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Abstract: In the expanding era of antibiotic resistance, new strains of Staphylococcus aureus have
emerged which possess resistance to traditionally used antibiotics (MRSA). Our review aimed to
systematically synthesize information on previously described MRSA pericarditis cases. The only
criterion for inclusion was the isolation of MRSA from the pericardial space. Our review included
30 adult and 9 pediatric patients (aged: 7 months to 78 years). Comorbid conditions were seen in
most adult patients, whereas no comorbidities were noted amongst the pediatric patients. Pericardial
effusion was found in 94.9% of cases, with evidence of tamponade in 83.8%. All cases isolated MRSA
from pericardial fluid and 25 cases (64.1%) had positive blood cultures for MRSA. Pericardiocentesis
and antibiotics were used in all patients. The mortality rate amongst adults was 20.5%, with a mean
survival of 21.8 days, and attributed to multi-organ failure associated with septic shock. No mortality
was observed in the pediatric population. In adult patients, there was no statistical difference in
symptom duration, antibiotic duration, presence of tamponade, age, and sex in relation to survival.
Conclusion: MRSA pericarditis often presents with sepsis and is associated with significant mortality.
As such, a high clinical suspicion is needed to proceed with proper tests such as echocardiography
and pericardiocentesis. In more than one third of the cases, MRSA pericarditis occurs even in the
absence of documented bacteremia.

Keywords: methicillin-resistant Staphylococcus aureus; MRSA; purulent pericarditis; bacterial pericarditis

1. Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is a Gram-positive and coagulase-
positive spherical pathogen that is a part of the Staphylococcaceae family. Infections due
to MRSA are associated with higher mortality rates compared with methicillin-sensitive
strains [1]. In healthcare settings, MRSA is a well-known nosocomial infection, accounting
for at least 25 to 50% of S. aureus healthcare-associated infections (HA-MRSA) [2]. Outside
of the healthcare setting, MRSA has emerged as one of the major causes of community-
associated infections (CA-MRSA), causing skin and subcutaneous tissue infections in
roughly 85% of cases [1,3]. Less frequently, it has been recognized as the cause of rapidly
lethal and severe infections such as necrotizing pneumonia and fasciitis [1].
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The major issue with MRSA infections is the remarkable level of resistance against
multiple antibiotic classes, primarily due to the production of altered penicillin-binding
protein (PBP) with decreased affinity for most semi-synthetic penicillins [1]. The genetic
component behind altered PBP is located on the acquired mecA gene that is carried on
a mobile genetic element (MGE)—designated staphylococcal cassette chromosome mec
(SCCmec). To date, 13 SCCmec types have been identified [1,4]. CA-MRSA is genetically
distinct from HA-MRSA, carrying a smaller version of SCCmec (types IV and V vs. types
I-III present in HA-MRSA), and often producing the cytotoxin Panton-Valentine leukocidin
(PVL) [1,5,6]. While larger SCCmec types I to 11l carry genes for resistance to multiple antibi-
otic classes (including non-3-lactam antibiotics), SCCmec types IV and V seen in CA-MRSA
carry only the mecA gene for resistance to 3-lactam antibiotics, which accounts for their
non-multidrug-resistant phenotype [1]. Therefore, most CA-MRSA isolates are susceptible
to fluoroquinolones, aminoglycosides, erythromycin, and clindamycin [7,8]. This, how-
ever, does not preclude resistance carried by plasmids which cause sporadic resistance
to trimethoprim-sulfamethoxazole, clindamycin, tetracycline, vancomycin, gentamicin,
fluoroquinolones, and macrolides [9].

MRSA causes the infection of numerous tissues and organ systems. When MRSA
infection involves the heart, there is significant morbidity and mortality. The most com-
mon clinical presentation is endocarditis, while pericarditis and pericardial abscesses are
sporadically reported. This study aims to describe clinical characteristics, diagnostic and
therapeutic approaches, and the outcomes of patients suffering from microbiologically
confirmed MRSA pericarditis in the published literature.

2. Materials and Methods

We performed a systematic review of the literature according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines using PubMed /Med
-line (National Library of Medicine, Bethesda, MD) database, from database inception
until 02/01/2022. A total of 56 original articles were found that mention MeSH terms:
“Methicillin-resistant Staphylococcus aureus AND pericarditis” OR “MRSA AND pericardi-
tis.” We excluded cases where the diagnosis was not certain either because pericardiocen-
tesis was not performed or pericardial fluid was sterile. The flow chart of detailed article
selection and the final cases included in the analysis is illustrated in Figure 1.

Medline database search with
MeSH terms (n = 59)

Excluded:
-articles in language other than
English (n = 3)
-no MRSA pericarditis cases (n = 20)

A4

A4

MRSA pericarditis cases (n = 36)

Included:
< -additional articles from bibliography
search that fulfill criteria (n = 3)

Y

Total MRSA pericarditis cases
reviewed (n = 39)

-9 pediatric

-30 adult

Figure 1. Flow chart of methodology and literature selection according to PRISMA guidelines.



J. Cardiovasc. Dev. Dis. 2022, 9, 103

30f13

Two authors (M.R. and D.].) independently and blindly identified and selected titles,
abstracts, and full texts in the database search. Discrepancies of the selected articles
were resolved by the senior author (I.D.). Subsequently, the reference list of selected
articles was searched to identify any additional articles for inclusion in accordance with
previously established selection criteria. An Excel table was constructed, and for each case
we extracted patients” demographic data, co-morbid conditions, presenting symptoms,
laboratory and imaging findings (including electrocardiography (ECG), echocardiography,
and computerized tomography (CT) scan), treatment options, complications, and outcomes.

Data were analyzed by descriptive statistics and expressed as mean + standard
deviation for continuous data, or as frequency and percentages for categorical data. The
Student t-test and Chi-square tests were used to test the differences between patients in
relation to outcome (survival). Statistical significance was reported using a p-value < 0.05.
SPSS statistical software (version 21.0) was used for statistical analysis.

3. Results
3.1. Demographics and Comorbidities

Our systematic review identified 39 unique patients from 33 case reports describing
a single patient, and three case series that described two patients each [10—45]. The age
of patients ranged from 7 months to 78 years (mean 38.5 years), including nine (23.1%)
from the pediatric population (Table 1). Both genders were almost equally represented.
Comorbidities were seen in the majority (86.7%) of the adult patients but were not seen
amongst the pediatric patients. The most common comorbidities were diabetes mellitus
(DM), advanced chronic kidney disease (CKD), end-stage renal disease (ESRD), history
of cancer, and immunosuppression. Only two patients had previous pericardial disease,
constrictive pericarditis [33] and uremic pericarditis [13], each requiring a pericardial
window. Only one patient had recent thoracic surgery—lung resection for lung cancer,
complicated by pyothorax that was felt to be a potential cause of pericarditis; however, the
patient was also immunosuppressed due to chemotherapy received for lung cancer [27].

