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Abstract

Aim Fatality of infective endocarditis (IE) is high worldwide, and its diagnosis remains a challenge. The objective of the present study
was to compare the clinical characteristics and outcomes of patients with culture-positive (CPIE) vs. culture-negative IE (CNIE).

Methods This was an ancillary analysis of the ESC-EORP EURO-ENDO registry. Overall, 3113 patients who were diagnosed with

and results IE during the study period were included in the present study. Of these, 2590 (83.2%) had CPIE, whereas 523 (16.8%) had
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Conclusion

CNIE. As many as 1488 (48.1%) patients underwent cardiac surgery during the index hospitalization, 1259 (48.8%) with
CPIE and 229 (44.5%) with CNIE. The CNIE was a predictor of 1-year mortality [hazard ratio (HR) 1.28, 95% confidence
interval (Cl) 1.04-1.56], whereas surgery was significantly associated with survival (HR 0.49, 95% CI 0.41-0.58). The
1-year mortality was significantly higher in CNIE than CPIE patients in the medical subgroup, but it was not significantly
different in CNIE vs. CPIE patients who underwent surgery.

The present analysis of the EURO-ENDO registry confirms a higher long-term mortality in patients with CNIE compared
with patients with CPIE. This difference was present in patients receiving medical therapy alone and not in those who
underwent surgery, with surgery being associated with reduced mortality. Additional efforts are required both to im-
prove the aetiological diagnosis of |E and identify CNIE cases early before progressive disease potentially contraindicates
surgery.

Structured Graphical Abstract

Key Question

Subtle symptoms and late diagnosis are characteristics of patients with culture-negative endocarditis. Does the failure to identify the

causative agent worsen the overall outcome of infective endocarditis?

Key Finding

Mortality of culture-negative endocarditis was higher than culture-positive endocarditis in patients receiving antimicrobial therapy only.

Take Home Message
Additional efforts are required to improve both the etiological diagnosis of infective endocarditis and early identification of culture nega-

tive infective endocarditis cases before progression to advanced disease that may exclude the possibility of surgery.
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Introduction

Fatality of infective endocarditis (IE) is high worldwide and its diagno-
sis remains a challenge.” The microbiological profile of IE varies from
country to country and across different centres in the same coun-
try." This heterogeneity may reflect the local epidemiology of IE,
the diagnostic criteria used, the practice of initiation of antibiotics
prior to collecting blood cultures, and the protocols used to pursue
aetiological diagnosis.

Identification of the causative microorganism is crucial to select an
appropriate targeted antibiotic therapy that, together with surgical
debridement whenever indicated, represents the mainstay of the
therapeutic approach to |E. With these premises, we hypothesized
that: (i) failure to identify the causative agent may be one of the fac-
tors which worsens the overall outcome of IE; (i) recognition of par-
ticular characteristics of IE patients without an aetiological diagnosis
could help to identify modifiable factors to improve either diagnostic
yield or patient health.

Guided by the hypotheses that the negativity of blood cultures
may impair the chances to treat these patients adequately (both by
delaying and by forcing empirical rather than targeted antibiotic ther-
apy), we conducted an ancillary multicentre study within the European
Society of Cardiology (ESC)-EURObservational Research Programme
(EORP) European Endocarditis (EURO-ENDO) international registry
to compare the clinical characteristics, 30-day mortality, and 1-year
outcome of patients with culture-positive (CPIE) vs. culture-negative
IE (CNIE).

Methods

The ESC-EORP EURO-ENDO records the data from the largest cohort
of patients admitted to hospitals in Europe and ESC-affiliated/non-
affiliated countries and diagnosed with definite or possible IE. The de-
tailed design, study methodology, and definitions of EURO-ENDO
have been reported previously.” Briefly, from 1 January 2016 to 31
March 2019, all patients aged 18 years or older with active |E from sites
participating in the registry were included in the present study. All cen-
tres were asked to include patients during a 1-year period, with a max-
imum follow-up of 1 year after discharge for each patient. Each centre
could participate for a maximum of 2 years. A total of 156 centres
from 40 countries included 3113 cases of IE, with a mean of 20.19 pa-
tients per centre per year. Among the 156 active centres, 120 (76.9%)
were from ESC-affiliated countries and 36 (23.1%) were outside
Europe. There were 79.5% high-volume centres and 20.5% low-volume
centres.”

The primary endpoints were 30-day and 1-year mortality.

Definitions

The CPIE was defined as IE with the causative agent identified from blood
cultures and/or tissue cultures from the excised valve or vegetation,
whereas CNIE was defined as IE with negative blood cultures and nega-
tive tissue cultures. For the purpose of the study (comparing patients
with and without an aetiological diagnosis), patients with positive

immunoglobulin G antibodies for Coxiella burnetii were included in the
CPIE group, although they had negative cultures.

