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Abstract: Background: Infective endocarditis (IE) has been increasingly reported, however, little is available regard-
ing recent development of right-sided IE. Methods: Right-sided IE was comprehensively analyzed based on recent
5%s-year literature. Results: Portal of entry, implanted foreign material, and repaired congenital heart defects were
the main predisposing risk factors. Vegetation size on the right-sided valves was much smaller than those beyond
the valves. Multiple logistic regression analysis revealed that predisposing risk factors, and vegetation size and
locations were independent predictive risks of patients’ survival. Conclusions: Changes of right-sided IE in the past
5% years included younger patient age, and increased vegetation size, but still prominent Staphylococcus aureus
infections. Complication spectrum has changed into more valve insufficiency, more embolic events, reduced ab-
scess formation, and considerably decreased valve perforations. With effective antibiotic regimens, prognoses of
the patients seemed to be better than before.
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Introduction

Infective endocarditis (IE) involves the aortic
valve the most common, the mitral valve more
common, and tricuspid and pulmonary valve
the least common. Multiple valve involvements
were seen in 17-22% of the patients: aortic plus
mitral valves the most common, mitral plus tri-
cuspid valves more common, and aortic plus
tricuspid and aortic plus pulmonary valves the
least common [1, 2]. Right-sided IE occupied
5-10% of all IE [3]. In the patients with congeni-
tal heart defects, left-, right- and both-sided IE
accounted for 46.4%, 32.7% and 2.3%, respec-
tively [4]. The prevalence of isolated tricuspid
and pulmonary valve |IE was 2.5-3.1% [5] and
2% [6], respectively.

It is notable that continuous changes have
taken place with regard to epidemiology and
prophylactic strategies of IE in the past decades
[7]. Indwelling catheter, foreign medical device
implants, and intravenous drug abusers have
become the increasing risk factors for bacterial
colonization, thus being a source of bacteremia
[7, 8]. Staphylococcus aureus has become the

most common microorganism of IE, while
Streptococcus viridans infections reduced. The
novel trends of IE resulted in significant increas-
es in mortality and morbidity irrespective of
advanced modern diagnostic and therapeutic
strategies [9]. However, little information is
available regarding for the recent development
of right-sided IE. This study aims at presenting
the changing trends of epidemiology, predis-
posing risk factors, microbiology, and prognosis
of right-sided IE under current antimicrobial
treatments based on recent 5'4-year literature.

Materials and methods

Recent 5¥s-year literature retrieval from January
1, 2008 to April 30, 2013 was made in PubMED
database and Google search engine. The
search terms included “right heart endocardi-
tis”, “right-sided endocarditis”, “pulmonary

”ou

valve endocarditis”, “tricuspid valve endocardi-
tis”, “pacemaker lead endocarditis”, “atrial sep-
tal defect endocarditis”, “ventricular septal
defect endocarditis”, “Chiari network endocar-

ditis”, “Eustachian valve endocarditis”, “pulmo-
nary artery endarteritis”, and “multiple valve
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Right-sided infective endocarditis

Table 1. Clinical manifestations of 166 patients

Clinical manifestation n (%)
Fever 152 (91.6)
Lethargy/fatigue/malaise/weakness 53 (31.9)
Dyspnea 37 (22.3)
Cough 29 (17.5)
Weight loss 17 (10.2)
Chest pain 18 (10.8)
Night sweats 12 (7.2)
Back pain 6 (3.6)
Abdominal pain 4(2.4)
Congestive heart failure 10 (6.0)
Pleural effusions 12 (7.2)
Pericardial effusions 9(5.4)
Hepatomegaly 11 (6.6)
Splenomegaly 5(3.0)
Ascites 2(1.2)
Skin lesions 11 (6.6)
Rash 2(1.2)
Erythema nodosum migrans 1(0.6)
Erythematous painful nodules 1 (0.6)
Janeway lesion 1 (0.6)
Macules extremity 1 (0.6)
Osler nodes 1 (0.6)
Petechiae 1 (0.6)
Petechial rash 1(0.6)
Purpura 1 (0.6)
Purpuric rash 1(0.6)

endocarditis”.  Libman-Sacks nonbacterial
endocarditis caused by antiphospholipid syn-
drome, Loeffler’'s endocarditis, and patent duc-
tus arteriosus endarteritis was not included.
Patients with IE described as a long-term mor-
bidity of current admission, with a history of
right-sided IE, but current admission was for a
left-sided one, or patients with non-active
(healed) IE, were excluded.

Quantitative data were presented in mean *
standard deviation with range and median.
Comparisons of frequencies were made by
Fisher’s exact test. One-way ANOVA was taken
for the univariant analysis. Multiple logistic
regressions were used for predictive evaluation
of patient survival/mortality. p<0.05 was con-
sidered statistically significant.

Results

Literature retrieval yielded 401 publications.
Following the exclusion criteria, totally 168 pub-
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lications (14 original articles, 8 case series,
and 146 case reports) [5, 10-176] including
299 patients were obtained. Gender was not
reported for 37 patients. The remaining 262
patients included 182 males and 80 females
with a male-to-female ratio of 2.3:1. The
patients were at the age of 40.2 + 21.3 (range,
0.04-88; median 41) years (n=195).

On admission, 76 patients had their cardiac
murmurs recorded: 68 (89.5%) patients had a
cardiac murmur (60 were systolic, 5 were dia-
stolic, 2 were continuous, and 1 was both dia-
stolic and diastolic), and 8 (10.5%) did not have
a cardiac murmur. Locations of the cardiac
murmurs were described in 50 patients: 25
(50%) at the left parasternal boarder, 11 (22%)
at the tricuspid area, 5 (10%) at the right para-
sternal boarder, 4 (8%) at the mitral area, 3
(6%) at the pulmonary area, 1 (2%) at the mitral
and tricuspid areas and 1 (2%) at the pulmo-
nary and tricuspid areas.