Table 1. Patients” demographics in MRSA pericarditis cases.

Demographic Characteristics n M to F Ratio Age Range (Years) Mean Age (Years)
Adult 30 (76.9%) 8:7 18-78 484+ 16
Pediatric 9 (23.1%) 4:5 0.6-15 56+47
Total 39 (100%) 20:19 0.6-78 38.5+23
Co-morbidities in the adult population
Present 26 (86.7%)
Immunosuppression 18 (69.2%)
Diabetes Mellitus 6 (23.1%)
Advanced CKD/ESRD 5(19.2%)
Active cancer 3 (11.5%)
HIV/AIDS 2(7.7%)
Liver transplant 1 (3.8%)
Splenectomy 1(3.8%)
Recent chest surgery/PCI 6 (23.1%)
Coronary artery disease 3 (11.5%)
Chronic hepatitis B or C 3 (11.5%)
Smoking/alcoholism/drug abuse 3 (11.5%)
History of cancer in remission 2 (7.7%)
Pericarditis or previous pericardial window 2 (7.7%)
Not present 4 (13.3%)

Legend: M—male; F—female; PCI—percutaneous coronary intervention; CKD—chronic kidney disease; ESRD—
end-stage renal disease; HIV—human immunodeficiency virus; AIDS—acquired immunodeficiency syndrome.
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3.2. Presentation Symptoms

Patients presented with a wide array of symptoms including chest pain (38.5%),
tachycardia (82%), dyspnea (74.4%), fever (61.5%), and hypotension or shock (59%). The
majority of the patients (~70%) did not have recognized pericardial disease or tamponade
on presentation. Only 38.5% had specific exam findings suggestive of pericardial disease,
such as pulsus paradoxus, muffled heart sound, and/or pericardial friction rub on physical
examination. The duration of symptoms prior to admission to the hospital was reported in
two-thirds of the patients, ranging from 1 to 18 days (mean 7.1 & 5.1 days).

3.3. Evaluation

Nearly half of the patients (48.7%) had reported abnormal ECG findings, mainly
ST-segment elevation with or without PR-segment depression (28.2%), followed by sinus
tachycardia (20.5%). ECG findings indicative of pericardial diseases such as low-voltage
QRS complexes and electrical alternans were present only in 17.9% of the cases. Nearly all
cases (97.4%) underwent transthoracic echocardiography (TTE), and the majority (94.4%)
had pericardial effusion (Table 2). Circumferential pericardial effusion was present in
75.7%, while in 18.9% of cases pericardial loculations or septations were seen. Localized
pericardial fluid collection (abscess) was reported in three patients [13,34,45]. Additional
diagnostic imaging performed included: CT of the chest in nearly two-thirds of the cases,
cardiac magnetic resonance imaging (cMRI) in two cases [20,31], and transesophageal
echocardiography (TEE) in two cases [25,36].

Table 2. Diagnostic findings in MRSA pericarditis cases.

ECG Findings

Normal or not reported 20 (51.3%)
Abnormal 19 (48.7%)
ST-elevation and /or PR-depression 11 (28.2%)
Sinus Tachycardia 8 (20.5%)
Low voltage QRS complexes 6 (15.4%)
Atrial fibrillation 3 (7.7%)
Electrical alternans 1(2.6%)
Echocardiography findings
Pericardial effusion 37 (94.9%)
With tamponade physiology 31 (83.8%)
Without tamponade physiology 6 (16.2%)
Circumferential effusion 28 (75.7%)
Effusion with loculations/septations 7 (18.9%)
Pericardial abscess 2 (5.4%)
Constrictive pericarditis with abscess 1(2.6%)
Not reported (pericardial abscess seen on chest CT scan) 1(2.6%)

Consistent with our inclusion criteria, diagnostic pericardiocentesis was completed
with the isolation of MRSA in all reported cases. MRSA bacteremia was documented in
64.1% of cases. CA-MRSA was identified in 19 cases (48.7%), and HA-MRSA was identified
in two cases (5.2%). SCCmec and PVL genotyping were each performed in only four cases
(10.3%), identifying three CA-MRSA and one HA-MRSA isolate. Reporting of pericardial
fluid analysis (cytology and biochemical analysis) was inconsistent and performed in
approximately 30% of cases. Similarly, reporting of MRSA susceptibility was performed in
only 38% of cases.

3.4. Treatment and Interventions

A combination of pericardial decompression with pericardiocentesis and antibiotic
management was utilized in all patients (100%). In addition to pericardiocentesis, a pericar-
dial drain was placed in 17 patients (43.6%) with a pericardial washout performed in seven
patients (17.9%). Pericardiotomy and window were completed in 11 cases (28.2%) and
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pericardiectomy was performed in only four cases (10.3%). Fibrinolytic therapy was not
used in any of our reviewed patients, although intrapericardial instillation of physiologic
saline was used as an adjunct in the setting of loculated fibrinous collection [27].

The empiric antimicrobial treatment reported within the first 48 h of the presentation
was documented in 59% of patients. After MRSA isolation, 33% received intravenous (IV)
vancomycin alone, 29% received vancomycin in combination with other antibiotics (e.g.,
meropenem, linezolid, rifampin, gentamicin, or daptomycin), 23% received alternative
antibiotics (e.g., clindamycin, linezolid, daptomycin, or ceftaroline), and 15% reported
antibiotic use without mention of a specific regimen. The duration of the antibiotic course
ranged from 4 days to 24 weeks (mean 6.5 + 4.7 weeks).

Anti-inflammatory management, including non-steroidal anti-inflammatory medica-
tions (NSAIDs), colchicine, and steroids, was seldom used and was only reported in six
cases (15.4%) (Table 3).

Table 3. Treatment and outcome in MRSA pericarditis cases.

Treatment

Antibiotics 39 (100%)

Pericardiocentesis 39 (100%)
Pericardial drain 17 (43.6%)
Pericardial window /Pericardiotomy 11 (28.2%)
Pericardial washout 7 (17.9%)
Pericardiectomy 4 (10.3%)

Anti-inflammatory therapy 6 (15.4%)

Fibrinolytic therapy 0 (0%)

Complications and outcome

Recovered 31 (79.5%)
Pleural effusion/empyema 12 (30.8%)
Re-accumulation of pericardial effusion 12 (30.8%)
Septic shock 6 (15.4%)
Septic emboli 6 (15.4%)
Constrictive pericarditis 1(2.6%)

Death 8 (20.5%)
Septic shock/multi-organ failure 8 (20.5%)

3.5. Complications and Outcome

The most common complications were septic shock with multiorgan failure (35.9%),
followed by pleural effusions/empyemas and the re-accumulation of pericardial fluid
(each 30.8%), and septic emboli (15.4%). Less commonly reported complications included
pancarditis (7.9%), endocarditis (5.1%), and myocarditis (2.6%). Despite being reported
in the literature as one of the most common complications of bacterial pericarditis [46,47],
constrictive pericarditis was reported in only one patient [20].

