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Infective endocarditis (IE) is relatively infrequent but is associated 
with high mortality and morbidity.[1] The IE-related in-hospital 
mortality rate is reported to be as high as 22% and the 5-year 
mortality rate up to 45%.[2-4] The mortality rate has remained stable 
despite advances in healthcare. For example, the IE-associated global 
age-standardised mortality rate in 2015 was 1.3 per 100  000 v. 1.4 
per 100  000 in 2005.[5] In low- and middle-income countries, IE 
tends to affect young patients with a high background prevalence 
of rheumatic heart disease (RHD),[6,7] and the observed IE-related 
age-standardised mortality rate (1.7 per 100 000)[8] is higher than the 
global figures.

Prosthetic valve infective endocarditis (PVE) is the most lethal 
form of IE, with in-hospital mortality ranging between 20% and 
40%.[9-13] One of the reasons for the high mortality may be related to 
the difficulty of making a definitive diagnosis of PVE, a challenging 
exercise, particularly in the setting of mechanical prosthetic 

valves. [14,15] Indeed, Duke’s criteria have a sensitivity of only 62% for 
PVE, and use of positron emission tomography (PET)/computed 
tomography (CT) or Duke’s criteria plus PET/CT increases the 
sensitivity to 84% and 91%, respectively.[16] Making an accurate 
diagnosis of PVE is important because at least 1 - 6% of patients with 
prosthetic valves will develop PVE.[17] In contemporary studies from 
Europe and the USA, PVE accounts for up 30% of IE cases, and the 
incidence is increasing.[18,19]

There are limited prospective data on the approximate proportion 
of PVE relative to the burden of IE admissions in South African 
(SA) hospitals. There is also scant information on the patient profile 
and PVE-related outcomes. Two retrospective hospital reviews from 
SA[6,7] suggested that between 13.3% and 17% of IE admissions 
had PVE. However, these studies did not provide detail on patient 
treatment or PVE-related morbidity and mortality, which remain 
unknown.
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Results. During the study period, a total of 135 patients received a diagnosis of possible or definite IE (PVE n=18, NVE n=117). PVE 
therefore accounted for 13.3% of the overall IE cohort. PVE patients had a mean (standard deviation) age of 39.1 (14.6) years, and 56.6% 
were male. PVE occurred within 1 year of valve surgery in 50.0% of cases. Duke’s modified diagnostic criteria for definite IE were met in 
94.4% of the PVE cohort. Isolated aortic valve PVE was present in 33.3%, and a combination of aortic and mitral valve PVE in 66.6%. Tissue 
prosthetic valves were affected in 61.1% of cases. Of the PVE cases, 55.6% were healthcare associated. On transthoracic echocardiography, 
vegetations (61.1%), prosthetic valve regurgitation (44.4%) and abscesses (22.2%) were discovered. Staphylococcus and Streptococcus species 
accounted for 38.8% and 22.2% of PVE cases, respectively, and 27.8% of cases were blood culture negative. Valve surgery was performed 
in 38.7% of the PVE patients, and 55.6% of the patients died during the index hospitalisation. Secondary analysis indicated that the PVE 
patients were sicker than those with NVE, with a higher frequency of septic shock and atrioventricular block (22.2% v. 7%; p=0.02 and 27.8% 
v. 12%; p=0.04, respectively). In addition, in-hospital mortality was higher in PVE patients than NVE patients (55.6% v. 31.6%; p=0.04).
Conclusions. PVE was uncommon, mainly affecting tissue prosthetic valves and prosthetic valves in the aortic position. Patients with PVE 
were sicker than those with NVE and had high in-hospital mortality.
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Objectives
The primary objective of this study was to define the clinical profile 
and outcomes of patients with PVE. The secondary objective was to 
compare the clinical profile and outcomes of PVE with those of native 
valve endocarditis (NVE).

