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Objectives: Isolated infective endocarditis of the right 
heart is a rare clinical entity. I review our twelve-year 
experiences of the peri-operative features and surgical 
treatment of isolated right-sided infective endocarditis and 
long-term outcomes.

Materials and Methods: Between January 2005 and 
June 2017, a total of 58 patients were operated for an isolated 
right-sided infective endocarditis in our tertiary center. 
Congenital heart defects were the main reasons. Previous 
pacemaker lead insertion, cardiac catheterization, use of 
central vein catheters for hemodialysis, and intravenous 
drug abuse were other risk factors. Seven patients have a 
history of active intravenous drug use (12%). The patients’ 
mean follow-up was 24.7±6.1 months.

Results: Three patients died after surgery (5.1%) due to 
postoperative low out-put syndrome and uncontrolled septic 
shock after surgery. Two patients had chronic kidney disease 
and one used intravenous drug. Tricuspid valve repair or 
replacement was performed in 29 patients (50%). Mechanical 
and bioprosthetic heart valves were replaced in eight patients 
(13.7%). De Vega, Kay’s annuloplasty, or bicuspidization 
were performed in 21 patients (36.2%). Coagulase-negative 

staphylococci (n=14), Staphylococcus epidermidis (n=7), 
Streptococcus viridans (n=5), S. epidermidis (n=3), and 
Methicillin Resistance Staphylococcus aureus (n=3) were 
the most common microorganisms in pre-operative blood 
cultures. In the patients, who had a history of intravenous drug 
abuse (n=7), Enterococcus and fungi were the pathogens. 
Two patients (3.8%) required re-operation because of the 
recurrence of endocarditis, combined with severe tricuspid 
valve impairment seven months and one year after the first 
operation. The survival rate after operation was 30 days, and 
1, 2, 5, and 10 years (94.2%, 88.9%, 82.5%, 81%, and 80%), 
respectively. 

Conclusion: Surgical outcomes of patients with isolated 
right-sided infective endocarditis, who underwent surgery 
in the early time, were favourable. We suggest extensive 
and an aggressive intervention when the patient have 
hemodynamic instability or the right heart failure which 
is resistant to medical treatment or large vegetation. 
Postoperative antibiotic treatment and medication are the 
key factors to avoid mortality and morbidity. 
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Introduction
The isolated right-sided infective endocarditis 

(IRSIE) of the right heart is a rare but serious clinical 
condition. About 70% of patients with IRSIE may be 
treated conservatively without the need of surgery(1-4). 
According to current recommendation of medical or 
surgical approach in a small number of case series is vary. 
Persistent infection despite antibiotic therapy, recurrent 
pulmonary embolism and tricuspid valve impairment 
with heart failure are the most common indications 
in these patients(3-6). Septic shock due to IRSIE, the 
vegetation size (more than >2 cm), or acute renal or 
hepatic failure are accepted as other indications for 
surgery. The authors proposed the early surgical approach 
in patient with severe valve destruction combined with 
annular damage because of the risk of morbidity and 
mortality despite medical management(7). There are small 
number of clinical investigations and surgical outcomes 
in the literature (1,2). Tricuspid valve is affected in some 
of the patients with IRSIE(3). The main risk factors of 
IRSIE are congenital heart disease, degenerative cardiac 
valvular disease, central venous catheter use in patients 
with chronic kidney disease, and a pacemaker lead(4,5). 
Intravenous drug abuse is a rare but severe reason in 
patients with IRSIE, which is reported in a small number 
of patients in the literature(8). Extensive vegetatectomy in 
combination with an intracardiac (peri-annular) abscess, 
artificial valve replacement, or a valvectomy of tricuspid 
valve have been suggested(7-10). In addition, because the 
use of intracardiac non-biologic material can increase 
the recurrence of IRSIE, the authors have suggested a 
biologic material in the surgical treatment(11-13).

Herein, we present the surgical approaches and 
clinical outcomes of 58 patients with IRSIE without the 
involvement of the left heart and long-term follow-up 
after surgery.