The majority of patients had a positive outcome and recovered from infection (79.5%).
Eight patients expired due to septic shock and multiorgan failure, with death occurring
after a mean of 21.8 & 15.3 days (range: 4 to 42 days) (Table 4). Out of those, seven had
cardiac tamponade, and six had reported bacteremia. No mortality was observed in the
pediatric population. There was no statistical difference in symptom duration, antibiotic
duration, sex, and age in relation to outcome (survival) amongst adult patients. There was
no difference between adult patients presenting with pulsus paradoxus, hypotension, and
ECG findings with respect to survival or the presence of tamponade and its management
(p > 0.05).
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Table 4. Published cases reporting fatal MRSA pericarditis.

Reference Age/Sex  Comorbidities Sg;:f::;‘ Bacteremia P;l;i;;;j;al P];ici?:gizl MRSA Type Genotyping Time to Death
g&g;‘[lehal 44 M Bli/iazi;f&(g\? isrtlef(e)znﬁ};ilitis, 2 days Yes Tamponade Peric(zrocé)i(r)iir)ltesis CA-MRSA - 42 days
Crmwedh gy Behelaner 0 twds Noo Tmpowds Tt CAMRA - notnpored
(Szhoi?;)d[ezg]d al. 29F aDrll\gZ;;C:gC}e‘:;;m“SPla“t 2 days Yes Tamponade  Pericardiectomy CA-MRSA  PVL gene 4 days
GO M o ek s Y - e e M
(S;:)elr(i)‘)i?%]Et al. 53 F Srﬁzﬁigiﬁgiogemus - Yes Tamponade Pericardiocentesis CA-MRSA SCCmec IV 4 weeks

(S; (;g;)e E3a71]‘ 66 F Not reported 2 weeks Yes Tamponade Periciggga:nz;ndow MRSA - not reported
gg(r)gg) &to?l' 31F Liver transplant - - Tamponade Perifla Sg(i)o;le]ii)tesis MRSA - not reported

Legend: DMT2—diabetes mellitus type 2; HBV—Hepatitis B virus; HTN—hypertension; CKD—chronic kidney disease; HCV—Hepatitis C virus; CAD—coronary artery disease;
CA-MRSA—community-acquired MRSA; SCCmec—staphylococcal chromosomal cassette; PVL—Panton—Valentine leucocidin.
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4. Discussion

In the pre-antibiotic era, Streptococcus pneumoniae was the most common cause of
purulent pericarditis, with pneumonia being the most common primary source [46,48]. In
the post-antibiotic, however, S. aureus has dominated [49]. It was not until 1991 that the first
MRSA pericarditis case was reported [42], with a notable increase in cases in the past two
decades, and a shifting epidemiology from HA-MRSA to CA-MRSA. The epidemiological
and molecular distinctions between these two types of strains have become less defined, as
numerous reports of CA-MRSA causing nosocomial outbreaks have been noted [1]. Current
clinical practice does not embrace routinely performing molecular distinction between
these two types, as management is not influenced by this information. Only four of our
reviewed 39 cases had reported SCCmec and/or PVL genotyping, and this was pursued
primarily for research purposes.

4.1. Risk Factors and Infection Mechanisms

Risk factors for purulent pericarditis are associated with preexisting pericardial injury
(such as thoracic surgery, malignancy, penetrating trauma with pericardial contamination)
or systemic processes including uremia, connective-tissue disease, or immunosuppres-
sion [46,48]. Our pediatric population did not have any preexisting systemic or known
pericardial problems. Most of the cases (78%) were tested for primary immunodeficiencies
that would predispose them to bacterial infections. One of the most important tests in the
pediatric population is the interleukin-1 receptor-associated kinase 4 deficiency (IRAK-4),
which predisposes children to severe and recurrent staphylococcal and pneumococcal
infections [16,50,51]. Although no innate immunodeficiencies were discovered, one child
received steroids for poison ivy one week before the presentation of MRSA pericarditis [31].
While influenza in children affects a variety of host defense mechanisms predisposing
them to staphylococcal co-infection, leading to severe and fatal complications in previously
healthy children [52], purulent pericarditis is a very rare complication of MRSA co-infection
with influenza [53]. In the adult population with comorbidities, immunosuppression was
observed in up to 70% with the most encountered traditional risk factors being uncon-
trolled DM in 23.1% and advanced CKD (including ESRD) in 19.2%. These conditions were,
respectively, presumed to predispose patients to bone and soft tissue MRSA infections
that later disseminated to the pericardium, or causing uremia and subsequent pericardial
injury. Patients without comorbidities or traditional risk factors had the source of MRSA
infection identified, which consisted of lower extremity cellulitis [41], elbow abscess [20],
and thrombophlebitis of the internal jugular vein (Lemierre’s syndrome) [26].

Purulent pericarditis commonly occurs via one of the two mechanisms: hematoge-
nous spread of the pathogen from a distant source, or direct spread from the surrounding
structures to the pericardium (as in cases of pneumonia, pleural empyema, or subdiaphrag-
matic infection) [46]. In cases of endocarditis, the pericardial infection can occur due to
hematogenous dissemination, but cases of myocardial destruction with periannular abscess
and fistula formation to pericardium have been reported in the literature [54,55]. None of
our patients had suspected direct spread of infection from the endocardium through the
myocardium, but hematogenous spread (bacteremia) and direct spread from empyema
were common (although it is difficult to establish exact causality as patients often are
co-diagnosed with pericarditis, pleural empyema, and septic emboli on presentation). All
three pancarditis cases [24,25,31] hypothesized hematogenous spread and septic emboli
being the cause of pericarditis among other complications.

Unusual cases of direct spread of infection to pericardium have been reported, such
as in the case of esophago-pericardial fistula caused by esophageal cancer [18] or internal
jugular vein thrombophlebitis [26]. Patients with thoracic cancers treated with radiation
therapy are at a higher risk of developing pericardial disease, which further increases
the risk of pericarditis. This was observed in two patients suffering from breast [15] and
lung cancer [27]. Unusual cases of a hematogenous spread from a distant source are also
possible, for example in a case of MRSA endogenous endophthalmitis reported by Sheridan
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et al. [35]. Notably, there were two cases [38,43] that developed MRSA bacteremia and
subsequent MRSA pericarditis following a percutaneous coronary intervention (PCI) in
patients requiring coronary stents. Coronary artery instrumentation can result in iatrogenic
bacteremia, with the incidence being around 1% [56], but various articles report incidence
up to 7.3% immediately after catheterization [57].