Methods
The Groote Schuur Hospital Infective Endocarditis Registry is a 
prospective observational study of patients presenting or referred 
to Groote Schuur Hospital, Cape Town, with definite or possible 
IE based on the 2015 European Society of Cardiology (ESC) IE 
diagnostic criteria.[14] Consenting adult patients who met the 
inclusion criteria were enrolled into the registry, which was 
approved by the University of Cape Town Faculty of Health 
Sciences Human Research Ethics Committee (ref. no. R037/2017). 
The present study is an analysis of the cohort of patients who were 
enrolled between 1 January 2017 and 31 December 2019 (ref. no. 
HREC 406/2020).

Patient selection and data collection
Adult (>18 years of age) patients with possible or definite IE 
were included in the study. After informed consent had been 
obtained, demographic data, clinical presentation, past medical 
and surgical history, and data on recent hospitalisation, dental 
procedures and endoscopies (upper and lower gastrointestinal 
tract) were recorded. We also collected data on clinical findings, 
electrocardiograms, microbiological findings, echocardiographic 
findings, use of other imaging techniques (CT scan and magnetic 
resonance imaging), medical therapy, complications (embolic event, 
infectious and haemodynamic complications), indications for 
surgery, and in-hospital mortality. Data were extracted from source 
documents and captured onto standardised electronic case report 
forms on Research Electronic Data Capture (REDCap), a secure 
online database hosted by the University of Cape Town.

Definitions
Early PVE was defined as IE occurring within 1 year of cardiac valve 
surgery and late PVE as IE occurring >1 year after cardiac valve 
surgery.[14]

Healthcare-associated PVE was defined as the development of IE 
symptoms or the presence of a positive blood culture at the time of 
hospital admission or within 48 hours in a patient who fulfilled any 
of the following criteria: (i) used intravenous antibiotics at home, 
or received specialised nursing care within 30 days before the onset 
of symptoms or positive blood culture; (ii) attended a hospital or 
haemodialysis clinic or received intravenous chemotherapy within 
30 days before the onset of symptoms or positive blood culture; 
(iii) was hospitalised for ≥2 days within 3 months before the onset 
of symptoms or positive blood culture; or (iv) was a nursing home or 
long-term care facility resident.[11,20]

Statistical analysis
Categorical variables are presented as numbers and percentages 
and continuous variables as means (standard deviation (SD)) when 
normally distributed and medians (interquartile range) when skewed. 
Pearson’s χ2 or Fisher’s exact tests were used to compare categorical 
variables, and the independent-samples t-test to compare continuous 
variables between patients with PVE and patients with NVE. The 
Kaplan-Meier and log-rank tests were used to assess the cumulative 
survival difference, with p<0.05 representing a statistically significant 
difference. Statistical analyses were performed using SPSS Statistics 
for Macintosh, version 24.0 (IBM Corp., USA).

Results
After the exclusion of 19 patients with cardiac implantable electronic 
device-related infection, 135 patients with possible or definite IE were 
included in the study (Fig. 1). Eighteen (13.3%) had a diagnosis of PVE 
and 117 (86.7%) a diagnosis of NVE. The baseline characteristics and 
demographic details of the overall patient population are presented 
in Table 1. The patients with PVE had a mean (SD) age of 39.1 
(14.6) years, and 56.6% were male. Duke’s definite PVE diagnostic 
criteria were met in 94.4% of cases and Duke’s possible PVE criteria 
in 5.6%. PVE occurred within 1 year of valve replacement surgery 
(early PVE) in 50.0%. Isolated aortic valve PVE was present in 
33.3%, a combination of aortic and mitral valve PVE in another 
33.3%, isolated pulmonary valve PVE in 16.7% and isolated mitral 
valve PVE in 11.1% (Fig. 2). The aortic valve was therefore involved 
in 66.6% of cases of PVE. Tissue PVE accounted for 61.1% of cases 
and mechanical PVE for 38.9%. Of the patients with PVE, 27.8% had 
a history of previous IE, 55.6% had healthcare-associated IE, and 
8 (44.4%) had a history of RHD. Transthoracic echocardiography 
(TTE) was performed in 94.1% of the patients with PVE. Vegetations 
were documented in 61.1%, prosthetic valve regurgitation in 44.4% 
and abscesses in 22.2%. Transoesophageal echocardiography was 
performed in only 2 patients with PVE (11.1%). Vegetations and 
prosthetic valve regurgitation were documented in both of them and 
an abscess in one.

