
71

Malaysian J Pathol 2014; 36(2) : 71 – 81

Native and prosthetic valve infective endocarditis: clinicopathologic 
correlation and review of the literature

Adriana LUK, Minhui L KIM,* Heather J ROSS,  Vivek RAO,** Tirone E DAVID,** and Jagdish BUTANY*

Division of Cardiology, Department of Medicine, *Department of Pathology, **Division of 
Cardiovascular Surgery, University Health Network and University of Toronto, Toronto, Ontario, Canada

Abstract

Background:  The incidence of infective endocarditis is 1.5-4.95 cases per 100,000 individuals per 
year, with a mortality of 14-46% 1-year post infection. The management and decision to operate 
on selected patients remains controversial. Our study reviews cases of native and prosthetic valve 
endocarditis in a surgical population, in an attempt to identify and compare clinical and microbiologic 
features between the two groups. In addition, we compared our findings with other published series 
to identify if there are changes with these parameters over time. Methods: A retrospective analysis 
of patient records at one institution over an 11-year period identified cases of explanted native 
(NVE) and prosthetic (PVE) valves with confirmed infective endocarditis (IE) on pathological 
analysis.  Patient records were reviewed to identify patient demographics, risk factors, microbiology 
and outcomes. Gross features and histological sections were reviewed in all cases. Results: Two 
hundred and nine valves were explanted over the study period, 164 of which were native actively 
infected valves (average age 50.7 + 16.4 years, 77% of males) and 45 prosthetic actively infected 
valves (average age 55.2 + 16.2 years, 71% of males). Prominent risk factors in the NVE group were 
bicuspid aortic valve, dental procedures and intravenous drug use, while rheumatic heart disease and 
diabetes mellitus were most common in the PVE group. Streptococcus and staphylococcus were 
the most common organisms in both groups. In-hospital mortality was not significantly different 
between the two groups. Conclusions:  Surgical intervention remains a part of the management of 
IE. Despite early recognition and advanced surgical techniques, risk factors have not dramatically 
changed between the other reviewed studies (patients enrolled from 1978-2004), with the exception 
of diabetes mellitus becoming more prevalent over time. In addition, despite the change of pre-
procedural antibiotics prior to dental and other procedures, there does not appear to be an increase 
in IE cases with previous procedural intervention in our cohort compared to others series, which 
were published before 2008.  Mortality in our cohort was not statistically significant between the 
NVE and PVE groups, and may be due to careful patient selection for redo surgery in the PVE 
group. Compared to previous studies, mortality rates remain the same over the last decade.
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ORIGINAL ARTICLE

INTRODUCTION

First described in the 16th century by Jean 
Francois Fernel, infective endocarditis (IE) 
remains a challenging disease to manage 
despite microbiologic and surgical advances.1 

Sir William Osler, in 1885, brought this entity to 
public knowledge by presenting 209 pathology 
cases including 37 cases occurring with febrile 
episodes.2  Therapy was limited and included 
treatments such as periods of hyperpyrexia.  It 

was not until the advent of penicillin in the 1940s, 
which decreased mortality by 30%.1  Surgical 
advances in the 1960s further decreased mortality 
to 10% with the removal of infected tissues, 
followed by valve replacement when required.1  
Despite this, the incidence and mortality of IE 
have not changed in the last five decades. A meta-
analysis reports an incidence of 1.5-4.95 cases 
per 100,000 individuals/year, with a mortality 
of 14-46% at 1-year.3  This retrospective study 
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evaluates the pathology of surgically excised 
native (NVE) and prosthetic (PVE) valves 
with confirmed IE, attempts to identify clinical 
and microbiologic features between these two 
groups, and compare these parameters with other 
published studies.