Materials and Methods
The 38 male and 20 female patients have been operated 

for isolated IRSIE in our tertiary center. The erythrocyte 

sedimentation rates and C-reactive protein levels were high 
in all patients. There was moderate anemia in 16 patients 
(hemoglobin levels were between 7.6 and 9.1 mg/dL). The 
patients’ ages ranged from 16 to 67 years (mean ag: 32.7 
years). All patients were admitted with persistent fever, 
intractable heart failure, uncontrollable sepsis, or large 
vegetations. The clinical characteristics of the patients have 
been summarized in Table 1. The time from the manifestation 
of clinical symptoms to diagnosis ranged from six days to 
three weeks. The reasons for endocarditis were congenital 
heart defects, pacemaker lead insertion, intravenous drug 
use (IVDU), right-sided catheterization for hemodialysis, 
and previous cardiac surgery. Pre-operatively, 33 patients 
were in New York Heart Association (NYHA) functional 
class I or II, and 25 were in class III-IV. 

A transthoracic or transesophageal echocardiogram 
revealed intracardiac vegetation(s) in all patients 
(Figure 1). Intracardiac thrombus formation was 
detected in 13 patients (Figure 2). There were positive 
blood cultures in 50 patients (86.2%). In accordance 
with this definition, 52 patients had an active IRSIE. 
Pre-operative chest radiographs showed pulmonary 
infections in 17 patients (34.6%). Pulmonary embolism 
was detected using a thoracic computed tomography in 
three IVUS patients (5.7%) (Figure 3). The vegetation 
diameter exceeded 20-29 mm in 21 patients. In nine 
patients, the diameter of vegetations was 33-41 mm. 
Twenty-nine patients required tricuspid valve repair 
(n=12; 20.6%) or replacement (17; 29.3%) because of 
serious valvular damage, valvular impairment (degree 3 
or more), intracardiac thrombus or peri-annular abscess 
formation. Moderate impairment of tricuspid valve was 
detected in eight patients.

According to the blood culture, we started antibiotics 
and medical management for 4-6 weeks in the intensive 
care units. The mean duration of antibiotics usage was 
36.8±11.4 days. The main indications for surgery of our 
patients were intractable cardiac failure, intractable sepsis, 
recurrent pulmonary embolic events, large or mobile 
vegetation(s), and intracardiac thrombus formation.
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In seven IVDUs, the etiology of IRSIE was fungi 
enterococcus, except in one patient. The location of IRSIE 
and predominant microorganisms and surgical procedures 
(the type of repair technique or replacement) have been 
summarized in Table 2. Pulmonary artery hypertension 
was detected in 26 patients (44.8%). The mean rate of 
left ventricular ejection fraction was 43.8±9.4%. We 
performed hemodialysis prior to cardiac surgery in 11 
patients (12%). Three IVDUs required a temporary renal 
replacement therapy after surgery in the ICU. 

There is no necessary to obtain ethics committee 
approval and informed consent due to the study is 
retrospective.

Surgical Approaches

After a median sternotomy incision, an aortic and 
bicaval cannulation was performed. Cardiopulmonary 
bypass was instituted without the handling of the heart 
to provide embolic events. Cardiac arrest has been 
provided by the use of antegrade cold blood cardioplegia 

Table 1. Pre-operative patients’ charecteristics of both groups 
  All Replacement (n, %)   Repair 

Number of operations                                  138 90 (65.2) 48 (34.8)

Mean age (yrs) 55.7±9.2 58±9 55±11

Gender (M/F) 90/48 57/33 33/15 

COLD 8 5 3

PAD 3 2 1

Diabetes 25 (27.7) 12 (13) 13 (27) 

Hypertension 21 (15.2) 15 (16) 6 (15)

Log. EuroSCORE II (%) 8.0 (3.8-9.7) 6 (2.9-8) 7.0 (3.1-9.6)

*Sepsis 36 (26) 17 (18) 19 (39) 

Peripheral embolism 27 (19) 17 (18) 10 (21) 

Pre-op. CVE 24 (17) 15 (16) 9 (23) 

PPI 7 (5) 2 (3) 5 (8) 