Staphylococcus species were responsible for a 38.9% of PVE cases 
and Streptococcus species for 22.2% (Table 2). Five (27.8%) of the PVE 
cases were culture negative. All these patients had received antibiotics 
prior to blood culture sampling, none of them had serum serological 
tests done, and one patient had a tissue polymerase chain reaction 
test positive for Aggregatibacter aphrophilus. The main complications 
in PVE were heart failure (50.0%), acute kidney injury (50.0%), 
atrioventricular block (28.7%), aortic root abscesses (27.8%) and 
septic shock (22.2%) (Table 3). After a heart team decision, redo valve 
surgery was performed in 38.7%. The indications for offering and 
withholding surgery in PVE are depicted in Fig. 3. The mean (SD) 
duration of hospital stay for patients with PVE was 28.6 (24.4) days, 
and their in-hospital mortality rate was 55.6%.

The results of the secondary analysis indicated that patients 
with PVE were more likely to have a past history of IE, and more 
likely to have healthcare-associated IE, than those with NVE. 
Furthermore, in patients with PVE, TTE was less likely to pick 

Possible and de�nite IE,
N=154

Excluded: CIED,
n=19

PVE,
n=18

NVE,
n=117

Fig. 1. Study inclusion flow chart. (IE = infective endocarditis; CIED = 
cardiac implantable electronic device; PVE = prosthetic valve infective 
endocarditis; NVE = native valve infective endocarditis.)
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up vegetations and valve regurgitation but more likely to pick up 
abscesses (Table  1). Although there was no statistically significant 
difference in the frequency of Staphylococcus aureus as the cause 
of IE between PVE and NVE, coagulase-negative staphylococci 
(CoNS) were significantly more frequent in PVE than NVE (Table 2). 
Septic shock and atrioventricular block were more common in 

PVE than NVE (22.2% v. 6.0%; p=0.02 and 27.8% v. 10.3%; p=0.04, 
respectively). The decision whether to perform cardiac surgery for IE 
or to continue with only medical therapy was made by the heart team. 
The indications for cardiac surgery in patients who underwent surgery 
and the indications for withholding surgery are presented in Fig. 3. 
Fig. 4 shows cumu lative in-hospital survival for patients with PVE and 
NVE. For the overall IE patient population, patients who underwent 
cardiac surgery had better cumulative survival than those who did 
not (log rank p=0.002) (Fig. 5A). For the PVE patient population, 
there was a trend towards better cumulative survival for those who 
underwent cardiac surgery, but this was not statistically significant 
(log rank p=0.08) (Fig. 5B). The in-hospital mortality rate for PVE was 
significantly higher than that for NVE (55.6% v. 31.6%; p=0.04).

Discussion
In this prospective observational study, we investigated the patient 
profile, presentation and outcomes of PVE in a resource-limited 
setting with a high background prevalence of RHD. The major 
findings of this study were: (i) the PVE patients were young; (ii) they 
had a high background prevalence of RHD, congenital heart disease 
and previous IE; (iii) the majority of PVE cases were healthcare 
associated; (iv) Staphylococcus species were responsible for the 
majority of PVE cases, but a substantial number of cases were culture 
negative; (v) septic shock and atrioventricular block were common 
complications of PVE; (vi) PVE-associated in-hospital mortality was 