MATERIALS AND METHODS 

Identification of cases was completed after 
obtaining research ethics board approval.  After 
reviewing pathology records from January 2001-
June 2012, 209 cases were identified.  Patients 
with multivalve involvement were recorded for 
each individual valve rather than by patient. 
 Patient records were reviewed and demographic 
data including age, sex, times of index and redo 
surgery, clinical symptoms (including fevers, 
congestive heart failure (CHF, at least NYHA 
class III), cerebrovascular accident (with clinical 
manifestations), back or chest pain, risk factors 
for IE (diabetes mellitus (currently treated 
with oral hypoglycemic drugs or insulin),  
alcohol (EtOH) use (current use), intravenous 
drug use (current use), previous history of IE, 
rheumatic heart disease (RHD), congenital heart 
disease (CHD), previous procedure (dental, 
gastrointestinal (GI), genitourinary (GU)) 
or cardiac in the previous 6 months prior to 
presentation, history of chronic kidney disease 
requiring hemodialysis, immunocompromised 
states (current malignancy), viral hepatitis or 
drug related, and use of indwelling catheters 
were included. 
 The type of prosthetic valve was categorized 
as either mechanical (valve made of synthetic 
material) or bioprosthetic (valve made of 
biological tissue). Valve function (regurgitation 
and stenosis (at least moderate) or normal) 
on pre-operative transthoracic/esophageal 
echocardiogram (TTE/TEE), specimen cultures, 
as well as in-hospital mortality were recorded. 
Abscess formation was determined based on 
TTE/TEE as well as by visual inspection by the 
cardiovascular surgeon.  
 All specimens were fixed in 10% buffered 
formalin, photographed, and examined in detail. 
The sections were embedded in paraffin and 
sectioned, and stained with haematoxylin and 
eosin, Movat pentachrome, gram’s stain, fungi 
(Gomorri methenamine silver stain) (Dako 
diagnostics, Hamilton, CA). Active valvular 
endocarditis was defined as the presence of 
infected vegetations, an inflammatory cell 
infiltrate with or without tissue destruction and 

with the presence of microorganisms on special 
stains or a previous positive blood culture with 
isolation of a microorganism. 
 Statistical analysis was performed with 
the paired t-test for continuous variables and 
Fisher’s exact test (two-tailed) for differences 
in categorical variables.  

RESULTS

Patient demographics and infecting organisms
Two hundred and nine valves were surgically 
explanted over the study period, with 164 being 
active native valves (NVE)  and 45 prosthetic 
valves (PVE) (Tables 1-2).  Of the NVE, 77% 
were males, and the average age was 50.7 + 
16.4 years. In the prosthetic actively infected 
valves, the average age was 55.2 + 16.2 years, 
with males comprising 71% of this group. In 
the NVE and PVE groups, 33 valves (20%) and 
12 valves (26%) were associated with abscess 
formation, respectively. 

Comparison between NVE and PVE
Demographics for NVE and PVE (Figures 1-2) 
and statistical analysis are shown in Table 3. 
Baseline demographic data was non significant. 
Clinical signs of CHF were found in 45% of 
patients, compared to the 20% in the NVE 
and PVE groups respectively (p=0.0019). Risk 
factors, such as previous IE, RHD, CHD, and 
procedures (excluding dental) were higher in the 
PVE group (p-value <0.05). Outcomes were not 
statistically significantly different amongst the 
two groups.   

Multi-valve infective endocarditis
Nineteen patients had multi-valve involvement, 
with 12 involving the mitral and aortic valve, 
3 involving the mitral and tricuspid valve, 
and 1 each involving the aortic and tricuspid, 
pulmonic and tricuspid, prosthetic mitral and 
native tricuspid and mitral, aortic and tricuspid 
valves.

