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Abstract

Infective endocarditis represents a challenging and life-threatening clinical condition affecting native and prosthetic heart
valves, endocardium, and implanted cardiac devices. Right-sided infective endocarditis account for approximately 5-10% of
all infective endocarditis and are often associated with intravenous drug use, intracardiac devices, central venous catheters,
and congenital heart disease. The tricuspid valve is involved in 90% of right-side infective endocarditis. The primary treatment
of tricuspid valve infective endocarditis is based on long-term intravenous antibiotics. When surgery is required, different
interventions have been proposed, ranging from valvectomy to various types of valve repair to complete replacement of the
valve. Percutaneous removal of vegetations using the AngioVac system has also been proposed in these patients. The aim
of this narrative review is to provide an overview of the current surgical options and to discuss the results of the different

surgical strategies in patients with tricuspid valve infective endocarditis.
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Introduction

Infective endocarditis (IE) represents a challenging and life-
threatening clinical condition affecting native and prosthetic
heart valves, endocardium, and implanted cardiac devices
with a mortality up to 30% in the first year [1]. Both inci-
dence and mortality of IE have constantly increased in the
last three decades despite advances in diagnostic approaches
and therapeutic management [2].

Right-sided infected infective endocarditis (RSIE)
account for approximately 5-10% of all cases of IE and are
often associated with intravenous drug use (IVDU), intra-
cardiac devices, central venous catheters, and congenital
heart disease [3]. Staphylococcus aureus is responsible for
60-90% of RSIE; other causative microorganisms include
coagulase-negative staphylococci and streptococci [4].
Pseudomonas aeruginosa and other gram-negative bacteria
have also been reported in RSIE. Fungal infections are very
rare and account for about 3% of all RSIE; however, fungal
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infections are characterized by a high mortality of up to 54%
in some series [5].

The tricuspid valve (TV) is involved in 90% of RSIE cases
[3]. The primary treatment of tricuspid valve infective endo-
carditis is based on the administration of intravenous antibiot-
ics for 4-6 weeks. Surgery is required in 5-40% of patients [6,
71, and operative mortality rates have been reported between
5 and 15% [7-9]. Concomitant left-sided IE carries a worse
prognosis than right-sided infection alone, due predominantly
to its greater likelihood for invasion and abscess formation
[7]. The main indications for surgery are (I) right ventricular
dysfunction secondary to acute severe TV regurgitation non-
responsive to diuretics, (II) respiratory insufficiency requiring
ventilatory support after recurrent pulmonary emboli, (III)
large residual TV vegetations (>20 mm) after recurrent septic
pulmonary embolism, (IV) simultaneous involvement of left-
sided structures, and (V) persistent bacteremia after at least
1 week of appropriate antibiotic therapy [10].

The primary objective of surgery for TVIE is the radical
debridement of all infected vegetations and foreign material
in order to eliminate the cause of persistent sepsis and source
of septic emboli in the lung [11]. Numerous interventions
have been proposed for the surgical treatment of patients
with TVIE, ranging from valvectomy to various types
of valve repair to complete replacement of the valve [6].
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However, optimal surgical treatment of TVIE still remains
controversial especially in patients with IVDU given the
high rates of recidivism and the inherent social concerns.
Tricuspid valve repair should be attempted whenever pos-
sible, and the repair and preservation of the patient’s own
valve are considered the first choice in patients with TVIE
[11]. Tricuspid valvectomy, that is the removal of the TV
leaflets and chordae tendinae without replacement, has been
also suggested [12]. However, in patients with increased
pulmonary pressure and resistance, excising the valve and
leaving severe regurgitation are not advisable. When TV
repair is not feasible and valve replacement is required, most
surgeons choose a biological prosthetic valve [11]. Recently,
percutaneous removal of vegetations using the AngioVac
system has also been proposed in these patients [13, 14].

The aim of this narrative review is to provide an overview
of the current surgical options and to discuss the results of
the different surgical strategies in patients with TVIE.

Tricuspid valvectomy

Tricuspid valvectomy has been proposed for TVIE in
patients with IVDU given the inherent social concerns, the
high recidivism rates, and the consequent risk of reopera-
tion for prosthetic valve infection. Excision has the advan-
tage that it can be performed quickly in the beating heart in
patients with severe sepsis who could not be able to tolerate
prolonged periods of cardiopulmonary bypass. Other advan-
tages of valvectomy include the limitation of foreign mate-
rial, avoidance of the need for anticoagulation therapy, and
lower risk of heart block requiring a permanent pacemaker
[15]. However, valvectomy without replacement results in
massive tricuspid regurgitation (TR) and ventricularization
of right atrial pressures and may lead to right-sided heart
failure requiring TV replacement [16]. For these reasons, it
should be offered as a staged or a palliative procedure.
Arbulu et al. first described in 1971 the removal of the TV
leaflets and chordae tendinae without replacement for the
treatment of a patient with Pseudomonas aeruginosa infec-
tive endocarditis [12]. Later, the authors published the results
of their twenty years’ experience with the tricuspid valvec-
tomy without replacement in 53 patients affected by TVIE
[16]. All patients were addicted to heroin, and half of the
patients returned to their drug addiction after surgery. Opera-
tive mortality was 11%, while the overall mortality rate was
approximately 30%. Six patients (11%) required prosthetic
heart valve replacement 2 days to 13 years later for medically
refractory right-sided heart failure. Protos et al. [17] reported
on their single-center experience with the management of
63 patients with TVIE from 2012 to 2016. The comparison
between TV valvectomy, repair, and replacement showed
no difference in 30-day mortality; however, patients with
valvectomy had significantly lower unplanned readmission

