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Abstract
A 68-year-old man with cerebral infarction and right hemiplegia was diagnosed with active infective endocarditis, and mul-
tiple large vegetations and more than moderate valve regurgitation by three different valves were detected using transthoracic 
echocardiography. An urgent surgical intervention was selected, and aortic and mitral valve replacements using bioprostheses 
were initially performed due to large vegetation on both these valves with valve cusp destruction. Residual severe regurgita-
tion persisted despite tricuspid valve plasty; therefore, tricuspid valve replacement using a tissue valve was performed, and 
triple valve replacement was eventually accomplished without any serious hemodynamic compromise. The postoperative 
clinical course was fair and the patient was discharged after 3 months of inpatient strict management and cardiac rehabilita-
tion. However, he died approximately 9 months after the initial surgery due to multiple organ failure. We herein presented a 
rare surgical case of triple valve replacement for triple valve endocarditis with multiple large vegetations.
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Introduction

Active infective endocarditis (AIE) involving multiple valves 
is the most severe form of infective endocarditis, and the 
clinical and surgical management of AIE with multiple val-
vular involvement remains challenging in clinical settings 
[1]. Although the early introduction of surgical interventions 
for AIE is now clinically established based on previous novel 
findings [2] and current clinical guidelines [3, 4], surgical 
outcomes for multiple valvular involvement by AIE have 
been poor [1, 5]. We herein present a rare surgical case that 
required triple valve replacement for triple valve endocar-
ditis with multiple vegetations and described a novel and 
unique analysis of triple valve endocarditis with multiple 
large vegetations.

Case

A 68-year-old man developed right-side hemiplegia with 
muscle weakness and a speech disorder, and cerebral infarc-
tion was subsequently diagnosed based on the brain mag-
netic resonance imaging finding of a small high-intensity 
area on the left temporal lobe (Fig. 1). Multiple mobile 
vegetations on three valves (the aortic, mitral, and tricus-
pid valves) were detected by transthoracic echocardiog-
raphy (TTE): 14 × 6 mm on the left coronary cusp of the 
aortic valve, 15 × 7 mm on the anterior and 9 × 9 mm on the 
posterior leaflet of the mitral valve, and 14 × 6 mm on the 
tricuspid valve with more than moderate regurgitation by 
each of the three valves, even patent foramen ovale (PFO) 
was not shown. An ileocecal tumor was simultaneously 
detected by an enhanced abdomen computed tomography 
(Fig. 2), which was suspected to be the malignant tumor with 
high concentration of carcinoembryonic antigen; 38.9 ng/
mL (0.0–5.0 ng/mL). Microorganism examination by blood 
culture on admission before antibiotics treatment showed 
the α-Streptococcus species. Although there was no further 
sign of embolism, a surgical intervention was selected 4 days 
after onset of cerebral infarction and 2 days after diagnosis 
of AIE. Urgent surgery was considered to prevent further 
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embolism by multiple vegetations. After the induction of 
anesthesia, transesophageal echocardiography (TEE) was 
performed, and large mobile multiple vegetations were 
clearly detected, similar to TTE findings (Fig. 3). There 
was also no sign of a perivalvular annular abscess (PAA) 
on any of the three valves. Under cardiopulmonary bypass 
with cardiac arrest, all the three damaged aortic valve cusps 
were initially excised along with large multiple vegetations. 
Large vegetations on the mitral valve were attached to both 
the damaged leaflets. Therefore, difficulties were associated 
with successfully performing valve repair, and, thus, mitral 
valve replacement was performed after complete resection 

Fig. 1  Preoperative brain magnetic resonance imaging. The red arrow 
shows a small high-intensity area that was suspected to be cerebral 
infarction on the left temporal lobe

Fig. 2  Preoperative abdomen-enhanced computed tomography. The 
light blue arrow shows a large ileocecal tumor

Fig. 3  Preoperative transesophageal echocardiography. a Mid-esophageal level 
(120–140°). Large mobile vegetation (right blue arrow) on the left coronary 
cusp of the aortic valve entered the left ventricle outflow tract in the diastolic 
phase, and large mobile vegetation on the anterior leaflet of the mitral valve 
(red arrow) was detected. LV left ventricle, LA left atrium, Ao ascending aorta. 
b Mid-esophageal level (120°–140°). Large mobile vegetation on the anterior 
leaflet of the mitral valve (red arrow) was detected and vegetation on the tip 
of the posterior leaflet of the mitral valve (light blue arrow) entered the left 
ventricle in the diastolic phase. LV left ventricle, LA left atrium, Ao ascending 
aorta. c Transgastric level (0–20°). The red arrow shows large mobile vegeta-
tion on the septal leaflet of the tricuspid valve and vegetation entering the right 
atrium in the systolic phase. RA right atrium, TV tricuspid valve, RV right ven-
tricle; LA left atrium, LV left ventricle
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of the anterior leaflet and partial excision of only the center 
of the posterior leaflet (P2). Since there was no findings of 
PAA, aortic and mitral valve replacements by everting mat-
tress sutures in the supra-annular position in the aortic valve 
and the intra-annular position in the mitral valve using bio-
prostheses (CEP Magna, Carpentier Edwards, CA, USA) 
were performed after careful irrigation using saline for both 
the valvular annuluses to prevent the local recurrence of 
infection and the adverse events of prosthesis such as pros-
thetic valve endocarditis (PVE). The local administration 
and dispersion of the bacteriostatic antibiotic during surgery, 
powder minocycline, was conducted at not only the valvu-
lar annulus, but also the prosthetic sewing cuff following 
the complete resection of infectious tissues and aggressive 
debridement. Also, prosthesis was soaked in saline with gen-
tamicin for a half-hour until implantation and gentian vio-
let were immersed at the prosthetic sewing cuff, then local 
recurrence of infection would be prevented. After right atri-
otomy, there was no PFO and large vegetation on the septal 
leaflet of the tricuspid valve was clearly observed and a part 
of the anterior leaflet was damaged. Tricuspid valve plasty 
was subsequently performed with suturing repair using the 
Kay method (plication of a part of the septal leaflet) fol-
lowing the excision of large vegetation and resection of the 
septal leaflet. However, residual severe regurgitation by the 
tricuspid valve was observed using intraoperative TEE under 
the beating heart after release of aortic cross clamp. Dam-
age to the anterior leaflet of the tricuspid valve resulted in a 
large gap and severe regurgitation; therefore, an additional 
tricuspid valve replacement by everting mattress sutures in 
the intra-annular position using a tissue valve (CEP Magna, 
Carpentier Edwards, CA, USA) followed by resection of the 
anterior and septal leaflets were eventually performed. The 