Types of prostheses infected
In the PVE group, 25 (56%) valves were 
bioprosthetic (either derived from pericardial 
tissue or native porcine valves), while 5 (11%) 
valves were mechanical. The subtypes can be 
found in Table 2. The porcine-derived valves 
(Carpentier Edwards and Hancock types) were 
the most common (38%) affected valves.
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TABLE 1: Characteristics of 164 excised native valves/specimens of patients with active 
infective endocarditis

Infection location

Demographics Aortic (%) Mitral (%) Pulmonic (%) Tricuspid (%) Total 

Number of cases (%) 83 (51) 61 (37) 2 (1) 18 (11) 164
Age (years, mean + SD) 50.4+16.5 54.1+15.7 56.0+19.8 40.8+15.5 50.7+16.4
Males (%) 67 (81) 46 (75) 2 (100) 9 (50) 124 (77)

Clinical Presentation#

CHF 40 24 1  8  73 (45)
Fevers 27 17 1  6  51 (31)
CVA  7  9 0  1  17 (10)
Back Pain  3  4 0  0    7 (4)
Weight loss  3  2 0   0    5 (3)
Chest pain  2  2 0  0    4 (2)

Risk Factor
IVDU  7  1 0   8  16 (10)
DM  5  7 0  1  13 (8)
EtOH  6  4 0  3   13 (8)
Known valvular disease
BAV 25  0  0  0  25 (15)
Unicommisural aortic valve  3  0 0  0    3 (8)
Mitral valve prolapse  0  7 0  0    7 (8)
Other congenital heart disease*  1  0 1  0    2 (1)
Dental procedures 17  9 0  0  26 (16)
Other procedures (GI, GU, cardiac)  3  1 0  2    6 (3)
Wound care  2  1 0  0    3 (2)
CRF/IHD  1  3 0  0    4 (2)
Immunocompromised state 14  7 1  2  24 (15)
Pregnancy   0  2 0  0    2 (1) 
Solid organ transplant  0  0 0  1    1 (1)
Indwelling line  0  1 0  1    2 (1)

Valve function
Regurgitation 75 55 1 18 149 (91)
Stenosis  2  2 0  0    4 (2) 

Outcome**
Deceased  7  6 0  2  15 (9)

Organisms
Streptococcus spp. 50 30 2  3  85 (51)
Staphylococcus spp. 12 15 0 14  41 (25) 
HACEK group  1  2 0  0    3 (12) 
Other  7  4 0  1  12 (7) 
Fungi  0  0 0  2    2 (1) 
Culture negative 12  6 0  0  18 (11)
Unknown  3  4 0  0    7 (4)
Abbreviations: CHF: congestive heart failure; CVA: cerebrovascular accident; IVDU: intravenous drug use, DM: diabetes mellitus; 
EtOH: alcohol abuse; BAV: bicuspid aortic valve; GI: gastrointestinal; GU: genitourinary; CRF: chronic renal failure; IHD: intermittent 
hemodialysis
#: Total numbers may exceed number of valves as patients may present with multiple symptoms
*Includes VSD =3, TGA=1
** Two deaths occurred in patients with AV and MV involvement
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TABLE 2: Characteristics of 45 excised prosthetic valves/specimens of patients with active 
infective endocarditis

Infection location

Demographics Aortic (%) Mitral (%) Pulmonic (%) Tricuspid (%) Total (%)

Number of cases (%) 30 (67) 8 (18) 6 (13) 1 (2) 45 
Age (years, mean +SD;range) 58.1+13.8 (31-78) 64.2+9.6 (50-74) 32.5+12.2 (17-45) 31 55.2+16.2 (17-7
Males (%) 21 (80) 4 (50) 4 (67) 0 (0) 32 (71)

Clinical Presentation#

Fevers 11 3 3 0 17 (38)
CHF  4 3 2 0 19 (20)
CVA  5 0 0 0 15 (11)
Back Pain  0 1 0 0 11 (2)
Chest pain  1 0 1  0 12 (4)

Risk Factor
DM   4 1 0 0 15 (11)
EtOH  2 0 0 0  12 (4)
Previous IE  1  1 1 0 13 (7)
Previous RHD  1 3 1 0  15 (11)
Congenital heart disease  2   0 2 0 14 (9)
Dental procedures  2  1  0 0 13 (7)
Other procedures (GI, GU, cardiac)  4  0 0 0 14 (9)
CRF/IHD  1 0 0 0 11 (2)
Malignancy  3 1 0 0 14 (9)

