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BACKGROUND Infective endocarditis (IE) is a common and serious complication in patients receiving chronic
hemodialysis (HD).
OBJECTIVES This study sought to investigate whether there are significant differences in complications,
cardiac surgery, relapses, and mortality between IE cases in HD and non-HD patients.
METHODS Prospective cohort study (International Collaboration on Endocarditis databases, encompassing
7,715 IE episodes from 2000 to 2006 and from 2008 to 2012). Descriptive analysis of baseline characteristics, epide-

miological and etiological features, complications and outcomes, and their comparison between HD and non-HD patients

was performed. Risk factors for major embolic events, cardiac surgery, relapses, and in-hospital and 6-month mortality

were investigated in HD-patients using multivariable logistic regression.
RESULTS A total of 6,691 patients were included and 553 (8.3%) received HD. North America had a higher
HD-IE proportion than the other regions. The predominant microorganism was Staphylococcus aureus (47.8%), followed

by enterococci (15.4%). Both in-hospital and 6-month mortality were significantly higher in HD versus non–HD-IE pa-

tients (30.4% vs. 17% and 39.8% vs. 20.7%, respectively; p < 0.001). Cardiac surgery was less frequently performed

among HD patients (30.6% vs. 46.2%; p < 0.001), whereas relapses were higher (9.4% vs. 2.7%; p < 0.001). Risk

factors for 6-month mortality included Charlson score (hazard ratio [HR]: 1.26; 95% confidence interval [CI]: 1.11 to 1.44;

p ¼ 0.001), CNS emboli and other emboli (HR: 3.11; 95% CI: 1.84 to 5.27; p < 0.001; and HR: 1.73; 95% CI: 1.02 to 2.93;

p ¼ 0.04, respectively), persistent bacteremia (HR: 1.79; 95% CI: 1.11 to 2.88; p ¼ 0.02), and acute onset heart failure

(HR: 2.37; 95% CI: 1.49 to 3.78; p < 0.001).
CONCLUSIONS HD-IE is a health care–associated infection chiefly caused by S. aureus, with increasing rates
of enterococcal IE. Mortality and relapses are very high and significantly larger than in non–HD-IE patients, whereas

cardiac surgery is less frequently performed. (J Am Coll Cardiol 2021;77:1629–40) © 2021 by the American College of

Cardiology Foundation.
N 0735-1097/$36.00 https://doi.org/10.1016/j.jacc.2021.02.014
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C hronic hemodialysis (HD) has been
recognized as a risk factor for the
development of infective complica-

tions such as bacteremia and infective endo-
carditis (IE) for more than 4 decades (1–6).
Several factors contribute to this increased
risk including repetitive access to the circula-
tion, immunological susceptibility of patients
with end-stage kidney disease (ESKD), and
coexisting conditions such as valvular heart
disease (i.e., aortic valve sclerosis and mitral
valve regurgitation), diabetes mellitus,
immunosuppressive therapy, and protein
malnutrition (4,5,7).
IE is a serious and potentially lethal infection that
has been reported in up to 6% of patients undergoing
HD. The frequency and mortality of IE are signifi-
cantly higher in these patients than in the general
population and its prevalence is expected to increase
as the ESKD population increases (6–9). Because of
the heterogeneity of previous studies (single centers,
retrospective analysis) their findings cannot be
extrapolated. As a result, the clinical characteristics
and outcome of IE in the HD-dependent patient
remain incompletely understood.

Therefore, the aims of this study were to describe
the prevalence of HD in the International Collabora-
tion on Endocarditis (ICE) cohort, the clinical char-
acteristics and outcome of IE in chronic HD patients,
and to identify risk factors for mortality, cardiac
surgery, relapses, and major emboli in this
population.
SEE PAGE 1641
METHODS

STUDY DESIGN. This observational study was based
on data within the ICE-PCS (International Collabora-
tion on Endocarditis Prospective Cohort Study) study
and the ICE-Plus databases. The ICE-PCS database
contains prospective data on 5,591 patients with
definite and possible IE from 64 sites in 28 countries
collected between January 1, 2000, and December 31,
2006. The ICE-Plus database contains prospective
data on 2,124 patients with IE from 34 sites in 18
countries collected between September 1, 2008, and
rs attest they are in compliance with human studies committe

s and Food and Drug Administration guidelines, including patien

uthor Center.

t received November 13, 2020; revised manuscript received Decem
December 31, 2012 (10). Overall, sites from 30 coun-
tries participated in either of both cohorts. A case
report form was developed by the ICE group accord-
ing to standard definitions (11,12). Data for each pa-
tient were collected prospectively by site
investigators during the index hospitalization and
were then sent to the coordinating center for data
entry. Both the ICE-PCS and the ICE-Plus databases
are maintained at the Duke University School of
Medicine, which serves as the coordinating center for
the ICE studies, and approvals were obtained from
the Institutional Review Boards of the Duke Univer-
sity School of Medicine and the participating ICE sites
according to local standards.

PATIENTS AND STUDY GROUPS. Patients with IE and
available information on HD and outcomes in the ICE
case report form. The hemodialysis group was
composed solely by patients undergoing long-term
HD due to chronic kidney insufficiency. Patients un-
dergoing peritoneal dialysis, hemodiafiltration, or
short-term hemodialysis due to acute kidney failure
were not considered HD patients. The study group
was composed of HD patients with IE and the control
group was composed of the rest of IE patients from
the ICE cohort with enough available data.

OUTCOMES. Outcomes were all-cause in-hospital
mortality, all-cause 6-month mortality, cardiac sur-
gery during the initial admission due to IE, cardiac
surgery up to 6 months after discharge, relapses, and
major embolic events.