Table 1. Patient demographic and baseline characteristics
Characteristic Overall IE population (N=135) PVE (n=18) NVE (n=117) p-value 
Age (years), mean (SD) 41.0 (16.2) 39.1 (14.6) 41.2 (16.5) 0.57
Male, n (%) 87 (64.4) 10 (55.6) 77 (65.8) 0.40
Hypertension, n (%) 39 (28.9) 2 (11.1) 37 (31.6) 0.07
Diabetes mellitus, n (%) 13 (9.6) 0 13 (11.2)
Current intravenous drug use, n (%) 29 (21.5) 1 (5.6) 28 (23.9) 0.17
Current alcohol use, n (%) 56 (41.5) 3 (16.7) 53 (45.3) 0.015
Current smoker, n (%) 55 (40.7) 2 (11.1) 53 (45.3) 0.014
Degenerative heart disease, n (%) 8 (5.9) 2 (11.1) 6 (5.1) 0.32
Chronic kidney disease, n (%) 9 (6.7) 1 (5.6) 8 (6.8) 0.83
Haemodialysis/peritoneal dialysis, n (%) 3 (2.2) 0 3 (2.6)
Chronic liver disease, n (%) 4 (3.0) 0 4 (3.4) 0.43
HIV infection, n (%) 22 (16.3) 2 (11.1) 20 (17.1) 0.70
Rheumatic heart disease, n (%) 47 (34.8) 8 (44.4) 39 (33.3) 0.36
Congenital heart disease, n (%) 19 (14.1) 4 (22.2) 15 (12.8) 0.289
Previous infective endocarditis, n (%) 14 (10.4) 5 (27.8) 9 (7.7) 0.009
Healthcare-associated IE, n (%) 35 (25.9) 8 (55.6) 27 (23.1) 0.05
Duke’s definite infective endocarditis, n (%) 128 (94.8) 17 (94.4) 111 (94.9) 0.94
Duke’s possible infective endocarditis, n (%) 7 (5.2) 1 (5.6) 6 (5.1) 0.94
TOE performed, n (%) 17 (12.6) 2 (11.1) 15 (12.8) 0.84
TOE findings, n (%) 

Vegetation 15 (11.1) 2 (11.1) 13 (11.1) 1.00
New regurgitation 17 (12.6) 2 (11.1) 15 (12.8) 0.84
Abscess 4 (3.0) 1 (5.6) 3 (2.6) 0.49

TTE performed, n (%) 133 (98.5) 17 (94.1) 116 (99.1) 0.124
TTE findings, n (%)

Vegetation 121 (89.6) 11 (61.1) 110 (94.0) <0.001
New regurgitation 116 (85.6) 8 (44.4) 108 (92.3) <0.001
Abscess 11 (8.1) 4 (22.2) 7 (6.0) 0.019

Days in hospital, mean (SD) 32.8 (25.0) 28.6 (24.4) 33.5 (25.1) 0.44
In-hospital death, n (%) 47 (34.8) 10 (55.6) 37 (31.6) 0.04

IE = infective endocarditis; PVE = prosthetic valve infective endocarditis; NVE = native valve infective endocarditis; TOE = transoesophageal echocardiography;  
TTE = transthoracic echocardiography.
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very high; and (vii) in comparison with NVE, PVE patients were 
sicker, with more complications and higher in-hospital mortality.

Previous regional reports indicate that the prevalence of PVE in 
Western Cape Province has been stable over time. For example, in 
a prospective observational study from 1997 to 2000, Koegelenberg 
et al.[7] reported a PVE prevalence of 16.6%, and in a retrospective 
study from 2009 to 2016, De Villiers et al.[6] reported a prevalence of 
13.3%. The Western Cape prevalence of PVE is lower than reported 
for the ESC-EORP EURO-ENDO (European infective endocarditis) 
registry in 2019, where PVE accounted for 30.1% of IE cases.[18] For 
the first time in our SA context, the present study found that 25.9% of 
all IE cases and 55.6% of PVE cases were healthcare associated. The 
prevalence rate for healthcare-associated PVE of 55.6% in this study 
is markedly higher than previously reported for PVE. For example, 
in a prospective multicentre observational study from 2000 to 2005, 
Wang et al.[11] reported a prevalence of healthcare-associated PVE of 
36.5%. IE (both PVE and NVE) affected a young patient population 
in the present study, and this finding corroborates previous reports 
from this region.[6,7] Our cohort was at least 20 years younger than 

the ESC-EORP registry cohort,[18] with a mean (SD) age of 59.2 (18.0) 
years, and Olmos et al.’s cohort,[19] with a mean age of 63.8 (17.5) 
years. This age difference is mainly due to a high prevalence of RHD, 
which frequently requires surgical treatment at a young age,[21] an 
important cause of valvular heart disease in our population.