procedural time was 9 h with a cardiopulmonary bypass time 
of 393 min and aortic cross-clamping time of 217 min. The 
transfusion of 6 units of red cell concentrates was required 
due to 1000 mL of intra-procedural bleeding. The macro-
scopic findings of excised specimens of each of the three 
valves with multiple vegetations showed damaged valve 
cusps with large or small multiple vegetations (Fig. 4). Intra-
operative microorganism of vegetation had also showed the 
α-Streptococcus species later. The postoperative clinical 
course was fair and the strict management of intravenous 
antibiotic therapy for AIE continued for 3 weeks accord-
ing to the current clinical guidelines. High-flow continuous 
hemodialysis was initially introduced the day after surgery 
and continued 5 days following surgery due to the poor oxy-
genation and to prevent the progression of septic systemic 
inflammatory response. He gradually recovered without pro-
gression of neurological deficit and weaned from mechanical 
ventilation 6 days after surgery. After 8 days of strict postop-
erative management in intensive care unit, he was transferred 
to the general ward and cardiac rehabilitation was continued. 
Postoperative TTE showed less mild paravalvular leakage 
in all three replacement prostheses, and since there was no 
sign of heart failure, it was treated with the intake of diuret-
ics. The patient recovered after approximately 3 months of 
inpatient care and was discharged. Palliative ileocecal resec-
tion with colostomy was performed 4 months after triple 
valve replacement and malignant tumor was diagnosed as 
a well-differentiated tubular adenocarcinoma with Stage II; 
however, the patient died approximately 9 months after the 
initial surgery due to multiple organ failure. Until his death, 
there were no signs of infectious-related postoperative com-
plications, including PVE.

Fig. 4  Macroscopic findings of multiple vegetations on three differ-
ent valves. a Aortic valve. Large vegetation (red arrow) adhered to 
the left coronary cusp, and small vegetations (black arrows) were 
detected on the right coronary cusp and non-coronary cusp. b Mitral 
valve. Large vegetation (red arrow) adhered to the mid-portion of the 

anterior leaflet (A2) of the mitral valve and large vegetation (black 
arrow) to the mid-posterior leaflet (P2) of the mitral valve. c Tricus-
pid valve. Large mobile vegetation (red arrow) adhered to and was 
detected on the septal leaflet of the tricuspid valve and a part of the 
anterior leaflet was damaged
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Discussion

Although early surgical interventions for AIE are currently 
recommended by the clinical guidelines for AIE, surgery 
for AIE with multiple valve involvement remains clinically 
challenging due to poor clinical outcomes, the high inci-
dence of postoperative co-morbidities, and the recurrence of 
valve-related complications. Multiple valve endocarditis is 
described in more detail than single-valve endocarditis, and 
is more frequently associated with heart failure, perivalvular 
complications, such as PAA, and the need for emergent sur-
gical interventions to prevent the local progression of infec-
tive endocarditis [6], as shown in the present case. Moreover, 
the surgical outcomes of multiple valve endocarditis were 
poor and not sufficient clinically, namely, 12.5% for 30-day 
mortality [7], 16% for early mortality [8], and 21% for over-
all early mortality [6, 9].

Since Rippe et al. [10] described a novel case of triple 
valve endocarditis that was treated surgically, triple valve 
replacement for these complex cases has been reported 
in case series, but remains a rare clinical phenomenon. 
Although valve repair using a valve sparing technique has 
been developed and suggested in terms of better postopera-
tive clinical outcomes than valve replacement, particularly 
at the mitral valve [11, 12], in these complex AIE cases 
with multiple valvular involvement, valve repair without 
a prosthesis for multiple damaged valves may be limited 
under longer cardiac arrest during surgery. Successful sur-
gery without a prosthesis is generally ideal in these cases, 
but remains challenging and, thus, more cases of multiple 
valve endocarditis need to be examined.

The mechanisms underlying the organization of simulta-
neous multiple infective endocarditis are still unclear. Since 
the previous medical history of the present case was unclear, 
particularly that regarding heart valve disease, such as valve 
regurgitation. We speculated that the intracardiac valvular 
continuity between the aortic, mitral, and tricuspid valves 
was somehow involved and resulted in the formation of mul-
tiple vegetations on each of the valves. The clinical findings 
and course of the present case indicated that the triple valve 
replacement is required for triple valve endocarditis with 
multiple vegetations; therefore, a precise surgical strategy 
needs to be mandatory for the successful treatment of these 
high-risk cohorts.

Conclusion

We herein reported a rare surgical case that required triple 
valve replacement for triple valve endocarditis with multiple 
vegetations.
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