DEFINITIONS. IE was defined according to modified
Duke criteria (13). Relapse was defined as a new
episode of IE caused by the same microorganism
within 6 months. Persistent bacteremia was defined
as persistence of positive blood cultures under
treatment after 72 h of adapted antimicrobial treat-
ment. Major embolic events included symptomatic
emboli confirmed either by imaging or histopathology
in any location.

STATISTICAL ANALYSIS. Continuous variables were
represented as median (interquartile range [IQR]),
with categorical variables as frequencies (percent-
ages). The Wilcoxon rank sum test or Fisher exact test
were used for comparisons between groups
as appropriate.
es and animal welfare regulations of the authors’
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FIGURE 1 Distribution of Patients
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Patients in chronic hemodialysis (HD) programs represented 8.3% (n ¼ 553

of 6,691 of the total International Collaboration on Endocarditis [ICE]

cohort patients included in the sample). Patients receiving HD mostly pro-

ceeded from North America (n ¼ 203 of 1,044 patients from North America

[19.4%]) and Europe (n ¼ 194 of 3,309 from Europe [5.9%]), with 71.8%

(n ¼ 397 of 553) of HD patients included jointly represented in the study.

Overall, sites from 30 countries participated in either of both cohorts. ICE-

PCS ¼ International Collaboration on Endocarditis Prospective Cohort

Study.
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Univariate and multivariate analyses were used to
determine factors associated with mortality (in-hos-
pital and 6 months), relapses, cardiac surgery (during
initial admission), and major embolic events. Logistic
regression models were used for in-hospital mortal-
ity, cardiac surgery, major embolic events, and re-
lapses, whereas Cox regression was used for 6-month
mortality. Variables that individually showed an as-
sociation with these endpoints (p < 0.05) and those
with clinical relevance were included in the final
multivariate analysis and added to the model in a
stepwise fashion. The fit of the final multiple regres-
sion model to the data was assessed by the concor-
dance index, as it is the proportion of all possible
pairs of cases in which the model assigns a higher
probability to a correct case than to an incorrect case.
Kaplan-Meier survival curves were generated for 1-
year mortality with log-rank test analysis. For all
tests, a 2-sided p < 0.05 was considered statistically
significant.

RESULTS

DISTRIBUTION OF PATIENTS. The distribution of
patients from the ICE cohorts is shown in Figure 1. A
total of 553 of 6,691 (8.3%) patients with sufficient
data were on chronic HD.

Supplemental Table 1 shows a summary of prior
studies providing clinical data on IE cases occurring
among HD patients.

EPIDEMIOLOGY AND RISK FACTORS OF IE IN

CHRONIC DIALYSIS PATIENTS. The major charac-
teristics and outcome of IE in HD patients are
compared with those observed in non-HD patients
from the ICE cohort (Table 1). Female sex was signif-
icantly more frequent in the HD group (58.6% vs.
31.6%; p < 0.001). The median age of HD-IE patients
was 59.9 years (IQR: 48.3 to 69.7 years). Diabetes
mellitus, ischemic heart disease, baseline heart fail-
ure, peripheral vascular disease, and cerebrovascular
disease were significantly more frequent in the HD-IE
group, whereas intravenous drug use and congenital
heart disease were more commonly observed in the
non–HD-IE group. The more common mode of IE
acquisition among HD-IE patients was non-
nosocomial health care associated (60.2% in the HD-
IE group vs. 4.8% in the non–HD-IE group;
p < 0.001). Community acquisition was much more
frequently found among non–HD-IE patients (77.3%
vs. 19.9%; p < 0.001). No differences were found for
nosocomial acquisition.

The main predisposing risk factor for IE observed
in HD population was the presence of a catheter as
vascular access for dialysis. A total of 48.1% of pa-
tients had an indwelling catheter, 34.2% had an
arteriovenous (AV) fistula, and 2.5% had an AV graft,
while in 22.1% of patients the HD access was un-
known (Table 1).

ETIOLOGY. Staphylococcus aureus infection was more
frequent in HD patients (48.7% vs. 27.9%; p < 0.001),
including methicillin-resistant strains (37.7% vs.
21.6%; p < 0.001), as well as enterococcal and
coagulase-negative etiology (15.4% vs. 11%; p ¼
0.007; and 14.8% vs. 10.8%; p ¼ 0.012, respectively)
(Table 2). Meanwhile, viridans group streptococci and
Streptococcus bovis were more commonly found
among non-HD patients (18.9% vs. 3%; p < 0.001; and
6.6% vs. 1.3%; p < 0.001, respectively). As observed in
non-HD population, IE due to other pathogens such
as Gram-negative organisms and yeast were also
infrequent in HD patients, yet polymicrobial IE was
significantly more frequent in the latter group (2.7%
vs. 1.2%; p ¼ 0.047).

