledge re-
lated to the management and long-term prognosis
of myopericarditis. Nonsteroidal anti-inflammatory
drugs (NSAIDs), which continue to be the mainstay
of treatment for pericarditis, are used cautiously in
myopericarditis due to the fear that it may increase
mortality.! There have been suggestions that NSAID
doses be reduced when the myocardium is involved.™
Similarly, there are limited data related to colchicine
use, though it has been shown to decrease recurrence
rates in pericarditis, leading to a class I recommen-
dation in the guidelines.! Thus, in previous studies
the administration of colchicine in cases of myoperi-
carditis has been limited to a maximum of 20%.°
Although the long-term prognosis of myopericarditis
is generally favorable, relapse continues to be a clin-
ical problem, with the incidence estimated to be 10%
to 15% . 1t is difficult to predict which patients will
develop recurrent attacks or experience serious events.
Given the lack of data, the objective of this study was
to examine clinical characteristics and major adverse
cardiac events (MACESs) in uncomplicated myoperi-
carditis patients, the majority of whom were treated
with both NSAIDs and colchicine.

METHODS

Patients

The records of patients aged 18 to 40 years who were
admitted to the cardiology clinic due to myopericardi-
tis between May 2015 and May 2018 were investi-
gated retrospectively and the baseline clinical char-

acteristics, laboratory
values, and echocar-
diogram results were
evaluated. Patients ECG Hloemmenndiogram
were excluded if they g5
had only pericarditis v
(normal troponin va- MACE
lues), an LV ejection NI
fraction <55%, equi-

vocal test results, or concomitant autoimmune diseases.

Abbreviations:

CMRI  Cardiac magnetic resonance

imaging
CRP C-reactive protein

Endomyocardial biopsy

Left ventricle

Major adverse cardiac event
Nonsteroidal anti-inflammatory
drug

The diagnosis of myopericarditis was based on the
criteria in the 2015 European Society of Cardiology
pericardial disease guidelines: Patients who had de-
finite signs and symptoms of pericarditis along with
elevated cardiac injury markers."! The symptoms and
signs pertinent to pericarditis were chest pain, peri-
cardial friction-rub, widespread ST-segment elevation
or PR depression on an ECG, and new or worsening
pericardial effusion.

Clinical outcomes

MACE findings, defined as all-cause mortality,
myopericarditis recurrence, and the development of
significant arrhythmia (life-threatening or requiring
specific antiarrhythmic drug), heart failure, or car-
diac tamponade, were the primary endpoint of our
study. Hospital records were reviewed to determine
in-hospital mortality. MACEs resulting in intermedi-
ate-term mortality were investigated via direct patient
contact, telephone interview, and the national e-pulse
database. Patient statements and hospital records in
the e-pulse database were reviewed for recurrence
and arrhythmia. Evidence of hospital admission due
to myopericarditis or any specific cardiac condition
described in the definition of MACE, an elevated tro-
ponin level consistent with myopericarditis measured
in the emergency department, and the administration
of any cardiac drug, in particular, antiarrhythmic
drugs, and any documentation of life-threatening ar-
rhythmias were evaluated. Approval for the study was
granted by the local ethics committee on August 28,
2018 (no: 2092).

Statistical analysis

Distribution of the study data was assessed using the
Kolmogorov-Smirnov test. Continuous variables were
reported as mean+SD or median and interquartile
range. Categorical variables were reported as numbers
and percentages. Continuous variables were compared
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between groups using an independent sample t-test or
the Mann-Whitney test. Categorical data were com-
pared using a chi-square test or Fisher’s exact test.
Univariate Cox regression analysis was performed to
predict myocarditis relapse. A receiver operating cha-
racteristic curve was created to assess the cut-off value
for the level of C-reactive protein (CRP) and Cohen’s
kappa statistic was used to determine sensitivity and
specificity. A 2-tailed p value <0.05 was considered
statistically significant. All of the analysis was per-
formed using IBM SPSS Statistics for Windows, Ver-
sion 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 60 patients were included in the final anal-
ysis. Baseline clinical characteristics, laboratory va-
lues, and medications are presented in Table 1. The
mean age was 24.6+6.1 years and the majority of the
patients were male (n=58, 96.7%). All of the patients
had preserved LV function with a mean discharge LV
ejection fraction of 60.2+4.3%. The mean maximum
troponin I and CRP level during the hospital stay was
1012.3+3438.4 ng/mL and 67.7+64 .4 mg/dL., respec-
tively. No obstruction was detected in the coronary
angiography of 18 (30%) patients. Electrocardiogram
results indicated that 27 (45.0%) patients had dynamic
ST-T wave changes and 23 (38.3%) presented with ST
elevation mimicking acute coronary syndrome. Dur-
ing discharge, use of NSAIDs and colchicine was re-
commended for 58 (96.0%) and 57 (95.0%) patients,
respectively.