Data collection

Data were recorded at patient admission, during hospitalization and at
follow-up. The following information was collected: demographic and
clinical data [age, sex, weight, height, Charlson comorbidity index, date
and timing of first signs and symptoms related to the infectious process,
underlying cardiac disease, at-risk situation or procedure, Roth’s spots,
temperature, Janeway’s lesions, conjunctival haemorrhages, cardiac mur-
mur, heart failure signs, neurological complication, septic shock, atrioven-
tricular (AV) block]; laboratory and microbiological data (creatinine,
haemoglobin, white cell count, platelet count; culture results); echocar-
diographic data (vegetation, abscess, pseudoaneurysm, valvular and peri-
valvular lesions, valve regurgitation or stenosis); imaging techniques
performed at admission and during hospitalization [computed tomog-
raphy (CT) scan, positron emission tomography (PET)/CT, and cerebral
or cardiac magnetic resonance imaging (MRI)]; treatment (antibiotic
therapy before admission and during hospitalization, non-antibiotic
treatments)."

The following was also registered: mortality and cause of death at dis-
charge; 30-day mortality; embolic events, infectious and haemodynamic
complications at 30-day follow-up; New York Heart Association
Classes Ill and IV at follow-up; recurrence of IE at follow-up; reoperation
at follow-up; 1-year mortality.>*

Data management and statistical analysis
National coordinators, in conjunction with local centres, managed the
approvals of national or regional ethics committees or Institutional
Review Boards, according to local regulations.

Data were collected by all investigators at the participating centres and
included in the format of an electronic case report form for online data
entry. All patients enrolled with definite or possible IE were included in
the analyses. Continuous variables are expressed as mean (standard de-
viation) and compared using the Kruskal-Wallis test. Categorical vari-
ables are presented as number (percentage) and compared using
Pearson’s x> test or Fisher’s exact test (1) if any expected cell count
was <5. Kaplan—Meier curves for all-cause mortality were created and
the curves compared using the log-rank test. Univariable analyses of
30-day and 1-year mortality were performed using a Cox proportional
hazard model. Variables with P <<0.05 were entered in multivariable ad-
justed Cox proportional hazard models with a backward selection pro-
cedure and significance level of P=0.05. In order to test our hypothesis
that higher mortality rates in patients with CNIE mainly depend on the
risk profile and patient characteristics, the variable ‘culture negative vs.
culture positive’ was forced into the final multivariable statistical models.
Goodness of fit proposed by May and Hosmer and concordance were
calculated to verify the adequacy of the models. In addition, proportional
hazard ratio (HR) assumptions were verified graphically and with the
Schoenfeld residuals test.

Sensitivity analyses were performed: (i) on 30-day and 1-year mortality
in medical and surgical subgroups using multivariable Cox proportional
hazard model based on least absolute shrinkage and selection operator
(LASSO) penalty for variable selection, starting from the clinically rele-
vant variables detected through univariable analyses; (i) on the
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comparison between CNIE and CPIE due to Staphylococcus aureus, trad-
itionally associated with poor outcome.”

An alpha level <0.05 was considered significant. All analyses were per-
formed using SAS statistical software version 9.4 (SAS Institute, Inc.,,
Cary, NC, USA) and glmnet 4.1-2 package of R software (version
3.6.2; R Foundation for Statistical Computing, Vienna, Austria).

Results

Overall, 3113 patients who were diagnosed with |E during the study
period were included in the present analysis. Of these, 2590 (83.2%)
had CPIE, whereas 523 (16.8%) had CNIE. Among patients with
CPIE, only 80/2590 (3.1%) were classified as CPIE based only on valve
culture results (i.e. they had negative blood cultures). According to
the 2015 ESC diagnostic criteria, 92.7% (2401/2590) of CPIE patients
had definite IE and 7.3% (189/2590) possible IE, whereas 39.4% (206/
523) of CNIE patients had definite |E and 60.6% (317/523) possible IE
(P<0.001, see Supplementary material online, Table S1). There
were 381/2470 (15.4%) CNIE in IE patients from countries affiliated
to the ESC and 142/643 (22.1%) CNIE in patients with IE from other
countries (P<<0.01). Overall, 1488/3096 (48.1%) patients under-
went cardiac surgery during the index hospitalization, 1259/2581
(48.8%) with CPIE and 229/515 with CNIE (44.5%). Of note, 22 pa-
tients classified as CNIE had positive polymerase chain reaction
(PCR) for aetiological agents on the excised valve.

Table 1 outlines the baseline characteristics (overall and stratified)
of patients with CPIE and CNIE. Those with CPIE were older and
presented more frequently with ischaemic heart disease (22.3 vs.
17.5%, P=0.02), diabetes mellitus (23.5 vs. 18.4%, P=0.01), and
hypertension (49.4 vs. 42.6%, P=0.005). Imaging techniques such
as fluorodeoxyglucose (FDG)-PET/CT scan, MRI, and multi-slice
CT were more frequently performed in patients with CPIE than in
patients with CNIE. The most common site of |E was the aortic valve
(49.5%) followed by the mitral valve (42.0%). There were no signifi-
cant differences in the prevalence of aortic, mitral, pulmonary, tricus-
pid, and device-related endocarditis between CPIE and CNIE
patients (see Supplementary material online, Table S2).