Similar to the ESC-EORP registry, where staphylococci were the 
most common micro-organisms detected on blood culture in PVE 
(41%),[18] in the present study, staphylococci remained the leading 
causative micro-organism for PVE, accounting for 38.9% of cases. 
However, in the present study, CoNS (33.3%) were cultured more 
frequently than S. aureus (5.6%). There was no specific mention of 
CoNS in the ESC-EORP registry.[18] This result must be interpreted 
with caution, as the present study had a high rate of culture-negative 
IE and a small sample of PVE, and did not adhere to the ESC 
algorithm for culture-negative IE.[14] The ESC-EORP registry had a 
lower rate of culture-negative PVE.[18] In addition, our findings are in 
contrast to the findings of Wang et al.[11] that S. aureus caused 23.0% of 
PVE cases and CoNS 16.9%, only 11.2% of cases being culture negative. 
All the blood culture-negative PVE cases in our study had documented 

Table 2. Microbiological characteristics

Micro-organism 
Overall IE population 
(N=135), n (%)

PVE 
(n=18), n (%)

NVE 
(n=117), n (%) p-value 

Staphylococci 37 (27.4) 7 (38.9) 30 (25.6) 0.241
Staphylococcus aureus 28 (20.7) 1 (5.6) 27 (23.0) 0.09

MSSA 27 (20.0) 1 (5.6) 26 (22.2)
MRSA 1 (0.7) 0 1 (0.8)

CoNS 9 (6.7) 6 (33.3) 3 (2.6) <0.001
Streptococci 37 (27.4) 4 (22.2) 33 (28.2) 0.596

Streptococcus viridans 32 (23.7) 4 (22.2) 28 (23.9)
S. agalactiae 3 (2.2) 0 3 (2.6)
S. gallolyticus 1 (0.7) 0 1 (0.8)
S. porcinus 1 (0.7) 0 1 (0.8)

Enterococci 8 (5.9) 1 (5.6) 7 (6.0) 0.94
Enterococcus faecium 1 (0.7) 0 1 (0.8)
E. faeculis 7 (5.2) 1 (5.6) 6 (5.1)

HACEK group 2 (1.5) 0 2 (1.7)
Corynebacterium 1 (0.7) 0 1 (0.8)
Serratia marcescens 1 (0.7) 0 1 (0.8)
Gemella bergeri 1 (0.7) 1 (5.6) 0
Culture negative 48 (35.6) 5 (27.8) 43 (36.7) 0.46

IE = infective endocarditis; PVE = prosthetic valve infective endocarditis; NVE = native valve infective endocarditis; MSSA = methicillin-susceptible S. aureus; MRSA = methicillin-resistant  
S. aureus; CoNS = coagulase-negative staphylococci; HACEK = Haemophilus species, Aggregatibacter species, Cardiobacterium hominis, Eikenella corrodens and Kingella species.

Table 3. Comparison of IE-related complications in patients with PVE and NVE
Complications PVE (n=18), n (%) NVE (n=117), n (%) p-value 
Surgery 7 (38.7) 52 (44.4) 0.66
Heart failure 9 (50.0) 59 (50.4) 1.00
Atrioventricular block 5 (27.8) 12 (10.3) 0.04
Mycotic aneurysm 2 (11.1) 5 (4.3) 0.22
Limb ischaemia 1 (5.6) 8 (6.8) 0.84
Septic shock 4 (22.2) 7 (6.0) 0.02
Disseminated intravascular coagulation 2 (11.1) 8 (6.8) 0.52
Acute kidney injury 9 (50.0) 47 (40.2) 0.43
Ischaemic hepatitis 3 (16.7) 8 (6.8) 0.16
Aortic root abscess 5 (27.8) 16 (13.7) 0.12
Ischaemic stroke 3 (16.7) 22 (18.8) 0.83

IE = infective endocarditis; PVE = prosthetic valve infective endocarditis; NVE = native valve infective endocarditis.
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receipt of antibiotics prior to the collection of 
blood samples.