Fourteen (4.7%) patients were afebrile, while
285 (95.3%) patients were febrile with a body
temperature of 38.8 + 0.7 (range, 37.5-40.3;
median, 38.9) °C (n=56). Clinical manifesta-
tions were depicted in Table 1. Their heart rate
was 102.8 + 23.5 (40-152; median, 105) /min
(n=50), systolic blood pressure 116.9 + 22.7
(60-167; 120) mmHg (n=47), diastolic blood
pressure 70.2 + 13.4 (38-97; 70) mmHg
(n=45), and respiratory rate 25.1 + 6.5 (18-38;
22.5) /min (n=18). Arterial oxyhemoglobin satu-
ration with room air was 93.7 + 6.3 (range,
78-100; median, 97) % (n=18), and arterial oxy-
hemoglobin saturation with low-flow oxygen
mask was 95-98% and 91% in 2 patients,
respectively. Pulmonary artery hypertension
was present in 21 (7.0%) patients with a sys-
tolic pulmonary arterial pressure of 54.4 + 14.9
(40-90; 48) mmHg (n=15). Pulmonary arterial
hypertension was moderate in 17 (81.0%),
severe in 3 (14.3%), and classification of pul-
monary arterial hypertension was unknown in 1
(4.8%) patient, respectively.

Predisposing risk factors for the occurrence of
IE could be summarized into: portal of entry
(36.1%), implanted foreign material (27.0%),
underlying heart disease (22.8%), invasive den-
tal, medical or surgical procedure (12.4%), dis-
tant infections (6.6%), a history of IE (2.5%),
miscellaneous risk factors (23.2%), and no risk
factor at all (1.7%). Intravenous drug user, pace-
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Table 2. Predisposing risk factors in 241 patients with infective endocarditis

p value (Fisher’s

Predisposing risk factor n (%) exact test)
Portal of entry 87 (36.1) <0.0001
Intravenous drug user 71 (29.5)
Hemodialysis 8(3.3)
Central venous catheter 7(2.9)
Maintenance of blood transfusion for anemia 1(0.4)
Implanted foreign material 65 (27.0) <0.0001
Pacemaker implantation 38 (15.8)
Congenital heart defect surgery with a conduit, shunt or patch 16 (6.6)
Prosthetic valve prosthesis (1 was percutaneous pulmonary valve implantation) 9(3.7)
Superior vena cava filter deployment 1(0.4)
Peritoneovenous (LeVeen) shunt after hepatic lobectomy 1(0.4)
Underlying heart disease 55 (22.8) <0.0001
Congenital heart disease, unrepaired 51 (21.2)
Coronary artery disease 3(1.2)
Valvular heart disease 1(0.4)
Invasive dental, medical or surgical procedure 30(12.4) 0.7870 (by excluding the variables with n<2)
Dental problem 7(2.9)
Previous surgical operation (other than heart operation) 6 (2.5)
Previous heart valve repair (probably with no implanted foreign material) 4(1.7)
Coronary artery bypass grafting 4(1.7)
Induced abortion 4(1.7)
Invasive diagnostic means (catheterization, prostate biopsy) 2(0.8)
Percutaneous transluminal coronary angioplasty 1(0.4)
Balloon dilation of pulmonary stenosis 1(0.4)
Acupuncture 1(0.4)
Distant infections 16 (6.6) <0.0001
Abscess formation 13 (5.4)
Infectious disease 2 (0.8)
Gangrene of the foot 1(0.4)
History of infective endocarditis 6 (2.5) -
(

Miscellaneous risk factors

56 (23.2) <0.0001 (by excluding the variables with n<2)

System disease (diabetes mellitus 2, sclerosis and systemic lupus erythematosus) 20 (8.3)

Pregnancy
Alcoholic consumption and alcoholic disease
Cancer (including leukemia)
Trauma and traumatic complication
Postpartum
Sporadic marihuana
Parasite infection
Animal bite/scratch
Skin disease
Necrotizing enterocolitis
Arthritis
Nil

7(2.9)
6(2.5)
5(2.1)
5(2.1)

*p<0.0001 comparing with “congenital heart defect surgery with a conduit, shunt or patch”.

maker implantation and unrepaired congenital
heart disease represented the first three pre-
dominant risk factors, respectively (Table 2).
Unrepaired congenital heart disease account-
ed for 92.7% (51/55) of the underlying heart
disease, while congenital heart defect surgery
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with a conduit, shunt or patch accounted for
24.6% (16/65) of implanted foreign material
(x>=56.05, p<0.0001). Right-sided IE was due
to cardiac surgical operations in 33 (11.0%)
patients, including congenital heart defect sur-
gery with a conduit, shunt or patch in 16
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Table 3. Management of infective endocarditis patients without a vegetation
Patient Age (year)/

No sex Predisposing risk factor Blood culture Antibiotics Surgical indication Surgical opeation Outcome Reference
1 7/F s/p Ross-Konno procedure plus Granulicatella ~ vancomycin plus me-  Subtotal obstruction of the Conduit replacement with a pulmonary Negative blood culture [36]

mitral valvuloplasty for Shone  adiacens ropenem x 4 weeks  conduit valved homograft

syndrome
2 5/M Cardiac catheterization for in-  Granulicatella ~ Ciprofloxacin and me- No No The blood cultures were  [36]

fundibular pulmonary stenosis adiacens ropenem x 4 weeks sterile after one week

antibiotic treatment
3 19/M Cor triatriatum Staphylococcus Intravenous vancomy- Stenosis of the right Stenosis of the right ventricular outflow After antibiotheraphy [133]
aureus cin, gentamycin and  ventricular outflow tract tract and thick and narrow pulmonary the body temperature
meronem x 4 weeks and thick and narrow valve resection; The membrane in returned to normal
pulmonary valve the right atrium without causing any
stenosis was left unresected