Valve function
Regurgitation 19 6 0  0 25 (56)
Normal 11 2 6 1 20 (44)

Outcome
Deceased  5 3 0 0 18 (18)

Organisms#

Streptococcus  8 4 3 0 15 (33) 
Staphylococcus 10 0 2 1 13 (29) 
HACEK group  1 1 0  0 12 (4) 
Other bacteria  3 0 0  0  13 (7)
Culture negative  7 0 0  0 17 (15)
Unknown  2 3 1 0 16 (13)

Prosthesis type
Mechanical
Carbomedics  2 0 0  0   2 (4.5)
   St. Jude  1 1 0 0   2 (4.5)
   Medtronic Hall  1 0 0 0   1 (2)
Bioprosthetic
Carpentier Edwards porcine  6 0 0 0 16 (13)
   Hancock porcine  6 4 1  0 11 (24)
Mitroflow  2 1 0  0 13 (7)
   Homograft  0  0 4 0 14 (9)
   Toronto stentless porcine valve  1 0  0 0 11 (2)
Other/unknown 11 2 1 1 15 (33)

Abbreviations: SD: standard deviation; CHF: congestive heart failure; CVA: cerebrovascular accident; DM: diabetes mellitus; EtOH: alcohol 
use; IE: infective endocarditis; RHD: rheumatic heart disease; GI: gastrointestinal: GU: genitourinary; CRF: chronic renal failure; IHD: 
intermittent hemodialysis; NOS: not otherwise specified; -ve: negative
#: Total numbers may exceed number of valves as patients may present with multiple symptoms and organisms
+: Other includes syncope, urinary tract infection and anemia



75

VALVE INFECTIVE ENDOCARDITIS

FIG. 1: Excised native aortic valve tissue from a 22-year-old man. Blood cultures grew Staphylococcus lugdunensis. 
He was found to have a bicuspid aortic valve (A-B). There is significant cusp thickening and vegetations 
seen predominately on the flow surface (A).Vegetations and an inflammatory cell infiltrate (C) can be 
seen on the surface of the thickened cusps, which has perforated (D). Microabscesses were seen within 
the cuspal tissue as well as within aortic tissue (asterisk-E). Stain: Hematoxylin and Eosin (C-D) and 
Movat pentachrome (E). Original magnification x20 (C), x10 (D), x5 (E).

A B

FIG. 2: Excised bioprosthetic tissue valve from a 66-year-old male presenting with fevers 8-months post 
implantation of a Mitroflow valve in the aortic valve position.Vegetations can be seen on the flow (A) 
and non-flow (B) surfaces. Microscopic images show a large vegetation attached to cuspal tissue (arrow) 
in (C). Micro-organisms can be seen in (C-D) within the vegetation. Stain: Movat Pentachrome (C-D).
Original magnification x 1.2 (C), and x 40 (D).

A B
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TABLE 3: Demographics and comparison between native and prosthetic valves/specimens
        
Demographics Native Prosthetic p-value

Number of cases (%) 164 45  
Age (years, mean + SD) 50.7+16.4 (17-80) 55.2+16.2 (17-78) 0.10
Males (%) 124(77) 32 (71) 0.56

Clinical Presentation#

Fevers 51 (31) 17 (38) 0.47
CHF 73 (45)   9 (20) 0.002
CVA 17 (10)   5 (11) 1.0
Back Pain   7 (4)   1 (2) 1.0
Chest pain   4 (2)   2 (4) 0.61

Risk Factor
DM 13 (8)   5 (11) 0.56
EtOH 13 (8)   2 (4) 0.53
Previous IE   0 (0)   3 (7) 0.01
Previous RHD   0 (0)   5 (11) 0.0004
Congenital heart disease   2 (1)   4 (9) 0.02
Dental procedures 26 (16)   3 (7) 0.15
Other procedures (GI, GU, cardiac)   3 (2)   4 (9) 0.04
CRF/IHD   4 (2)   1 (2) 1.0
Immunocompromised state
 Malignancy 11(7)   4 (9) 0.74
 Viral hepatitis   4 (2)   0 (0) 0.58
 Drug related   9 (5)   0 (0) 0.21