CLINICAL PRESENTATION AND TREATMENT. HD
patients had higher rates of native valve and lower
prevalence of prosthetic valve IE than non-HD pa-
tients did (77.2% vs. 66.3%; p < 0.001; and 14.0% vs.
23.9%; p < 0.001), while pacemaker or defibrillator IE

https://doi.org/10.1016/j.jacc.2021.02.014


TABLE 1 Comparison of Baseline Characteristics, Predisposing Risk Factors, and Type of

Endocarditis Between Hemodialysis and Nonhemodialysis Populations in the ICE Cohort

Nonhemodialysis
(n ¼ 6,138)

Hemodialysis
(n ¼ 553) p Value

Age, yrs 61.0 (45.3–72.9) 59.9 (48.3–68.7) 0.863

Female 1,936/6,126 (31.6) 323/551 (58.6) <0.001

Region 5,933 545

North America 841 (14.2) 203 (37.2) <0.001

South America 582 (9.8) 63 (11.6) 0.219

Oceania 950 (16.0) 52 (9.5) <0.001

Africa 138 (2.3) 13 (2.4) 0.931

Europe 3,115 (52.5) 194 (35.6) <0.001

Asia 307 (5.2) 20 (3.7) 0.079

Comorbidities

Diabetes mellitus 1,036/6,063 (17.1) 226/549 (41.2) <0.001

Human immunodeficiency virus 113/6,001 (1.9) 10/539 (1.9) 0.964

Neoplasm 625/6,050 (10.3) 48/551 (8.7) 0.200

Chronic pulmonary disease 336/2,999 (11.2) 42/272 (15.4) 0.062

Ischemic heart disease 224/2,969 (7.5) 37/266 (13.9) 0.003

Congestive heart failure 567/2,990 (19.0) 77/195 (39.5) <0.001

Peripheral vascular disease 184/2,986 (7.8) 58/266 (21.8) <0.001

Moderate/severe liver disease 132/3,068 (4.3) 19/275 (6.9) 0.098

Cerebrovascular disease 233/3,004 (7.8) 38/272 (14.0) 0.004

Predisposing risk factors

Intravenous drug abuse 535 (8.8) 10 (1.8) <0.001

Previous episode of IE 603 (9.8) 65 (11.8) 0.175

Congenital heart disease 599 (9.8) 25 (4.5) <0.001

Hemodialysis vascular access — 488/553 (88.2)

Arteriovenous fistula — 189 (34.2) NA

Arteriovenous graft — 12 (2.5) NA

Central catheter — 235 (48.1) NA

Unknown — 52 (22.1) NA

Place of acquisition and presentation 5,754 528

Community 4,450 (77.3) 105 (19.9) <0.001

Nosocomial 1,028 (17.9) 105 (19.9) 0.264

Non-nosocomial health care associated 276 (4.8) 318 (60.2) <0.001

Length of symptoms to presentation
<1 month

4,402/5,608 (78.5) 456/498 (91.6) <0.001

Type of endocarditis 5,885 543

Native valve 3,900 (66.3) 419 (77.2) <0.001

Prosthetic valve 1,516 (25.8) 76 (14) <0.001

CIED 469 (8.0) 48 (8.8) 0.493

Continued on the next page
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did not significantly differ between both groups.
Compared with non-HD population, HD patients had
a significantly higher frequency of mitral valve
involvement (31.7% vs. 24.5%; p ¼ 0.001), with a
significantly lower prevalence of exclusive aortic
valve involvement (22.3% vs. 30.7%; p < 0.001).
Echocardiography showed significantly more
frequently vegetations in HD-IE patients (87.6% vs.
81.4%; p < 0.001), whereas intracardiac complications
did not significantly differ between the 2 groups.

Patients in the HD-IE group had significantly
higher rates of persistent bacteremia (22.4% vs. 8.4%;
p < 0.001), while non-HD patients had higher rates of
non-CNS major emboli (23% vs. 18.8%; p ¼ 0.015) and
heart conduction abnormalities (7.8% vs. 3.8%;
p ¼ 0.033). Acute heart failure was more common
among non-HD patients (25.9% vs. 29.7%; p ¼ 0.046).

As for antibiotic treatment, HD-IE patients
received more frequently vancomycin, alone or in
combination with aminoglycosides (23.4% vs. 9.2%;
p < 0.001; and 17.9% vs. 7%; p < 0.001, respectively),
whereas non-HD patients were more commonly
treated with beta-lactams, with the combination of a
beta-lactam plus an aminoglycosides significantly
higher in this group (42.5% vs. 14.8%; p < 0.001).
Cardiac surgery was performed in a significantly
lower number of HD than non-HD patients during the
initial admission (30.4% vs. 45.9%; p < 0.001),
whereas surgery from discharge to 6-month follow-up
did not significantly differ (2.2% vs. 2.7%; p ¼ 0.527)
(Table 2). The Central Illustration shows the distribu-
tion of cardiac surgery and in-hospital mortality for
HD-IE and non–HD-IE patients according to the
geographical setting. The duration of hospital
admission and follow-up was significantly shorter in
the HD-IE group (30.0 [IQR: 17.0 to 45.0] days vs. 24.5
[IQR: 12.0 to 45.0] days; p < 0.001; and 12.0 [IQR: 10.6
to 12.0] months vs. 12.0 [IQR: 6.6 to 12.0] months;
p < 0.001, respectively), whereas there were no sig-
nificant differences in the percentage of patients lost
from follow-up at 6 months between the non-HD and
HD-IE groups (31.4% vs. 24.9%; p ¼ 0.087).

Supplemental Tables 2 and 3 show the comparison
of characteristics and outcomes of HD-IE patients
according to the geographical region of origin and the
performance of cardiac surgery, respectively.
Supplemental Table 4 shows the comparison of
characteristics and outcomes of HD-IE patients versus
those of patients with ESKD from the ICE cohorts not
receiving dialysis.

