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Abstract

Background: Existing data regarding isolated tricuspid valve re-
placement for primary tricuspid valve disease such as infective en-
docarditis (IE) are limited. The aim of this study was to review our
experience of isolated tricuspid valve replacement for IE.

Methods: A retrospective review was performed to evaluate the peri-
operative and long-term outcomes of patients undergoing isolated tri-
cuspid valve replacement for IE at our tertiary referral center between
January 2000 and December 2014. Surgical outcomes were reviewed
to include survival and postoperative complications.

Results: Seven patients underwent isolated tricuspid valve replacement
for IE during the study period. Mean age was 41 + 14 years with six
(86%) males. Six patients (86%) were intravenous drug users. Five pa-
tients (71%) presented with septic emboli to the lungs. Five patients
(71%) had active endocarditis at the time of surgery. The indications for
surgery were heart failure in three patients (43%), persistent sepsis in
three patients (43%) and both in one patient (14%). Methicillin-sensi-
tive Staphylococcus aureus was the most common infective organism,
isolated in five patients (71%). There were no in-hospital mortalities or
permanent pacemaker implantations. Follow-up was completed in 86%
of the cases. The median follow-up period was 13 months (range 2 to
129 months). Three patients (43%) died during the follow-up period,
at 7 months, 8 months and 13 months, respectively. All deaths were
associated with prosthetic valve IE and recurrent intravenous drug use.

Conclusions: This study supplements the paucity of data pertaining
to tricuspid valve replacement for IE in the local population. Survival
outcomes can be improved with prompt surgical intervention, optimal
medical optimization, and a holistic, psychosocial approach targeting
intravenous drug abuse.
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Introduction

Tricuspid valve replacement (TVR) is an uncommon and chal-
lenging procedure, which has historically been associated with
high mortality and morbidity [1]. It is indicated in both pri-
mary and secondary diseases of the tricuspid valve when valve
repair is not possible or unsuccessful. When clinically severe,
tricuspid regurgitation (TR) is associated with a poor progno-
sis, independent of age, pulmonary pressure, or biventricular
systolic function [2, 3]. Tricuspid valve surgery is usually per-
formed concomitantly during another cardiac procedure, usu-
ally involving the mitral valve. Isolated tricuspid valve surgery
is uncommon and is required in < 10% of patients with tricus-
pid valve endocarditis [4, 5]. Existing data regarding isolated
TVR for primary tricuspid valve disease such as infective en-
docarditis (IE) are limited, available mainly from single-center
retrospective studies with small sample sizes.

Materials and Methods

This retrospective study was performed to evaluate the perio-
perative and long-term outcomes of patients undergoing iso-
lated TVR for IE at our tertiary referral center between Janu-
ary 2000 and December 2014. The local Institutional Review
Board approved this study (2015/2740), with a waiver of in-
formed consent. This study was conducted in compliance with
the ethical standards of the responsible institution on human
subjects as well as with the Helsinki Declaration. Data were
extracted from electronic medical records and patient case
notes. Adverse events were defined according to the guide-
lines for reporting morbidity and mortality after cardiac valve
operations [6].

Definitions

In-hospital mortality was defined as all-cause mortality during
the hospital stay for the surgical treatment of tricuspid valve
IE. Active IE was defined as ongoing infection in a patient who
was still receiving antibiotic therapy. Renal failure was defined
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as serum creatinine clearance levels lower than 60 mL/min as
calculated with the Cockroft-Gault formula, or the need for
renal replacement therapy.

Surgical technique

All operations were performed via median sternotomy using
moderately hypothermic (30 - 32 °C) cardiopulmonary bypass
(CPB), which was initiated via central cannulation of the as-
cending aorta and both vena cavae. Either a beating or rested
heart approach was adopted for TVR, according to surgeon
preference. In cases where the heart was arrested, myocar-
dial protection was achieved via hyperkalemic hypothermic
cardioplegia, using the antegrade approach, either alone or in
combination with the retrograde technique. Flooding of the
surgical field with carbon dioxide was applied in all cases. In-
traoperative transoesophageal echocardiography was routinely
performed in all cases.