Primary end-point was observed in 7 (11.7%) pa-
tients which were the cases of recurrent myopericardi-
tis at all. The follow-up data of 5 patients was available
at our hospital records, however, the follow-up details
of the remaining 2 patients have been retrieved from the
national e-pulse system. During a median 19 months
(min-max: 10-28 months) of follow-up, there was no
instance of all-cause mortality. None of the patients de-
veloped heart failure, significant arrhythmia, or cardiac
tamponade. Outcomes are presented in Table 2.

All 7 of the patients who had a recurrence were
male (mean age: 22.1+1.1 years). During the index
admission, there was 1 case of mild pericardial effu-
sion, 3 patients demonstrated ST segment elevation
on electrocardiogram results, and 1 underwent coro-
nary angiography in order to rule out acute ischemia.

Table 1. Baseline clinical characteristics and laboratory

parameters of the study patients

Patients (n=60)

Age (years), mean+SD

24.6+6.1 (16-40)

Gender (male), n (%) 58 (96.7)
Hypertension, n 0
Diabetes mellitus, n 0
Prior myocarditis, n (%) 2 (3.3)
Discharge LVEF (%), mean+SD 60.2+4.3
Hospital stay (days), mean+SD 4.5+1.7
Dynamic ECG changes, n (%) 27 (45.0)
ST elevation on ECG, n (%) 23 (38.3)
Pericardial effusion, n (%) 11 (18.3)
Coronary angiography, n (%) 18 (30.0)
Endomyocardial biopsy, n 0
Prodromal symptoms*, n (%) 56 (93.3)
Maximum leukocyte (x10%), mean+SD 11.0+£3.3
Hemoglobin (g/dL), mean+SD 14.3+1.2
Platelet (x10%), mean+SD 224.8+83.7
In-hospital maximum Troponin | (ng/L)* 7.0 (1.8-24.9)
In-hospital maximum CRP (mg/dL)* 43.2 (19.7-93.1)
ALT (IU/mL), mean+SD 30.8+5.8
AST (IU/mL), mean+SD 45.5+£34.2
Glucose (mg/dL), mean+SD 106.2+16.0
Creatinine (mg/dL), mean+SD 0.8+0.1
Discharge therapy, n (%)

Colchicine 57 (95.0)

NSAID 58 (96.0)

Steroid 1(1.6)
NSAID use after discharge
(days), mean+SD 11.0+£3.0
Colchicine use after discharge
(months), mean+SD 2.0+0.3 (1-6)

LVEF: Left ventricular ejection fraction; ECG: Electrocardiogram; CRP: C-
reactive protein; ALT: Alanine transaminase; AST: Aspartate transaminase;
NSAID: Nonsteroidal anti-inflammatory drug; SD: Standard deviation.
*Prodromal symptoms refers to preceding upper respiratory tract or gas-
trointestinal infections and fever. Numbers represent median (Q1-Q3).