4 61/M Bicuspid aortic valve, non- Streptococcus  Penicillin and genta-  Bicuspid aortic valve, non- Ventricular septal defect closure, Unveventful [175]

coronary cusp perforation, sanguis micin coronary cusp perforation, tricuspid repair (edge-to-edge), aortic

ventricular septal defect, ventricular septal defect,  valve replacement (23-mm Carpentier-

tricuspid pouch tricuspid pouch Edwards Perimount)

Table 7. Positive results of 59 further microorganism investigations in 50 patients

Detection Microorganism (n)
Culture
Bronchioalveolar lavage fluid Aspergillus fumigatus (1), Staphylococcus aureus (1)
Abscess Staphylococcus aureus (4), coagulase-negative Staphylococcus (1)
Indwelling catheter Staphylococcus aureus (2)
Pacemaker lead Propionibacterium (1)
Valve tissue Enterococcus faecalis and Gemella morbillorum (1), Staphylococcus aureus (1), Staphylococcus lugdunensis (2), Propionibacterium (1), Enterococcus (2), Cory-
nebacterium Diphtheriae (1), Candida albicans (1), Pseudomonas aeruginosa (1)
Vegetation Aspergillus fumigatus (1), Candida tropicalis (1), Candida albicans (1), a-hemolytic streptococcus (1), Methicillin-susceptible Staphylococcus aureus (1), Strepto-
coccus viridans (1)
Knee joint aspirate Staphylococcus aureus (1)
Pacemaker pocket discharge Staphylococcus epidermidis (1)
Sputum Methicillin-resistant Staphylococcus aureus (1)
Urine Escherichia coli (2)
Pericardial effusion Staphylococcus aureus (2)
Pulmonary artery emboli Candida albicans (1)
Rectal swabs Escherichia coli extended-spectrum B-lactamase (1)
Histology
Vegetation Gram-positive cocci (1), multiple bacterial colonies (cocci) (1), Mycobacterium tuberculosis (1)
Valve tissue Gram-positive cocci (1), numerous budding organism (1)
Transbronchial lung biopsy Aspergillus spp. (1)

Erythematous painful nodules in the foot Fusarium solani (1)
Microbiologic study

Valve tissue Yeasts (1), Aspergillus hyphae (1), methicillin-resistant coagulase-negative Staphylococcus (1)
Vegetations Aspergillus hyphae (1)
Polymerase chain reaction
Valve tissue Hemophilus aphrophilus (1), Bartonella species (1), Bartonella Quintana (1), Bartonella hensellae (1)
Pleural fluid Tropheryma whipplei (1)
Blood Tropheryma whipplei (1), Neisseria (1)
Vegetation Streptococcus agalactiae (1)
Serology Bartonella henselae + Bartonella quintana (1), Coxiella Burnetti (1), Bartonella quintana (1), Bartonella hensellae (1); Bartonella (1)
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(48.5%), heart valve replacement in 9 (27.3%),
heart valve repair in 4 (12.1%), and coronary
artery bypass grafting in 4 (12.1%), respectively
(x?=16.84, p=0.000762).

Hemoglobin was 9.6 + 2.5 (range, 4.2-17; medi-
an, 9.8) g/dl (n=50). Anemia was noted in 40
(80%) patients: 18 (45%) were mild, 20 (40%)
were moderate, and 2 (4%) were severe ane-
mia, respectively. Leukocyte count was report-
ed in 97 (32.4%) patients with a value of 19.2 +
19.4 (range, 2.9-16.7; median, 16.5) x 10%L
(n=73). Fourteen (14.4%) patients had a normal
white count, 82 (84.5%) patients had leukocy-
tosis, and 1 (1.0%) patient had leukopenia. The
platelet count was reported in 19 patients,
which was 114.1 + 120.5 (range, 7-404; medi-
an, 67) x 10%/L (n=19). There were 12 (63.2%)
cases of thrombocytopenia: 5 (41.7%) were
mild, 3 (25%) were moderate, 1 was (8.3%)
severe, and 3 (25%) were extremely severe
thrombocytopenia. Erythrocyte sedimentation
rate was reported in 46 (15.4%) patients: 44
(95.7%) patients were positive, and 2 (4.3%)
were normal. The quantitative value of the
abnormal erythrocyte sedimentation rate was
80.2 + 38.0 (range, 8-140; median, 77) mm/h
(n=26). Of the 90 (30.1%) patients with a
reported C-reactive protein, 89 (98.9%) were
positive, and 1 (1.1%) was normal. The quanti-
tative C-reactive protein value was 21.3 + 42.3
(0.15-297; median, 10.9) mg/dl (n=66). Serum
creatinine was reported in 17 (5.7%) patients: 6
(35.3%) patients had a normal value 0.9 + 0.2
(range, 0.6-1.2; median, 0.98) mg/dl (n=6), and
11 (64.7%) patients had an elevated value 2.0
+ 0.6 (range, 1.45-3.3; median, 1.9) mg/dl
(n=11). The overall creatinine was 1.6 + 0.7
(range, 0.6-3.3; median, 1.6) mg/dl (n=17),
aspartate aminotransferase 126 + 171.9 (33-
573; 48) IU/L (normal reference, 7-56 IU/L)
(n=9), and alanine transaminase 76.7 + 67.2
(range 27-268; median, 59) IU/L (normal refer-
ence, 5-40 IU/L) (n=11). Aspartate aminotrans-
ferase and alanine transaminase were elevat-
ed in 6 patients each.

Both transthoracic and transesophageal echo-
cardiographic studies were carried out for the
diagnosis of intracardiac vegetations in 33
patients: identical results were obtained in 18
(54.5%) patients (however, the origin of the veg-
etation was not clearly visualized by transtho-
racic, but clearly visualized by transesophageal
echocardiography); at least one vegetation was
missed by transthoracic but supplemented
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information was obtained by transesophageal
echocardiography in 15 (45.5%) patients. In 51
(79.7%) of the surgical patients, echocardio-
graphic vegetations conformed to the surgical
exploration, however, transthoracic or trans-
esophageal echocardiographic misdiagnoses
of vegetations were disclosed by open heart
surgery in 13 (20.3%) patients.