Valve function
Regurgitation 149 (91) 25 (56) 0.0001
Stenosis   4 (2)   0 (0) 0.58
Abscess formation 33 (20) 12 (26) 0.83

Outcome 
Deceased 15 (9)   8 (18) 0.11

Organisms#

Streptococcus
Viridans group streptococci 57 (34)   8 (18) 0.03
Viridans group NOS   2 (1)   2 (4) 0.20
Enterococcus faecalis 17 (10)   4 (9) 1.00
Other streptococcus
Granulicatella (Abiotrophia)   5 (3)   1 (2) 1.00
Staphylococcus
Staphylococcus aureus 33 (20)   8 (18) 0.834
Staphylococcus epidermidis   1 (0.6)   3 (7) 0.03
Coagulase -ve staphylococcus   5 (3)   2 (4) 0.65
HACEK group   3 (12)   2 (4) 0.30
Other bacteria 12 (7)   3 (7) 1.00
Culture negative 18 (11)   7 (16) 0.44 
Unknown   7 (4)   6 (13) 0.04

Abbreviations: SD: standard deviation; CHF: congestive heart failure; CVA: cerebrovascular accident; 
DM: diabetes mellitus; EtOH: alcohol use; IE: infective endocarditis; RHD: rheumatic heart disease; GI: 
gastrointestinal: GU: genitourinary; CRF: chronic renal failure; IHD: intermittent hemodialysis; NOS: not 
otherwise specified; -ve: negative
#: Total numbers may exceed number of valves as patients may present with multiple symptoms and organisms
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DISCUSSION

There have been significant advances with 
respect to detection of IE, as well as advances 
with anti-microbial therapy, however eradication 
of infection often includes surgical intervention, 
which in some recent studies, has been 
required in 48.2% of all patients.4   It has been 
proposed that this trend may be seen because 
of the increasing incidence of more virulent 
organisms, as well as improved outcomes in 
patients who undergo surgical intervention.5   
Most recently, Kang et al evaluated timing 
of surgical intervention in a stable population 
of newly diagnosed IE, where they found a 
lower rate of embolic events in patients with 
earlier surgical intervention.6  Timing of surgery 
remains controversial in this population as there 
are no randomized control trials that document 
short and long-term mortality. Clinical factors, 
including CHF, peri-annular complications and 
Staphylococcus aureus infections have been 
reported in prospective trials to benefit from 
earlier surgical intervention.7  Other predictors 
include age, PVE, left ventricular dysfunction 
(LVEF <40%), and recurrent IE.8  We sought 
to identify and compare differences between 
surgically treated NVE and PVE, identify clinical 
parameters of each group, including outcomes 
and compare our findings to other previously 
published data.
 NVE was the predominant valve type seen in 
our series, accounting for 78% of the cases in 
our eleven-year series. Our findings are similar 
to two other studies, by Romano et al, and 
Castonguayet al, which found 73% and 72% 
of their explants, respectively, were from native 
valves.9-10  Demographic data was similar between 
the three studies (Table 4). In our cohort, CHF 
was the most common presentation and was 
found in 73 patients (45%). These findings are not 
surprising as heart failure remains an indication 
for emergent/urgent surgical intervention,11  
and is likely caused by valvular destruction 
and clinical deterioration. Risk factors such 
as underlying valvular disease were seen in 
35 patients, with 25 patients found to have a 
bicuspid aortic valve (BAV). As there is a gender 
predilection for BAV in males (2:1), this may 
explain the dominant number of males in our 
cohort. Previous dental procedures remain a 
prominent risk factor, and were seen in 26 cases 
(16%) in our group. Our findings are similar to 
Castonguay et al where 56 patients (20%) of their 
NVE had undergone previous dental procedures, 
but differ from Romano et al who identified 