Signs and symptoms of IE in patients with CPIE vs. CNIE are pre-
sented in Supplementary material online, Table $2. On admission, fe-
ver (31.5 vs. 26.8%, P=0.04), septic shock (7.0 vs. 4.4%, P=0.03),
and spondylitis (6.1 vs. 1.7%, P <0.001) were more frequently ob-
served in patients with CPIE than in those with CNIE. Conversely,
CNIE patients presented more frequently with cardiac murmur
(63.3 vs. 70.2%, P=0.003) and congestive heart failure (26.4 vs.
31.0%, P=10.03).

All patients were treated with antimicrobial therapies. Details
about medical treatment are shown in Supplementary material
online, Table S3. Before the index admission for IE, patients with
CNIE received a slightly higher number of antimicrobials than CPIE
patients (mean 0.9 vs. 0.7, P=0.01), whereas CPIE patients received
a higher number of antimicrobials than patients with CNIE (mean 3.5
vs. 3.1, P < 0.01) during the index hospitalization. The most frequent
antimicrobials administered before the index admission were ampi-
cillinfamoxicillin (12.3%) and quinolones (9.9%). Stratifying by culture
results, patients with CNIE were more frequently treated with cef-
triaxone (12.1 vs. 6.4%, P <0.001) and vancomycin (12.6 vs. 6.6%,
P < 0.001) than patients with CPIE. During the index admission for

IE, various differences in the types of administered antimicrobials
were observed between CPIE and CNIE patients, likely reflecting
microorganism-oriented targeted therapy in the CPIE group.
Specifically, penicillin, ceftriaxone, oxacillin, rifampicin, clindamycin,
cotrimoxazole, and cefazolin were administered more frequently
to CPIE than CNIE patients, whereas vancomycin, doxycycline, and
carbapenems were more frequently administered to CNIE patients.
Microorganisms identified in CPIE were detailed in a previous
publication.2

At discharge, adverse event such as heart failure (17.9 vs. 13.7%, P=
0.02) and valvular dysfunction (20.8 vs. 16.3%, P = 0.02) was more fre-
quently observed in CNIE than CPIE patients. Mean length of in-hospital
stay was 42.1 days and in-hospital mortality was higher in patients with
CNIE than in patients with CPIE (20.1 vs. 16.4%, P=0.04; Table 2).

The 30-day mortality was significantly higher in CNIE than CPIE
patients (14.9 vs. 10.2%, P=10.001; Table 2). The 30-day mortality
was also higher in CNIE than CPIE patients in the subgroups of native
valve |E [49/312 (15.7%) vs. 148/1451 (10.2%), P = 0.005], prosthetic
valve [E [25/155 (16.1%) vs. 103/784 (13.1%), P = 0.32], single valve IE
[53/381 (13.9%) vs. 195/1890 (10.3%), P=10.04], multiple valve IE
[21/86 (24.4%) vs. 53/345 (15.4%), P=0.05], and isolated implanta-
ble cardioverter defibrillator/pacemaker IE [7/50 (14.0%) vs. 17/256
(6.6%), P=0.09].

In the subgroup of patients who underwent surgery during the in-
dex hospitalization, the 30-day postoperative mortality was 6.3%
(93/1488 patients), and it was 6.1% (77/1259 patients) in operated
patients with CPIE vs. 7% (16/229) in operated patients with CNIE
(P=0.61).

The results of univariable and multivariable analyses of factors as-
sociated with 30-day mortality are reported in Supplementary
material online, Table $4 and in Table 3, respectively. At multivariable
analysis, chronic heart failure [HR 1.69, 95% confidence interval (Cl)
1.32-2.17], cerebral embolism (HR 1.59, 95% CI 1.16-2.18), con-
gestive heart failure (HR 1.35, 95% ClI 1.04—1.74) or electrocardio-
gram (ECG) conduction abnormality on admission (HR for
third-degree AV block: 2.64, 95% Cl 1.55-4.47), aortic (HR 1.65,
95% Cl 1.30-2.11) or mitral site of IE (HR 1.69, 95% CI 1.33—
2.15), cardiogenic shock (HR 1.96, 95% CI 1.43-2.67), cerebral
haemorrhage (HR 2.18, 95% Cl 1.32-3.61), embolic events (HR
1.83, 95% Cl 1.41-2.38), and septic shock (HR 2.97, 95% Cl 2.24—
3.93) were significantly associated with increased 30-day mortality.
On the other hand, use of MRI (HR 0.43, 95% CI 0.28-0.65) and
FDG-PET scan imaging (HR 0.38, 95% Cl 0.22-0.63), and surgery
(HR 0.33, 95% CI: 0.25-0.43) were significantly associated with re-
duced 30-day mortality. As shown in Table 3, the HR of CNIE for
30-day mortality in multivariable analysis was 1.27 (95% CI 0.97—
1.66).