The locations of the vegetations were not given
in 63 patients. Four (1.7%) patients did not
have a vegetation. The managements of the
four patients with no vegetation varied accord-
ing to patient’s age, predisposing risk factor
(previous surgical maneuvers), and cardiac sit-
uations, etc. (Table 3). A single or multiple veg-
etations were found involving the right heart in
232 (98.3%) patients. Most of the vegetations
were single on a single valve/site of the right
heart. Multiple vegetations on a single right
heart valve, multiple vegetations on multiple
sites of the right heart and multiple vegetations
on both sides of the heart totally amounted to
one-third of the whole presentation (Table 4).
The size of the right-sided vegetations was 1.96
+ 1.16 (range, 0.14-7; median, 1.75) mm
(n=114). For the single vegetations of right-sid-
ed IE, no significant difference was found in the
vegetation sizes between tricuspid and pulmo-
nary valve IE (1.84 + 0.76 mm vs. 1.77 + 1.33,
p=0.8420). Vegetations developed on the right-
sided valves (both tricuspid and pulmonary
valves) were much smaller than those occurred
beyond the valves on the right atrial or right
ventricular free walls, superior vena cava, supe-
rior vena cava-right atrium junction, ventricular
septal defect patch, or the pacemaker lead
(1.82 £+ 0.88 mm vs. 3.33 + 1.45 mm,
p<0.0001). Multiple vegetations on one valve
(site) of the right heart were smaller than those
of the single vegetation on one valve (site), but
did not reaching a significant difference (1.63 *
0.78 mm vs. 2.08 + 1.14 mm, p=0.0755).
Multiple vegetations on multiple sites of the
right heart measured 2.00 + 1.85 mm, and
multiple vegetations on multiple sites of both
the left and right heart measured 1.75 + 1.29
mm.

Complications amounted to 251, which devel-
oped in 161 patients with a mean of 1.6/
patient. Valvular insufficiency, embolic events
and abscess formation were the most common
complications of right-sided IE, representing
49.1% (79/161), 52.8% (85/161) and 15.5%
(25/161), respectively. Leaflet perforation only
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Table 4. Locations of vegetation in 232 patients

Location of vegetation n (%)
Single vegetation on a single right heart valve/site 147 (63.4)
v 83(35.8)
Pacemaker lead 19 (8.2)
PV 18 (7.8)
RV-PA conduit 7(3.0)
RA free wall 5(2.2)
RV free wall 5(2.2)
VSD 3(1.3)
Prosthetic PV 2(0.9)
SvC 2(0.9)
SVC-RA junction 1(0.4)
Waterston shunt 1(0.4)
Prosthetic TV 1(0.4)
Multiple vegetations on a single right heart valve 32(13.8)
v 21(9.1)
PV 10 (4.3)
Prosthetic PV 1(0.4)
Multiple vegetations on multiple sites of the right heart 26 (11.2)
PV, RVOT, PA 3(1.3)
PV, PA 3(1.3)
TV, pacemaker lead 2(0.9)
TV, RA 2(0.9)
TV, PV 2(0.9)
RV, VSD 2(0.9)
PV, RVOT 2(0.9)
RA, RV 2(0.9)
TV, TV apparatus, VSD, adjacent endocardium 1(0.4)
TV, TV papillary muscles, pacemaker lead 1(0.4)
TV, Chiari network 1(0.4)
TV, SVC, RA, RV 1(0.4)
SVC, RA 1(0.4)
TV, RV 1(0.4)
PV, VSD patch 1(0.4)
RA, pacemaker lead 1(0.4)
Multiple vegetations on both sides of the heart 27 (11.6)
AV, TV 6(2.6)
My, TV 5(2.2)
AV, MV, TV 3(1.3)
AV, MV, PV 2(0.9)
All 4 valves 1(0.4)
AV, PV 1(0.4)
AV, TV, pacemaker lead 1(0.4)
AV, VSD near TV 1(0.4)
Both sides of VSD patch 1(0.4)
MV, aorta, RV 1(0.4)
MV, PA 1(0.4)
MV, VSD 1(0.4)
Prosthetic MV, PV 1(0.4)
TV, LA free wall 1(0.4)
TV, RVOT, LA free wall 1(0.4)

AV: aortic valve; LA: left atrium; MV: mitral valve; PA: pulmonary artery; PV: pul-
monary valve; RA: right atrium; RV: right ventricle; RVOT: right ventricular outflow
tract; SVC: superior vena cava; TV: tricuspid valve; VSD: ventricular septal defect.

accounted for 6.2% (10/161). For diverse pre-
disposing risk factors by putting aside the mis-
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cellaneous, complications of valvular insuffi-
ciency, embolic events, and abscess formation
were the most common in portals of entry
(most of which was intravenous drug abuse),
which were 23.6% (17/72), 22.5% (16/71), and
34.8 (8/23), respectively. For vegetation loca-
tion groups, single vegetation on sing right-sid-
ed valve/site developed the three complica-
tions the most accounting for 54.9% (28/51),
61.4% (43/70) and 54.5% (12/22), respective-
ly. Significant inter-group differences were
noted (Table 5).