The results of univariate Cox regression analysis,
which included age, ST elevation on ECG, presence
of pericardial effusion, and maximum serum troponin
I and C-reactive protein (CRP) level as covariates,
are presented in Table 3. The only variable associated
with myopericarditis recurrence was the in-hospital
maximum CRP level (hazard ratio: 1.01, 95% confi-
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Table 2. Major adverse cardiac events

Patients
(n=60)
In-hospital death 0
In-hospital arrhythmia 0
Post-discharge events
Median follow-up, months; 19 (10-28)
median (Q1-Q3)
Myocarditis recurrence 7 (11.7%)
Time for recurrence, months; 24 (1.5-27)
median (Q1-Q3)
Hospitalization 7 (11.7%)
Cardiac tamponade 0
Heart failure 0
Arrhythmia treatment 0
All-cause mortality 0

Table 3. Univariate Cox logistic regression analyses of
variables related to myopericarditis recurrence

Univariate analysis

HR 95% CI p
Age 0.95 0.79-1.13 0.59
Maximum cTnl 0.98 0.90-1.07 0.75
Maximum CRP 1.01 1.01-1.02 0.04
ST elevation 1.09 0.21-5.25 0.91
Pericardial effusion 1.28 0.14-11.35 0.82

HR: Hazard ratio; Cl: Confidence interval; cTnl: Cardiac troponin |; CRP:
C-reactive protein.

dence interval: 1.01-1.02; p=0.04). Values above 80
mg/dL had a 70% sensitivity and 75% specificity for
future events. CRP value and myopericarditis recur-
rence are illustrated in Figure 1.

DISCUSSION

Recurrence of myopericarditis was the only MACE
recorded in this study. No case of all-cause mortal-
ity, heart failure, or significant arrhythmia was iden-
tified during follow-up. Similarly, no complications
were observed during the index hospitalization. Cox
regression analysis showed that only the in-hospi-
tal maximum serum CRP level, which reflected the
severity of inflammation, was associated with recur-

300
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Baseline maximum CRP values (mg/dL)
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No recurrence Myopericarditis recurrence

Figure 1. Serum C-reactive protein level and the recurrence
of myopericarditis.

rence. In addition, it was noteworthy that all of the
cases of recurrence were male patients.

The degree of LV dysfunction appears to play a key
role in future cardiac events, whether it is myocardi-
tis alone or when inflammation of the pericardium
is more pronounced. Ammirati et al.®! recently con-
ducted a thorough analysis of myocarditis patients
based on LV function and demonstrated that cardiac
events increased substantially in patients who pre-
sented with heart failure, significant LV dysfunction,
or ventricular tachycardia. Patients with preserved
LV function had a favorable long-term outcome, with
only a 0.3% all-cause mortality rate. Similarly, a com-
prehensive meta-analysis of patients with myoperi-
carditis also demonstrated that patients with preserved
LV function had an excellent long-term outcome with
no reported mortality. Despite favorable outcomes,
however, the recurrence rate was 10%." Our find-
ings were consistent with the literature. We observed
no fatalities and had a similar recurrence rate over a
19-month follow-up period.

When it comes to treatment, there are several con-
troversial issues. Contrary to pericarditis, in which
NSAIDs and colchicine constitute the main pillar of
therapy, the safety of these agents has been questioned
when the myocardium is involved. Some experimen-
tal models have indicated that the administration of
NSAIDs in the context of myocarditis may enhance
inflammation and lead to increased mortality.”'! The
administration of colchicine is also a concern.!"! There
are some indications based on preclinical studies sug-
gesting that it may increase mortality.'?! Therefore,
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the clinical data for the use of these drugs in cases
of myopericarditis remains inconclusive, but never-
theless, these agents are used empirically in clinical
practice. Since both NSAIDs and colchicine were ad-
ministered to the majority of our patients (>95%) in
our study without complication, it may be that when
LV function is preserved, the use of both agents may
be safe without a dose reduction. To the best of our
knowledge, no prior study has reported such a high
rate of colchicine use in these patients. However, we
acknowledge that the mean duration of colchicine
use was only 2 months after discharge. It is unknown
whether a longer duration of colchicine use would
have led to lower recurrence rates. Nevertheless, our
findings suggest that these agents can be sued safely
both in-hospital and short-term after discharge.