4.2. Presentation and Diagnostics

The initial presentation of patients with MRSA pericarditis can be dramatic, but also
non-specific, making further evaluation challenging, particularly when septic shock is
the predominant feature. Expedited echocardiographic imaging, including point-of-care
ultrasound (POCUS), can be valuable in establishing the diagnosis of pericardial effusion,
and even in directing further investigations and treatment. Conversely, in patients with
septic shock, POCUS-identified pericardial effusions may be mistaken for tamponade,
leading to inappropriate and invasive management with pericardiocentesis [58]. There
are other challenges, such as the potential absence of typical tamponade signs in the cases
of severe pulmonary hypertension or severe right ventricular hypertrophy, as well as
attenuated respiratory septal motion in the setting of the rigid hypertrophied septum [59].
Formal TTE is necessary for more precise diagnostic evaluation and further guidance [46,60].
In cases of non-diagnostic TTE with high suspicion of a pericardial effusion, additional
cardiac (i.e., TEE, CT or cMRI) imaging could be invaluable to establish the diagnosis and
assess complications. Contrast-enhanced CT of the chest can serve as an adjunct to evaluate
pericardium, myocardium, and adjacent structures, and evaluate for complications, such as
septic pulmonary emboli or septic aortic aneurysms [46]. In this review, we found that a
CT scan was performed in 67% of cases, revealing pericardial effusion, pleural effusion(s),
septic emboli, aortic pseudoaneurysm [41], or saccular (mycotic) aneurysm of the aortic
arch [37]. In a case of Lemierre’s syndrome, thrombosis of the internal and external jugular,
subclavian, and axillary veins [26]. TTE demonstrated tamponade in 83.8% of the cases.
This finding highlights the severity of MRSA pericarditis, especially when compared with
previous reports of tamponade in 14% of cases with idiopathic pericarditis and 61% of cases
with neoplastic or purulent pericarditis [61].

Once a pericardial effusion is diagnosed in patients with a septic presentation, pericar-
diocentesis can be helpful in establishing the cause. Pericardial fluid in bacterial pericarditis
may be frankly purulent, but additional laboratory data are necessary to further differ-
entiate the nature of the effusion (i.e., cell count, glucose effusion to serum ratio, and
lactate-dehydrogenase level and culture). Cultures should also be sent for bacterial, tuber-
culosis, and fungal studies [46]. Interestingly, more than one-third of patients with MRSA
pericarditis did not have positive blood cultures. This might be explained either by blood
cultures being falsely negative (various collection and incubation techniques in the cases
were reported), or pericarditis occurring from a direct spread from surrounding structures
with no hematogenous dissemination.

4.3. Treatment and Interventions

Vancomycin historically has been the drug of choice and sometimes the last resort
for the treatment of serious MRSA infections, providing both initial empiric coverage and
definitive therapy. Unfortunately, its increased use has diminished its effectiveness as an
anti-staphylococcal agent, particularly with the development of vancomycin-intermediate
S. aureus (VISA) and vancomycin-resistant S. aureus (VRSA) strains [62,63]. In our review,
vancomycin alone or in combination with other anti-staphylococcal antibiotics was used
in 62% of cases with overall good outcomes. The general recommendation for a fully
immunized child with purulent pericarditis is an empiric treatment regimen that includes
agents effective against MRSA, especially in communities where it is prevalent [17].

Recurrence of the effusion is common (30% reported in the literature, and more likely
if heavily loculated) [46,48]. In our review, the reaccumulation of pericardial effusion was
observed in 30.8% of cases. In such cases, the placement of a pericardial drain, pericardial
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window, or pericardiotomy is recommended (pericardial window being a Class I recom-
mendation and subxiphoid pericardiotomy as a Class Ila based on the 2015 ESC Pericardial
disease Taskforce guidelines) [46]. The role of the pericardial instillation of physiologic
saline to prevent constriction and avoid pericardiectomy in patients with purulent pericardi-
tis was successfully reported by Terada et al. [27]. This intervention was felt to be beneficial
due to the high viscosity of purulent effusion with fibrinous debris and the inability of com-
plete drainage by pericardiocentesis. Additionally, daily intrapericardial washouts were
found to decrease the inflammatory reaction, thereby preventing constrictive pericarditis as
a late complication. Further adjunctive therapy with intrapericardial fibrinolytic infusion
has been recommended for loculated effusions to accelerate effective drainage (Class Ila
per 2015 ESC Pericardial disease Taskforce guidelines) [46]. Fibrinolytic therapy was felt to
offer a promising alternative to invasive surgical interventions, although current data on
efficacy are mostly limited to case reports and case series [28,64]. Potential complications
such as left ventricular and submitral pseudoaneurysms due to the focal accumulation of
thrombolytic during the treatment have been reported [65,66]. Ineffective drainage in cases
of loculations and fibrinous formations often requires a pericardial window, pericardiotomy,
or extensive pericardiectomy to achieve adequate drainage [46,67].

4.4. Complications and Outcome

Although all patients in our review received drainage and antibiotics, we found that
mortality was 20.5% lower than traditionally reported in the literature for bacterial peri-
carditis (40%) [47]. This might be explained by publication bias as authors are more likely to
report good outcomes in such a life-threatening condition, and all our reviewed cases had
pericardial drainage, as our selection criteria was MRSA isolation from pericardial space,
which should yield a better prognosis. In comparison, MRSA endocarditis carries a mortal-
ity of 40-80% and is even higher in patients with prosthetic valves [68,69]. Comparatively,
mortality for patients with fungal endocarditis is above 80% [56].

Constrictive pericarditis has been reported to occur rarely (<3%) in patients with
purulent (non-tuberculous) pericarditis [46,48,70]; our review is generally consistent with
this, although it may be under-reported due to the lack of long-term follow-up in the
majority of case reports and case series.

5. Conclusions

MRSA pericarditis is potentially a fatal condition that should be included in the
differential diagnosis of patients presenting with shock. Making the diagnosis can be
challenging since most cases present with non-specific signs and symptoms of infection.
Moreover, bacteremia was absent in over one-third of patients. As such, an appropriate
level of clinical suspicion is needed. Additionally, we advise POCUS or TTE to be used early
in the assessment of hemodynamically unstable patients, thus facilitating early diagnosis
of pericardial effusion and tamponade. With prompt treatment with a combination of
pericardial drainage and systemic antibiotics, the risk of mortality with MRSA pericarditis
can be minimized.

6. Highlights
The published case studies indicate that:

MRSA pericarditis often presents with sepsis and is associated with significant mortality.
In more than one-third of cases, MRSA pericarditis occurs even in the absence of
documented bacteria.

MRSA pericarditis can occur in children and patients without serious underlying co-morbidities.
Pericardial effusion may be seen incidentally on chest or abdominal CT imaging.
POCUS is a promising tool to assist in rapidly guiding further investigations.
Pericardiocentesis is necessary whenever the purulent pericarditis diagnosis is suspected.
Reaccumulation of fluid after pericardiocentesis was common, arguing for continuous
drainage after pericardiocentesis.
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e  MRSA pericarditis is more likely to lead to pericardial tamponade (83.8%) than idio-
pathic (14%) or neoplastic (61%) pericarditis.

e  Despite antibiotic use and pericardial drainage, mortality remains high (20.5%, mean
survival of 21.8 days) due to multi-organ failure associated with septic shock.