The mean follow-up after discharge was 13.6 months (95% Cl
13.5-13.8 months). Patients with CNIE and CPIE had comparable
rates of |E recurrence and NYHA functional Classes -V at follow-up
and need of valvular surgery after the index hospitalization (Table 2).

Overall, 1-year survival in the study cohort is reported in Table 2
and shown in Figure 1, and factors associated with 1-year mortality
in univariable and multivariable analyses are presented in
Supplementary material online, Table S5, respectively. The CNIE
(HR 1.28, 95% CI 1.04-1.56), chronic heart failure (HR 1.62, 95%
Cl 1.36-1.92), chronic renal failure (HR 1.51, 95% CI 1.25-1.82),
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Table 1 Baseline clinical characteristics of patients with culture-positive vs. culture-negative infective endocarditis
Variable Total N=3113 CPIE N=2590 (83.2%) CNIEN=523 (16.8%) P-value
Malesex 1443113 (689%) 18082590 (698%) 336523 (642%) 001

Age (years) 59.3 (+£18.0) 60.2 (+£17.6) 543 (£19.2) <0.001
Age >65 years 1443/3113 (46.4%) 1254/2590 (48.4%) 189/523 (36.1%) <0.001
Body mass index (kg/m?)

(N=2736) 258 (+64) 259 (+6.5) 254 (+58) 0.12
Heart failure 661/2837 (23.3%) 536/2337 (22.9%) 125/500 (25.0%) 0.32
Ischaemic heart disease (CAD) 620/2894 (21.4%) 532/2390 (22.3%) 88/504 (17.5%) 0.02
Pre-existing valvular disease 1067/3113 (34.3%) 894/2590 (34.5%) 1737523 (33.1%) 0.53
Cancer 359/3085 (11.6%) 310/2571 (12.1%) 49/514 (9.5%) 0.10
Previous stroke/transient ischaemic attack 340/2857 (11.9%) 280/2351 (11.9%) 60/506 (11.9%) 0.97
Diabetes mellitus 704/3109 (22.6%) 608/2586 (23.5%) 96/523 (18.4%) 0.01
Avrterial hypertension 1499/3108 (48.2%) 1276/2585 (49.4%) 223/523 (42.6%) 0.005
Congenital disease 365/3111 (11.7%) 283/2588 (10.9%) 82/523 (15.7%) 0.002
Previous valvular intervention (prosthesis/repair/TAVI)  1023/3113 (32.9%) 865/2590 (33.4%) 158/523 (30.2%) 0.16
Previous procedure—TAVI 707474 (14.8%) 66/427 (15.5%) 4/47 (8.5%) 0.20
Previous procedure—TMVR 2/95 (2.1%) 2/81 (2.5%) 0/14 (0.0%) 1.0
Previous endocarditis 274/3113 (8.8%) 232/2590 (9.0%) 42/523 (8.0%) 049
COPD/asthma 317/3108 (10.2%) 264/2586 (10.2%) 53/522 (10.2%) 097
Chronic renal failure 551/3110 (17.7%) 468/2587 (18.1%) 83/523 (15.9%) 0.22
LVEF (N=2657) 55.6 (+12.0) 55.9 (+£11.8) 545 (+12.7) 0.02
Echocardiography 2827/2832 (99.8%) 2329/2333 (99.8%) 498/499 (99.8%) 1.0
FDG-PET/CT scan 518/3113 (16.6%) 463/2590 (17.9%) 55/523 (10.5%) <0.001
Magnetic resonance imaging 581/3113 (18.7%) 520/2590 (20.1%) 61/523 (11.7%) <0.001
Leucocyte scintigraphy 38/3113 (1.2%) 32/2590 (1.2%) 6/523 (1.1%) 0.87
Multi-slice computed tomography 1656/3113 (53.2%) 1401/2590 (54.1%) 255/523 (48.8%) 0.03

CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CNIE, culture-negative infective endocarditis; CPIE, culture-positive infective endocarditis; FDG-PET/
CT, fluorodeoxyglucose positron emission tomography/computed tomography; LVEF, left ventricular ejection fraction; TAVI, transcatheter aortic valve implantation; TMVR,

transcatheter mitral valve repair.

diabetes (HR 1.22, 95% Cl 1.02—1.46), and ECG conduction abnor-
mality on admission (HR for third-degree AV block: 1.65, 95% ClI
1.12-2.43), and the following adverse events: cardiogenic shock
(HR 2.41, 95% ClI 1.91-3.04), cerebral haemorrhage (HR 2.84, 95%
Cl 1.91-4.22), acute renal failure (HR 1.54, 95% Cl 1.28-1.84), and
septic shock (HR 3.45, 95% Cl 2.79-4.25) were significantly asso-
ciated with higher 1-year mortality at multivariable analysis.
Conversely, surgery (HR 0.49, 95% Cl 0.41-0.58) was significantly
associated with reduced 1-year mortality.