Dialysis 13 (9) 4 (5) 9 (14) 

Perivalvular abscess 23 (16) 23 (25) 0 (0)

Vegetation 63 (45) 47 (52) 16 (33) 

LCOS 11 (8) 3 (4) 8 (13) 

Prosthesis 90 (65) 90 0

Biological valve 90 (100) 90 0

Ring 23 0 23

*Concomitant surgery 37 (26) 22 (16) 15 (31) 

CABG 7 5 2

AVS 21 10 11

TVS 4 2 2

Surgery for AF 5 3 2

AF: Atrial fibrillation, CVE: Cerebrovascular event, PAD: Peripheral artery disease, COLD: Chronic obstructive lung disease, PPI: Permanent pacemaker 
implantation, AVS: Aortic valve surgery, TVS: Tricuspid valve surgery. AF: Atrial fibrillation, LCOS: Low cardiac output syndrome, CABG: Coronary artery 
bypass grafting, M: Male, F: Female
Values are represented as median (Q1-Q3) n (%)
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via ascending aorta. The aim of our surgical strategy is 
based on principles of (a) intensive debridement of the 
infected area including prosthetic material followed by 
vegetectomy, (b) if possible, performance of the tricuspid 
valve repair without the use of prosthetic material, and (c) 
if valve replacement is unavoidable, use of a biological 
substitute without any artificial material. Following these 
strategies, we achieved good clinical results without the 
recurrence in the early, mid-term and long-term follow-
ups.

We repaired using a pericardium or biologic materials 
in patients with concomitant congenital cardiac defect 
after an intensive debridement. If the reason of IRSIE was 
a lead of pacemaker, the lead was removed carefully, and 
vegetations were cleared extensively. To prove arrhythmia 
or atrioventricular block, an intensive debridement of the 
infected cardiac chambers was performed with careful 
attention.

Of the patients with severely degenerative tricuspid 
valve and adjacent tissue due to endocarditis, we excised 
the tricuspid valve only in three patients. We replaced 
an artificial biologic heart valve. In appropriate patients, 

we reconstructed tricuspid valve directly or using an 
autologous pericardium (Figure 4). Leaflet-plasty, De 
Vega or Kay’s annuloplasty, or bicuspidization were 
performed in 18 patients. To provide suitable leaflet 
coaptation, bioprosthetic annuloplasty rings were used. We 
detected pulmonary valve destruction due to endocarditis 
in four patients with intravenous drug abuse. We used a 
pericardial patch to reconstruct the pulmonary valve after 
vegetation removal. Complications after procedures and 
redo-operation in both groups are summarized in Table 3. 

The patients were weaned from ECC successfully. 
To provide hemodynamic stability, we used inotropic 
agent(s) in 32 patients. The broad-spectrum antibiotics 
were administered for 4 to 6 weeks according to the results 
obtained from blood cultures. In patients with IRSIE, who 
underwent hemodialysis, hemofiltration was performed 
during the cardiac surgery.

Statistical Analysis

Statistical analyses were performed with SPSS 
software version 19.0. Continuous data were summarized 
as mean  ±  standard deviation or median with interquartile 
range (25th-75th percentiles), and categorical data were 
summarized as percentages or frequencies. Differences 

Figure 1. Transthoracic echocardiography shows the large 
vegetation in a female patient (white arrow)

Figure 2. Transthoracic echocardiography demonstrates the 
right heart thrombus and vegetations in a male patient who 
underwent atrial septal defect closure previously (white arrow)
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between repair and replacement groups were compared 
with the use of a Fisher’s exact test for categorical 
variables and the Wilcoxon rank-sum test for the 
continuous variables. P values of <0.05 were considered 
as statistically significant.