OUTCOMES AND RISK FACTORS FOR MORTALITY,

CARDIAC SURGERY, RELAPSES, AND MAJOR

EMBOLIC EVENTS. Both in-hospital and 6-month
mortality were significantly higher in HD than in
non-HD patients (30.4% vs. 16.9% and 39.8% vs.
20.7%, respectively; p ¼ 0.001 for both comparisons).
Figure 2 presents Kaplan-Meier survival curves at 6-
months mortality for HD-IE and non–HD-IE patients
(log-rank test p < 0.001). Survival at 3 months was
81.8% (95% confidence interval [CI]: 80.9% to 82.9%)
for non-HD patients and 66.4% (95% CI: 62.3% to
70.4%) for HD patients, whereas survival at 6 month
for both groups was 75.6% (95% CI: 74.5% to 76.7%)
and 52.4% (95% CI: 48.2% to 56.7%), respectively.

https://doi.org/10.1016/j.jacc.2021.02.014
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TABLE 1 Continued

Nonhemodialysis
(n ¼ 6,138)

Hemodialysis
(n ¼ 553) p Value

Valve involvement 6,049 546

Aortic 1,857 (30.7) 122 (22.3) <0.001

Mitral 1,482 (24.5) 173 (31.7) 0.001

Aortic þ mitral 735 (12.2) 59 (10.8) 0.334

Tricuspid 491 (8.1) 39 (7.1) 0.400

Mitral þ tricuspid 250 (4.1) 39 (7.1) 0.008

Pulmonic 41 (0.7) 3 (0.5) 0.725

Aortic þ tricuspid 135 (2.2) 11 (2) 0.731

Aortic þ pulmonary 22 (0.4) 0 <0.001

Mitral þ pulmonary 125 (2.1) 17 (3.1) 0.171

Tricuspid þ pulmonary 9 (0.1) 0 0.003

Aorticþ mitral þ tricuspid 125 (2.1) 17 (3.1) 0.171

Aorticþ mitral þ pulmonary 4 (0.1) 0 0.045

Aortic þ tricuspid þ pulmonary 0 0 1.000

Mitral þ tricuspid þ pulmonary 6 (0.1) 2 (0.4) 0.307

Aorticþ mitral þ tricuspidþ pulmonary 7 (0.1) 0 0.008

Values are median (interquartile range), n/N (%), n, or n (%), unless otherwise indicated. Denominators show the
number of cases from which information concerning each variable was available. If not indicated, the totality of
cases is included.

CIED ¼ cardiac implantable electronic device; ICE ¼ International Collaboration on Endocarditis.
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Relapses were significantly higher among HD patients
(9.4% vs. 2.7%; p < 0.001).

Tables 3 and 4 show the univariate and multi-
variable analysis, respectively, of risk factors for
in-hospital mortality, 6-month mortality, cardiac
surgery, relapses, and major emboli among HD-IE
patients. Risk factors identified in the multivari-
able analysis for in-hospital mortality were Charlson
comorbidity score (odds ratio [OR]: 1.32; 95% CI:
1.01 to 1.75; p ¼ 0.04) and persistent bacteremia
(OR: 3.98; 95% CI: 1.36 to 11.63; p ¼ 0.01). For 6-
month mortality, risk factors were Charlson score
(hazard ratio [HR]: 1.26; 95% CI: 1.11 to 1.44;
p ¼ 0.001), CNS emboli and other systemic emboli
(HR: 3.11; 95% CI: 1.84 to 5.27; p < 0.001; and HR:
1.73; 95% CI: 1.02 to 2.93; p ¼ 0.04, respectively),
and persistent bacteremia (HR: 1.79; 95% CI: 1.11 to
2.88; p ¼ 0.02), as well as acute onset heart failure
(HR: 2.37; 95% CI: 1.49 to 3.78; p < 0.001). Factors
associated with cardiac surgery during initial
admission were new moderate-to-severe valvular
regurgitation (OR: 1.90; 95% CI: 1.23 to 2.92; p ¼
0.003) and paravalvular abscess (OR: 2.24; 95% CI:
1.28 to 3.92; p ¼ 0.05). Risk factors for relapse were
congenital heart disease (OR: 4.44; 95% CI: 1.01 to
19.46; p ¼ 0.05) and acute heart failure (OR: 3.46;
95% CI: 1.33 to 9.02; p ¼ 0.01). Risk factors for
major embolic events included S. aureus and Gram-
negative infection (OR: 2.36; 95% CI: 1.55 to 3.58;
p < 0.001; and OR: 4.30; 95% CI: 1.57 to 11.76; p ¼
0.004, respectively), moderate-to-severe valvular
regurgitation (OR: 1.87; 95% CI: 1.25 to 2.80; p ¼
0.002), and persistent bacteremia (OR: 1.88; 95% CI:
1.20 to 2.93; p ¼ 0.005).

DISCUSSION

Our study validates prior findings on HD-IE and also
provides important novel insights. Remarkably, we
found a higher prevalence of IE among HD patients
than previously reported, a greater association with
AV fistulae than in prior reports, a more predominant
role of enterococci as causative microorganisms,
higher rates of relapses than in prior reports, and the
identification of relevant factors associated to mor-
tality, cardiac surgery, and relapses.

EPIDEMIOLOGY AND RISK FACTORS. The epidemi-
ological profile of IE has changed dramatically over
the last few years, and there have been increasing
reports of health care–associated endocarditis,
including IE in chronic HD patients (3–9,14–32).
However, the description of this condition is largely
based on retrospective studies including a small
number of cases or large registries with scant clinical
and prognosis data. An example of the latter is the
study by Bhatia et al. (27) using the U.S. Nationwide
Inpatient Sample database, which, although relying
on a large sample (over 200,000 patients), was
mostly based on administrative data, therefore
allowing for a strong estimation of the incidence of
IE in dialysis patients but being largely limited at
providing clinical, microbiological, and prog-
nostic insights.