Some differences with respect to the primary study outcomes
were observed after stratification according to the use of surgical
and medical therapy. Among patients with CPIE, 30-day mortality
was 13.9% (184/1322) and 6.1% (77/1259) in medical and surgical pa-
tients, respectively (P <<0.001). Among patients with CNIE, 30-day
mortality was 20.3% (58/286) and 7.0% (16/229) in medical and

surgical patients, respectively (P<<0.001). Overall, 69.4% (1797/
2590) of patients with CPIE and 69.0% (360/522) with CNIE had the-
oretical indications for surgery. Despite these indications, surgery
was not performed in 24.8% (445/1797) of the CPIE group and
32.2% (116/360) of the CNIE group (P=0.003; see Supplementary
material online online, Table S6).

The 1 year mortality was significantly higher in CNIE than CPIE pa-
tients in the medical subgroup (Figure 2A) but not statistically differ-
ent between CNIE and CPIE in the surgical subgroup (Figure 2B).

The results of sensitivity analyses on mortality are reported in
Supplementary material online, Table S7. Briefly, Cox regression
models with LASSO penalty for variable selection showed that
CNIE were significantly associated with mortality both at 30 days
(differently from the main study analysis) and at 1 year (as in the
main study analysis). The negative impact of CNIE on 30-day and

202 UOIB\ 2Z UO Jasn e000oig-Uei Jo Ausioaun Aq G0v7099/0.22/62/€/o10Me/ueayina/woo dno-olwepese/:sdny wolj pepeojumoq


http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac307#supplementary-data
http://academic.oup.com/eurheartj/article-lookup/doi/10.1093/eurheartj/ehac307#supplementary-data

Outcomes of CNIE vs. CPIE

2775

Table2 Adverse events at discharge and short- and long-term mortality results in patients with culture-positive vs.

culture-negative endocarditis

Variable

Total N=3113

CPIE N = 2590 (83.2%)

CNIE N =523 (16.8%)

Embolic events
Spondylitis

Cardiogenic shock
Septic shock
Glomerulonephritis
Cerebral haemorrhage
Mycotic aneurysm

Acute renal failure
Persistent fever
Increasing vegetation size
New abscess

AV block

Thrombopenia

Heart failure

Valve or prosthetic dysfunction
Length of stay

Death at 30 days
In-hospital death
Recurrence of IE at 1 year
Overall

Medical therapy

Surgical therapy

641/3113 (20.6%)
145/3113 (4.7%)
189/2837 (6.7%)
287/3113 (9.2%)

89/3094 (2.9%)
71/3113 (2.3%)
58/3113 (1.9%)

548/3113 (17.6%)

35012837 (12.3%)
201/3113 (6.5%)
193/3113 (6.2%)
128/2837 (4.5%)
21412837 (7.5%)

37012579 (14.3%)

439/2582 (17.0%)

421 (+£39.9)

341/3113 (11.0%)

529/3113 (17.0%)

57/1605 (3.6%)
30/742 (4.0%)
27/859 (3.1%)

NYHA functional Classes Ill and IV at follow-up

Overall
Medical therapy

Surgical therapy

Surgical procedures after the index hospitalization

Overall

Medical therapy

Surgical therapy

Death at 1 year

Overall

Survival rate (standard error)
Medical therapy

Survival rate (standard error)
Surgical therapy

Survival rate (standard error)

129/1567 (8.2%)
74/716 (10.3%)
55/847 (6.5%)

153/3113 (4.9%)
87/1608 (5.4%)
66/1488 (4.4%)

719/3113 (23.1%)
74.5% (0.8%)
474/1608 (29.5%)
67.6% (1.2%)
236/1488 (15.9%)
96.7% (0.6%)

561/2590 (21.7%)
138/2590 (5.3%)
14912337 (6.4%)
246/2590 (9.5%)
69/2571 (2.7%)
61/2590 (2.4%)
48/2590 (1.9%)

441/2590 (17.0%)

287/2337 (12.3%)
17012590 (6.6%)
17412590 (6.7%)
111/2337 (4.7%)
181/2337 (7.7%)

295/2161 (13.7%)

35212164 (16.3%)

423 (+387)

263/2590 (10.2%)

42412590 (16.4%)

51/1341 (3.8%)
28/621 (4.5%)
23/718 (3.2%)

111/1319 (8.4%)
63/602 (10.5%)
481716 (6.7%)

130/2590 (5.0%)
71/1322 (5.4%)
59/1259 (4.7%)