@ Springer

rates at 1 year. The incidence of bleeding requiring reop-
eration, major stroke, prolonged ventilator time, intensive
care unit (ICU) stay, and overall hospital length of stay was
similar in all groups. Of note, 30-day mortality in patients
with TV valvectomy, repair, and replacement was 4%, 0%,
and 0% respectively. The authors ascribed the discrepancy in
operative mortality with the previously published reports on
tricuspid valvectomy to the type of organism involved, the
advancement of perioperative and critical care, and more effi-
cacious antimicrobial therapies. In this series, a low number
of patients were available at 1-year follow-up and satisfied
the requirements of drug abstinence, suggesting caution in
proceeding with TV replacement at the initial operation in
the IVDU population. The lack of difference in periopera-
tive outcomes, coupled with high prosthetic valve infection
and readmission rates seen in patients treated with valve
replacement at their initial operation, prompted the authors
to consider TV valvectomy as a useful bridge to staged valve
replacement in this high-risk patient population. This strat-
egy allows patients who can maintain adequate follow-up
and abstinence from IV drugs to undergo a planned, elective,
staged valve replacement reoperation after the initial valvec-
tomy, which not only allows patients the opportunity to be
drug-free and infection-free but also eliminates the need for
an urgent reoperation for an infected prosthetic valve [17].
A recent metanalysis compared the outcomes of TV
valvectomy versus replacement for the surgical treatment of
isolated TVIE [18]. A total of 752 patients from 16 studies
were entered in the meta-analysis, of which 14% underwent
valvectomy and 86% underwent replacement with a mean
follow-up of 4.2 years. The most common indication for
surgical intervention was septic pulmonary embolism in
the valvectomy group and persistent sepsis in the replace-
ment group. There was no statistically significant difference
between TV valvectomy and replacement in 30-day postop-
erative mortality (13% vs 7% respectively), post-operative
right heart failure (27% vs 11%, respectively), and recur-
rent endocarditis (7% vs 19%, respectively). Six-month
and 1-year survival were also comparable between the two
groups. There was a trend towards higher rates of delayed
reoperations for TV replacement in the valvectomy group
compared to initial replacement (56% vs 14% respectively)
for staged TV replacement. However, at 1 year, freedom
from reoperation was lower in the valvectomy group com-
pared to those who underwent replacement (46% vs 89%,
respectively), but the difference was not statistically sig-
nificant. This metanalysis demonstrated that total tricuspid
valvectomy without replacement is an acceptable initial
therapy for TVIE in patients with IVDU and can be a life-
saving measure in these patients. Tricuspid valvectomy
can effectively eradicate the focus of infection with good
perioperative outcomes and provide a bridge to identify
those patients who will self-select as candidates for staged
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valve replacement [18]. Wang et al. recently reported their
experience in drug-addicted patients with TVIE treated with
resection of infected TV leaflets, TV annular reduction, and
bidirectional Glenn shunt [19]. Bidirectional Glenn shunt
diverts flow from the superior vena cava to the pulmonary
artery to unload the right ventricular and may provide a
stable hemodynamic condition after TV resection and
offer an adequate observation period for drug abstinence.
In the long-term follow-up, prosthetic TV replacement and
superior vena cava reimplantation are needed in case of
severe tricuspid insufficiency and worsened right ventricu-
lar function [19]. A contemporary report of the Society of
Thoracic surgeons (STS) database analyzed the outcomes
of isolated TV operations performed between 2011 and
2016 in 1613 patients with intravenous drug-associated
TVIE and revealed that the operative mortality was sig-
nificantly higher in the valvectomy group (16%) than in the
TV repair (2%) and replacement groups (3%) [20]. How-
ever, compared with the repair and replacement groups, the
valvectomy group had a significantly higher rate of active
infection, urgent/emergency surgery, and more comorbidi-
ties and preoperative risk, such as higher white blood cell
count, Mayo end-stage liver disease (MELD) score, and
lower hematocrit and albumin levels. Additionally, the
patients in the valvectomy group were more likely to have
Medicaid or other state-supported insurance, which may
be reflective of poor outcomes with poor socioeconomic
status. Interestingly, cause of death analysis in the valvec-
tomy group showed that 47% of patients died of infection,
which suggests continued infection even after removal of
the infected valve [20].

Tricuspid valve repair

Successful surgical treatment of infective endocarditis
requires the aggressive and extensive debridement of all
vegetations and infected tissue. The majority of centers pri-
oritize TV repair, whereby valvectomy or valve replacement
is only performed after unsuccessful attempts to repair [15].
Reconstruction of the TV is certainly favored over replace-
ment due to the high risk of reinfection, poor outcomes with
valve replacement, and patient compliance issues. However,
diffuse, multifocal vegetations, and extensive valve destruc-
tion often leave insufficient building materials necessary
for repair after complete debridement. Thus, some authors
suggest intervening as early as possible after presentation
in an effort to limit tissue destruction and preserve tissue
integrity to maximize the likelihood of valve repair [21].
Tricuspid valve repair techniques typically included pericar-
dium leaflet patch repair/augmentation, bicuspidization, use
of artificial chordae, and prosthetic annuloplasty [22] (see
Video 1 and Video 2). The Kay bicuspidization technique
represents an alternative to prosthetic ring annuloplasty

[23]. Through this technique, the posterior leaflet is elimi-
nated, and the valve contains only an anterior and septal
leaflet. The suture used to reshape the annulus is brought
through a pledget on both sides and tied down. Another
alternative to prosthetic ring annuloplasty is the De Vega
suture annuloplasty [24], in which a 3—0 polypropylene is
used to suture two rows in the tricuspid annulus, around the
perimeter of the tricuspid valve along the same distribution
as a partial annuloplasty ring (10 o’clock to 6 o’clock). A
pledget is utilized on either end of the rows of suture, and
the ends are tied down and cut. The clover technique has
also been proposed for the conservative management of
TVIE. This technique was first described by Alfieri et al. in
2003 in patients with post-traumatic TV regurgitation and
consists of stitching together the middle point of the free
edges of the tricuspid leaflets, by using a 5-0 polipropyl-
ene suture without pledgets and adding a semi-rigid ring,
thus producing a clover-shaped valve [25]. Fayad et al.
reported their experience with the clover technique in five
patients with TVIE [26, 27]. All five patients survived the
surgery. During follow-up, there was no recurrent TVIE and
echocardiographic evaluation showed trivial or no residual
regurgitation. The absence of transvalvular gradient and TV
calcification and the preservation of right ventricular func-
tion indicate the reliability of this technique.

There are important differences in tricuspid valve repair
techniques that deserve mention. Leaflet patch augmenta-
tion and chordal replacement may be technically complex,
particularly for surgeons not accustomed to TV repair. In
TVIE associated with IVDU, avoidance of any prosthetic
material during valve repair has been advocated to further
limit recurring endocarditis. However, the avoidance of
prosthetic material should not compromise radical eradi-
cation of all infected tissue, long-term freedom of recurring
endocarditis, or valvular competence. Ring annuloplasty
introduces more prosthetic material than De Vega, but the
latter has been associated with TV regurgitation recur-
rence; Kay annuloplasty or bicuspidization can be consid-
ered if the vegetation is limited to the posterior leaflet, and
vegetectomy alone may be associated with recurrent IE.
Implantation of an annuloplasty ring in patients undergoing
TV repair prevents future tricuspid annulus dilatation and
appearance/worsening of TV regurgitation. It is necessary
to stabilize valve geometry to achieve a long-term com-
petent valve, and this is especially crucial in patients with
massive destruction of one or two leaflets, which necessi-
tates extensive repair with resection of a leaflet or a com-
missuroplasty [28].

Musci et al. reported on their 20-year experience with
surgical treatment of TVIE in 79 patients who underwent
surgery between 1986 and 2006 [7]. The authors recom-
mend that whenever possible, the TV should be repaired
with homologous or autologous pericardium to avoid the
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implantation of prosthetic material. If the infection is
well-circumscribed and localized on an otherwise normal
valve, a simple vegetectomy can be performed. After vege-
tectomy or excision of the perforated leaflet, the defect
is closed directly or with a pericardial patch. To ensure
leaflet coaptation, annuloplasty should be performed and
reinforced with pericardium. The correction of defects
that have developed, such as fistulas or abscess cavities,
should also be performed with homologous or autologous
pericardial patches [7]. In this series, there was no sig-
nificant difference between the survival rates of patients
after tricuspid valve replacement compared to those with
tricuspid valve reconstruction: the 30-day, 1-, 5-, 10- and
20-year survival rate after reconstruction was 88%, 81%,
68%, 68%, and 57%, respectively, in comparison to 87%,
83%, 62%, 20%, and 20% after replacement. However,
analysis of the survival curves shows a tendency towards
better survival following tricuspid valve reconstruction in
comparison to the tricuspid valve replacement group in
which there is a sudden drop in the survival curve between
7 and 10 years.