IE has been recognized as a relatively common
complication of HD. In our study, the proportion of
patients with definite IE undergoing HD was higher in
North America and Europe, and the overall rate was
8.3%. This percentage is higher than those observed
in previous series, which range approximately be-
tween 2% and 6% among more recent reports (26–30).
HD patients presenting with IE had high rates of
cardiovascular risk factors and complications, such as
diabetes mellitus, ischemic heart disease, stroke, or
peripheral vascular ischemic disease. This is consis-
tent with previous literature depicting the general
characteristics of patients with ESKD, especially those
on chronic HD, which are at higher risk of athero-
sclerotic cardiovascular disease (33).

As previously reported (34), the presence of a
vascular access is the most important risk factor for
the development of IE in the HD population in our



TABLE 2 Comparison of Etiologic, Echocardiographic, and Treatment Characteristics;

Complications; and Outcomes Between Hemodialysis and Nonhemodialysis Populations in

the ICE Cohort

Nonhemodialysis
(n ¼ 6,138)

Hemodialysis
(n ¼ 553) p Value

Causative microorganisms 5,743 527

Staphylococcus aureus 1,600 (27.9) 252 (47.8) <0.001

MRSA 346/1,600 (21.6) 95/252 (37.7) <0.001

Coagulase-negative staphylococci 619 (10.8) 78 (14.8) 0.012

Viridans group streptococci 1,087 (18.9) 16 (3.0) <0.001

Enterococci 630 (11.0) 81 (15.4) 0.007

Bovis group streptococci 380 (6.6) 7 (1.3) <0.001

Other streptococci 357 (6.2) 8 (1.5) <0.001

HACEK 82 (1.4) 0 <0.001

Non-HACEK Gram negative 183 (3.2) 20 (3.8) 0.481

Fungi/yeast 106 (1.8) 17 (3.2) 0.081

Polymicrobial 71 (1.2) 14 (2.7) 0.047

Blood culture negative 482 (8.4) 28 (5.3) 0.003

Other 154 (2.7) 6 (1.1) 0.002

Echocardiographic findings 6,057 549

Intracardiac vegetations 4,930 (81.4) 481 87.6) <0.001

Paravalvular complications

Abscess 858 (14.2) 72 (13.1) 0.486

Perforation 557 (9.2) 60 (10.9) 0.210

Intracardiac fistula 124 (2.0) 12 (2.2) 0.831

New moderate or severe regurgitation 3,371 (55.7) 288 (52.5) 0.151

Antibiotic treatment 3,525 351

Beta-lactams 799 (22.7) 69 (19.7) 0.178

Glycopeptides 326 (9.2) 82 (23.4) <0.001

Aminoglycosides 91 (2.6) 14 (4.0) 0.192

Beta-lactams þ aminoglycosides 1498 (42.5) 52 (14.8) <0.001

Glycopeptides þ aminoglycosides 248 (7.0) 63 (17.9) <0.001

Glycopeptides þ beta-lactams 113 (3.2) 16 (4.6) 0.240

Glycopeptides þ beta-lactams þ
aminoglycosides

193 (5.5) 23 (6.6) 0.433

Other 257 (7.3) 32 (9.1) 0.253

Cardiac surgery

During initial admission 2,819/6,099
(46.2)

168/549 (30.6) <0.001

By geographical region <0.001

North America 332 (39.6) 54 (26.6)

South America 270 (47.0) 21 (33.3)

Oceania 388 (41.0) 14 (26.9)

Africa 58 (43.0) 5 (38.5)

Europe 1,571 (50.6) 70 (36.1)

Asia 101 (33.2) 3 (15.0)

6 months after discharge 115/4,187 (2.7) 6/278 (2.2) 0.517

Complications

Stroke 1,018 (16.6) 95 (17.2) 0.723

Systemic embolization (nonstroke) 1,414 (23.0) 104 (18.8) 0.015

Congestive heart failure 1,826 (29.7) 143 (25.9) 0.046

Persistent bacteremia 516 (8.4) 124 (22.4) <0.001

Length of hospital stay, days 30.0 (17.0–45.0) 24.5
(12.0–45.0)

<0.001

Continued on the next page
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series. Type of HD access has been related to the risk
for development of bacteremia and IE in these pa-
tients. HD indwelling catheters have the highest
incidence of infection, bacteremia, and subsequent IE
compared with both AV graft and native AV fistula
(15,16,35). However, recently AV fistula has also been
identified as the portal of entry of infection in a high
percentage of cases (34,36). This seems to be a
consequence of repetitive vascular puncture during
dialysis, and is supported by the fact that the causa-
tive organism in many episodes of IE was a skin
commensal. In our cohort, HD catheters, both short
and long term, were the main form of dialysis access
present at the time of the IE infection episodes, but
remarkably AV fistulae were also largely frequent,
being present in more than one-third of patients.
Therefore, an AV fistula must not be overlooked as
the possible source of bacteremia, even if it does not
appear infected.

ETIOLOGY. In line with previous reports showing an
association between increasing health care–
associated IE and staphylococcal infections (2,11,37),
S. aureus was the most common causative organism
in our series, accounting for 47.8% of all HD-IE epi-
sodes. Recent studies provide contradictory data
regarding the temporal evolution of methicillin-
resistant S. aureus rates among bloodstream in-
fections in different geographical settings (38–41).

Enterococci were the second leading causative
agent of IE among HD patients in our cohort, with
15.4% of cases. Enterococcal endocarditis are on the
rise due to increased health care–associated acquisi-
tion and higher burden of comorbidities in aging pa-
tients (42). Nonetheless, this is not the first report to
describe a high rate of enterococcal infections in HD-
IE cohorts, with some studies reporting rates over
20% of cases due to enterococci (16,19,21). Conse-
quently, our findings strengthen the evidence sug-
gesting that both HD-IE and enterococcal IE are
closely related, emerging entities (43).