PVE is a difficult diagnosis to make, and 
there are important technical challenges 
with the use of the readily available TTE 
in the context of prosthetic valves.[15] As 
we found in the present study, there are 
significant differences in the prevalence of 
characteristic endocarditis abnormalities 
such as vegetations, regurgitation and 
abscesses seen on TTE between patients 
with PVE and NVE. Contemporary imaging 
modalities such as 18F-fluorodeoxyglucose 
positron emission tomography (18F-FDG 
PET) with CT have been shown to improve 
the diagnostic accuracy of the modified 
Duke’s criteria. For example, in a prospective 
study of 92 patients with suspected PVE, the 
addition of PET/CT findings to the Duke’s 
criteria improved the sensitivity, specificity, 
positive predictive value and negative 
predictive value from 52%, 94.7%, 92.9% and 
59.7%, respectively, for the Duke’s criteria to 
92.1%, 89.5%, 92% and 87.9%, respectively, 
for the combination of the Duke’s criteria and 
PET/CT.[16] PET/CT was used in 25% of PVE 
patients in the ESC-EORP registry.[18] There 
were important variations in the utilisation 
of PET/CT for the diagnosis of PVE in the 
ESC-EORP registry, with more frequent use 
of PET/CT in Western Europe (33.9%) and 
less frequent use in South America (2.1%), 
North America (0%) and Asia (8.5%).[18] Our 
institution currently does not have access 
to 18F-FDG PET/CT. There may therefore 
have been cases in which the PVE diagnosis 
was missed as a result of absence of this 
diagnostic modality.

PVE is associated with high in-hospital 
mortality, ranging between 20% and  
40%.[11,14,18] Older age (>65 years), healthcare-
associated infections, PVE caused by 
S.  aureus, persistent bacteraemia, and the 
presence of complications such as heart 
failure, intracranial abscesses, stroke and renal 
impairment have been identified as poor 
prognostic markers.[11,14] The combination of 
surgery and medical therapy in appropriately 
selected patients is the treatment strategy 
of choice for PVE.[14,22] In the recent ESC-
EORP registry, only 46% of PVE patients 
received surgical management.[18] In the 
present study, surgery was performed in 
38.7% of PVE cases. In our cohort, after a 
heart team discussion, surgery was withheld 
if poor prognostic markers were present, 
or if the patient was at high surgical risk 
or responded well to medical therapy. For 
the overall patient population, cumulative 
survival was significantly worse in patients 
who did not receive surgical treatment for 
IE, and there was a trend towards lower 
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Fig. 3. Indications for surgery in patients who underwent cardiac surgery (A) and indications for 
withholding surgery (B). (NVE = native valve infective endocarditis; PVE = prosthetic valve infective 
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cumulative survival (although this was not statistically significant) 
for PVE patients who did not receive surgical treatment. The 
heart team discussion is particularly important in resource-limited 
settings where there is a high demand for cardiothoracic surgical 
intervention, to facilitate allocation of this resource to candidates who 
are most likely to benefit.

Study limitations
The single-centre nature of the present study is an important 
limitation, and the results are not necessarily generalisable. 
Furthermore, the number of PVE cases was small. However, we 
believe that our findings are a true reflection of the prevalence 
of PVE in Western Cape for two reasons. Firstly, at least two 
studies, two decades apart, reported a PVE prevalence of <17%. [6,7] 
Secondly, our centre is the referral centre for all secondary and 
regional hospitals in the Coastal and Western regions of the Cape, 
serving ~50% by geography and population. Also, provincial referral 
pathways stipulate that all patients with prosthetic valves who are 
unwell be referred to tertiary centres with the capacity to investigate 
and provide optimal treatment for PVE. In this study, we only 
report overall PVE-associated in-hospital mortality of 55.6%. Long-
term follow-up has been severely compromised by the COVID-19 
pandemic. We therefore do not have long-term follow-up outcomes.

Conclusions
PVE is relatively uncommon in resource-limited settings and is 
associated with high in-hospital mortality. Staphylococcus and 
Streptococcus species are the leading microbiological causes of 
PVE. However, a large proportion of cases remain culture negative. 
Diagnosing PVE is difficult, and newer diagnostic modalities that 
improve the diagnostic yield are not yet available in resource-
constrained centres like ours. The selected PVE patients who receive 
surgical treatment for endocarditis have better in-hospital survival than 
those who do not. This finding not only reaffirms the importance of 
surgery as a treatment option for IE but demonstrates the importance 
of the heart team in selecting appropriate surgical candidates.
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