584/2590 (22.5%)
75.0% (0.9%)
380/1322 (28.7%)
68.5% (1.4%)
199/1259 (15.8%)
96.6% (0.7%)

80/523 (15.3%)
7/523 (1.3%)
40/500 (8.0%)
41/523 (7.8%)
20/523 (3.8%)
10/523 (1.9%)
10/523 (1.9%)
107/523 (20.5%)
63/500 (12.6%)
31/523 (5.9%)
19/523 (3.6%)
17/500 (3.4%)
33/500 (6.6%)
75/418 (17.9%)
87/418 (20.8%)
411 (+45.6)
78/523 (14.9%)
105/523 (20.1%)

61264 (2.3%)
20121 (1.7%)
4141 (2.8%)

181248 (7.3%)
11114 (9.6%)
71131 (5.3%)

23/523 (4.4%)
161286 (5.6%)
7/229 (3.1%)

135/523 (25.8%)
71.6% (21%)
94/286 (32.9%)
63.5% (3.1%)
37/229 (16.2%)
97.1% (1.4%)

0.22
0.21
1.00

0.54
0.79
0.56

0.55
0.88
0.27
P-value at 1

0.04

0.04

0.09

year®

AV, atrioventricular; CNIE, culture-negative infective endocarditis; CPIE: culture-positive infective endocarditis; |E: infective endocarditis.

?Results from actuarial survival curves: survival rate, standard error, and log-rank tests (see text and Figures 1 and 2).
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Table 3 Multivariable Cox proportional hazard models for prediction of 30-day and 1-year mortality

30-day mortality

1-year mortality

Variable Hazard ratio (95% CI)* P-value* Hazard ratio (95% CI)° P-value*
Swgey 0302504 <0001 049041058 <0001
Chronic heart failure 1.69 (1.32-2.17) <0.001 1.62 (1.36-1.92) <0.001
Chronic renal failure — — 1.51 (1.25-1.82) <0.001
Diabetes — — 1.22 (1.02-1.46) 0.03
Symptoms
Cerebral embolism 1.59 (1.16-2.18) 0.004 — —
Congestive heart failure 1.35 (1.04-1.74) 0.025 — —
Conduction abnormality on ECG (ref: no AV block) <0.001 <0.001
1st-degree AV block 0.71 (0.43-1.16) 0.60 (0.43-0.84)
2nd-degree AV block 3.68 (1.16-1.66) 277 (1.37-5.61)
3rd-degree AV block 2.64 (1.55-4.47) 1.65 (1.12-2.43)
Location of endocarditis
Aortic valve 1.65 (1.30-2.11) <0.001 — —
Mitral valve 1.69 (1.33-2.15) <0.001 — —
Imaging
MR 0.43 (0.28-0.65) <0.001 — —
PET scan 0.38 (0.22-0.63) <0.001 — —
Adverse event
Congestive heart failure 1.59 (1.20-2.11) 0.001 — —
Cardiogenic shock 1.96 (1.43-2.67) <0.001 241 (1.91-3.04) <0.001
Cerebral haemorrhage 2.18 (1.32-3.61) 0.002 2.84 (1.91-4.22) <0.001
Embolic events 1.83 (1.41-2.38) <0.001 — —
Acute renal failure — — 1.54 (1.28-1.84) <0.001
Septic shock 297 (2.24-3.93) <0.001 345 (2.79-4.25) <0.001
CNIE 1.27 (0.97-1.66) 0.08 1.28 (1.04-1.56) 0.02

AV, atrioventricular; Cl, confidence interval; CNIE, culture negative infective endocarditis; ECG, electrocardiogram; MRI, magnetic resonance imaging; PET, positron emission

tomography.

*Sample size: N =2600/3113 (83.5%). Goodness of fit test: P = 0. 02; Concordance = 0.82; Global Schoenfeld residual test P = 0.67.
bSample size: N=2639/3113 (84.8%). Goodness of fit test: P < 0.001; Concordance = 0.75; Global Schoenfeld residual test P = 0.02.

*P-value corresponds to the results of Wald test.

1-year mortality was observed both in medically treated and surgical-
ly treated patients. Surgery was protective for both 30-day and
1-year mortality (see Supplementary material online, Table S7).
Compared with patients with S. aureus CPIE, CNIE patients had
less embolic events (15.3 vs. 26.3%, P <0.001), spondylitis (1.3 vs.
5.9%, P<0.001), septic shock (7.8 vs. 15.5%, P <0.001), cerebral
haemorrhage (1.9 vs. 42%, P=0.02), persistent fever (12.6 vs.
17.6%, P=0.02), new abscess (3.6 vs. 6.9%, P=0.01), and thrombo-
cytopenia (6.6 vs. 9.8%, P=0.05). In addition, they had more fre-
quently valve or prosthesis dysfunction (20.8 vs. 14.8%, P=0.01)
at discharge. The 30-day and 1-year mortality were not significantly
different in S. aureus IE and CNIE patients (13.8 vs. 14.9%, P=0.56 at

30 days; 25.8 vs. 28.8%, P=0.23 at 1 year; see Supplementary
material online, Table S8).