Dawood et al. reviewed the outcomes of 56 patients
treated for TVIE between 2002 and 2012 and reported
a mortality rate of 0% [29]. Successful valve repair was
obtained in 57% of the patients. The approach of the
authors included debridement of infected tissue, use of
untreated autologous pericardium as a patch when neces-
sary, and placement of an undersized partial annuloplasty
ring. Suture annuloplasty to avoid a prosthetic ring may
result in a higher recurrence of TV regurgitation and annu-
lus dilatation and TV regurgitation. The reinfection rate
in the repair group was 0% despite the high prevalence of
IVDU in this population and the use of prosthetic ring,
while 21% of patients with TV replacements required late
reoperations for prosthetic valve endocarditis secondary to
recurrent [IVDU. Patients initially treated with antibiotics
tended to have a higher rate of TV replacement rather than
repair compared with patients who underwent early sur-
gery, suggesting that earlier intervention may avoid ongo-
ing destruction of leaflet tissue and increase the likelihood
of TV repair.

Tarola et al. described a complex surgical technique to
reconstruct the TV in patients with grossly infected TVs
with more than 50% valvular destruction [30]. This tech-
nique is based on extensive autologous pericardial patch
augmentation of the destroyed TV leaflets to establish
leaflet coaptation, supplemented with expanded polytetra-
fluoroethylene (e-PTFE) neo-chordae and annular recon-
struction with a prosthetic ring. Between 2008 and 2013,
this technique was applied to 12 consecutive patients with
TVIE affecting more than 50% of the TV. There were no
in-hospital or 30-day postoperative deaths. Early operative
results following surgery demonstrated a well-functioning,
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competent TV with minimal regurgitation, and the rate of
freedom from reoperation was 100% [30].

Similarly, Hosseini et al. reported their experience in
nine patients with TVIE and periannular involvement
using autologous pericardium for valve reconstruction
[31]. Radical debridement was performed to provide a
safe ground for pericardium implantation. Untreated peri-
cardial patches were prepared and sutured to the remain-
ing part of the debrided annulus. Neochordae were fash-
ioned with e-PTFE sutures attached to the free edge of
the pericardial neoleaflet. In-hospital mortality was 0%;
during the follow-up, two non-cardiac-related deaths
occurred, but there were no cases of recurrent endocardi-
tis or reoperation [31].

A meta-analysis including 12 retrospective observa-
tional studies with 1165 patients and a median follow-up
of 3.8 years aims to compare the early and late outcomes
of valve repair versus replacement [15]. The median repair
proportion was 59%, and replacement was 41% among
studies. The main repair strategies were vegetectomy, De
Vega procedure, annuloplasty ring, bicuspidization, and
leaflet patch augmentation. Of valve replacements, 83%
were bioprosthetic, and 17% were mechanical prosthe-
ses. There were no differences in perioperative mortal-
ity and long-term all-cause mortality between tricuspid
valve repair versus replacement. However, valve repair
was associated with lower recurrent IE and the need for
reoperation. Furthermore, TV repair is associated with a
lower need for permanent pacemaker [15]. A multicenter
study including 157 patients surgically treated for TVIE
from 1983 to 2018 showed that repair of the affected
valve does not confer any advantage either at early or long
term up to 25 years [32]. In this series, 77 (49%) patients
underwent TV repair, 72 (46%) TV replacement, and 8
(5%) prosthetic TV replacement. Overall early mortality
was 11% and late mortality was 20%; survival rates at 10,
20, and 25 years were 66%, 60%, and 44%, respectively.
Five patients showed IE recurrence on the native or pros-
thetic TV, and survival free from TVIE recurrence was
65%, 59%, and 43% at 10, 20, and 25 years, respectively.
At multivariable analysis, age, prosthetic TV replace-
ment, IVDU, mycotic TVIE, and the presence of cardiac
implantable electronic device leads were risk factors for
both unfavorable late survival and lower survival free
from TVIE recurrence [32]. A recent nationwide cohort
study on 704 patients undergoing TV surgery due to IE
between 2000 and 2013 showed that 58.5% underwent
TV repair and 41.5% underwent TV replacement [33].
After the inverse probability of treatment weighting, the
in-hospital mortality rate between the two groups was not
significantly different. However, patients who received
TV repair had lower rates of perioperative complications,
including massive blood transfusion, de novo dialysis,
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and deep wound infection; longer ICU and hospital stays;
and higher hospital cost. Regarding late outcomes, TV
repair was associated with lower risks of all-cause read-
mission, readmission for adverse liver outcomes, new per-
manent pacemaker implantation, and all-cause mortality
than TV replacement.

Tricuspid valve replacement

Tricuspid valve replacement is still the most commonly per-
formed intervention for TVIE, although consensus guide-
lines from the American Association for Thoracic Surgery
recommend vegetation debridement and repair of the valve
(Class I, level of evidence B) [11]. In fact, surgeon and insti-
tutional experience for complex TV reconstruction is usu-
ally small, and hence, there is a low threshold for replace-
ment, particularly for IE. Additionally, in patients with a
total destruction of the TV leaflets, valve replacement may
represent the only therapeutic alternative.

Gaca et al. reported the results of 910 operations for
TVIE performed between 2002 and 2009 [8] and showed
that replacement of the TV was the most common procedure
(54%), followed by TV repair (39%) and valvectomy (7%).
In this series, 92% of patients undergoing valve replacement
received a bioprosthetic valve. Overall operative mortality
was 7.3%, with no significant difference in mortality among
valvectomy (12%), repair (7.6%), and replacement (6.3%).
The majority (69%) of patients in this series had active
endocarditis, meaning that they were receiving antibiotic
therapy at the time of surgery. Among patients with active
endocarditis, the replacement rate was 50%, the repair rate
was 40%, and the valvectomy rate was 10%. In comparison,
healed patients had a replacement rate of 61%, a repair rate
of 37%, and a valvectomy rate of 2%. Compared with the
active group, healed patients experienced a trend toward
lower operative mortality, lower complication rates, and
shorter overall length of stay, suggesting that the conversion
of active endocarditis to healed endocarditis could improve
the outcomes of surgery for TVIE. Similarly, Slaughter
et al. reported that 60% of 1613 patients with intravenous
drug-associated TVIE were treated with valve replacement
between 2011 and 2016 and found no difference in opera-
tive mortality between valve repair and replacement. [20].
Although in this series operative mortality between repair
and replacement was similar (2% vs 3%), the authors recom-
mend that, when anatomically possible, repair should be the
preferred management for TVIE to potentially avoid recur-
rent valve infection and prosthetic valve degeneration.