Author Contributions: Conceptualization, M.R. and I.D.; methodology, M.R.; formal analysis, M.R.;
investigation, M.R.; data curation, M.R.; writing—original draft preparation, M.R., M.P,, R.D.H.,
MKB.,, A.D.C,N.M,, DJ, MS. and I.D.; writing—review and editing, M.R., RD.H., CW.N., AD.C.
and LD. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Acknowledgments: Jennifer N. Goodrich, Mayo Clinic Health System Library Specialist.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Lakhundi, S.; Zhang, K. Methicillin-Resistant Staphylococcus aureus: Molecular Characterization, Evolution, and Epidemiology.
Clin. Microbiol. Rev. 2018, 31, e00020-18. [CrossRef] [PubMed]

2. Diekema, D.J.; Pfaller, M.A.; Schmitz, EJ.; Smayevsky, J.; Bell, J.; Jones, R.N.; Beach, M. Survey of infections due to Staphylococcus
species: Frequency of occurrence and antimicrobial susceptibility of isolates collected in the United States, Canada, Latin America,
Europe, and the Western Pacific region for the SENTRY Antimicrobial Surveillance Program, 1997-1999. Clin. Infect. Dis. Off. Publ.
Infect. Dis. Soc. Am. 2001, 32, S114-5132. [CrossRef]

3. Elston, D.M. Community-acquired methicillin-resistant Staphylococcus aureus. J. Am. Acad. Dermatol. 2007, 56, 1528-1534.
[CrossRef] [PubMed]

4. Katayama, Y,; Ito, T.; Hiramatsu, K. A new class of genetic element, staphylococcus cassette chromosome mec, encodes methicillin
resistance in Staphylococcus aureus. Antimicrob. Agents Chemother. 2000, 44, 1549-1555. [CrossRef]

5. Pinho, M.G,; de Lencastre, H.; Tomasz, A. An acquired and a native penicillin-binding protein cooperate in building the cell wall
of drug-resistant staphylococci. Proc. Natl. Acad. Sci. USA 2001, 98, 10886-10891. [CrossRef]

6.  Chambers, H.F; Deleo, ER. Waves of resistance: Staphylococcus aureus in the antibiotic era. Nat. Rev. Microbiol. 2009, 7, 629-641.
[CrossRef]

7. Robinson, D.A.; Enright, M.C. Multilocus sequence typing and the evolution of methicillin-resistant Staphylococcus aureus. Clin.
Microbiol. Infect. Off. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis. 2004, 10, 92-97. [CrossRef]

8.  Loughrey, A.; Millar, B.C.; Goldsmith, C.E.; Rooney, PJ.; Moore, J.E. Emergence of community-associated MRSA (CA-MRSA) in
Northern Ireland. Ulst. Med. ]. 2007, 76, 68-71.

9.  Harbarth, S.; Frangois, P.; Shrenzel, J.; Fankhauser-Rodriguez, C.; Hugonnet, S.; Koessler, T.; Huyghe, A.; Pittet, D. Community-
associated methicillin-resistant Staphylococcus aureus, Switzerland. Emerg. Infect. Dis. 2005, 11, 962-965. [CrossRef]

10. Arshad, S.; Misumida, N. Rapid Development of Methicillin-Resistant Staphylococcus aureus (MRSA) Purulent Pericarditis in the
Setting of Endocarditis. CJC Open 2021, 3, 1505-1508. [CrossRef]

11.  Tan, T.L.; Lim, S.H.; Ruslan Mustapa, M.; Ganeswary, R. Pericardial abscess: The corollary of disseminated Methicillin-resistant
Staphylococcus aureus following diabetic foot ulcer infection. Med. |. Malays. 2020, 75, 742-744.

12. Meena, D.S.; Kumar, D.; Gopalakrishnan, M.; Bohra, G.K.; Midha, N.; Vijayvargiya, P.; Tiwari, S. Purulent pericarditis in a patient
with community-acquired methicillin-resistant Staphylococcus aureus: A case report with mini-review. Germs 2020, 10, 249-253.
[CrossRef] [PubMed]

13.  Zarour, C.C.; Dervishi, M.; Fuguet, D.; Al-Bahbahanee, Z. Methicillin-Resistant Staphylococcus aureus (MRSA)-Positive Pericardial
Abscess Presenting in a Hemodialysis Patient. Cureus 2020, 12, e10411. [CrossRef] [PubMed]

14. Ali, L.; Ghazzal, A.; Sallam, T.; Cuneo, B. Rapidly Developing Methicillin-Resistant Staphylococcus aureus Pericarditis and
Pericardial Tamponade. Cureus 2020, 12, e8001. [CrossRef]

15. Ganji, M,; Ruiz, J.; Kogler, W.; Lung, J.; Hernandez, ].; Isache, C. Methicillin-resistant Staphylococcus aureus pericarditis causing
cardiac tamponade. IDCases 2019, 18, e00613. [CrossRef]

16. Sanchez, J.; Schneider, A.; Tretter, ].T.; Shopsin, B.; Al-Qaqaa, Y.; Khaitan, A.; Chadha, T. Community-Acquired MRSA Pericarditis
and Medjiastinitis in a Previously Healthy Infant. J. Pediatr. Intensive Care 2018, 7, 97-101. [CrossRef]

17.  Abdel-Haq, N.; Moussa, Z.; Farhat, M.H.; Chandrasekar, L.; Asmar, B.I. Infectious and Noninfectious Acute Pericarditis in
Children: An 11-Year Experience. Int. ]. Pediatr. 2018, 2018, 5450697. [CrossRef]

18. Kariyanna, P.T.; Jayarangaiah, A.; Pedalino, R.; Hegde, S.; Marmur, J.D.; Shenoy, A.; Ashamalla, M.; Ray, J.; McFarlane, S.I.