Microorganisms were identified either by blood
cultures and/or by further investigations like
serology, polymerase chain reaction, microbiol-
ogy, or histology in the whole patient setting
except for one patient who was still diagnosed
as IE in the absence of microorganism evidence
[157]. Blood culture results were unavailable in
101 patients. In the remaining 198 patients,
blood cultures were sterile in 31 (15.7%)
patients, and were positive in 167 (84.3%)
patients. Staphylococci represented half
(50.9%) of the causative primary microorgan-
isms, followed by Streptococci (10.8%), Enter-
ococci (9.0%) and fungi (4.2%) (x>=142.18,
p<0.0001) (Table 6). Miscellaneous Gram-
negative bacilli accounted for a considerable
proportion, much more than Gram positive
bacilli (x>=32.05, p<0.0001). Seven (4.2%)
patients had polymicrobial infections: Escher-
ichia coli and coagulase-negative Staphylococ-
cus (n=1), Enterococcus faecalis and Gemella
morbillorum (n=1), Enterococcus faecalis and
Candida albicans (n=1), Peptostreptococcus,
micrococcus and coagulase-negative Staphy-
lococcus (n=1), Pseudomonas aeruginosa,
Methicillin-resistant Staphylococcus aureus
and Klebsiella pneumoniae (n=1), and Enteroc-
occus and Pseudomonas (n=1),and Escherichia
coli extended-spectrum [-lactamase (ESBL)
and Enterococcus faecalis (n=1).

Further 79 microorganism investigations were
performed in 63 patients by way of serology,
polymerase chain reaction, microbiology, or
histology of resected tissues, catheter or other
body fluids. Negative results were noted in 17
(25.3%) tests in 17 patients. The remaining 59
(74.7%) positive tests in 50 patients were sum-
marized in Table 7. Two (4%) patients had poly-
microbial infections: Bartonella henselae and
Bartonella Quintana (n=1) (serologies) and
Pseudomonas aeruginosa and Aspergillus
fumigatus (n=1) (culture of surgically resected
vegetation).

Int J Clin Exp Med 2014;7(1):199-218



Right-sided infective endocarditis

Table 5. 251 complications of infective endocarditis in 161 patients (Fisher’s exact test)

Total Predisposing risk factor (n) Location of vegetation (n)
p value p value
(n)  PoE IFM Inv UHD DI MRF I nmm v

Complications

Valvular insufficiency 79° 17 10 6 17 4 18 0.001 36 13 6 10 <0.0001
TR 65 12 9 5 15 4 18 28 12
PR 10 4 1 1 4 1
TR, PR 3 1 2
RV-PA conduit regurgitation

IS

N

Valvular stenosis 13 5 2 1 1 0 0.138 0.002
PV 8 3 1 1
TV 4 2
PV conduit

Embolic event 85 16 6 7 10 6 26 <0.0001 43 12 10 5 <0.0001
Lung 75 12 6 6 9 6 25 38 12 8
Lung, spleen 1
Lung, kidney 1
Spleen, kidney 1
Brain 5
Spleen 1
Small intestine, spleen, brain 1

Valve destruction 13 0.063 0.418
TV 4
PV

Valve leaflet perforation 10
v
PV
MV 2 1
AV

Abscess formation

o r N W
O W Rk AR R
N I

0.038

B RN W R s
N W N R W
B R W R s

4
2
2
0.310 5
2
2
1

N -
(&)
o1

0.011 12 4 3 3 0.008
Lung

Aortic root + RV free wall

AV-TV annulus

Para-AV annulus

Paraspinal and epidural

Pulmonary outflow tract

Purulent material of VSD extending to the AV

I N S
I N = )

PV annulus
RA
Root
RV
Skin cold abscess + purulent pericarditis
TV ring

Ventricular septum

P R R R RRPRNRRRNRRO

Brain
0.108

IN
[N
o
[N

Infarct of parenchymatous organ 0.171

5
w
o
[=
o
N AR e

Lung 1
Spleen 1
Kidney 1

Brain

=
N

1.000
0.018
0.020

Embolic stroke
AVB

Renal failure

0.509
0.868
0.046 0.086
Multiple organ failure 0 1.000 0.020
Total 251 59 22 23 47 11 59 - 122 37 30 29

Septic shock

N R oW N
B O R, N

o o r O

o o r O
W R

o o o o

» o o

BN AW R P RN
o o o o o

o o r o O
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“p=0.0002 comparing with valve stenosis; PoE: Portal of entry; IFM: Implanted foreign material; Inv: Invasive dental, medical or surgical procedure; UHD: Underlying heart
disease; DI: Distant infections; MRF: Miscellaneous risk factors; I: Single vegetation on a single right heart valve/site; Il: Multiple vegetations on a single right heart valve; Ill:
Multiple vegetations on multiple sites of the right heart; IV: Multiple vegetations on both sides of the heart; TR: tricuspid regurgitation; PR: pulmonary regurgitation; RV: right
ventricle; PA: pulmonary artery; PV: pulmonary valve; TV: tricuspid valve; MV: mitral valve; AV: aortic valve; RA: right atrium; AVB: atrioventricular heart block.
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Table 6. Microorganisms identified by blood cu-
lture in 167 patients

Microorganism n (%)