Discussion

The main results stemming from the present analysis of the
EURO-ENDO registry data are the following: (i) about 1/5 patients
with |E had CNIE; (ii) clinical characteristics at admission for |E were
different between CNIE and CPIE patients; (jii) 30-day mortality was
higher in CNIE than CPIE patients; (iv) among patients with theoret-
ical indications for surgery, patients with CNIE were less frequently
operated upon than those with CPIE; (v) no difference in 1-year
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Figure 1 Kaplan—Meier curves demonstrating freedom from mortality during follow-up in patients with culture-positive and culture-negative

endocarditis. Graphs have been plotted by EORP.

survival was observed between CNIE and CPIE in the subgroup of
surgically treated patients, but a lower survival for CNIE was ob-
served in patients receiving medical treatment alone (Structured
Graphical Abstract).

Culture-negative infective endocarditis:

prevalence and diagnosis
Among patients with |E enrolled in the EURO-ENDO registry, 16.8%
had CNIE. This is among the lowest registered frequencies of CNIE
when compared with other series (where frequency ranges from 9
to 42%), possibly testifying to improved approaches to the aetio-
logical diagnosis of IE over the years (especially in ESC-affiliated coun-
tries which enrolled the majority of patients in the registry), although
the reasons may be more complex and multifactorial>~"" Indeed, it
should be remembered that CNIE is a heterogeneous condition in-
cluding different types of diseases, some rare (i.e. marantic endocar-
ditis, endocarditis related to systemic diseases, such as lupus and
Behget, IE due to fastidious microorganisms such as HACEK or nu-
tritionally variant streptococci, IE due to intracellular bacteria not
routinely cultured in blood samples), and others likely far more fre-
quent (i.e. |E with no aetiological diagnosis because of reduced sen-
sitivity of blood cultures collected after initiation of antimicrobial
therapy).nf14 The latter may be in line with the slightly higher num-
ber of antibiotics received prior to admission by CNIE than CPIE pa-
tients in the present study that may have affected the diagnostic yield
of cultures.

It could be of interest to explore in future studies whether hetero-
geneous antibiotic practices or other reasons may had been

responsible for the higher prevalence of CNIE, we registered in
non-ESC-affiliated than in ESC-affiliated countries.’

Culture-negative infective endocarditis

characteristics and outcomes

In the present cohort from the EURO-ENDO registry, CNIE pa-
tients were younger with less ischaemic heart disease, diabetes mel-
litus, and hypertension than patients with CPIE. Overall, baseline
signs and symptoms such as fever, septic shock, and spondylitis
were more frequently observed in patients with CPIE, whereas heart
failure due to valvular dysfunction was more frequently observed in
patients with CNIE. However, it is interesting that the difference in
advanced disease (valve dysfunction, heart failure) was more clearly
appreciable not at baseline, but over the disease course (Table 2).
Notably, similar differences in patient characteristics in
EURO-ENDO were also found in the GAMES study.'® All of this
may suggest that CNIE diagnoses and/or evaluation for surgery
were more frequently obtained later than in patients with CPIE,
and after the occurrence of cardiac or systemic complications. On
the other hand, we cannot exclude that the increased frequency of
heart failure and valvular dysfunction was the consequence of, rather
than the reason for, an initial conservative approach, which: (i) may
cast doubts about the appropriateness of the initial conservative de-
cision; and (ii) may support a detrimental effect on functional status
of an only partly controlled septic process after an initially appropri-
ate conservative decision, consequent of the non-identification (and
lack of antibiogram) of the causative agent of CNIE, with possibly
suboptimal antimicrobial therapy."’
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Figure 2 Kaplan—Meier curves demonstrating freedom from mortality during follow-up in patients with culture-positive and culture-negative
endocarditis treated with (A) medical therapy alone and (B) cardiac surgery during index hospitalization.

The increased number of new postoperative abscesses in CPIE we
found in our study has not a clear explanation and deserves further
investigation, although one possible speculation is that patients with
CPIE might present with initially more destructive disease, with earl-
ier diagnosis of CPIE vs. CNIE mitigating or even reversing the un-
favourable prognostic impact of destructive disease. This is also in
line with the lack of difference in the prognostic impact of CNIE
vs. CPIE due to S. aureus, since the latter are among the most de-
structive CPIE and are associated with high mortality.

Of note, the softening effect on signs and symptoms of |IE of broad
spectrum antimicrobials administered prior to diagnosis/evaluation
may have played a role in influencing initial surgical decisions in

CNIE patients, although this hypothesis deserves further investiga-
tion by means of dedicated studies registering the precise timing of
antimicrobial therapy with respect to diagnosis/evaluation.