CLINICAL PRESENTATION AND TREATMENT. More
than two-thirds of HD-IE patients had native valve
endocarditis, and the mitral valve was the most
commonly involved, as in most previous reports,
notwithstanding that some evidence points to a
higher incidence of prosthetic valve endocarditis in
the HD population than in patients without HD, and
the presence of a dialysis catheter has been identified
has a risk factor for early onset prosthetic valve
endocarditis (44).

Consistent with the high rate of health care–related
acquisition, the length of symptoms was significantly
shorter in the HD-IE group than in non-HD patients.
Yet, the significantly higher rate of persistent
bacteremia in the HD-IE group is likely the most
remarkable clinical finding of the present study, as it
is also related to prognosis. One possible explanation



TABLE 2 Continued

Nonhemodialysis
(n ¼ 6,138)

Hemodialysis
(n ¼ 553) p Value

Duration of follow-up in survivors, months 12.0 (10.6–12.0) 12.0 (6.6–12.0) <0.001

Lost to 6-month follow-up* 1,928 (31.4) 138 (24.9) 0.087

Outcomes

In-hospital mortality 1,044 (16.9) 168 (30.4) <0.001

By geographical region <0.001

North America 120 (14.3) 47 (23.2)

South America 101 (17.4) 21 (33.3)

Oceania 117 (12.3) 11 (21.2)

Africa 27 (19.6) 3 (23.1)

Europe 575 (18.5) 74 (38.3)

Asia 75 (24.2) 10 (50.0)

6-month mortality 1,268 (20.7) 220 (39.8) <0.001

Relapses 81/3,014 (2.7) 22/234 (9.4) <0.001

Values are n, n (%), n/N (%), or median (interquartile range) unless otherwise indicated. Denominators show the
number of cases from which information concerning each variable was available. If not indicated, the totality of
cases is included. *Patients were considered lost to follow-up if they did not attend the 6-month follow-up visit
after discharged from the infective endocarditis episode. They were not included in the analysis of relapses.
However, their information was taken into account to calculate overall 6-month mortality and Kaplan-Meier
survival curves, since in the 6-month follow-up case report form information regarding the last contact of the
patients with the health system and whether they had died could be gathered from medical records.

MRSA ¼ methicillin-resistant Staphylococcus aureus; other abbreviations as in Table 1.
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is that source control (catheter removal in a large
proportion of cases) is delayed in this subset of pa-
tients. In addition, persistent bacteremia is common
in S. aureus endocarditis (37,45), which is dispropor-
tionately represented in the HD group.

The finding that HD-IE patients are less likely to
receive cardiac surgery than non-HD-IE patients
during the initial admission is not new. HD patients
are considered high-risk surgical candidates, and
physicians tend to postpone surgery in acutely ill
patients in an attempt to optimize medical treatment.
Notably, rates of cardiac surgery did not differ after
the admission up to 6 months between HD and non-
HD patients. We found that significant valve regur-
gitation and paravalvular abscess were associated to
cardiac surgery on multivariable analysis. One recent
study showed that the only indication that is signifi-
cantly associated with early cardiac surgery in HD-IE
patients is acute onset heart failure (46). Moreover,
patients undergoing cardiac surgery were signifi-
cantly younger and had significantly lower rates of
diabetes mellitus, congestive heart failure at baseline,
and peripheral vascular disease. Notably, in-hospital
mortality in the HD-IE group was 31.5% in patients
undergoing surgery and 29.7% in patients not un-
dergoing surgery. Recent results from matched pop-
ulations of patients undergoing cardiac surgery
showed worse outcomes in HD patients (47) and pa-
tients with acute kidney injury (48) than in the con-
trol groups. In brief, the available evidence points to
both a lower rate of cardiac surgery and worse post-
surgical outcomes in the HD-IE. The role of cardiac
surgery in HD-IE patients remains controversial and
further research on optimized appraisals for the
indication of cardiac surgery in these patients are
warranted.

OUTCOMES AND FACTORS INFLUENCING PROGNOSIS. In
our cohort, chronic dialysis patients who developed
IE had a poor prognosis in comparison with patients
not receiving chronic HD. Our results confirm a high
mortality in these patients, with in-hospital and 6-
month mortality rates of 30.4% and 39.8%, respec-
tively. It is likely that the high burden of comorbid-
ities among HD patients, particularly renal failure, is a
major determinant of such high mortality rates.

Although not entering the multivariable model,
North America was significantly associated with
lower in-hospital mortality. The in-hospital mortality
of HD-IE patients in North America was 23.2%,
whereas it was 38.3% in Europe, for instance. The
more salient difference of HD-IE patients from North
America with regards to other regions was a
younger age, being more than 10 years younger in
median data than European patients and more than
5 years younger than patients from the other 3 re-
gions. Meanwhile, the rate of relapses was higher in
North America than in the other regions. Persistent
bacteremia was a risk factor for in-hospital and 6-
month mortality and major emboli, and therefore
control of the source and bactericidal, probably
combined, antibiotic therapy are of the outmost
importance. Heart failure and systemic emboli were
associated with poor long-term outcome, as already
well depicted in the IE literature (49,50). In
contrast, diabetes mellitus, which has largely been
associated to poorer outcomes in the IE literature
(51,52), was not significantly associated with higher
mortality. This is consistent with prior studies on IE
among HD-IE, with very few having found an as-
sociation between diabetes mellitus and mortality
(16,22), likely due to the widespread prevalence of
diabetes mellitus in the HD population. Of note,
episodes of IE among HD patients in North America
were associated with a lower mortality in the uni-
variate analysis, although this did enter the multi-
variable model.