Recently, Xie et al. retrospectively analyzed 56 patients
who underwent TV surgery for IE from 2006 to 2019 and
found that 59% of the patients underwent TV replace-
ment [34]. The postoperative 30-day mortality rates were
similar between TV repair and replacement. However, TV

repair was found to be superior to replacement in reduc-
ing the need for postoperative blood transfusions, the risk
of postoperative complications, and the need for long-term
reoperations. The postoperative 3-, 5-, and 7-year survival
rates were 100%, 100%, and 95.5% in the repair group and
96.7%, 96.7%, and 96.7% in the replacement group. The
5-year and 10-year reoperation rates were 0% and 0% in the
repair group and 6.7% and 20% in the replacement group.

Valve replacement with either a biological or mechani-
cal valve exposes the patient to valve-related complications,
heart block requiring a pacemaker, and risk of recurrent
endocarditis [15, 16]. When valve replacement is neces-
sary, most authors avoid the use of mechanical prostheses
in a tricuspid position [7]. Dawood et al. do not endorse the
use of mechanical prosthesis in the tricuspid position [29].
The authors reported excellent durability of tissue valves
in the low-pressure right-sided circulation and emphasized
their reluctance to implant a thrombogenic mechanical pros-
thesis with the associated requirement for lifetime warfarin
anticoagulation in the TVIE population, in whom IVDU is
predominant [29]. Bioprosthetic valves have shown good
long-term freedom from structural valve deterioration and
the need for reoperation given the low transvalvular gradi-
ents in the tricuspid position [35]. In a 25-year study com-
paring mechanical and bioprosthetic TV replacement in
90 patients, the type of prosthesis was not shown to affect
early and late mortality, or reoperation rate [36]. Mortality
at 30 days and 5 years respectively was 15% and 27% in the
mechanical group, compared to 21% and 30% in the biopros-
thetic group, with no significant differences between the two
groups. Freedom from reoperation at 5, 10, and 15 years was
86%, 76%, and 70% in the mechanical group, versus 97%,
83%, and 57% in the bioprosthetic group with no signifi-
cant differences between the two groups [36]. Similarly, a
meta-analysis of 1160 prostheses and 6046 follow-up years
showed no significant differences in survival and reopera-
tion rates between patients with biological and mechanical
prosthetic valve in a tricuspid position [37]. Novel transcath-
eter approaches have been developed for the treatment of
TV regurgitation, also representing a potential modality for
re-intervention after failed TV replacement [38]. A multi-
center French study has reported successful tricuspid valve-
in-valve implantation of Melody (Medtronic Inc., Minneapo-
lis, MN, USA) and SAPIEN (Edwards Lifesciences, Irvine,
CA, USA) transcatheter valves in high-risk patients with
failing tricuspid bioprostheses [39].

An important concern with TV operations, particularly
with valve replacement, is injury to the conduction system.
The greater risk of heart block in patients with TV valve
replacement may be due to the extension of infection into the
region of the cardiac conduction system or as a complica-
tion of TV replacement [15]. The overall permanent pace-
maker implantation after TV operations has been reported
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to be 11.6% [40]. In Dawood experience, 7% of the patients
required placement of a new postoperative pacemaker before
discharge, with rates of 12.5% in the replacement group and
3.1% in the repair group. Placement of a permanent endocar-
dial pacing wiring across a bioprosthesis can result in early
failure of the bioprosthesis. Transvalvular pacing wires can
result in leaflet perforation, valve damage, and valve dys-
function. A fibrotic response can develop from contact with
the lead against leaflet tissue and the subvalvular apparatus.
In bioprosthetic valves, this fibrosis can distort the leaflet
geometry and result in TR, stenosis, or both. To avoid this,
permanent epicardial pacing wires should be placed at the
time of the operation for all TV replacements but not for
repairs [29].

Homografts have been used in the context of complex
infective endocarditis [41] and especially in the case of pros-
thetic valve endocarditis [42] due to their intrinsic resist-
ance to infection, avoidance of anticoagulation, and supe-
rior hemodynamics. Mitral homograft have been used for
isolated TVIE [43, 44] and multiple valve IE [45] with good
early and late postoperative outcomes. Mestres et al. reported
their 6-year experience with the use of mitral homograft in
tricuspid position for the treatment of TVIE; the echocardio-
graphic evalutaion showed neither calcification nor rupture
of the homograft and different degrees of tricuspid regurgita-
tion with no clinical impact at the end of the follow-up [44].
Furthermore, mitral homograft in the tricuspid position can
also be repaired in case of recurrent IE. The authors, in fact,
performed a homograft ring annuloplasty 13 years after the
original operation with good result [46].

The TV can be also partially replaced with a mitral
homograft. Couetil et al. described their technique for par-
tial replacement of the TV with mitral homograft in seven
patients with TVIE and complete destruction of a valve
leaflet [47]. In three patients, only the anterior leaflet of
the mitral homograft was used. The mitral homograft was
divided into its two constituent leaflets by dividing the
commissural areas of cusp tissue and the papillary muscles
between the attachments of anterior and posterior leaflet
chordae. In four patients, because of an enlarged tricuspid
surface area, the anterior leaflet and the posterior commis-
sure with the adjacent part of the posterior leaflet (P3) of the
mitral homograft were used. The homograft is sutured to the
tricuspid annulus from left to right, starting at the anterosep-
tal commissure of the tricuspid valve up to the middle of the
anterior mitral leaflet. Then, the anterior papillary muscle of
the homograft is inserted in the right ventricle. To determine
the correct position of the anterior papillary muscle in the
right ventricle, the free margin of the homograft correspond-
ing to the sutured part is pulled against the septal part of
the tricuspid annulus in systolic position and temporarily
fixed with a stay suture. The anterior papillary muscle is
positioned against the free wall of the right ventricle with
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its cords in tension and in proper orientation. Once the cor-
rect position is determined, some trabeculations of the right
ventricle are trimmed to create a solid base of implanta-
tion. The anterior papillary muscle of the homograft is then
sutured with 4-0 polypropylene. The remaining suture of the
mitral homograft to the tricuspid annulus is completed up to
P3, followed by the implantation of the posterior papillary
muscle of the homograft in the right ventricle using the same
technique as for positioning the anterior papillary muscle.
P3 is sutured side to side to the septal leaflet to expand the
surface of this leaflet. An annuloplasty ring is then selected
according to the usual criteria and sutured into position.
Pericardial cylinder implantation has been proposed
as an alternative in patients with TVIE and the complete
destruction of the TV leaflets. This technique allows the
replacement of the TV while avoiding the use of prosthetic
material [48]. A rectangular patch of 10 x4 cm autologous
pericardium is harvested prior to cardio-pulmonary bypass;
alternatively, the cylinder can also be made with a bovine
pericardial patch. The shorter sides of the patch are anasto-
mosed with continuous 5-0 polypropylene suture to obtain
a cylinder with a final diameter sized to match the native
annulus. The length of the cylinder is determined by either
the echocardiographic distance from the annulus to the pap-
illary muscle tips or approximately 120% of its diameter.
For placement of the cylinder, three points every 120° are
marked on the cylinder as the expected attachment points
inside the right ventricle. Because the right ventricular papil-
lary muscle number and position may vary, three papillary
muscle attachments are chosen, roughly equidistant at 120°
apart. The anterior papillary muscle is typically the largest
and acts as the reference point for the choice of the other
attachments. The posterior papillary muscle is often bifid or
trifid, and the septal papillary muscle is variable, and it may
be small or multiple or even absent in up to 20% of normal
patient, with septal leaflet chordal attachment to the septal
papillary muscle or directly to the septal myocardium. After
the complete excision of the TV together with all infected
tissue, the heads of the papillary muscle are identified, and
the previously marked three points of the pericardial cyl-
inder are attached to the tips, base, or body of the selected
papillary muscles using 5-0 e-PTFE (Gore-Tex®, L. Gore
& Associates, Inc, Flagstaff, Ariz) or polypropylene mattress
stitches with or without pledgets. The proximal part of the
cylinder is anastomosed to the annulus of the TV using a
continuous 5-0 polypropylene suture, gradually compensat-
ing the difference in diameter between the native annulus
and cylinder [48]. In a series of nine patients with TVIE
treated with pericardial cylinder implantation, no recurrence
of IE was observed during the follow-up; however, three
patients experienced early degeneration with stenosis within
6 months from surgery, requiring balloon valvuloplasty or
TV replacement [48]. The concept of the construction of
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a cylindrical valve made of fully biological material was
first tested in the aortic position by Cox et al. [49]. Other
series reported the use of a cylinder in the tricuspid position
using small intestinal submucosa extracellular matrix (Cor-
Matrix®, CorMatrix Cardiovascular Inc., GA, USA) [50,
51]. In a Canadian study, the largest multicenter study to
date, CorMatrix® was used as the material for construction
of the cylinder, and polypropylene suture was used for the
attachment to the papillary muscles in 18 patients [52]. In
this study, four mechanical complications occurred due to
ruptures of the attachment of the cylinder to the papillary
muscles, or the cylinder itself. In the study by Charkiewicz-
Szeremeta, such complications did not occur, maybe because
the authors used patients’ own or bovine pericardium to con-
struct the cylinder and 5-0 e-PTFE (Gore-Tex®, L. Gore &
Associates, Inc, Flagstaff, Ariz) suture for attachment to the
papillary muscles [48]. However, the success of eliminating
the recurrence of IE after pericardial cylinder implantation
in the tricuspid orifice did not translate into the durability
of this valve, because in three cases, rapid degeneration and
stenosis of this valve were observed within 6 months after
the surgery.