Results
In 50 samples of excised vegetation, the results were 

positive for microorganisms. By using a microscopy, we 
diagnosed seven IVDUs to have fungal endocarditis and 
Enterococcus. The species of fungi were Candida albicans, 
Aspergillus fumigatus, and Fusarium. In these patients, 
we administered Voriconazole, which has a wide spectrum 
of antifungal agent. Amphotericin-B was given at higher 
doses in the management of Aspergillus because it was 
less toxic than the conventional amphotericin in a patient 
with kidney dysfunction or developing nephrotoxicity 
while receiving classic amphotericin. Itraconazole and 
caspofungin were administered as an effective drug 
of refractory Aspergillus infection. Transesophageal 

echocardiography showed no tricuspid regurgitation in 
13 patients who underwent tricuspid valvuloplasty. Of 18 
patient who underwent valvuloplasty, two had moderate 
regurgitation.

Three patients died because of uncontrollable sepsis, 
and LOS (n=5.1). In the repair group, two patients 
required revision because of postoperative bleeding (3.3 
%). Ventilation assistance was provided for more than 4 
days in seven patients with NYHA Class III-IV. The new 
onset of acute renal failure developed in three IVDUs who 
required temporary hemodialysis (5.1%). The mean length 
of stay in the ICU was 5.7±1.6 days. Atrioventricular 
block was detected in three patients. Therefore, permanent 
pacemakers were implanted 2 weeks later.

Follow-up Period

Three patients died because of unknown reason in the 
follow-up period. We followed 39 patients using physical 
examination and echocardiography in our patient clinic. 
In the remaining patients, data were provided through 

Table 2. Intra-operative and postoperative properties of both groups
  Total  Replacement  Repair 
Number of operations  138  90 48      

Aortic cross-clamp time (min)  98 (76-114)  89 (72-119)  112 (90-142) 

Positive cultures  113 (81.8%)  36 (75%)  77 (55.7%) 

Pathogens 
Staphylococcus  54 (47.7%)  36 (40%)  18 (37.5%) 

Streptococcus  39 (34.5%)  24 (26.6%)  15 (31.2%) 

Fungus  9 (7.9%)  7 (7.7%)  2 (4.1%) 

Other  11 (9.7%)  7 (7.7%)  4 (8.3%) 

ICU stay (day)  3 (3-7)  2 (2-5)  3 (3-4) 

LHS (day)  9 (7-14)  8 (7-12)  10 (7-17) 

Complications  34 (24.6%)  22 (24.4%)  12 (25%) 

Dialysis  4 (0.2%)  2 (2.2%)  2 (4.1%) 

*LIT (hours)  11 (7.9%)  7 (7.7%)  4 (0.2%) 

MI  5 (3.6%)  4 (4.4%)  1 (2%) 

Stroke  7 (5%)  5 (5.5%)  2 (4.1%) 

*LCOS  19 (13.7%)  14 (21.1%)  5 (14.4%) 

Re-operation for bleeding  12 (8.6%)  8 (8.8%)  4 (10.5%) 

AF: Atrial fibrillation, AVR: Aortic valve replacement, CABG: Coronary artery bypass grafting, ICU: Intensive care unit, LHS: Length of hospital stay, LIT: 
Longer intubation time; MI: Myocardial infarction, LCOS: Low cardiac output syndrome
Values are represented as median (Q1-Q3) or n (%)
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hospital database or telephone contacts. At the end of 8 
years, seven patients required redosurgery for a mild to 
severe degree of tricuspid valve impairment or a severe 
paravalvular leak (n=2 in the replacement group vs n=5 
in the repair group). Echocardiography showed that there 
was a high pulmonary artery pressure (median=56±13.9 
mmHg). In those patients, we performed valve replacement 
in redo-operations. The patients’ status is NYHA Class 
I-II now. 

Discussion
We presented our clinical experiences of patients 

with right-sided infective endocarditisis without the 
involvement of left heart and patients’ clinical follow-up. 
In accordance with previous reports, respiratory symptoms 
associated with fever, high sedimentation rate, anemia, and 
dyspnea were predominating symptoms in our case series. 
Our study showed that patients with congestive heart 
failure (NYHA Class III-IV), who needed an emergent 
surgery at the admission to hospital, required significantly 
higher dose of inotropics and pulmonary support compared 
to those who underwent elective surgery. These emergent 
patients may have worsening clinical conditions, longer 
ICU and hospital stay when compared to those having 

Figure 3. Exhibits the large atrial thrombus related to infective 
endocarditis in a 19-year-old male patient

Figure 4. Thoracic computed tomography shows bilateral recurrent pulmonary embolic events in an intravenous drug user patient 
(White arrows) 
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elective surgery. Therefore, early diagnosis of IRSIE and 
timing of surgery are very important factors for patients’ 
clinical outcomes. We proposed aggressive debridement 
and valve replacement if there was a peri-annular abscess 
formation in our series because it might increase morbidity 
and mortality. 