Results

Demographics

Seven patients underwent isolated TVR for IE during the study
period. Six patients (86%) were male. The mean age was 41.0
+ 14.1 years. Two patients (29%) presented in New York Heart
Association (NYHA) functional class II, one (14%) in class
111, and four (57%) in class I'V. Six patients (86%) had a his-
tory of intravenous drug use (IVDU). Five patients (71%) had
chronic hepatitis C infection. Five patients (71%) had septic
emboli to the lungs prior to TVR. Methicillin-sensitive Staph-
ylococcus aureus (MSSA) was the most commonly isolated
organism causing IE, affecting five patients (71%), followed
by methicillin-resistant Staphylococcus aureus (MRSA) in
one patient (14%), and Streptococcus and Neisseria in one
patient (14%). Five patients (71%) underwent TVR for ac-
tive IE. The indications for surgery were heart failure in three
patients (43%), persistent sepsis in three patients (43%), and
both in one patient (14%). No patients had undergone previous
open-heart surgery. Preoperative transoesophageal echocardi-
ographic imaging and data were shown in Figure 1 and Table
1, respectively. All seven patients had severe TR. The average
size of the tricuspid valve vegetations in the five patients with
active IE was 24.6 + 16.1 mm.

Operative data

All surgeries were performed in the elective setting. Opera-
tive and postoperative data were shown in Table 2. The mean
aortic cross clamp and CPB times were 49 min and 90 min, re-
spectively. Mechanical valves were implanted in two patients
(29%), and bioprosthetic valves in five patients (71%). Six
patients (86%) were initially planned for valve replacement.
One patient (14%) underwent TVR after failure of tricuspid
valve repair.
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Early outcomes

One patient (14%) underwent re-exploration for postoperative
mediastinal bleeding. No patients required a permanent pace-
maker or implantable defibrillator. One patient (14%) suffered
a sternal wound infection. Two patients (29%) developed post-
operative pneumonia, likely precipitated by pre-existing septic
emboli to the lung. The average length of stay was 34 days
(range 7 to 60 days), attributed to prolonged antibiotic ther-
apy for IE. Five patients (71%) showed improvement in their
NYHA class after TVR. There were no in-hospital mortalities.

Late outcomes

Follow-up data were obtained by direct assessment during
scheduled reviews at our institution. One foreign patient (14%)
was lost to follow-up after returning to his native country.
The median follow-up period was 13 months (range 2 to 129
months). One patient (14%) underwent reoperative TVR for
prosthetic valve endocarditis 3 months after his initial surgery,
but subsequently demised from recurrent prosthetic valve IE 4
months later. Three patients (43%) died during the follow-up
period, including the patient who underwent reoperative TVR.
All deaths were associated with recurrent IVDU and prosthetic
valve IE after initial TVR, occurring at 7 months, 8 months and
13 months, respectively. One patient (14%) developed sympto-
matic tricuspid valve stenosis but declined reoperation.

Summary

Data of the seven patients undergoing isolated TVR for IE
were summarized in Table 3.

Discussion

This study provides information on early and late clinical out-
comes of patients undergoing isolated TVR for IE, in a cohort
of relatively young patients. The majority of our patients had a
history of IVDU. Valve replacement is preferred in cases of or-
ganic TR in which gross structural alterations preclude the suc-
cess of repair, such as in endocarditis, rheumatic heart disease
and myxomatous degeneration. In an earlier report from our
institution, 10% of patients undergoing surgery for IE have a
history of IVDU. The incidence of tricuspid valve IE was 63%
in IV drug abusers compared to 4% in non-1V drug abusers
(P < 0.001) [7]. The majority of patients in the present study
were severely symptomatic, in NYHA class III or I'V. Surgery
improved symptoms in most patients. Despite their relatively
young age, our patients had multiple laboratory derangements
in keeping with their chronic disease and poor nutritional sta-
tus.