One other noteworthy finding of our study was the
male predominance, which has been reported in the
literature and is believed to be due to hormone levels,
particularly estrogen.'® Some studies have reported
that natural killer cells play a significant role in gender
bias in Coxsackievirus-induced myocarditis. Zhou et
al." observed that ovariectomized female mice with
decreased estrogen levels exhibited substantially in-
creased enrichment of cardiac IFN-gp natural killer
cells and displayed significantly aggravated myo-
carditis. Estrogen-treated male mice demonstrated
less cardiac infiltration with significantly alleviated
viral myocarditis. However, there are no clinical stu-
dies investigating this gender gap in myocarditis and
more research is needed.

Another finding of our research was the relation-
ship between the in-hospital CRP level and future
myopericarditis recurrence. Unlike the troponin level,
which has been shown to have no prognostic value
in these cases, CRP may hold promise as a marker of
inflammation.' There are a limited number of studies
that have reported a correlation between serum CRP
level and myocardial damage detected using CMRI
and late gadolinium enhancement.!"! A CRP level >80
mg/dL had a 70% sensitivity and 75% specificity for
the prediction of recurrence. A prognostic role of CRP
in myocarditis needs to be confirmed in large-scale
studies.

Finally, obtaining an endomyocardial biopsy
(EMB), while recommended by the European Society
of Cardiology guidelines for all patients with myo-
carditis, should be reassessed in the context of myo-

pericarditis.!! Given the low incidence of events in
myopericarditis and the complications related to an
EMB, the diagnostic and therapeutic yield is likely to
be low.!'s! Therefore, the need for an EMB should be
individualized according to the patient, and probably
confined to those with LV dysfunction.

There are some limitations to this study. In ad-
dition to being a single-center, retrospective study,
the number of patients was relatively small due to
the rarity of the disease. Although an EMB is not re-
quired in uncomplicated cases according to the Amer-
ican Heart Association guidelines, the lack of EMB
and CMR results is a limitation.'”” We also did not
perform coronary angiography on all of the study
patients because most were young without any risk
factors for coronary artery disease and the likelihood
of acute coronary syndrome was too low to justify an
invasive procedure.

Conclusion

Patients with uncomplicated myopericarditis and
preserved LV systolic function had an excellent in-
termediate-term prognosis with regard to mortality
and the development of heart failure or significant ar-
rhythmia. The in-hospital maximum CRP level during
index hospitalization for myopericarditis may predict
recurrence at intermediate-term follow-up.

Acknowledgments

We want to thank Miislim Aydin and Meltem
Kizilkaya for their assistance with data entry.

Ethics Committee Approval: Approval for the study was
granted by the local ethics committee on August 28, 2018
(no: 2092).

Peer-review: Externally peer-reviewed.
Conflict-of-interest: None.

Authorship contributions: Concept: K.K.; Design: K.K.;
Supervision: K.O.K.; Materials: S.S.Y., S.S.; Data: S.S.Y,
S.S.; Analysis: G.C.; Literature Search: K.K., GM.D,;
Writing: K.K.; Critical Revsion: K.O K.

REFERENCES

1. Caforio ALP, Pankuweit S, Arbustini E, Basso C, Gimeno-
Blanes J, Felix SB, et al. Current state of knowledge on ae-
tiology, diagnosis, management, and therapy of myocarditis:
a position statement of the European Society of Cardiology
Working Group on Myocardial and Pericardial Diseases. Eur



586

Turk Kardiyol Dern Ars

Heart J 2013;34: 263648, 2648a—2648d. [CrossRef]

Global Burden of Disease Study 2013 Collaborators. Global,
regional, and national incidence, prevalence, and years lived
with disability for 301 acute and chronic diseases and injuries
in 188 countries, 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet 2015;386:743—
800.

Ozyurt A, Baykan A, Ozge, Pamukgu O, Ceylan O, Argun
M, Zarars1z G, et al. Retrospective Evaluation of 28 Patients
Diagnosed as Acute Myo/Pericarditis: Properties of an Epi-
demia. [Article in Turkish]. Turkiye Klinikleri J Med Sci
2013;33:1166-74. [CrossRef]

Adler Y, Charron P, Imazio M, Badano L, Barén-Esquivias
G, Bogaert J, et al. 2015 ESC Guidelines for the diagnosis
and management of pericardial diseases: The Task Force for
the Diagnosis and Management of Pericardial Diseases of
the European Society of Cardiology (ESC)Endorsed by: The
European Association for Cardio-Thoracic Surgery (EACTS).
Eur Heart J 2015;36:2921-64. [CrossRef]