Percutaneous intracardiac vegetectomy

Several studies have analyzed the efficacy of AngioVac
system (AngioDynamics, Latham, NY) for percutane-
ous intracardiac vegetectomy in patients with TVIE [13,
14]. AngioVac system is a vacuum-based device that was
approved in 2014 for the percutaneous removal of undesir-
able materials from the intravascular system. AngioVac
system consists of a venovenous extracorporeal bypass
circuit with an external filtration system and a reperfusion
cannula to allow blood return. Traditionally, percutaneous
vacuum-assisted thrombectomy devices have been primar-
ily used for mechanical thrombectomy in the setting of
caval thrombosis and pulmonary emboli [53, 54]. In 2019,
a meta-analysis demonstrated that AngioVac and similar
thrombectomy systems were safe and effective treatment
modalities for right heart vegetations and intracardiac
thrombi [55].

Percutaneous vegetectomy is often considered the next
best option in the setting of poor surgical candidacy particu-
larly in patients with known IVDU recidivism and/or unsta-
ble clinical condition. George et al. reviewed the outcomes
of 33 patients with large tricuspid valve vegetations and high
surgical risk who underwent percutaneous vegetectomy [56].
All patients survived the procedure with a 61% reduction in
size after the procedure, and 90.9% survived the index hos-
pitalization. Three patients proceeded to elective tricuspid
valve replacement due to the worsening severity of tricuspid
regurgitation [56].

Scantland et al. recently reported on their experience from
2014 with the use of the AngioVac system in 24 patients
with TVIE and evaluated the impact of percutaneous vege-
tectomy on surgical candidacy in these patients [13]. In this
series, 30-day mortality was 0%, and technical success was
achieved in 90% of the patients. Debulking of intracardiac
vegetations >70% is generally accepted as technically suc-
cessful by early adopters of percutaneous vegetectomy with
values 70-100% considered technically successful according
to the Registry of AngioVac Procedure in Detail (RAPID)
[57]. Five (20.8%) patients who needed surgical TV repair
following percutaneous vegetectomy were for refractory
symptomatic TV regurgitation. These findings suggest that
percutaneous vegetectomy may improve surgical candidacy
and could serve as a bridge if surgery remains indicated
after infection source control in patients with previous poor
surgical candidacy.

A meta-analysis investigated the efficacy and safety of
AngioVac-assisted vegetation debulking in 301 patients
with RSIE from 44 studies [14]. The primary outcomes of
this study were procedural success and clinical success. The
procedural success was defined as the ability of AngioVac
to produce residual vegetation size < 50% without serious
procedural complications (including access site complica-
tions requiring intervention, pericardial effusion or tampon-
ade, dissection, perforation, embolic phenomena, or intra-
operative mortality). The clinical success was defined as a
composite definition of residual vegetation size <50%, in-
hospital survival, absence of persistent bacteremia, and valve
function not requiring further intervention. This metanalysis
showed procedural success and clinical success of 8§9.2%
and 79.1%, respectively. Vegetation removal >50% was
achieved in 90%, and bacteremia clearance was achieved in
82.5% of patients, while the procedure-related complications
were noted in 10.1% of patients. These results confirm that
the AngioVac device has an acceptable efficacy and safety
profile in extracting RSIE vegetations, making it a viable
alternative therapeutic option for poor surgical candidates.

Conclusion

Tricuspid valve infective endocarditis is an uncommon
disease that can be mainly treated with medical treatment.
When surgery is indicated, the appropriate surgical option
still remains to be determined, and the ultimate decision
regarding the surgical approach in patients with TVIE is
made intraoperatively. Repair is considered most desirable,
leaving the patient with a native functional valve and no
prosthetic material. This is generally achieved through exten-
sive debridement of the leaflet vegetation and primary repair.
In situations where the leaflet could be primarily patch
repaired, the annulus should be reconstructed and supported
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with a suture or prosthetic ring annuloplasty. However, given
the destructive nature of the bacteria encountered in these
patients, this is not always possible. Often, the choice is one
between replacement of the valve and complete valvectomy.
Persistent sepsis, abscess formation, ongoing drug use, and
refusal of rehabilitation are all factors in deciding which
patients would undergo valvectomy. Tricuspid valvectomy
may also serve as a bridge to following valve replacement.
In patients with unstable clinical conditions and a high risk
of recidivism, percutaneous vegetectomy may represent an
alternative to increase patients’ surgical candidacy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12055-023-01650-0.

Author contribution AG and FO contributed to the study’s conception
and design. The literature search was performed by AG, JG, FP, AF,
GM, and MRL. Data analysis was performed by AG. The first draft of
the manuscript was written by AG. The critical revision of the work
was performed by FO and GBL. All authors read and approved the
final manuscript.

Funding Open access funding provided by Universita degli Studi di
Verona within the CRUI-CARE Agreement. No funding was received
for this research.

Data availability Not applicable.

Code availability Not applicable.

Declarations

Conflict of interest The authors have no conflicts of interest to dis-
close.