TVR is a high-risk procedure associated with operative
mortality of 17-22%, 5-year survival rates of 60-72%, and
10-year survival rates of 45-65% [8-10]. Our in-hospital
mortality compares favorably to other studies. This is likely
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Figure 1. Preoperative echocardiography. (a, b) Treated endocarditis: (a) Severely dilated tricuspid valve annulus measuring
59 mm (arrows), with non-coapting tricuspid valve leaflets. (b) Dilated tricuspid valve annulus (arrows) measuring 39 mm, with
central malcoaptation and severe tricuspid regurgitation. (c, d) Active endocarditis: large, mobile vegetations (arrows) on dam-

aged tricuspid valve leaflets.

due to differences in the patient profile. Our patients had a
relatively short history of IE with preserved right ventricu-
lar function, whereas previous reports describe patients with
irreversible dilatation and dysfunction of the right ventri-
cle. The consistently high late mortality rates of TVR have
led authors to suggest that tricuspid valve disease requiring
replacement may be a marker for end-stage valvular heart
disease [8]. Pulmonary hypertension has been found to be a
predictor of late mortality after TVR [11]. Postoperatively,
no patient required a permanent pacemaker, compared to
other TVR studies reporting pacemaker implantation rates of
9-28% [1, 12]. In a validated risk score, Koplan et al [13]
identified the following (age exceeding 70 years, prior valve
surgery and multivalvular procedures) as independent risk
factors for pacemaker implantation after TVR. None of our
patients had these risk factors.

At 13 months post-surgery, three patients (43%) from our
cohort had died from prosthetic valve endocarditis. Prosthetic
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valve endocarditis is associated with a much higher mortality
compared to native valve endocarditis [14]. Even with timely
diagnosis, antibiotic therapy and reoperation, mortality ranges
from 26% to 75% in medically treated patients and 23-43%
in surgically treated patients [15]. Factors contributing to the
risk of prosthetic valve endocarditis and reoperation include
IVDU [16] and human immunodeficiency virus infection
[17]. In a recent report from a multi-center Italian study in-
volving 21 centers over a 35-year period, 157 of 4,069 patient
(3.8%) underwent isolated tricuspid valve surgery for active
IE. From the same study, the incidence of [IVDU was 38%.
Age, prosthetic valve IE, IVDU and permanent pacemaker
leads were associated with increased recurrence of IE and
poorer long-term survival [4]. Ongoing IVDU appears to be
the greatest contributor towards mortality for [VDU-related
tricuspid valve endocarditis [18]. In IVDUs, repeated expo-
sure to particulate matter damages right-sided heart valves.
Over time, this serves as a nidus for infection during skin
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Table 1. Preoperative Data

All,n =7 (%)

Demographics
Age (years)
Male
Body surface area (m?)
Body mass index (kg/m?)
Preoperative New York Heart Association class
I
111
v
Causative organism
Methicillin-sensitive Staphylococcus aureus
Methicillin-resistant Staphylococcus aureus
Streptococcus and Neisseria
Nature of infective endocarditis
Active
Treated
Comorbidities
Atrial fibrillation
Hypertension
Hyperlipidemia
Diabetes mellitus
Ischemic heart disease
Chronic kidney disease
Cerebrovascular accident
Chronic hepatitis C infection
Liver cirrhosis
Human immunodeficiency virus
Preoperative laboratory investigations
Hemoglobin (g/L)
Platelet (x 10°/L)
Creatinine (umol/L)
Bilirubin (umol/L)
Albumin (g/L)
Aspartate transaminase (IU/L)
Alanine transaminase (IU/L)

Echocardiography

Preoperative left ventricular ejection fraction (%)

Severe tricuspid regurgitation

Tricuspid valve vegetation size (mm) (n = 5)

Pulmonary artery systolic pressure (mm Hg)

41.0+14.1
6 (86)
1.7+0.1
233482

2 (29%)
1 (14%)
4 (57%)

5(71%)
1 (14%)
1 (14%)

5(71%)
2 (29%)

1 (14%)
1 (14%)
0
0
0
1 (14%)
1 (14%)
5(71%)
0
0

9.9+28
112.0£73.3
138.0£170.0
23.0+17.0
24.0+8.7
38.0+13.8
40.0 £ 14.1

54.0+10.1
7 (100%)