Because IRSIE has no any specific cardiovascular 
symptoms, its diagnosis may be delayed in some patients. 
High body temperature, anemia, dyspnea, and pulmonary 
embolism are the main symptoms which have been 
reported in 75% of cases with IRSIE. Therefore, it is 
difficult to differentiate the symptoms of IRSIE from those 
of another cardiopulmonary disease such as pneumonitis, 
intracardiac thrombus, or pulmonary tumor(14,15). In our 
opinion, to provide patients’ survival, the clinicians should 
keep in mind that IRSIE may be present in patients with 
nonspecific classical symptoms such as dyspnea, anemia, 
and a high body temperature.

Seventy percent of the patients with IRSIE are treated 
conservatively(16). Because there are a small number of 
cases who are treated surgically, current recommendations 
of treatment protocols vary(17-19). We operated all patients 
because of persistent infection despite antibiotic therapy, 
and patients with recurrent septic pulmonary embolism. 
Also, we operated about half of our patients with massive 
tricuspid valve impairment and with heart failure. 
We performed urgent surgery in patients with IRSIE 
because of septic shock or congestive heart failure. In a 
number of patients, the vegetation size was more than 
>2 cm (n=39; 67.2%). We detected severe hepatic injury 
in IVDs that had high alanine aminotransferase and 
aspartate aminotransferase. We, therefore, suggest early 
surgery in patients with hepatic failure, Staphylococcus 
aureus infections or fungi in blood culture, which may 
deteriorate the patients’ condition. Three patients with 
fungal endocarditis required myocardial and pulmonary 
support pre-operatively in our series. We have seen that 
a severe valve damage with the destruction of annular 
or subannular area or pulmonary embolic events may 
increase the risk of morbidity and mortality(20-25). 

Despite the development in cardiovascular technology, 
in-hospital mortality rate of IRSIE after surgery is still 
high(13-17). Unfortunately, the clinical outcomes after surgical 
procedures of IRSIE remains challenging because of the 
small amount of publications and patients’ heterogeneity. 
Timing of surgery depends on some factors such as the 
cause of IRSIEs (pacemaker or ICD lead endocarditis, 
prosthetic valve endocarditis, infective agents (e.g fungi, 
Staphylococcus), existence or co-existence with left-sided 
infective endocarditis, and complications of IRSIE such 
as intracardiac abscess, large vegetation, or accompanied 
intracardiac thrombus)(8,26).

In our patients with IRSIE, who had specific and 
non-specific cardiopulmonary symptoms, we detected 
positive blood culture associated with echocardiographic 
findings such as pulmonary embolic events, leaflet 
damage including perforation, or intracardiac thrombus. 
Microorganism could not be detected in some patients 
(n=8; 13.7%). These patients were empirically given 
antibiotics treatment for more than 10 days. Fungal 
endocarditis and Enterococcus were detected in seven 
patients (IVDUs). Itraconazole and caspofungin were 
suggested as an effective drug of refractory Aspergillus 
infection in the literature(27). Candida albicans, 
Aspergillus fumigatus, and Fusarium were the main 
pathogens in our patients. Considering the previous 
reports, we used Voriconazole because it had a wide 
spectrum(28). Amphotericin-B was given at higher doses 
in the management of Aspergillus because it was less 
toxic than the conventional amphotericin in patients with 
kidney dysfunction (dialyses patients) or nephrotoxicity 
while receiving classic amphotericin. 