Staphyloccocus 85 (50.9)
aureus 74 (44.3)
Metbhicillin-sensitive Staphylococcus aureus 21 (12.6)
Methicillin-resistant Staphylococcus aureus 14 (8.4)
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Pseudomonas
Neisseria
Suttonella indologenes
Stenotrophomonas maltophilia
Salmonella enteritidis
Haemophilus parainfluenzae
Mycobacterium fortuitum
Pasteurella multocida
Pasteurella pneumotropica
Achromobacter xylosoxidans
Aggregatibacter actinomycetemcomitans-HACEK
Escherichia coli
Brucella
Capnocytophaga canimorsus
Burkholderia cepacia complex
Gram-positive bacilli
Granulicatella adiacens
Gemella
Peptostreptococcus, micrococcus
Pneumococcus
Propionibacterium
Erysipelothrix rhusiopathiae
Gram-negative coccus
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Management was not indicated in 71 patients.
Of the remaining 228 patients, conservative
treatments with antibiotic therapy without a
cardiac operation were undertaken in 75
(32.9%) patients: pacemaker lead removal,
pacemaker reimplantation, indwelling catheter
removal and local abscess drainage were per-
formed in 26, 3, 3 and 2 patients, respectively.
Patients with Staphylococcus aureus infection
and with non-Staphylococcus aureus infec-
tions showed an approximate statistical signifi-
cance in terms of mortality [8.8% (5/57) vs.
17.7% (23/130), x>=1.89, p=0.0535]. For the
patients with Staphylococcus aureus infection,
mono-antibiotic therapy and 2 or more antibi-
otic therapy regimens were listed in Table 8.
They caused no difference in patients’ mortali-
ty [14.3% (2/14) vs. 4.2% (1/24), x*>=0.33,
p=0.2757]. Following blood cultures, antibiotic
regimens were modified in 12 patients with
Staphylococcus aureus infection and 20
patients in patients with non-Staphylococcus
aureus infections (x>=0.90, p=0.3997). The
antibiotic adjustment following blood culture
were unchanged, less and more than before in
7, 4 and 1 patients in Staphylococcus aureus
infection, and in 6, 7 and 7 patients in non-
Staphylococcus aureus infection patients,
respectively (x?=0.02, p=0.1553). During anti-
biotic treatment following blood culture, further
antibiotic adjustments were necessary in 9
patients (once adjustment in 7 and twice
adjustments in 2 patients) due to bacterial
changes, being complicated by cough, sputum,
and persistent fever, associated fungal infec-
tion, unknown etiology of the Gram-negative
bacilli and the severity of the disease, blood
cultures obtained eight days after starting imi-
penem/cilastatin therapy growing Alcaligenes
xylosoxidans subspecies denitrificans, dis-
charge home, critical infection, increased sized
vegetation and initial antibiotic allergy.
Deference, sterile blood culture, vegetation
dwindling, and vegetation disappearance were
noted at 27.4 + 68.7 (range, 2-365; median,
10) days (n=27), 30.1 + 32.8 (range, 1-168;
median, 23) days (n=27), 33.4 + 15.5 (range,
10-60; median, 36) days (n=17) and 34.0 +
14.6 (range, 10-56; median, 36) days (n=8) fol-
lowing antibiotic use after admission.

Surgical operations were performed in 153
(67.1%) patients, of which the right heart valve
replacement was the most common procedure
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Table 8. Antibiotic regimens for Staphylococcus aureus and non-Staphylococcus aureus infections

Antibiotics Staphylococcus aureus

Non-Staphylococcus aureus

Mono-antibi- cefazolin

otics ceftriaxone
cloxacillin
cloxacillin, gentamicin
flucloxacillin
nafcillin
penicillin G
vancomycin

2 or more
antibiotics

ampicillin/sulbactam, linezolid

ceftriaxone, gentamicin

cephradine, ciprofloxacin

cephradine, gentamicin

cloxacillin, gentamicin

flucloxacillin, gentamicin

flucloxacillin, gentamicin, rifampici
flucloxacillin/tobramycin, furosemide, lisinopril
imipenem, cilastatin, ciprofloxacin
levofloxacin, piperacillin/tazobactam, vancomycin
linezolid, meropenem

nafcillin, gentamicin

oxacillin, gentamicin, ceftriaxone

penicillin G, gentamicin
piperacillin/tazobactam, erythromycin, fluconazole
teicoplanin, rifampicin

vancomycin, amikacin

vancomycin, arbekacin

vancomycin, ceftriaxone

vancomycin, gentamicin

vancomycin, gentamycin, meronem
vancomycin, rifampicin, daptomycin

ceftriaxone (2 g twice daily, 4-6 weeks)
cloxacillin (8 weeks)

doxycycline, rifampin

ertapenem (10 weeks)

flucloxacillin (6 weeks)
imipenem/cilastatin

penicillin G (3 weeks)
piperacillin/tazobactam (8 weeks)
vancomycin (1 g/day, 5 weeks)
amphotericin B (0.8-10 mg/ kg/day, 8 weeks)
ampbhotericin B, fluconazole (30 days)
ampicilin, gentamicin

ampicillin, nafcillin, gentamicin

ceftriaxone (50 mg/kg every 12 hours), gentamicin (0.7 mg/kg every 12 hours)

ceftriaxone, doxycycline, gentamicin

flucloxacillin, rifampicin (6 weeks)

gentamicin, doxycyclin

liposomal amphotericin B (2 weeks)

meropenem, ciprofloxacin

doxycycline (oral) and hydrochloroquine (12 months)
penicillin G, gentamicin (8 weeks)

rifampin, gentamicin

teicoplanin, ciprofloxacine (2 months)

vancomycin (2 g/day), metronidazole (2 g/day) (2 weeks)
vancomycin, cefotaxime, gentamicin

(Table 9). The indications for heart operations
were enlarged vegetation (n=8), not regressed
vegetation (n=4), progressed hemodynamic
deterioration (n=2), enlarged Gerbode defect
(n=1), persisted fever (n=6), heart failure (n=4),
pulmonary edema (n=1), sepsis (n=2), emboli
(n=3), valve dysfunction (n=4), and bacteremia
(n=4) despite antibiotic use for 26.4 + 18.1
(range, 4-77; median, 24.5) days (n=42). The
indications for urgent heart operations were
septic shock and disseminated intravascular
coagulation (n=1), temperature 40°C with
hemodynamic deterioration (n=1), and worsen-
ing heart failure (n=1). Two pregnant patients
were operated on immediate after cesarean
sections.

There were 268 survivors and 31 deaths with a
survival rate of 89.6% and a mortality of 10.4%.
Sixty-eight (90.7%) patients survived and 7
(9.3%) patients died in the conservative
patients, and 141 (92.2%) patients survived
and 12 (7.8%) patients died in the surgical
patients. No statistical significance was pres-
ent in the survival and mortality between con-
servative and surgical patients (x?=0.15,
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p=0.7994). Univariant analysis did not show
any significant correlation between patients’
survival and predisposing risk factors (F=0.608,
p=0.7700), size of the vegetations (F=0.725,
p=0.8480) or location of the vegetations
(F=2.330, p=0.0760). Multiple logistic regres-
sion analysis revealed that the predisposing
risk factors of IE, size of the vegetations, and
location of the vegetations were independent
predictive risks relative to patients’ survival
(Overall Model Fit: x2=7.9976; df=3; p=0.0461).
Of them, the location of the vegetations was of
special statistical significance (p=0.0082). The
odds ratios and 95% confidence intervals were
listed in Table 10.