Ethics approval Not applicable.
Consent to participate Not applicable.

Consent for publication Not applicable.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Cahill TJ, Prendergast BD. Infective endocarditis. Lancet.
2016;387:882-93. https://doi.org/10.1016/S0140-6736(15)
00067-7.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

Hammond-Haley M, Hartley A, Al-Khayatt BM, Delago AJ,
Ghajar A, Ojha U, et al. Trends in the incidence and mortality of
infective endocarditis in high-income countries between 1990 and
2019. Int J Cardiol. 2023;371:441-51. https://doi.org/10.1016/j.
ijcard.2022.09.061.

Akinosoglou K, Apostolakis E, Marangos M, Pasvol G. Native
valve right sided infective endocarditis. Eur J Intern Med.
2013;24:510-9. https://doi.org/10.1016/j.€jim.2013.01.010.
Shmueli H, Thomas F, Flint N, Setia G, Janjic A, Siegel RJ. Right-
sided infective endocarditis 2020: challenges and updates in diag-
nosis and treatment. J Am Heart Assoc. 2020;9: e017293. https://
doi.org/10.1161/JAHA.120.017293.

Siciliano RF, Gualandro DM, Sejas ONE, Ignoto BG, Caramelli
B, Mansur AJ, et al. Outcomes in patients with fungal endocar-
ditis: a multicenter observational cohort study. Int J Infect Dis.
2018;77:48-52. https://doi.org/10.1016/j.ijid.2018.09.016.
Akinosoglou K, Apostolakis E, Koutsogiannis N, Leivaditis V,
Gogos CA. Right-sided infective endocarditis: surgical manage-
ment. Eur J Cardiothorac Surg. 2012;42:470-9. https://doi.org/10.
1093/ejcts/ezs084.

Musci M, Siniawski H, Pasic M, Grauhan O, Weng Y, Meyer R,
et al. Surgical treatment of right-sided active infective endocarditis
with or without involvement of the left heart: 20-year single center
experience. Eur J Cardiothorac Surg. 2007;32:118-25. https://doi.
org/10.1016/j.ejcts.2007.02.034.

Gaca JG, Sheng S, Daneshmand M, Rankin JS, Williams ML,
O’Brien SM, et al. Current outcomes for tricuspid valve infec-
tive endocarditis surgery in North America. Ann Thorac Surg.
2013;96:1374-81. https://doi.org/10.1016/j.athoracsur.2013.05.046.
Hussain ST, Witten J, Shrestha NK, Blackstone EH, Petters-
son GB. Tricuspid valve endocarditis. Ann Cardiothorac Surg
2017;6:255-61. https://doi.org/10.21037/acs.2017.03.09.
Delgado V, Ajmone Marsan N, de Waha S, Bonaros N, Brida
M, Burri H, et al. 2023 ESC Guidelines for the management of
endocarditis. Eur Heart J. 2023;44:3948:4042. https://doi.org/10.
1093/eurheartj/ehad193.

Pettersson GB, Coselli JS, Hussain ST, Griffin B, Blackstone EH,
Gordon SM, et al. 2016 The American Association for Thoracic
Surgery (AATS) consensus guidelines: surgical treatment of infec-
tive endocarditis: executive summary. J Thorac Cardiovasc Surg.
2017;153:1241-58.e29. https://doi.org/10.1016/].jtcvs.2016.09.093.
Arbulu A, Thoms NW, Chiscano A, Wilson RF. Total tricuspid
valvulectomy without replacement in the treatment of Pseu-
domonas endocarditis. Surg Forum. 1971;22:162—4.

Scantland J, Hendrix J, Schmitz A, Casciani T, Butty S. Clini-
cal efficacy of percutaneous vegetectomy in tricuspid and right-
heart indwelling device infective endocarditis. Angiology.
2023;74:728-35. https://doi.org/10.1177/00033197221121009.
Mhanna M, Beran A, Al-Abdouh A, Jabri A, Sajdeya O, Al-Aaraj A,
et al. AngioVac for vegetation debulking in right-sided infective endo-
carditis: a systematic review and meta-analysis. Curr Probl Cardiol.
2022;47:101353. https://doi.org/10.1016/j.cpcardiol.2022.101353.
Yanagawa B, Elbatarny M, Verma S, Hill S, Mazine A, Puskas
JD, et al. Surgical management of tricuspid valve infective endo-
carditis: a systematic review and meta-analysis. Ann Thorac Surg.
2018;106:708-14. https://doi.org/10.1016/j.athoracsur.2018.04.012.
Arbulu A, Holmes RJ, Asfaw I. Tricuspid valvulectomy without
replacement. Twenty years’ experience. J Thorac Cardiovasc Surg.
1991;102:917-22.

Protos AN, Trivedi JR, Whited WM, Rogers MP, Owolabi U, Grubb
KlJ, et al. Valvectomy Versus Replacement For The Surgical Treat-
ment Of Tricuspid Endocarditis. Ann Thorac Surg. 2018;106:664—
9. https://doi.org/10.1016/j.athoracsur.2018.04.051.

Luc JGY, Choi JH, Kodia K, Weber MP, Horan DP, Maynes EJ,
et al. Valvectomy versus replacement for the surgical treatment
of infective tricuspid valve endocarditis: a systematic review and


https://doi.org/10.1007/s12055-023-01650-0
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(15)00067-7
https://doi.org/10.1016/S0140-6736(15)00067-7
https://doi.org/10.1016/j.ijcard.2022.09.061
https://doi.org/10.1016/j.ijcard.2022.09.061
https://doi.org/10.1016/j.ejim.2013.01.010
https://doi.org/10.1161/JAHA.120.017293
https://doi.org/10.1161/JAHA.120.017293
https://doi.org/10.1016/j.ijid.2018.09.016
https://doi.org/10.1093/ejcts/ezs084
https://doi.org/10.1093/ejcts/ezs084
https://doi.org/10.1016/j.ejcts.2007.02.034
https://doi.org/10.1016/j.ejcts.2007.02.034
https://doi.org/10.1016/j.athoracsur.2013.05.046
https://doi.org/10.21037/acs.2017.03.09
https://doi.org/10.1093/eurheartj/ehad193
https://doi.org/10.1093/eurheartj/ehad193
https://doi.org/10.1016/j.jtcvs.2016.09.093
https://doi.org/10.1177/00033197221121009
https://doi.org/10.1016/j.cpcardiol.2022.101353.
https://doi.org/10.1016/j.athoracsur.2018.04.012
https://doi.org/10.1016/j.athoracsur.2018.04.051

Indian Journal of Thoracic and Cardiovascular Surgery

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

meta-analysis. Ann Cardiothorac Surg. 2019;8:610-20. https://
doi.org/10.21037/acs.2019.11.06.

. Wang YC, Chen YS, Chi NH, Huang SC. Bidirectional Glenn

shunt with tricuspid valve resection in patients with infective
endocarditis. JTCVS Tech. 2022;13:58-61. https://doi.org/10.
1016/j.xjtc.2022.03.002.