Esophago-pericardial Fistula Induced Community Acquired Methicillin Resistant Staphylococcus aureus (CA-MRSA) Cardiac
Tamponade-A Rare Case Report and Literature Review. Am. . Med. Case Rep. 2018, 6, 109-113. [CrossRef]


http://doi.org/10.1128/CMR.00020-18
http://www.ncbi.nlm.nih.gov/pubmed/30209034
http://doi.org/10.1086/320184
http://doi.org/10.1016/j.jaad.2006.04.018
http://www.ncbi.nlm.nih.gov/pubmed/17190619
http://doi.org/10.1128/AAC.44.6.1549-1555.2000
http://doi.org/10.1073/pnas.191260798
http://doi.org/10.1038/nrmicro2200
http://doi.org/10.1111/j.1469-0691.2004.00768.x
http://doi.org/10.3201/eid1106.041308
http://doi.org/10.1016/j.cjco.2021.06.020
http://doi.org/10.18683/germs.2020.1212
http://www.ncbi.nlm.nih.gov/pubmed/33134204
http://doi.org/10.7759/cureus.10411
http://www.ncbi.nlm.nih.gov/pubmed/33062528
http://doi.org/10.7759/cureus.8001
http://doi.org/10.1016/j.idcr.2019.e00613
http://doi.org/10.1055/s-0037-1607325
http://doi.org/10.1155/2018/5450697
http://doi.org/10.12691/ajmcr-6-6-3

. Cardiovasc. Dev. Dis. 2022, 9, o
. Cardi Dev. Di; 9,103 11 of 13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Oizumi, H.; Ichinokawa, H.; Hoshino, H.; Shitara, J.; Suzuki, K. Pericardial Window for Methicillin-Resistant Staphylococcus aureus
Pericarditis. Ann. Thorac. Surg. 2019, 107, e27-e29. [CrossRef]

DeYoung, H.; Bloom, A.; Tamayo, S. Successful treatment of community-acquired methicillin-resistant Staphylococcus aureus
purulent myopericarditis. BMJ Case Rep. 2017, 2017. [CrossRef]

Mada, PK.; Cady, B.; De Silva, A.; Alam, M. Disseminated MRSA infection with purulent pericarditis. BM] Case Rep. 2017,
2017, ber-2016. [CrossRef] [PubMed]

Anmad Shihadeh, L.; Couto Comba, P.; Hernandez Carballo, C. Purulent pericarditis by Staphylococcus Panton-Valentine
secondary to hair implants. Med. Clin. 2017, 148, 525. [CrossRef] [PubMed]

Dherange, P.A.; Patel, S.; Enakpene, E.; Suryanarayana, P. From bone to heart: A case of MRSA osteomyelitis with haematogenous
spread to the pericardium. BM]J Case Rep. 2015, 2015, bcr2015211410. [CrossRef] [PubMed]

Natrajsetty, H.S.; Vijayalakshmi, I.B.; Narasimhan, C.; Manjunath, C.N. Purulent pericarditis with quadruple valve endocarditis.
Am. ]. Case Rep. 2015, 16, 236-239. [CrossRef]

Yoon, J.K.; Rahimi, M.B.; Fiore, A.; Schowengerdt, K.; Jureidini, S.B. Bacterial pancarditis with myocardial abscess: Successful
surgical intervention in a 14-month-old boy. Tex. Heart Inst. ]. 2015, 42, 55-57. [CrossRef]

Gunatilake, S.S.; Yapa, L.G.; Gallala, M.; Gamlath, R.; Rodrigo, C.; Wimalaratna, H. Lemierre’s syndrome secondary to community-
acquired methicillin-resistant Staphylococcus aureus infection presenting with cardiac tamponade, a rare disease with a life-
threatening presentation: A case report. Int. . Emerg. Med. 2014, 7, 39. [CrossRef]

Terada, M.; Watanabe, H.; Kobukai, Y.; Koyama, T.; Motokawa, M.; Yamamoto, F; Ito, H. Successful treatment of a patient with
purulent pericarditis by daily intrapericardial washouts. Ann. Thorac. Surg. 2014, 98, 1451-1454. [CrossRef]

Bagavathy, K.; Raju, S.K.; Joseph, R.; Kumar, A. Cardiac tamponade complicating purulent pericarditis due to community
acquired methicilin resistant Staphylococcus aureus (CA-MRSA). Conn. Med. 2014, 78, 163-165.

Kumar, V.A,; Nair, N.; Thachathodiyl, R.; Nandakumar, A.; Dinesh, K.R.; Thatcher, E.; Karim, S.; Biswas, R. Molecular Charac-
terization of Methicillin-Resistant Staphylococcus aureus Causing Fatal Purulent Pericarditis. J. Lab. Physicians 2013, 5, 136-138.
[CrossRef]

Kurahara, Y.; Kawaguchi, T. Cardiac tamponade with community-acquired methicillin-resistant Staphylococcus aureus pericarditis.
Intern. Med. 2013, 52, 1753. [CrossRef]

Lutmer, ].E.; Yates, A.R.; Bannerman, T.L.; Marcon, M.].; Karsies, T.J. Purulent pericarditis secondary to community-acquired,
methicillin-resistant Staphylococcus aureus in previously healthy children. A sign of the times? Ann. Am. Thorac. Soc. 2013, 10,
235-238. [CrossRef] [PubMed]

Kumar, S.; Sharma, N.; Singh, R.; Bhalla, A.; Varma, S. Pyopericardium complicated with cardiac tamponade: An unusual
presenting manifestation of primary pyomyositis. Trop. Dr. 2013, 43, 39—40. [CrossRef] [PubMed]

Hara, T.; Yamada, H.; Takashima, A.; Yamasaki, H.; Ogasawara, K.; Bando, S.; Ise, T.; Niki, T.; Kusunose, K.; Ueda, Y.; et al.
Constrictive pericarditis with intrapericardial abscess. Circ. J. Off. J. Jpn. Circ. Soc. 2013, 77, 786-788. [CrossRef]

Arora, N.P; Kottam, A.; Mahajan, N.; Bhasin, B.; Krishnamoorthi, R.; Shenoy, M.; Afonso, L.C. Purulent pericardial effusion from
community-acquired methicillin-resistant Staphylococcus aureus. Am. J. Med. Sci. 2012, 344, 160-162. [CrossRef]

Sheridan, K.R.; Potoski, B.A.; Shields, R K.; Nau, G.J. Presence of adequate intravitreal concentrations of daptomycin after systemic
intravenous administration in a patient with endogenous endophthalmitis. Pharmacotherapy 2010, 30, 1247-1251. [CrossRef]
[PubMed]

Hussam, M.A.; Ragai, M.F,; Iman, M.F,; Zakaria, A. Community-acquired methicillin-resistant Staphylococcus aureus pericarditis
presenting as cardiac tamponade. South. Med. J. 2010, 103, 834-836. [CrossRef] [PubMed]

Saito, S.; Matsuura, A.; Miyahara, K.; Takemura, H.; Sawaki, S.; Ito, H. Infected aortic aneurysm, purulent pericarditis, and
pulmonary trunk rupture caused by methicillin-resistant Staphylococcus aureus. Gen. Thorac. Cardiovasc. Surg. 2009, 57, 250-252.
[CrossRef]

Badshah, A.; Younas, F,; Janjua, M. Infective mycotic aneurysm presenting as transient acute coronary occlusion and infectious
pericarditis. South. Med. J. 2009, 102, 640-642. [CrossRef]

Parikh, S.V.; Memon, N.; Echols, M.; Shah, J.; McGuire, D.K.; Keeley, E.C. Purulent pericarditis: Report of 2 cases and review of
the literature. Medicine 2009, 88, 52—65. [CrossRef]

Durao, D.; Fernandes, A.P.; Marum, S.; Marcelino, P.; Mourao, L. Cardiac tamponade secondary to methicillin-resistant Staphy-
lococcus aureus pericarditis. Rev. Port. Cardiol. Orgao Off. Soc. Port. Cardiol. Port. ]. Cardiol. Off. ]. Port. Soc. Cardiol. 2008, 27,
953-958.