The relapse rate was much higher in the HD-IE
group compared with the rest of IE cases (9.4% vs.
2.7%), pointing to chronic HD as a permanent risk
source for subsequent episodes of IE. Remarkably,



CENTRAL ILLUSTRATION Global Distribution of Infective Endocarditis Cases in the International Collaboration on
Endocarditis Cohort and Rates of Cardiac Surgery and In-Hospital Mortality for Chronic Hemodialysis-Infective
Endocarditis and Non–Chronic Hemodialysis-Infective Endocarditis Groups
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Pericàs, J.M. et al. J Am Coll Cardiol. 2021;77(13):1629–40.

The countries included in each geographical region are as follows: Africa (Egypt, Lebanon, South Africa), Asia (India, Israel, Malaysia, Russia, Saudi Arabia, Singapore,

Thailand), Europe (Austria, Croatia, Czechoslovakia, France, Germany, Great Britain, Greece, Ireland, Italy, the Netherlands, Romania, Slovenia, Spain, Sweden), North

America (United States), Oceania (Australia and New Zealand), and South America (Argentina, Brazil, Chile). Blue bars correspond to chronic hemodialysis (HD) patients

and red bars correspond to non-HD patients, shown in percentages. Absolute numbers are shown in Table 2. North America had a significantly higher relative

proportion of HD patients than non-HD with regard to the overall cohort (37.2% vs. 14.2%; p < 0.001), whereas the opposite was the case for Europe (35.6% vs.

52.5%; p < 0.001). Surgical rates were higher for non-HD patients in all regions, whereas in-hospital mortality rates were higher for HD patients in all regions.

ICE ¼ International Collaboration on Endocarditis; IE ¼ infective endocarditis.
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congenital heart disease was an independent risk
factor for relapses in the HD-IE group. Interestingly,
enterococci were not a risk factor for relapses,
although enterococcal IE has been shown to be asso-
ciated to higher rates of relapses than IE caused by
other microorganisms (43,53).
STUDY LIMITATIONS. The cause of end-stage kidney
disease and the HD vintage were not documented.
The long study period implies a potential historical
bias. Because 2 different datasets corresponding to
the 2 study phases of the ICE cohort were used, de-
nominators are not concordant in all variables. There
were some variables regarding HD for which the
available data were insufficient, such as the catheter
management after the diagnosis of IE, peritoneal
dialysis, the specific local signs of infection in the HD



FIGURE 2 Kaplan-Meier Survival Curve for 6-Month Mortality
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Survival rates were significantly higher for non–chronic hemodialysis (HD) patients along time. Overall 6-month mortality rates were 39.9%

and 20.7% (p < 0.001) for HD and non-HD patients, respectively.
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vascular access, or some microbiological information
of causative agents (e.g., vancomycin minimum
inhibitory concentration).

CONCLUSIONS

We found a higher rate of HD-associated IE than in
prior series. HD-IE is a health care–associated infec-
tion occurring in patients with a large burden of
comorbidities. Central venous catheters and AV
fistulae are major sources of infection. The leading
causative microorganism is S. aureus, with increasing
rates of enterococcal IE. Mortality and relapses are
very high and significantly greater than in non–HD-IE
patients, whereas cardiac surgery rates are lower.
This scenario and the catastrophic consequences of IE
suggest that strict adherence to hygiene rules and
prevention guidelines are mandatory in HD patients
to prevent infectious complications. Therefore, in
addition to standard skin cleaning and access care,
additional strategies aimed at decreasing the risk of
infection are needed.
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TABLE 3 Univariate Analysis for In-Hospital Mortality, 6-Month Mortality, Cardiac Surgery, Relapses, and Major Emboli

In-Hospital Mortality 6-Month Mortality Cardiac Surgery Relapses Major Emboli

OR (95% CI) p Value HR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Time period (2008–2012
vs. 2000–2006)

1.04 (0.68–1.58) 0.44 0.92 (0.67–1.26) 0.59 1.03 (0.68–1.57) 0.88 1.22 (0.43–3.52) 0.70 1.32 (0.82–2.14) 0.25

Male 0.64 (0.44–0.82) 0.02 0.82 (0.62–1.08) 0.16 1.04 (0.72–1.50) 0.83 1.53 (0.98–2.39) 0.41 0.82 (0.56–1.19) 0.29

Age (per 1-yr increase) 1.02 (1.01–1.04) 0.001 1.02 (1.01–1.03) <0.001 0.98 (0.97–0.99) 0.01 0.99 (0.97–1.01) 0.76 1.00 (0.99–1.01) 0.75

North America 0.56 (0.38–0.83) 0.004 0.81 (0.61–1.07) 0.14 0.75 (0.51–1.11) 0.15 2.33 (0.95–5.71) 0.06 1.05 (0.72–1.54) 0.80

Community acquisition 0.79 (0.47–1.33) 0.37 0.83 (0.57–1.22) 0.35 1.00 (0.61–1.67) 0.98 1.21 (0.42–3.49) 0.72 0.70 (0.41–1.20) 0.20

Length of
symptoms <1 month

1.20 (0.59–2.46) 0.62 1.73 (0.94–3.19) 0.07 1.01 (0.97–2.00) 0.97 0.99 (0.66–2.78) 0.41 1.04 (0.52–2.12) 0.90

Diabetes mellitus 1.32 (0.92–1.91) 0.130 1.24 (0.95–1.62) 0.11 0.62 (0.42–0.91) 0.02 1.35 (0.54–3.31) 0.51 0.93 (0.64–1.35) 0.70