Slaughter MS, Badhwar V, Ising M, Ganzel BL, Sell-Dottin
K, Jawitz OK, et al. Optimum surgical treatment for tricuspid
valve infective endocarditis: an analysis of the Society of Tho-
racic Surgeons national database. J Thorac Cardiovasc Surg.
2021;161:1227-35.el. https://doi.org/10.1016/j.jtcvs.2019.10.124.
Brescia AA, Watt TMF, Rosenbloom LM, Williams AM, Bolling
SF, Romano MA. Patient and surgeon predictors of mitral and
tricuspid valve repair for infective endocarditis. Semin Thorac
Cardiovasc Surg. 2022;34:67-77. https://doi.org/10.1053/j.semtc
vs.2021.03.017.

Brescia AA, Watt TMF, Williams AM, Romano MA, Bolling SF.
Tricuspid valve leaflet repair and augmentation for infective endo-
carditis. Oper Tech Thorac Cardiovasc Surg. 2019;24:206-18.
https://doi.org/10.1053/j.optechstcvs.2019.09.002.

Kay JH, Maselli-Campagna G, Tsuji KK. Surgical treatment of
tricuspid insufficiency. Ann Surg. 1965;162:53-8.

De Vega NG. La anuloplastia selective, reguable y pennanente.
Rev Esp Cardiol. 1972;25:6-9.

Alfieri O, De Bonis M, Lapenna E, Agricola E, Quarti A, Maisano
F. The, “clover technique” as a novel approach for correction of
post-traumatic tricuspid regurgitation. J Thorac Cardiovasc Surg.
2003;126:75-9. https://doi.org/10.1016/30022-5223(03)00204-6.
Fayad G, Modine T, Ennezat PV, Le Tourneau T, Larrue B, Azzaoui R,
et al. The “clover technique” as a new approach for correction of pos-
tendocarditic severe tricuspid valve regurgitation. J Thorac Cardiovasc
Surg. 2005;130:1208-10. https://doi.org/10.1016/j.jtcvs.2005.05.046.
Fayad G, Modine T, Lions C, Polge AS, Azzaoui R, Larrue B, et al.
Conservative surgical treatment for active infective tricuspid valve
endocarditis according to the “clover technique.” Heart Surg Forum.
2008;11:E120-6. https://doi.org/10.1532/HSF98.20071188.
Gottardi R, Bialy J, Devyatko E, Tschernich H, Czerny M, Wolner
E, et al. Midterm follow-up of tricuspid valve reconstruction due
to active infective endocarditis. Ann Thorac Surg. 2007;84:1943—
8. https://doi.org/10.1016/j.athoracsur.2007.04.116.

Dawood MY, Cheema FH, Ghoreishi M, Foster NW, Villanueva
RM, Salenger R, et al. Contemporary outcomes of operations
for tricuspid valve infective endocarditis. Ann Thorac Surg.
2015;99:539—-46. https://doi.org/10.1016/j.athoracsur.2014.08.069.
Tarola CL, Losenno KL, Chu MW. Complex tricuspid valve
repair for infective endocarditis: leaflet augmentation, chordae
and annular reconstruction. Multimed Man Cardiothorac Surg.
2015;2015:mmv006. https://doi.org/10.1093/mmcts/mmv006.
Hosseini S, Rezaei Y, Mazaheri T, Almasi N, Babaei T, Mestres CA.
Tricuspid valve repair for infective endocarditis with periannular involve-
ment: complete valve reconstruction. J Heart Valve Dis. 2016;25:730-8.
Di Mauro M, Foschi M, Dato GMA, Centofanti P, Barili F, Corte
AD, et al. Surgical treatment of isolated tricuspid valve infective
endocarditis: 25-year results from a multicenter registry. Int J Car-
diol. 2019;292:62-7. https://doi.org/10.1016/j.jjcard.2019.05.020.
Lee HA, Chou AH, Wu VC, Chan YS, Cheng YT, Chang CH,
et al. Nationwide cohort study of tricuspid valve repair versus
replacement for infective endocarditis. Eur J Cardiothorac Surg.
2021;59:878-86. https://doi.org/10.1093/ejcts/ezaa390.

Xie L, Chen X, He J, Lin S, Chen X, Wu Q, et al. Comparison of
valvuloplasty and replacement for surgical treatment of tricuspid
infective endocarditis. BMC Cardiovasc Disord. 2023;23:213.
https://doi.org/10.1186/s12872-023-03248-1.

Nakano K, Ishibashi-Ueda H, Kobayashi J, Sasako Y, Yagihara T.
Tricuspid valve replacement with bioprostheses: long-term results

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

and causes of valve dysfunction. Ann Thorac Surg. 2001;71:105-
9. https://doi.org/10.1016/s0003-4975(00)02149-4.

Filsoufi F, Anyanwu AC, Salzberg SP, Frankel T, Cohn LH,
Adams DH. Long-term outcomes of tricuspid valve replacement
in the current era. Ann Thorac Surg. 2005;80:845-50. https://doi.
org/10.1016/j.athoracsur.2004.12.019.

Rizzoli G, Vendramin I, Nesseris G, Bottio T, Guglielmi C, Schi-
avon L. Biological or mechanical prostheses in tricuspid position?
A meta-analysis of intra-institutional results. Ann Thorac Surg.
2004;77:1607-14. https://doi.org/10.1016/j.athoracsur.2003.10.015.
Campelo-Parada F, Lairez O, Carrie D. Percutaneous treatment of
the tricuspid valve disease: new hope for the “Forgotten” valve.
Rev Esp Cardiol (Engl Ed). 2017;70:856-66.

Godart F, Baruteau AE, Petit J, Riou JY, Sassolas F, Lusson JR,
et al. Transcatheter tricuspid valve implantation: a multicentre
French study. Arch Cardiovasc Dis. 2014;107:583-91.
Vassileva CM, Shabosky J, Boley T, Markwell S, Hazelrigg
S. Tricuspid valve surgery: the past 10 years from the Nation-
wide Inpatient Sample (NIS) database. J Thorac Cardiovasc
Surg. 2012;143:1043-9. https://doi.org/10.1016/j.jtcvs.2011.
07.004.

Galeone A, Trojan D, Gardellini J, di Gaetano R, Faggian G, Luciani
GB. Cryopreserved aortic homografts for complex aortic valve or
root endocarditis: a 28-year experience. Eur J Cardiothorac Surg.
2022;62:ezac193. https://doi.org/10.1093/ejcts/ezac193.

Galeone A, Gardellini J, Trojan D, Di Nicola V, Di Gaetano R,
Faggian G, et al. Three decades of experience with aortic pros-
thetic valve endocarditis. J Cardiovasc Dev Dis. 2023;10:338.
https://doi.org/10.3390/jcdd10080338.

Pomar JL, Mestres CA. Tricuspid valve replacement using a mitral
homograft. Surgical technique and initial results. ] Heart Valve
Dis. 1993;2:125-8.

Mestres CA, Miro JM, Pare JC, Pomar JL. Six-year experience
with cryopreserved mitral homografts in the treatment of tricuspid
valve endocarditis in HIV-infected drug addicts. J Heart Valve
Dis. 1999;8:575-7.