Discussion

Murdoch et al. [177] made a prospective cohort
study revealed that fever, temperature >38°C
(96%), elevated C-reactive protein level (62%)
and elevated erythrocyte sedimentation rate
(61%) were the most common clinical manifes-
tations of IE. New murmur was present in 48%.
Persistent fever associated with pulmonary
events, anemia, and microscopic hematuria,
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Table 9. Cardiac operations performed in 153 patients

with infective endocarditis

Cardiac operations

Valve replacement

Tricuspid/pulmonary valve repair

Valve debridement of vegetation

Valve repair, VSD closure

Valve replacement, valve repair

Valve replacement, VSD/ASD closure

Right ventricle-pulmonary artery conduit explantation
Leaflet replacement

Hypertrophic infundibular stenosis resection
Bentall operation, tricuspid/pulmonary valve repair
VSD closure

Right heart fistula repair

Percutaneous pulmonary valve implantation

VSD re-patch

right-sided), the prevalence of leaflet
perforation (52.9%) and abscess for-

n (%) mation (47.1%) was high. Valve repair
47 (30.7) techniques varied with sliding plasty,
12 (7.8) patch repair or commissural recon-
12 (7.8) struction accqrding the locations of
11.(72) valve destruction and surgeons’ pref-
’ erences [180]. Apparent embolic
10(6.5) events occurred in 46% (23/50) pedi-
(5.9) atric |E patients: brains 34.8 (8/23),
(5.2) lungs 47.8% (11/23), limbs 8.7%
(4.6) (2/23), intestine 8.7% (2/23), kidney
(2.6) 4.3% (1/23) and spleen 4.3% (1/23),
(2.0) respectively. In adults, embolic events
(2.0) were more common with right-sided
(2.0) vegetations than with left-sided veg-
(1.3) etations [181]. Abscess formation
(1.3) developed in 36% of IE patients.

ASD: atrial septal defect; VSD: ventricular septal defect.

Table 10. Odds ratios and 95% confidence intervals

Majority (81%) of them had a history
of surgery, either for valve replace-
ment and debridement of a cardiac
abscess, or removal of an infected

95% confidence intervals

device [149]. Renal insufficiency was

Variable Odds Ratio Low High thought to be sgcondary to IE,
Predisposing risk factor ~ 1.1846  0.8040  1.7455 bﬁcausj the albd,(’m'rr]‘a' “';rasonoﬁza'
Size of the vegetation 1.0082 05799  1.7526 phy and urinalysis showed no patho-

i ) logic findings [55]. In the patients
Location of the vegetation 0.4304 0.2304 0.8041

with congenital heart defect, right-

the so-called “tricuspid syndrome”, are the
signs of clinical alert for tricuspid valve IE [178].
Fever, multiple pulmonary emboli and sus-
tained bacteremia by Staphylococcus aureus
are signs of clinical alert for right-sided IE [179].

Symptoms related to pulmonary emboli usually
forced patients to seek medical attention and
dominated the clinical picture. Pulmonary
events occurred in 80% of these cases, and
varied from minor atelectases to large infil-
trates, pleural exudates and cavitation, gener-
ally involving the lower lobes [5]. The simultane-
ous occurrence of multiple right and left
circulation septic emboli led to the suspicion of
an undiagnosed intracardiac shunt, and a
repeated transthoracic echocardiogram with
an agitated saline bubble contrast study was
performed. No intracardiac shunt between
right and left chambers was found; however,
delayed appearance of bubbles in the left heart
chambers was suggestive of an intrapulmonary
shunt [103]. Multiple organ involvements were
reported in 49% IE patients: brain (49), spleen
(34), lung (13), bone and joints (13), kidney (10),
and liver (3) [1]. In IE (including both left- and
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sided IE involved the tricuspid valve
(15.2%), pulmonary valve (8.8%), ventricular
septal defect (5.2%), right ventricle (2.9%), pul-
monary artery (2.3%), right ventricle-pulmonary
artery conduit (2.1%), pulmonary and tricuspid
valves (1.2%) and atrial septal defect (0.4%) [4].

Staphylococcus aureus IE was the most com-
mon organism and more likely to affect the tri-
cuspid valve in intravenous drug users, and tri-
cuspid valvular IE occurred more frequently in
heroin users [182]. There was a significant
association between Staphylococcus aureus
etiology and tricuspid valve involvement with a
mortality rate of 16% [183]. Pacemaker or
implantable cardioverter defibrillators account-
ed for 4.6% of |IE, while electrode lead endocar-
ditis occurred in less than 1%. Conservative
treatment without explantation of the devices
resulted in 100% failure of treatment, but com-
bined surgical and antibiotic therapy was asso-
ciated with a mortality rate of 12.5% in spite of
an effective infection control [184]. Prosthetic
material increases the risk of associated infec-
tions, and IE remains one of the most common
complications of congenital heart defects.
Knirsch and Nadal [4] made a comparison
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between unpaired and paired congenital heart
defects, and found the calculated ratio of post-
interventional IE including all locations of either
left-, right- or both-sided, multiple or extracar-
diac, in repaired congenital heart defects (41%)
compared to IE in unrepaired congenital heart
defects (59%) was 2:3. Nevertheless, the pres-
ent study showed that patients with repaired
congenital heart defects especially those with
foreign material implants were of higher risks
for right-sided IE than the patients with unre-
paired congenital heart defects. Between
1970-1980, gram-negative microorganism
(Pseudomonas aeruginosa) prevailed; whereas
between 1981-1990, gram-positive
(Staphylococcus aureus) predominated, and
most (21/32) were antibiotic-resistant [185]. In
the last several years, Staphylococcus aureus
was 18% of the pathogen of right-sided IE,
while Staphylococcus aureus was not the
pathogen for multiple valve IE [186].
Responsible microorganisms for IE relating to
central venous catheter infections included
Staphylococcus aureus in 54.6%, coagulase-
negative staphylococcus in 37.5%, Candida
species (spp.) in 16.6%, and Enterococcus in
12.5%, and 5 cases were polymicrobial [187].
In intravenous  drug  use-related IE,
Staphylococcus aureus was present in 50-75%
[179]. In addition, right-sided IE should be sus-
pected in any pneumonic illness that compli-
cates post-abortion infection or other inade-
quately treated sepsis [188].