24.6+16.1
60.9+ 162

Values for continuous variables are expressed as mean + standard deviation. Values for categorical variables are expressed as numbers (%).
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Table 2. Operative and Postoperative Data

All,n=7 (%)

Operative parameters
Aortic cross clamp time (min)
Cardiopulmonary bypass time (min)
Valve replacement
Mechanical
Bioprosthetic
Postoperative complications
Re-exploration for mediastinal bleeding
Infection
Wound
Pneumonia
Low cardiac output syndrome
Acute kidney injury
Permanent pacemaker
Length of stay (days)
Postoperative New York Heart Association class
I
I
I
Echocardiography

Postoperative left ventricular ejection fraction (%)

49 £ 13
90 + 31

2(29)
5(71)

1(14)

1(14)
2(29)
0

0

0
34421

2(29)
2(29)

3 (43)

57.2+9.6

Values for continuous variables are expressed as mean + standard deviation. Values for categorical variables are expressed as numbers (%).

flora-related episodes of bacteremia [19]. The recurrence of
IVDU as a cause of prosthetic tricuspid valve endocarditis
has poor prognostic implications in TVR. The management
of IVDU patients involves both that of endocarditis, as well
as the underlying drug addiction. Previous studies of IVDU-
associated endocarditis have demonstrated survival benefits
attributed to addiction treatment [20]. Several authors have
proposed introducing addiction and psychiatric therapy in the
inpatient and outpatient setting during the postoperative pe-
riod, citing the impracticality of using drug abstinence as a
requirement for surgery, as patients tend to present acutely
[21]. In this unique patient population, it is prudent to tailor a
psychosocial approach to treatment, including education, so-
cial support and drug rehabilitation.

There is currently no ideal approach for TVR. Several is-
sues remain unresolved, in terms of the type of prosthesis, the
surgical approach, and alternatives to valve replacement. The
choice between mechanical and bioprosthetic valves remains
controversial. In a 25-year study comparing mechanical and
bioprosthetic TVR in 90 patients, the type of prosthesis was
not shown to affect early and late mortality, or reoperation rate
[8]. Mortality at 30-days and 5-years respectively was 15%
and 27% in the mechanical group, compared to 21% and 30%
in the bioprosthetic group, with no significant differences be-
tween the two (P = 0.354; P = 0.658). Freedom from reopera-
tion at 5, 10, and 15 years were, 86%, 76%, and 70% in the
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mechanical group, versus 97%, 83%, and 57% in the biopros-
thetic group (P = 0.762). A meta-analysis of 1,160 prostheses
and 6,046 follow-up years showed no significant differences
in survival and reoperation rates [22]. Current evidence does
not support the use of one prosthesis over the other, and we be-
lieve that the choice should be individualized based on several
factors, including age, projected lifespan, comorbidities, con-
comitant prosthetic valves and the patient’s informed choice.
In our study, four of the six patients (67%) who were intra-
venous drug users underwent bioprosthetic valve replacement
despite their relatively young age (range 27 - 46 years). This
decision factored in their multiple comorbidities including
chronic hepatitis C infection, bleeding risks associated with
life-long anti-coagulation and likelihood of non-compliance to
anti-coagulation.

All TVRs at our center were performed using a conven-
tional open surgical approach. Novel transcatheter approaches
in the treatment of TR are currently being developed, and some
have successfully been implanted in humans [23], represent-
ing a potentially viable alternative to open TVR, and a modal-
ity for re-intervention after failed TVR. A multi-center French
study has reported successful tricuspid valve-in-valve implan-
tation of the Melody (Medtronic, Minneapolis, MN) and SA-
PIEN (Edwards Lifesciences, Irvine, CA) transcatheter valves
in high-risk patients with failing tricuspid bioprostheses [24].
This could potentially be a treatment option for prohibitive or

www.cardiologyres.org



Cardiol Res.2022;13(2):110-117

Pang et al

Juswaoe|dal anjeA pidsnou) SHAL ‘9ABA pidsnouy (AL ‘uoneybinbal pidsnou iy | ‘einssaud o1j01sAs