this risk factor in only 9.3% of their patients 
(n=24).  It is not clear why this difference is so 
prominent, though a part of the explanation may 
be that the patient populations and management 
principles are similar in the two North American 
studies.  Despite concerns of removing particular 
subgroups (BAV, RHD, and mitral valve 
prolapse) from requiring IE prophylaxis,12  there 
does not appear to be a substantial change in 
IE cases with evidence of previous dental work 
(<6 months prior to presentation). To note, this 
would not account for the findings in the study 
by Castonguay et al, as enrollment terminated 
in 2004.  Though there is no published literature 
for benefit of antibiotic prophylaxis for the forms 
of valvular disease listed above, it is interesting 
that the Italian group had fewer patients with 
dental procedures prior to diagnosis of IE. The 
microbiological profiles were predominately 
Streptococcus and Staphylococcus, which were 
similar amongst the compared studies. There is 
a marked reduction in the unknown group in 
our cohort compared to the others, and may be 
explained by the prolonged incubation periods 
of cultures with a clinical suspicion of IE.
 PVE was found in 45 (22%) of the excised 
valves, with average age of 55.2+16.2 years 
(17-78).  Thirty-two patients (71%) were male. 
In particular, right-sided involvement was only 
found in 7 patients (15%), with an average age 
of 32.5 and 31 years for pulmonic and tricuspid 
valves respectively. This is likely from a history 
of CHD and biomaterial implanted in this 
patient population.  The gender predominance is 
similar to other studies published in the English 
language literature.9,12  Fevers and  congestive 
heart failure remain the most common presenting 
symptoms in this population.  Diabetes mellitus 
(DM) and RHD were found in 5 (11%) cases 
for each risk factor. In a study by Lee et al, 
DM was also the most common risk factor in 
their population, being seen in 20% of their 
patients,12 while in an earlier study, DM was 
found in only 6.3% patients.9  The incidence of 
obesity which predisposes an individual to not 
only DM, but also to cardiovascular disease 
and malignancy, is increasing and has been 
predicted to reach 65 million worldwide and 
with 11 million individuals in the United States 
and United Kingdom by 2030.13  Accordingly, 
DM has become more prominent in this patient 
population. Not surprisingly, RHD remains a risk 
factor in our study, as it has been reported to 
be a life-long risk factor elsewhere.14  Although 
chronic RHD has been reported to be found in 
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TABLE 4: Comparison of surgical explanted native valve endocarditis in three studies
        
Demographics Romano et al. (2004) Castonguay et al. (2012) Luk et al. (current study)

Study Location Italy USA Canada 
Enrollment dates 1978-2002 1985-2004  2001-2012
Number of patients/valves 258 310 164 
Age (years, mean + SD) 45.1 + 16.2 54 (9-87) 50.7+16.4 (17-80)
Males (%) 188 (72.9) 210 (68) 124 (77)

Clinical Presentation#

Fevers  --  --  51 (31)
CHF  167 (64.7) 84 (29) 73 (45)
CVA  --  83 (29) 17 (10)

Risk Factor
IVDU  31 (12) 6  (2) 16 (10)
DM  17 (6.6) 46  (17) 13 (8)
EtOH  --  15  (5) 13 (8)
Known valvular disease
 BAV  --  65 (23) 25 (15) 
 Mitral valve prolapse  --  52 (18) 7 (4)
 Unicommisural aortic valve  --    2 (1) 3 (2)
Other congenital heart disease  --  16 (5) 2 (1)  
Dental procedures    24 (9.3) 56 (20) 26 (16)
Other procedures (GI, GU, cardiac) --  27 (9) 6 (3)
Wound care  67 (26)  5 (2) 3 (2)
CRF/IHD  --    7 (2) 4 (2)
Immunocompromised state
 Malignancy  --    3 (1) 11 (7)
 Drug-related  --  28 (9) 9 (5)