The possible impact of CNIE on short- and long-term mortality is
a current subject of debate and EURO-ENDO can provide some in-
teresting insights. According to some series, CNIE is not associated

6,9,18

with increased early mortality, whereas others suggest a rele-

vant, unfavourable impact on early and/or long-term mor‘tality.7'11’16
In our series, 30-day mortality was approximately 5% higher in CNIE
than CPIE patients. Notably, although the direction of the effect was
towards increased mortality, CNIE did not turn out to be a predictor

at 30 days at stepwise multivariable analysis but was associated with
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30-day mortality at LASSO regression. Although the different results
of the two models certainly call for further investigation, the results
of the additional LASSO sensitivity analysis are in line with the un-
favourable impact of CNIE on 1-year mortality, noticed both in step-
wise and LASSO models.

The GAMES study (the largest study after EURO-ENDO), whose
observation period is limited to in-hospital stay, refers to CNIE as a
risk factor for in-hospital mortality related to late and inappropriate
antimicrobial ther‘apy.16 The results of our series suggest that the
higher mortality observed in the CNIE group may also rely on other
indirect reasons, such as the possible diagnostic/surgical evaluation
delay in CNIE patients discussed in the previous paragraph. Form
this standpoint, early mortality may be associated with patient char-
acteristics and the use of surgery, which can mitigate the effects of
uncontrolled infection.

Of note, the impact of treatment modality (surgery vs. medical treat-
ment alone) was seldom taken into account in previous series.®”*'"1618
In the present study, advanced disease possibly discouraging the use of
surgery because of absolute/relative contraindications was more fre-
quently observed in CNIE than CPIE patients. All of this is in line with
the fact that CNIE patients with theoretical surgical indications were
less frequently operated upon than CPIE patients. However, as dis-
cussed above, further studies are needed to support this hypothesis.

Finally, certainty of cure with surgery, which was significantly asso-
ciated with lower mortality in multivariable analyses, and a potentially
insidious infection may explain why 1-year survival was lower for
CNIE in patients receiving medical treatment alone and comparable
between CNIE and CPIE in surgically treated patients.

Limitations

Our study has some limitations. The first is the observational nature
of the analysis, which may imply some information and selection bias.
Second, this is an ancillary analysis of a registry that was not primarily
dedicated to the assessment of the objectives of the present—for
example, there is no detailed information regarding the exact timing
of antimicrobial therapy with respect to surgery and |E diagnosis.
Thus, the evolution of the disease in CNIE patients could be due
to an untimely antibiotic therapy.

Third, standards of treatment could be different in certain centres
and/or countries. Certain diagnostic approaches such as some im-
aging techniques may not have been employed in all centres.'” The
PET/CT equipment was available in only 70.3% centres in
ESC-affiliated countries and in 56.3% centres elsewhere and was ul-
timately used in 16.6% of patients (25.0% in suspected prosthetic
valve IE).2 In addition, the lack of specific guidelines for
"8F_FDG-PET/CT on patient preparation, image acquisitions, semi-
quantitative measurements, and image interpretation may result in
low sensitivity especially for native valve |E diagnosis, thereby limiting
its use in such circumstances.”®

As reported in previous studies, patients admitted to small hospi-
tals may not easily receive transoesophageal echocardiography or
other advanced examinations that allow for early diagnosis or iden-
tification of complications that could affect prognosis.’® The same
applies to surgical treatment in centres without cardiac surgery on
site. Indeed, surgery may be underused for several reasons including,
among others, patient refusal, advanced age, frailty, or high operative
risk.

Fourth, information about the number of patients transferred
from non-surgical centres to cardiac surgical centres is missing in
the registry, preventing assessment of any possible modifying effect
of this factor on the prognostic impact of surgery.

Fifth, we could not evaluate the possible additional diagnostic po-
tential of valve PCR results, since molecular tests were not available
in all centres, and also the denominator of tested patients was not
available (only positive PCR results were ultimately included in the
registry).21 For this reason, and also because only valve samples or
removed parts of catheters and devices could be tested for PCR, it
was not possible to estimate the true impact of molecular biology
in guiding antibiotic therapy. Finally, data from critically ill patients,
whose informed consent to participate in the registry could not be
obtained, were not included.

Conclusion

In conclusion, the present analysis of the EURO-ENDO registry is
the largest study comparing CNIE and CPIE. We found a possibly in-
creased short-term mortality and an increased long-term mortality in
patients with CNIE when compared with those with CPIE. This dif-
ference was present in patients receiving medical treatment alone
and not in those who underwent surgery, with surgery being asso-
ciated with reduced mortality. Additional efforts are required both
to improve the aetiological diagnosis of |E and early identification
of CNIE cases before progression to advanced disease that may ex-
clude the possibility of surgery.

Supplementary material

Supplementary material is available at European Heart Journal online.
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