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Among 302 episodes of prosthetic valve endocarditis (PVE), 
1-year mortality was 31%. There was no evidence indicating 
that early-onset PVE within 6 months from valve surgery led 
to a worse outcome compared to late-onset PVE (21% vs 
32%, P = .126), despite similar redo valve surgeries across 
both categories.
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Prosthetic valve endocarditis (PVE) accounts for 20%–30% of 
all cases of infective endocarditis [1, 2]. The timing of PVE on-
set following valve surgery impacts microbiological character-
istics and clinical presentations. Cases occurring within the 
initial 12 months are primarily attributable to direct contami-
nation during surgery and/or hematogenous dissemination. 
Of note, during this time period, the prosthetic material re-
mains devoid of endothelium, leaving the periannular space 
vulnerable to complications such as abscess formation, fistula 
development, and prosthesis dehiscence [1–5].

Owing to its heightened association with periannular 
invasion, valve surgery constitutes a crucial component in 
the management of PVE, with 40% of patients undergoing 
such intervention [1–7]. According to European Society of 
Cardiology (ESC) guidelines of 2015, updated in 2023, indica-
tions for valve surgery include heart failure, uncontrolled 
infection, and prevention of embolism [8, 9]. Notably, the 
2023 edition of the ESC guidelines introduced the occurrence 
of PVE within 6 months following valve surgery as a novel 
indication for cardiac surgery, irrespective of other surgical 
indications [8]. In this context, our study aimed to assess 
the outcomes of patients with PVE by scrutinizing the timing 
of occurrence post–valve surgery.

MATERIALS AND METHODS

We conducted this study at Lausanne University Hospital and 
University Hospital Zurich from January 2014 to June 2023 
(retrospective inclusion from 2014 to 2017; prospective from 
2018 onward). Approval was obtained from the ethics commit-
tees of the cantons of Vaud and Zurich (CER-VD-2017-02137, 
KEK-2014-0461; BASEC-2017-01140).

Inclusion criteria consisted of adults aged ≥18 years diag-
nosed with PVE. Prospective patients were required to provide 
written informed consent, whereas data usage was permitted in 
the absence of refusal for the retrospective cohort. We excluded 
subsequent PVE episodes occurring within 1 year of the initial 
episode. Data extracted from electronic health records included 
demographics, comorbidities, microbiological data, and cardi-
ac surgery details.

The primary outcome was 1-year mortality post-PVE. We 
categorized our exposure of interest, the timing of PVE, into 
2 groups: early PVE (≤6 months following valve surgery), 
and late PVE (>6 months). Valve surgery indications followed 
the 2023 ESC guidelines [8, 9], including heart failure, infection 
control, and prevention of embolism.

Statistical analyses involved χ2 or Fisher exact test for categor-
ical variables and Mann–Whitney U test for continuous vari-
ables. We calculated the time from PVE onset until the first 
occurrence of 1 year, last visit, or death, whichever occurred 
first. Because of 6 censored observations, we assessed 1-year 
mortality using Kaplan-Meier techniques with the log-rank 
test. Subsequently, we applied uni- and bivariable Cox propor-
tional hazards regression, stratified by hospital, to ascertain ef-
fect modifications and interactions with our exposure of 
interest. Given multiple PVE episodes in some patients, models 
were adjusted for clustering on individual patients. The final 
multivariable model included a priori sex and cardiac surgery, 
alongside non-collinear variables exhibiting significance in 
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uni- and bivariable models. Age was included as part of the 
Charlson Comorbidity Index (CCI). In a sensitivity analysis, 
we excluded subsequent episodes of PVE. We conducted data 
analyses using Stata 18.0 SE (StataCorp, College Station, Texas).

RESULTS

Among 1136 episodes of infective endocarditis, 302 (27%) PVE 
episodes occurred in 286 patients. Episodes were excluded due 
to the absence of PVE (818 [72%]) and subsequent PVE 
episodes occurring within 1 year from the initial episode 
(16 [1%]). Of the 302 episodes, 39 (13%) were classified as early 
PVE, while 263 (87%) were categorized as late PVE 
(Supplementary Table 1). Median age was 68 years (interquar-
tile range [IQR], 49–76 years), and 58 individuals (20%) were 
female. One hundred thirty-seven (46%) had a CCI exceeding 
4 points. Staphylococcus aureus was the prevailing pathogen 
(105 episodes [36%]). PVE was predominantly observed in 
the aortic valve (204 cases [68%]), with the majority involving 
biological valve (178 cases [60%]). One hundred eighteen epi-
sodes (40%) were associated with sepsis. Of the 203 episodes 
(67%) meeting the criteria for valve surgery as outlined in 
the 2023 ESC guidelines (excluding early PVE indication), 
30 (15%) were attributed to heart failure, 185 (91%) to uncon-
trolled infection, and 54 (27%) to embolism prevention. The 
surgeons performed redo cardiac surgery in 114 (38%) epi-
sodes. However, 89 patients did not undergo surgery despite 
having an indication: 43 were deemed too high-risk due to 
advanced age and comorbidities, 35 did not require surgery 
according to cardiac surgeons, 7 were in a coma, and 4 refused 
the operation.