Valve location/function
Aortic  128 (49.6) 170 (55) 83 (51)
Mitral    64 (24.8 120 (39) 61 (37)
Pulmonary     2 (0.8) 3 (1) 2 (1)
Tricuspid   22 (8.5) 15 (5) 18 (11)
Regurgitation  --  261 (84) 149 (91) 
Stenosis  --  8 (3) 4 (2)
Combined  --  37 (12) 0 (0)
Normal  --  4 (1) 11 (7)

Outcome 
Deceased  17 (6.6) --  15 (9)

Organisms#

Streptococcus
Viridans group streptococci   32 (12) 88 (28) 59 (35)
Enterococcus faecalis  12 (4.6) 35 (11) 17 (10)
Other streptococcus  23 (8.9) 25 (8) 9 (5)
Staphylococcus
Staphylococcus aureus  34 (13) 55 (18) 33 (20) 
Staphylococcus epidermidis  --  21 (7) 1 (0.6)  
Coagulase -ve staphylococcus  26 (10) 5 (2) 5 (3)
HACEK group  --  8 (3) 3 (2)
Other bacteria  13 (5.0) 17 (5) 12 (7)
Fungi  --  7 (2) 2 (1)
Culture negative  40 (15.5) 6 (2) 18 (11)
Unknown  78 (30.2) 58  (19) 7 (4)

Abbreviations: SD: standard deviation; CHF: congestive heart failure; CVA: cerebrovascular accident; IVDU: IV drug use; DM: 
diabetes mellitus; EtOH: alcohol; BAV: bicuspid aortic valve; GI: gastrointestinal; GU: genitourinary; CRF: chronic renal failure; 
IHD: intermittent hemodialysis; -ve: negative
#: Total numbers may exceed number of valves as patients may present with multiple symptoms and organisms
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TABLE 5: Comparison of surgical explanted prosthetic valve endocarditis in three studies
        
Demographics Romano et al. (2004) Lee et al. (2012) Luk et al. (current study)

Study Location Italy USA Canada 
Enrollment dates 1978-2002 1985-2004 2001-2012 
Number of valves 99 (from 95 pts) 122 45 
Age (years, mean + SD) 54 + 13.7 59 (12-86) 55.2+16.2 (17-78) 
Males (%)  48 (50.5) 76 (66) 32 (71)

Clinical Presentation#

Fevers -- -- 17 (38)
CHF 86 (91) 39 (34) 9  (20)
CVA -- 44 (38) 5 (11)

Risk Factor
IVDU -- 3 (2) 0  (0)
DM 6 (6.3) 25 (20) 5  (11)
EtOH -- 2 (2) 2  (4)
Previous IE -- -- 3  (7)
Previous RHD -- -- 5  (11) 
Dental procedures 6 (6.3) 18 (15) 3  (7)
Other procedures (GI, GU, cardiac) -- 11 (9) 4  (9)
CRF/IHD -- 10 (8) 1  (2)
Immunocompromised state -- 8 (7) 4  (9)

Valve location/function
Aortic 47 (49.5) 83 (66) 30  (67)
Mitral 44 (46.3) 37 (30) 8  (18)
Pulmonary -- 2 (2) 6  (13) 
Tricuspid -- 0 (0) 1  (2)
Regurgitation -- 82 (68) 25  (56)
Stenosis -- 4 (3) 0  (0)
Combined -- 9  (7) 0 (0)
Normal -- 27 (22) 20  (44)

Outcome 
Deceased 23 (24.2) -- 8  (18)

Organisms#

Streptococcus
Viridans group streptococci 2 (2.1) 21 (19) 10  (22)
Enterococcus faecalis 3 (3.1) 9 (8) 4  (9)
Other streptococcus 5 (5.2) 12 (10) 1  (2)
Staphylococcus
Staphylococcus aureus 4 (4.2) 35 (29) 8  (18)
Staphylococcus epidermidis -- -- 3  (7)
Coagulase -ve staphylococcus 7 (7.4) 25 (20) 2  (4)
HACEK group -- 1 (1) 2  (4)
Other bacteria 5 (5.2) 12 (11) 3  (7)
Fungi 0 (0) 3 (3) 0  (0)
Culture negative 10 (10.5) 6 (5) 7  (16)
Unknown 59 (62.1) 6 (5) 6  (13)