Patel, S.; Maves, R.; Barrozo, C.P.; Mullens, F.; Russell, K.; Truett, A.; Deroo, T. Mycotic pseudoaneurysm and purulent pericarditis
attributable to methicillin-resistant Staphylococcus aureus. Mil. Med. 2006, 171, 784-787. [CrossRef] [PubMed]

Demey, H.E.; Eycken, M.; Vandermast, M.; Bossaert, L.L. Purulent pericarditis due to methicillin-resistant Staphylococcus aureus. A
case report. Acta Cardiol. 1991, 46, 485-491. [PubMed]

Patel, A.J.; Mehta, RM.; Gandhi, D.B.; Bossone, E.; Mehta, R.H. Coronary aneurysm and purulent pericardial effusion: Old
disease with an unusual cause. Ann. Thorac. Surg. 2013, 95, 1791-1793. [CrossRef] [PubMed]

Rozenbaum, R.; Sampaio, M.G.; Batista, G.S.; Garibaldi, A.M.; Terra, G.M.; Souza, M.].; Vieira, E.N.; Silva-Carvalho, M.C,;
Teixeira, L.A.; Figueiredo, A.M. The first report in Brazil of severe infection caused by community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA). Braz. |. Med. Biol. Res. Rev. Bras. Pesqui. Med. E Biol. 2009, 42, 756-760. [CrossRef] [PubMed]


http://doi.org/10.1016/j.athoracsur.2018.05.053
http://doi.org/10.1136/bcr-2017-221931
http://doi.org/10.1136/bcr-2016-218463
http://www.ncbi.nlm.nih.gov/pubmed/28720691
http://doi.org/10.1016/j.medcli.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28336116
http://doi.org/10.1136/bcr-2015-211410
http://www.ncbi.nlm.nih.gov/pubmed/26643184
http://doi.org/10.12659/ajcr.893072
http://doi.org/10.14503/THIJ-13-3685
http://doi.org/10.1186/s12245-014-0039-y
http://doi.org/10.1016/j.athoracsur.2013.11.072
http://doi.org/10.4103/0974-2727.119874
http://doi.org/10.2169/internalmedicine.52.0542
http://doi.org/10.1513/AnnalsATS.201211-104BC
http://www.ncbi.nlm.nih.gov/pubmed/23802820
http://doi.org/10.1177/0049475513480774
http://www.ncbi.nlm.nih.gov/pubmed/23550203
http://doi.org/10.1253/circj.CJ-12-1098
http://doi.org/10.1097/MAJ.0b013e31824e942b
http://doi.org/10.1592/phco.30.12.1247
http://www.ncbi.nlm.nih.gov/pubmed/21114392
http://doi.org/10.1097/SMJ.0b013e3181e631e7
http://www.ncbi.nlm.nih.gov/pubmed/20622739
http://doi.org/10.1007/s11748-008-0376-y
http://doi.org/10.1097/SMJ.0b013e3181a1613d
http://doi.org/10.1097/MD.0b013e318194432b
http://doi.org/10.7205/MILMED.171.8.784
http://www.ncbi.nlm.nih.gov/pubmed/16933824
http://www.ncbi.nlm.nih.gov/pubmed/1835557
http://doi.org/10.1016/j.athoracsur.2012.09.045
http://www.ncbi.nlm.nih.gov/pubmed/23608264
http://doi.org/10.1590/S0100-879X2009005000007
http://www.ncbi.nlm.nih.gov/pubmed/19578704

. Cardiovasc. Dev. Dis. 2022, 9, o
. Cardi Dev. Di; 9,103 12 of 13

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

Hoque, M.; Siripurapu, S. Methicillin-resistant Staphylococcus aureus-infected pericardial cyst. Mayo Clin. Proc. 2005, 80, 1116.
[CrossRef]

Adler, Y,; Charron, P,; Imazio, M.; Badano, L.; Baron-Esquivias, G.; Bogaert, ].; Brucato, A.; Gueret, P; Klingel, K.; Lionis, C.; 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, 2921-2964. [CrossRef]

Pankuweit, S.; Risti¢, A.D.; Seferovi¢, PM.; Maisch, B. Bacterial pericarditis: Diagnosis and management. Am. J. Cardiovasc. Drugs
2005, 5, 103-112. [CrossRef]

Imazio, M.; Gaita, F.; LeWinter, M. Evaluation and Treatment of Pericarditis: A Systematic Review. JAMA 2015, 314, 1498-1506.
[CrossRef]

Klacsmann, P.G.; Bulkley, B.H.; Hutchins, G.M. The changed spectrum of purulent pericarditis: An 86 year autopsy experience in
200 patients. Am. |. Med. 1977, 63, 666—673. [CrossRef]

Comeau, J.L.; Lin, T.J.; Macken, M.B.; Li, B.; Ku, C.L.; von Bernuth, H.; Casanova, J.L.; Issekutz, A.C. Staphylococcal pericarditis,
and liver and paratracheal abscesses as presentations in two new cases of interleukin-1 receptor associated kinase 4 deficiency.
Pediatr. Infect. Dis. ]. 2008, 27, 170-174. [CrossRef]

Picard, C.; Puel, A.; Bonnet, M.; Ku, C.L.; Bustamante, J.; Yang, K.; Soudais, C.; Dupuis, S.; Feinberg, ].; Fieschi, C.; et al. Pyogenic
bacterial infections in humans with IRAK-4 deficiency. Science 2003, 299, 2076-2079. [CrossRef] [PubMed]

Finelli, L.; Fiore, A.; Dhara, R.; Brammer, L.; Shay, D.K.; Kamimoto, L.; Fry, A.; Hageman, J.; Gorwitz, R.; Bresee, J.; et al.
Influenza-associated pediatric mortality in the United States: Increase of Staphylococcus aureus coinfection. Pediatrics 2008, 122,
805-811. [CrossRef]

Morparia, K.; Peshkovsky, C.; Kalyanaraman, M. Purulent pericarditis secondary to influenza and community-acquired
methicillin-resistant Staphylococcus aureus co-infection. Cardiol. Young 2018, 28, 1481-1483. [CrossRef]

Regueiro, A.; Falces, C.; Cervera, C.; Del Rio, A.; Paré, ].C.; Mestres, C.A.; Castafieda, X.; Pericas, ].M.; Azqueta, M.; Marco, F; et al.
Risk factors for pericardial effusion in native valve infective endocarditis and its influence on outcome. Am. J. Cardiol. 2013, 112,
1646-1651. [CrossRef]