Ostrovsky Y, Spirydonau S, Shchatsinka M, Shket A. Surgical
treatment of infective endocarditis with aortic and tricuspid valve
involvement using cryopreserved aortic and mitral valve allo-
grafts. Interact Cardiovasc Thorac Surg. 2015;20:682—4. https://
doi.org/10.1093/icvts/ivv028.

Mestres CA, Castella M, Moreno A, Paré JC, del Rio A, Azqueta
M, et al. Cryopreserved mitral homograft in the tricuspid position
for infective endocarditis: a valve that can be repaired in the long-
term (13 years). J Heart Valve Dis. 2006;15:389-91.

Couetil JP, Argyriadis PG, Shafy A, Cohen A, Berrebi AJ, Loulmet
DF, et al. Partial replacement of the tricuspid valve by mitral homo-
grafts in acute endocarditis. Ann Thorac Surg. 2002;73:1808-12.
https://doi.org/10.1016/s0003-4975(02)03574-9.
Charkiewicz-Szeremeta K, Matlak K, Garbowska M, Hirnle G,
Kralisz P, Kocaiida S,et al. Infective endocarditis of the tricuspid
valve. Surgical treatment with pericardial cylinder implantation.
Kardiochir Torakochirurgia Pol. 2023;20:18-23. https://doi.org/
10.5114/kitp.2023.126094.

Cox JL, Ad N, Myers K, Gharib M, Quijano RC. Tubular heart
valves: a new tissue prosthesis design — preclinical evalua-
tion of the 3F aortic bioprosthesis. J Thorac Cardiovasc Surg.
2005;130:520-7. https://doi.org/10.1016/j.jtcvs.2004.12.054.
Wallen J, Rao V. Extensive tricuspid valve repair after endo-
carditis using cormatrix extracellular matrix. Ann Thorac Surg.
2014;97:1048-50. https://doi.org/10.1016/j.athoracsur.2013.
05.117.

. Czub PS, Arendarczyk A, Kopala M, Budnik M, Hendzel P. Use-

fulness of CorMatrix-based tricuspid valve repair in the treatment

@ Springer


https://doi.org/10.21037/acs.2019.11.06
https://doi.org/10.21037/acs.2019.11.06
https://doi.org/10.1016/j.xjtc.2022.03.002
https://doi.org/10.1016/j.xjtc.2022.03.002
https://doi.org/10.1016/j.jtcvs.2019.10.124
https://doi.org/10.1053/j.semtcvs.2021.03.017
https://doi.org/10.1053/j.semtcvs.2021.03.017
https://doi.org/10.1053/j.optechstcvs.2019.09.002
https://doi.org/10.1016/s0022-5223(03)00204-6
https://doi.org/10.1016/j.jtcvs.2005.05.046
https://doi.org/10.1532/HSF98.20071188
https://doi.org/10.1016/j.athoracsur.2007.04.116
https://doi.org/10.1016/j.athoracsur.2014.08.069
https://doi.org/10.1093/mmcts/mmv006
https://doi.org/10.1016/j.ijcard.2019.05.020
https://doi.org/10.1093/ejcts/ezaa390
https://doi.org/10.1186/s12872-023-03248-1
https://doi.org/10.1016/s0003-4975(00)02149-4
https://doi.org/10.1016/j.athoracsur.2004.12.019
https://doi.org/10.1016/j.athoracsur.2004.12.019
https://doi.org/10.1016/j.athoracsur.2003.10.015
https://doi.org/10.1016/j.jtcvs.2011.07.004
https://doi.org/10.1016/j.jtcvs.2011.07.004
https://doi.org/10.1093/ejcts/ezac193
https://doi.org/10.3390/jcdd10080338
https://doi.org/10.1093/icvts/ivv028
https://doi.org/10.1093/icvts/ivv028
https://doi.org/10.1016/s0003-4975(02)03574-9
https://doi.org/10.5114/kitp.2023.126094.
https://doi.org/10.5114/kitp.2023.126094.
https://doi.org/10.1016/j.jtcvs.2004.12.054
https://doi.org/10.1016/j.athoracsur.2013.05.117
https://doi.org/10.1016/j.athoracsur.2013.05.117

Indian Journal of Thoracic and Cardiovascular Surgery

52.

53.

54.

55.

of infective endocarditis. Kardiol Pol. 2018;76 476. https://doi.
org/10.5603/KP.2018.0047.

Gerdisch MW, Boyd WD, Harlan JL, Richardson JB, Flack JE,
Palafox BA, et al. Early experience treating tricuspid valve endo-
carditis with a novel extracellular matrix cylinder reconstruction.
J Thorac Cardiovasc Surg. 2014;148:3042-8. https://doi.org/10.
1016/j.jtcvs.2014.06.092.

Salsamendi J, Doshi M, Bhatia S, Bordegaray M, Arya R, Morton
C, et al. Single center experience with the angiovac aspiration
system. Cardiovasc Intervent Radiol. 2015;38:998-1004. https://
doi.org/10.1007/s00270-015-1152-x.

Rajput FA, Du L, Woods M, Jacobson K. Percutaneous vacuum-
assisted thrombectomy using angiovac aspiration system. Car-
diovasc Revasc Med. 2020;21:489-93. https://doi.org/10.1016/j.
carrev.2019.12.020.

Hameed I, Lau C, Khan FM, Wingo M, Rahouma M, Leonard JR,
et al. AngioVac for extraction of venous thromboses and endocar-
dial vegetations: a metaanalysis. J Card Surg. 2019;34:170-80.
https://doi.org/10.1111/jocs.14009.

@ Springer

56.

57.

George B, Voelkel A, Kotter J, Leventhal A, Gurley J. A novel
approach to percutaneous removal of large tricuspid valve vegeta-
tions using suction filtration and veno-venous bypass: a single
center experience. Catheter Cardiovasc Interv. 2017;90:1009-15.
https://doi.org/10.1002/ccd.27097.

Moriarty JM, Rueda V, Liao M, Kim GHJ, Rochon PJ, Zayed MA,
et al. Endovascular removal of thrombus and right heart masses
using the AngioVac System: results of 234 patients from the pro-
spective, multicenter registry of AngioVac procedures in detail
(RAPID). J Vasc Interv Radiol. 2021;32:549-57.e3. https://doi.
org/10.1016/j.jvir.2020.09.012.

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.5603/KP.2018.0047
https://doi.org/10.5603/KP.2018.0047
https://doi.org/10.1016/j.jtcvs.2014.06.092
https://doi.org/10.1016/j.jtcvs.2014.06.092
https://doi.org/10.1007/s00270-015-1152-x
https://doi.org/10.1007/s00270-015-1152-x
https://doi.org/10.1016/j.carrev.2019.12.020
https://doi.org/10.1016/j.carrev.2019.12.020
https://doi.org/10.1111/jocs.14009
https://doi.org/10.1002/ccd.27097
https://doi.org/10.1016/j.jvir.2020.09.012
https://doi.org/10.1016/j.jvir.2020.09.012

	Tricuspid valve repair and replacement for infective endocarditis
	Abstract
	Introduction
	Tricuspid valvectomy
	Tricuspid valve repair
	Tricuspid valve replacement
	Percutaneous intracardiac vegetectomy

	Conclusion
	Anchor 9
	References