Kispe Areuowind :dSVd ‘UONBIDOSSY HESH 3IOA MBN VHAN ‘@sn Bnip snousAesul :NAAI ‘SHPJEOOPUS BAIOSBYUI (| ‘XOpul SSew Apoq :|Ag ‘uone||uql [euie 4y ‘ajews) (4 ‘9ew |\

8 ww 1§ dSVd

UAL
onadpsoidorq (2w/3Y ¢ 1% TAE)
ML 9eIdpoul pue A I, Jredar A 1 Ky1soqo/1axows;)
I oneyjsoidoiq JO SISOU)S QIOAS LT1 [nyssadonsu amjiey oy  Jiu/uone}ddoa oN  snnedoy oruoryd/NAAI o LT q L
8H ww L8 ISV
WAL (IR JEXNTE St /7, gl
dATeA dn3oy)soxd woly yreaq
YAL eIl 19))e
sypuowr € YA L daneradoay
AT 9ATeA o133s0Id JuaLIOY
AAL  Sisdoas Juaisisiog ayoxns snoraaxd/)
111 eruownoud aaneradoisod L onayisoxdorg amjrey ey Sunjuw £z snneday ouoIyo/NAAIL Al 6T W 9
SH W 6¢ dSVd
AAL
I IIN 6Cl onoypsoxdorg  sisdos Juasisiog Sunj/ww ¢ NAAI Al ¥ W S
YAL [eDIUL Io)Je SYpuout 8 H
dATeA dn3oy)soxd woly yreaq
NAAIUR1LINNY SH ww 6§ dSVd
I SA[RA 0TSO
YAL D snneday
111 eruownoud aaneradoisod 0r [eotueyod]y  s1sdos Ju)sisio Sunj/uwur /| J1UOIYY/NAAI m N ¥
UONO9JUI PUNOAY SH ww 7/ dSVd
SuIpedjq [eunserpaw JAL
I eaneiddolsod 10y uonerofdxa-oy 81 onoyysoxdorg  sisdos Jud)sIsIOg Sunpww (o  9SBISIP ASUPLY JIUOIYD) Al 89 W €
JAL TeDIul Ioje SO ¢ T
A1 2ATeA o1ayIsoxd woly yeaq SHww 76 dSVd
NAAT WULLIMONY
AAL
I HI 9ATeA d1_YISOI] €1 onoysordorg oInyrej 11e0q Sunj/ww gg uorsuaadAy/NAAIL Al 9% A 14
8H ww 0L ISV
AAL Hoquid ou dv/0 shneday
I 1IN [4 [BOTUBYISN SIn[rej 3esHq /uoneisan oN J1uoIyd/NAAI I I¢ A I
ssepd SSep
VHAN suoneddwo) (supuow) 3INpadoIg AaB.ns 10} tioquia opdos dSVd/SonIpIqiowo) VHAN AR 33y °p yuen
T dn-mofjoq (s)uonedipuy  /ZIS UONBIIZIA et -H  -gg

sl)IpJeoopug aAI08)U| J0) Juswade|day aAeA pidsnol) pale|os| Buiobiapun sjusned usAssg Jo 9|ge] Alewwng ¢ a|qel

115

www.cardiologyres.org

| Journal compilation © Cardiol Res and Elmer Press Inc™

Articles © The authors



Tricuspid Valve Surgery for Endocarditis

Cardiol Res.2022;13(2):110-117

high-risk surgical patients, whose TR is not amenable to medi-
cal therapy alone.

Limitations

This study involved a retrospective analysis of a small cohort.
Despite the long study period, the sample size was small as isolat-
ed TVR for IE is a rare procedure. Statistical power was limited.

Conclusions

This study supplements the paucity of data pertaining to TVR
for IE. In recurrent intravenous drug users, survival outcomes
can be improved with prompt surgical intervention, optimal
medical optimization, and a holistic, psychosocial approach to
address intravenous drug abuse.
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