Imazio M. Pericarditis with troponin elevation: is it true peri-
carditis and a reason for concern? J Cardiovasc Med (Hager-
stown) 2014;15:73-7. [CrossRef]

Imazio M, Brucato A, Spodick DH, Adler Y. Prognosis of
myopericarditis as determined from previously published re-
ports. J Cardiovasc Med 2014;15:835-9. [CrossRef]

Caforio ALP, Malipiero G, Marcolongo R, Iliceto S. My-
ocarditis: A Clinical Overview. Curr Cardiol Rep 2017;19:63.
Ammirati E, Cipriani M, Moro C, Raineri C, Pini D, Sormani
P, et al. Clinical Presentation and Outcome in a Contempo-
rary Cohort of Patients With Acute Myocarditis. Circulation
2018;138:1088-99. [CrossRef]

Liu PP, Mason JW. Advances in the understanding of my-
ocarditis. Circulation 2001;104:1076-82. [CrossRef]

11.

13.

14.

15.

16.

. Khatib R, Reyes MP, Smith F, Khatib G, Rezkalla S. Enhance-

ment of coxsackievirus B4 virulence by indomethacin. J Lab
Clin Med 1990;116:116-20.

Morgenstern D, Lisko J, Boniface NC, Mikolich BM,
Mikolich JR. Myocarditis and colchicine: a new perspective
from cardiac MRI. J Cardiovasc Magn Reson 2016;18:0100.

. Maestroni S, Imazio M, Valenti A, Assolari A, Brucato A. Is

colchicine really harmful in viral myocarditis? Int J Cardiol
2017;229:42. [CrossRef]

Kyto V, Sipila J, Rautava P. The effects of gender and age on
occurrence of clinically suspected myocarditis in adulthood.
Heart 2013;99:1681—4. [CrossRef]

Zhou N, Yue Y, Xiong S. Sex Hormone Contributes to Sex-
ually Dimorphic Susceptibility in CVB3-Induced Viral My-
ocarditis via Modulating IFN-y+NK Cell Production. Can J
Cardiol 2018;34:492-501. [CrossRef]

Goitein O, Sabag A, Koperstein R, Hamdan A, Di Segni E,
Konen E, et al. Role of C reactive protein in evaluating the
extent of myocardial inflammation in acute myocarditis. J
Cardiovasc Magn Reson 2015;17:P291. [CrossRef]

From AM, Maleszewski JJ, Rihal CS. Current status of en-
domyocardial biopsy. Mayo Clin Proc 2011;86:1095-102.

. Bozkurt B, Colvin M, Cook J, Cooper LT, Deswal A, Fonarow

GC, et al. Current Diagnostic and Treatment Strategies
for Specific Dilated Cardiomyopathies: A Scientific State-
ment From the American Heart Association. Circulation
2016;134:579-646. [CrossRef]

Keywords: Anti-inflammatory treatment; colchicine; myopericarditis;
recurrence.

Anahtar sozclikler: Antienflamatuvar tedavi; kolsisin; miyoperikar-
dit; ndks.


https://doi.org/10.1093/eurheartj/eht210
https://doi.org/10.5336/medsci.2013-33556
https://doi.org/10.1093/eurheartj/ehv318
https://doi.org/10.2459/JCM.0b013e328365aa52
https://doi.org/10.2459/JCM.0000000000000082
https://doi.org/10.1007/s11886-017-0870-x
https://doi.org/10.1161/CIRCULATIONAHA.118.035319
https://doi.org/10.1161/hc3401.095198
https://doi.org/10.1186/1532-429X-18-S1-O100
https://doi.org/10.1016/j.ijcard.2016.10.031
https://doi.org/10.1136/heartjnl-2013-304449
https://doi.org/10.1016/j.cjca.2018.01.002
https://doi.org/10.1186/1532-429X-17-S1-P291
https://doi.org/10.4065/mcp.2011.0296
https://doi.org/10.1161/CIR.0000000000000455