Chest X-ray and thoracic computed tomography 
revealed that there were pulmonary embolic events 
in IVDU. In this group, congestive heart failure and 
orthopnoea because of recurrent pulmonary embolic 
events were predominate in their clinical conditions. Early 
surgical approach was satisfactory in these patients. No 
mortality was seen after surgery in this group, except for 
temporary renal failure requiring dialyses.
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Cardiac or pulmonary complications have been 
reported in 60% of patients with IRSIE(29,30). Pulmonary 
embolic events as a cause of pulmonary infarction or 
pulmonary abscess as a complication may be seen like 
in our IVDUs. The dilation of right heart associated with 
severe tricuspid regurgitation or multiple pulmonary 
embolus may be detected(31-33).

The authors suggested a different recommendation 
for timing the surgical approach in these patients(27,28,34). 
The major indications were persistent infection, recurrent 
pulmonary embolus, severe tricuspid regurgitation 
in combination with heart failure, septic shock, and 
a new onset of renal or hepatic failure. If there are an 
intracardiac pace-maker lead or dialyses catheter, the 
authors suggest an early surgery(25,26,29-31). If the size 
of a vegetation is >2 cm despite intensive antibiotic 
treatment, the authors suggest surgical approach with 
postoperative intensive antibiotic treatment in the early 
time(25-27,32,33). Conservative therapy in combination 
with antibiotics has been proposed as a first choice of 
treatment method(9,10,11,24,26). 20-30% of patients with 
IRSIE required surgical approach with an extensive 
debridement only(9,34-37). However, early surgery has been 
proposed in order to achieve long-term good clinical 
outcomes in patients with IRSIE(22-33).

In patients with IRSIE who have concomitant 
congenital heart disease, the timing of surgery is 
controversial. Some authors suggested surgery only after 
fully control of infection(12,21,22,36-39). We proposed an early 
surgical approach in patients with large size of vegetation 
in combination with NYHA Class III-IV condition. In 
our opinion, in patients with large and mobile vegetation, 
early surgical approach may be provided for pulmonary 
embolic events and right heart failure. 

Our 13 patients with congenital heart disease and 
with IRSIE (atrial or ventricular septal defect) were in 
the active phase. In all patients, we repaired intracardiac 
defect using a fresh pericardium after vegetectomy and 
valve repair or replacement despite longer ECC and an 
aortic X-clamp time. All of them recovered successfully 

after surgery. No infection was detected during follow-up 
period in these patients. Our principle of the therapeutic 
approach is the removal of all infected implanted materials 
such as leads and thrombus, and repair or replacement 
of cardiac valve after vegetectomy. If there is a severe 
destruction of valve together with peri-annular abscess, 
we suggest aggressive debridement and intracardiac 
biologic material use.

Different techniques of tricuspid valve reconstruction 
have been suggested according to the degree of 
valvular damage(32-37). De Vega, Kay’s annuloplasty and 
bicuspidization are the preferred methods. In patients 
with severe valve damage including peri-annular abscess, 
valve replacement has been suggested. However, the 
use of a mechanical or a tissue valve in IRSIE is still a 
matter of debate(36-42). In the active phase, to provide re-
infection, we used a biologic heart valve in our series. To 
inhibit recurrence of infection, we suggest autologous 
pericardium for tricuspid valve reconstruction or patient 
requiring an aggressive debridement of peri-annular 
abscess formation. In a number of operations, we 
performed an annuloplasty reinforced with pericardium 
or ring to ensure leaflet coaptation. In our opinion, 
these surgical principles provide satisfactory long-
term results including avoidance from re-operation. To 
prevent recurrence of IRSIE, we performed an extensive 
debridement additionally. 

Conclusion
In the absence of left-sided cardiac infection, early 

surgery should be considered in patients with IRSIE with 
cardio-pulmonary complications. If there is an intracardiac 
abscess and thrombus formation, or recurrent pulmonary 
embolic events, we suggest early surgery. Patient with 
mobile and a large vegetation, mycotic endocarditis may 
need an early surgical approach. Earlier treatment of patients 
with IRSIE after diagnosis may provide good early, mid- and 
long-term clinical outcomes with an extensive debridement 
of vegetations. To prevent recurrences of infection after 
surgery, we should avoid the use of foreign materials.
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