Acute IE is usually caused by infections of
methicillin-susceptible or methicillin-resistant
Staphylococcus aureus, streptococci, or
enterococci. Empiric therapy for such infections
would be vancomycin until microorganism evi-
dence is available. Vancomycin-resistant
Enterococcus faecalis may be susceptible to
ampicillin and IE affected by this pathogen may
be curable to synergistic ampicillin and genta-
micin. Tigecycline, in combinations with other
agents, has been reported to be effective for
the treatment of vancomycin-resistant
Enterococcus faecalis infections [189]. Dapt-
omycin therapy was successful in 63% in
patients with left-, right- or both-sided IE [190].
For refractory Methicillin-resistant Staphyloco-
ccus aureus IE the combination of vancomycin,
rifampin and trimethoprim-sulfamethoxazole
(SMZ/TMP) should be considered [46]. Line-
zolid may be useful in right-sided endocarditis
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but further investigations are required [191].
Patients with right-sided IE more often required
emergency operations [192]. Time from diagno-
sis to surgery in the acute phase of IE was 22.9
days [1]. Indications for cardiac operations
were persisted fever despite effective antibiot-
ic treatment (100/173), enlarged vegetation
(50/173), recurrent embolism (22/173), annu-
lar abscess (21/173) and atrioventricular block
(5/173) [4].

The present study illustrated the patients aged
40 years old at the time of right-sided IE onset,
several years older than previously reported
27-35 years decades ago [188, 193], but simi-
lar to the 43 years old reported years ago [192].
Comparison to the literature, more patients in
this cohort had fever >38°C and elevated
erythrocyte sedimentation rate and C-reactive
protein, and prevalence of Staphylococcus
aureus |IE and patients receiving a heart sur-
gery increased. Portal of entry and implanted
foreign material were the two main predispos-
ing risk factors for right-sided IE, and the under-
lying heart disease previously reported as the
principle cause have declined to the third place.
Vegetations developed on the right-sided
valves (both tricuspid and pulmonary valves)
were much smaller than those occurred beyond
the valves on the right atrial or right ventricular
free walls, superior vena cava, superior vena
cava-right atrium junction, ventricular septal
defect patch, or the pacemaker lead (1.82 +
0.88 mm vs. 3.33 £ 1.45 mm, p<0.0001).
Multiple vegetations in one valve (site) of the
right heart were smaller than those of the sin-
gle vegetations in one valve (site). Compared
with what have been reported that the mean
vegetation size was 1.3-1.5 cm in patients with
left-sided infective endocarditis [194-196], and
the mean diameter of the vegetations was 17 +
6 mm of right-sided IE two decades ago [197],
the present study revealed a larger vegetation
size. Valvular insufficiency, embolic events and
abscess formation were the most common
complications of right-sided IE. The portal of
entry and the single vegetation on single right-
sided heart valve (site) were at increased risks
for being complicated valve insufficiency,
embolic events and abscess formation.
Increased embolic events especially in the
lungs were an outstanding epidemiological fea-
ture of right-sided IE, which might be associat-
ed with increased hematological changes such
as leukocytosis and thrombophilia in the cur-
rent setting.
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David et al. [198] reported that operative mor-
tality for patients with active infective endocar-
ditis was 12%, and late deaths were 23%.
Nakagawa et al. [199] presented their compar-
ative results of IE between 1990s and 2000s,
and noted that the in-hospital mortality of IE
was 5.4% in the 1990s and 13.3% in the
2000s. In the past, the mortality of right-sided
IE was 17% [200]. Univariate analysis by other
authors revealed that late mortality linked to
preoperative renal insufficiency (serum creati-
nine >2 mg/dl), peripheral vascular disease,
postoperative persistent bacteremia, and post-
operative renal failure requiring dialysis. Cox
regression analysis identified that postopera-
tive renal failure was an independent predictor
of late mortality [201]. Moreover, further stud-
ies showed vegetation size >2 cm and fungal
etiology were associated with in-hospital mor-
tality in right-sided cases by univariant analy-
sis; while size of vegetation >2 cm achieved
statistical significance for mortality in multivari-
ate analysis [202]. The present study revealed
an overall mortality of 10.2% and a surgical
mortality of 7.8%, indicating an improved prog-
nosis of right-sided IE of recent years. More
severe valve dysfunctions might be resulted
from larger vegetation sizes growing beyond
valve leaflets. Reduced abscess formation,
considerably decreased valve perforation and
relatively better survival might be attributable
to the current effective antibiotic regimens.
Multiple logistic regression analysis revealed
that the predisposing risk factors of IE, vegeta-
tion size and location of the vegetations were
independent predictive risks relative to
patients’ survival.

In conclusion, epidemiologic changes have
taken place in right-sided IE in the past 5%
years in younger patients, prevailed predispos-
ing risk factor of portal of entry (in particular
intravenous drug use), larger vegetations and
more Staphylococcus aureus infections.
Complication spectrum has changed into more
valve insufficiency, more embolic events,
reduced abscess formation, and considerably
decreased valve perforation, indicating a more
valve-functional than structural damage. With
effective antibiotic regimens, prognoses of the
patients seemed to be better than before.
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