Abbreviations: SD: standard deviation; CHF: congestive heart failure; CVA: cerebrovascular accident; IVDU: intravenous 
drug use, DM: diabetes mellitus; EtOH: alcohol use; BAV: bicuspid aortic valve; GI: gastrointestinal; GU: genitourinary; 
CRF: chronic renal failure; IHD: intermittent hemodialysis; spp.: species; NOS: not otherwise specified; -ve: negative
#: Total numbers may exceed number of valves as patients may present with multiple symptoms
** Two deaths occurred in patients with AV and MV involvement



Malaysian J Pathol August 2014

80

<10 cases per 100,000 individuals in developed 
countries,14  the cultural diversity in our city and 
the referral bias in our population may explain 
why it is more prominent in our population. 
Similar to the NVE groups, Staphylococcus 
and Streptococcus remain the most common 
organisms found in the PVE group, with 13 
(29%) and 15 (33%) patients respectively (Table 
5). Cases identified as “unknown” were only 6 
(5%) and 6 (13%) cases in studies by Lee et al12  
and the present cohort respectively. The higher 
percentage of “unknowns” in earlier studies, such 
as that reported by Romano et al, who identified 
59 (62.1%) of cases,9  may be explained by a 
higher clinical suspicion and longer incubation 
periods of isolated cultures.
 When comparing our study with other studies 
that compare NVE and PVE in a surgical 
population, there are some key differences 
between the two groups. Two studies have found 
worse outcomes in PVE than NVE. Grunenfelder 
et al15  in 2001, found higher in-hospital mortality 
rates in PVE, than NVE (15.1 vs. 6.1%, p=0.05).  
These findings were also reported by Romano 
et al, who also found an increased hospital 
mortality in their PVE group, compared to their 
NVE (24.2% vs. 6.6%, p<0.0001).9  Despite their 
findings, our two groups were not statistically 
significant with respect to in-hospital mortality. 
Older age (54.01+13.77 years) and mitral 
involvement (46.3% of their patients) were two 
factors in the PVE group that contributed to 
their higher mortality rates. In our group, only 
18% (n=8) of our patients had mitral valve 
involvement, yet our group was much older 
(64.2+9.6 years) than their cohort. Since our 
study population recruited patients almost ten 
years later than earlier studies, it is possible that 
patient selection for high-risk surgery varied 
between the three tertiary centers.  Knowing 
that MV involvement is associated with higher 
post-operative mortality, these patients may have 
been treated medically rather than with redo 
valve replacement in the PVE population.
 There are several limitations to this study. 
First, since our institution is a referral center for 
cardiovascular surgery, information regarding the 
microbiology and original valve implanted for 
PVE was limited.  Secondly, long-term outcomes 
in our study were not recorded as these patients 
were not followed post-valve replacement at our 
institution, and mortality post-hospital stay was 
not reported.   Lastly, our data only represents 
those patients referred for surgical intervention, 
and does not account for individuals who were 

treated medically and who were not deemed 
surgical candidates for redo surgery.

Conclusions
We have presented data of 209 consecutive cases 
of surgically explanted native and prosthetic 
valve endocarditis at one institution over an 
eleven-year period. Heart failure, fevers and CVA 
remain the most common presenting symptom 
in both NVE and PVE groups. Risk factors such 
as previous dental procedures, CHD, IVDU 
were seen in the NVE group while DM and 
RHD were most common in the PVE group. 
A change in pre-procedural antibiotics has not 
dramatically changed the number of patients 
with pathological-proven IE with previous 
dental, GI or GU procedures. Streptococcus 
and Staphylococcus species were the most 
common microbiological organisms identified. 
Surgical intervention remains a prominent 
therapeutic intervention in patients who present 
with hemodynamic compromise with similar 
outcomes between the NVE and PVE groups.
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