During 226 patient-years of follow-up, 92 patients died, re-
sulting in 1-year mortality of 31% (95% confidence interval 
[CI]: 26%–36%), which was comparable between the 2 cohorts 

(34% vs 27%, log-rank test P = .193) (Supplementary Table 1). 
One-year mortality for early and late PVE was 21% (11%–37%) 
and 32% (27%–38%), respectively (P = .126) (Figure 1). 
Regarding surgical indications, 1-year mortality was 67% for 
heart failure, 40% for uncontrolled infection, and 30% for pre-
vention of embolism. For patients with and without redo valve 
surgery, 1-year mortality was 23% (16%–32%) and 35% (28%– 
42%), respectively (P = .028). The final multivariable Cox mod-
el showed that CCI >4 points (adjusted hazard ratio [aHR], 
2.06 [95% CI: 1.30–3.25]), presence of sepsis (aHR, 3.57 [95% 
CI: 2.25–5.67]), and S. aureus infection (aHR, 1.65 [95% CI: 
1.09–2.49]) were independently associated with 1-year mortal-
ity, while redo cardiac surgery (aHR, 0.57 [95% CI: .34–.96]) 
was protective (Supplementary Table 2). Similar to the 
Kaplan–Meier failure curves, there was no evidence indicating 
an impact of timing of PVE on 1-year mortality in multivari-
able Cox models (aHR for PVE <6 months: 0.61 [95% CI: 
.28–1.32]; P = .21). Results from the sensitivity analysis without 
subsequent PVE episodes were similar (aHR, 0.65 [95% 
CI:.30–1.39]; P = .26).

Supplementary Table 3 presents a comparison between epi-
sodes of early and late PVE. We found no significant differences 
between early and late PVE across various indications for valve 
surgery (heart failure: 8% vs 10%, P = .779; uncontrolled infec-
tion: 62% vs 60%, P = .863; and prevention of embolism: 13% vs 
19%, P = .503) or redo valve surgery while on antimicrobial 
treatment (44% vs 37%, P = .480). There was no difference 
in PVE recurrence between early and late PVE (8% vs 5%, 
P = .428).

DISCUSSION

Our analysis of 302 PVE episodes revealed a 31% 1-year mor-
tality. Notably, we found no evidence suggesting that early 
PVE leads to a worse outcome compared to late PVE.

Our results question the relevance of the new 2023 ESC 
guidelines recommendations, which advocate for surgical in-
tervention in cases of early PVE [8]. The guidelines introduced 
this new criterion assuming that early PVE correlates with 
increased mortality and that relying solely on antimicrobial 
therapy is unlikely to result in complete recovery. However, 
this novel recommendation is based on 2 studies with differing 
definitions of early PVE (12 months postsurgery in Castillo 
et al and 2 months postsurgery in Wang et al), which diverge 
from the current 2023 ESC guidelines (defining early PVE 
as occurring 6 months postsurgery) [1, 3]. Of note, Castillo 
et al concluded that there is insufficient evidence to substan-
tiate the benefits of surgery in patients with early PVE [3]. In 
the present study, 1-year mortality did not vary between epi-
sodes of early and late PVE, despite similar rates of surgical 
indications and performance of redo valve surgery across 
both groups.

Figure 1. Kaplan-Meier analysis comparing mortality rates between early 
(≤6 months postsurgery [21%]) and late (>6 months postsurgery [32%]) prosthetic 
valve endocarditis (PVE) (log-rank test P = .134).
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In our study, surgical treatment for PVE was associated with 
improved survival rates compared to nonsurgical treatment re-
gardless of the timing of surgery. As previously shown, PVE pa-
tients accepted for surgery had better outcomes [10]. The 
impact of redo valve surgery on mortality was influenced by 
the exclusion of patients considered high-risk surgical candi-
dates from such procedures [11].

Albeit not consistently reported across all literature, S. aureus 
emerged as the predominant pathogen among PVE episodes in 
our study [1, 7, 12]. Staphylococcus aureus was linked to worse 
outcomes, as it is more frequently associated with the presence 
of sepsis and other complications such as acute heart failure 
and other surgical indications, factors often correlated with in-
creased mortality [1–6, 12]. Regarding microbiology, early PVE 
had more infections with enterococci and showed a trend 
toward more coagulase-negative staphylococci, with the latter 
being frequently associated with cases of PVE occurring within 
the first year postsurgery [3, 4].

Several limitations should be noted. This is a study with 
some patients enrolled retrospectively, and a modest sample 
size, which may not be sufficient to address the potential ben-
efits of redo valve surgery in early PVE. Additionally, this study 
draws on data from 2 Swiss tertiary-care referral centers, which 
may limit its generalizability to other settings. Furthermore, 
41 episodes involved transcatheter aortic valve implantation, 
which is typically reserved for older and more comorbid pop-
ulations. Moreover, various factors influence the decision to 
perform surgery, such as patients’ wish, age, and comorbidities, 
which could influence the impact of valve surgery on outcome. 
Last, we cannot exclude survivor bias introduced by patients 
dying before having a chance to undergo redo surgery for 
PVE. However, cardiac surgery was performed after a median 
of 11 days (IQR, 6–19 days) following the diagnosis of PVE, 
whereas patients died after a median of 31 days (IQR, 12–92 
days) after the diagnosis of PVE.

In conclusion, our study questions the 2023 ESC recommen-
dation for redo valve surgery in all patients within 6 months 
post–valve surgery. Our data do not clearly rule out a major 
benefit of surgical intervention for early PVE. Instead, our 
study calls for a more nuanced decision-making in managing 
patients with PVE.
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