Regueiro, A.; Falces, C.; Pericas, ] M.; Mufioz, P.; Martinez-Sellés, M.; Valerio, M.; Sousa Regueiro, D.; Castelo, L.; de Alarcén, A;
Cobo Belaustegui, M.; et al. Risk factors of pericardial effusion in native valve infective endocarditis and its influence on outcome:
A multicenter prospective cohort study. Int. J. Cardiol. 2018, 273, 193-198. [CrossRef] [PubMed]

Baddour, L.M.; Wilson, W.R,; Bayer, A.S.; Fowler, V.G, Jr.; Tleyjeh, LM.; Rybak, M.].; Barsic, B.; Lockhart, P.B.; Gewitz, M.H.;
Levison, M.E,; et al. Infective Endocarditis in Adults: Diagnosis, Antimicrobial Therapy, and Management of Complications:
A Scientific Statement for Healthcare Professionals From the American Heart Association. Circulation 2015, 132, 1435-1486.
[CrossRef] [PubMed]

Banai, S.; Selitser, V.; Keren, A.; Benhorin, J.; Shitrit, O.B.; Yalon, S.; Halperin, E. Prospective study of bacteremia after cardiac
catheterization. Am. J. Cardiol. 2003, 92, 1004-1007. [CrossRef]

Alerhand, S.; Carter, ]. M. What echocardiographic findings suggest a pericardial effusion is causing tamponade? Am. J. Emerg.
Med. 2019, 37, 321-326. [CrossRef]

D’Cruz, I.A.; Constantine, A. Problems and pitfalls in the echocardiographic assessment of pericardial effusion. Echocardiography
1993, 10, 151-166. [CrossRef]

Appleton, C.; Gillam, L.; Koulogiannis, K. Cardiac Tamponade. Cardiol. Clin. 2017, 35, 525-537. [CrossRef]
Permanyer-Miralda, G. Acute pericardial disease: Approach to the aetiologic diagnosis. Heart 2004, 90, 252-254. [CrossRef]
[PubMed]

Tenover, EC.; Biddle, ].W.; Lancaster, M.V. Increasing resistance to vancomycin and other glycopeptides in Staphylococcus aureus.
Emerg. Infect. Dis. 2001, 7, 327-332. [CrossRef] [PubMed]

Centers for Disease Control and Prevention. Staphylococcus aureus resistant to vancomycin-United States, 2002. Morb. Mortal.
WEkly. Rep. 2002, 51, 565-567.

Usttinsoy, H.; Celkan, M.A.; Sivrikoz, M.C.; Kazaz, H.; Kiling, M. Intrapericardial fibrinolytic therapy in purulent pericarditis. Eur.
J. Cardio-Thorac. Surg. Off. ]. Eur. Assoc. Cardio-Thorac. Surg. 2002, 22, 373-376. [CrossRef]

Ekim, H.; Demirbag, R. Intrapericardial streptokinase for purulent pericarditis. Surg. Today 2004, 34, 569-572. [CrossRef]
[PubMed]

Juneja, R.; Kothari, S.S.; Saxena, A.; Sharma, R.; Joshi, A. Intrapericardial streptokinase in purulent pericarditis. Arch. Dis. Child.
1999, 80, 275-277. [CrossRef] [PubMed]

Di Lazzaro, D.; Di Bella, L; Pasquino, S.; Berti, V.; Da Col, U. Pericardiectomy for constrictive pericarditis. Multimed. Man.
Cardiothorac. Surg. 2020, 2020. [CrossRef]

Galar, A.; Weil, A.A.; Dudzinski, D.M.; Muifioz, P.; Siedner, M.]. Methicillin-Resistant Staphylococcus aureus Prosthetic Valve
Endocarditis: Pathophysiology, Epidemiology, Clinical Presentation, Diagnosis, and Management. Clin. Microbiol. Rev. 2019,
32,e00041-18. [CrossRef]


http://doi.org/10.4065/80.9.1116
http://doi.org/10.1093/eurheartj/ehv318
http://doi.org/10.2165/00129784-200505020-00004
http://doi.org/10.1001/jama.2015.12763
http://doi.org/10.1016/0002-9343(77)90150-4
http://doi.org/10.1097/INF.0b013e318157ad01
http://doi.org/10.1126/science.1081902
http://www.ncbi.nlm.nih.gov/pubmed/12637671
http://doi.org/10.1542/peds.2008-1336
http://doi.org/10.1017/S1047951118001580
http://doi.org/10.1016/j.amjcard.2013.07.024
http://doi.org/10.1016/j.ijcard.2018.08.010
http://www.ncbi.nlm.nih.gov/pubmed/30122503
http://doi.org/10.1161/CIR.0000000000000296
http://www.ncbi.nlm.nih.gov/pubmed/26373316
http://doi.org/10.1016/S0002-9149(03)00990-1
http://doi.org/10.1016/j.ajem.2018.11.004
http://doi.org/10.1111/j.1540-8175.1993.tb00027.x
http://doi.org/10.1016/j.ccl.2017.07.006
http://doi.org/10.1136/hrt.2003.024802
http://www.ncbi.nlm.nih.gov/pubmed/14966036
http://doi.org/10.3201/eid0702.010237
http://www.ncbi.nlm.nih.gov/pubmed/11294734
http://doi.org/10.1016/S1010-7940(02)00258-0
http://doi.org/10.1007/s00595-004-2773-x
http://www.ncbi.nlm.nih.gov/pubmed/15221548
http://doi.org/10.1136/adc.80.3.275
http://www.ncbi.nlm.nih.gov/pubmed/10325712
http://doi.org/10.1510/mmcts.2020.076
http://doi.org/10.1128/CMR.00041-18

J. Cardiovasc. Dev. Dis. 2022, 9,103 13 of 13

69. Hubers, S.A.; DeSimone, D.C.; Gersh, B.J.; Anavekar, N.S. Infective Endocarditis: A Contemporary Review. Mayo Clin. Proc. 2020,
95, 982-997. [CrossRef] [PubMed]

70. Imazio, M.; Brucato, A.; Maestroni, S.; Cumetti, D.; Belli, R.; Trinchero, R.; Adler, Y. Risk of constrictive pericarditis after acute
pericarditis. Circulation 2011, 124, 1270-1275. [CrossRef] [PubMed]


http://doi.org/10.1016/j.mayocp.2019.12.008
http://www.ncbi.nlm.nih.gov/pubmed/32299668
http://doi.org/10.1161/CIRCULATIONAHA.111.018580
http://www.ncbi.nlm.nih.gov/pubmed/21844077

	Introduction 
	Materials and Methods 
	Results 
	Demographics and Comorbidities 
	Presentation Symptoms 
	Evaluation 
	Treatment and Interventions 
	Complications and Outcome 

	Discussion 
	Risk Factors and Infection Mechanisms 
	Presentation and Diagnostics 
	Treatment and Interventions 
	Complications and Outcome 

	Conclusions 
	Highlights 
	References