Neoplasm 1.29 (0.69–2.40) 0.43 1.38 (0.90–2.11) 0.13 0.74 (0.37–1.47) 0.40 0.51 (0.06–4.04) 0.08 1.13 (0.60–2.17) 0.70

HIV infection 1.56 (0.43–5.61) 0.49 1.03 (0.38–2.76) 0.96 0.98 (0.24–3.82) 0.97 - - 1.52 (0.42–5.47) 0.52

IV drug use 0.99 (0.25–3.90) 0.99 1.03 (0.38–2.76) 0.96 2.34 (0.67–8.22) 0.18 2.46 (0.26–23.07) 0.43 1.84 (0.49–6.93) 0.40

Previous IE 0.65 (0.36–1.20) 0.17 0.76 (0.49–1.19) 0.23 2.34 (0.67–8.22) 0.57 2.46 (0.26–23.07) 0.98 0.80 (0.45–1.44) 0.46

Congenital heart disease 1.07 (0.45–2.52) 0.88 1.00 (0.53–1.89) 0.99 1.81 (0.80–4.08) 0.15 4.18 (1.02–17.18) 1.14 (0.48–2.72) 0.77

Charlson score* 1.23 (1.10–1.39) <0.001 1.16 (1.06–1.25) 0.001 0.85 (0.76–0.96) 0.009 1.02 (0.77–1.34) 0.88 0.94 (0.83–1.05) 0.26

Staphylococcus aureus 1.27 (0.88–1.85) 0.19 1.33 (1.02–1.74) 0.04 0.85 (0.76–0.96) 0.001 1.07 (0.44–2.64) 0.87 2.03 (1.39–2.98) <.001

Enterococci 0.60 (0.34–1.06) 0.08 0.60 (0.39–0.93) 0.02 1.20 (0.73–1.99) 0.47 0.63 (0.14–2.85) 0.55 0.39 (0.21–0.73) 0.003

Fungi 2.64 (1.00–6.98) 0.05 1.61 (0.85–3.03) 0.14 1.28 (0.47–3.54) 0.63 2.48 (0.26–23.34) 0.42 0.94 (0.33–2.73) 0.92

Non-HACEK
Gram-negative bacilli

2.35 (0.96–5.76) 0.06 1.74 (0.97–3.13) 0.06 1.00 (0.38–2.65) 0.99 — — 2.63 (1.05–6.61) 0.04

Prosthetic IE 1.41 (0.85–2.33) 0.19 1.33 (0.93–1.91) 0.11 0.86 (0.50–1.48) 0.60 1.99 (0.68–5.85) 0.21 0.69 (0.40–1.23) 0.21

Aortic valve involvement 1.20 (0.82–1.74) 0.34 1.14 (0.86–1.49) 0.35 0.86 (0.50–1.48) 0.001 0.43 (0.15–1.22) 0.11 0.76 (0.52–1.12) 0.16

New moderate or severe
valve regurgitation

1.21 (0.84–1.75) 0.31 1.33 (1.01–1.75) 0.04 2.24 (1.53–3.30) <.001 0.43 (0.15–1.22) 0.81 1.56 (1.07–2.27) 0.02

Paravalvular abscess 1.65 (0.99–2.75) 0.055 1.49 (1.04–2.13) 0.03 2.31 (1.39–3.83) 0.001 1.12 (0.31–4.07) 0.86 0.84 (0.48–1.47) 0.54

Intracardiac fistula 0.75 (0.20–2.79) 0.66 0.83 (0.31–2.24) 0.72 2.31 (1.39–3.83) 0.83 2.03 (0.22–18.24) 0.53 0.44 (0.10–2.05) 0.30

New onset heart failure 2.13 (1.42–3.19) <0.001 2.09 (1.58–2.76) <0.001 1.61 (1.07–2.40) 0.02 3.22 (1.28–8.05) 0.01 1.76 (1.17–2.66) 0.006

Persistent bacteremia 2.14 (1.40–3.25) <0.001 1.73 (1.29–2.31) <0.001 0.73 (0.47–1.16) 0.18 1.29 (0.45–3.73) 0.63 2.05 (1.34–3.12) 0.001

CNS emboli 2.94 (1.87–4.65) <0.001 2.44 (1.81–3.29) <0.001 1.09 (0.68–1.76) 0.71 2.27 (0.77–6.70) 0.14 — —

Other emboli 2.02 (1.30–3.15) 0.002 1.87 (1.39–2.53) <0.001 1.53 (0.98–2.39) 0.06 0.94 (0.30–2.94) — —

Cardiac surgery 1.08 (0.73–1.61) 0.67 0.95 (0.71–1.26) 0.72 — — 2.19 (0.90–5.36) 0.08 1.27 (0.86–1.88) 0.24

*The Charlson Comorbidity Score is calculated on the following variables: age, myocardial infarction, chronic heart failure, peripheral vascular disease, cerebrovascular accident, dementia, chronic pulmonary
obstructive disease, connective tissue disease, peptic ulcer disease, liver disease, diabetes mellitus, hemiplegia, moderate to severe chronic kidney disease, solid tumor, leukemia, lymphoma, and AIDS.

CI ¼ confidence interval; CNS ¼ central nervous system; HACEK ¼ Haemophilus spp., Aggregatibacter spp., Cardiobacterium hominis, Eikenella corrodens, and Kingella spp.; HIV ¼ human immunodeficiency
virus; HR ¼ hazard ratio; IE ¼ infective endocarditis; IV ¼ intravenous; OR ¼ odds ratio.

TABLE 4 Risk Factors for In-Hospital Mortality, 1-Year Mortality, Relapses, and Major Emboli According to Multivariable Analysis

In-Hospital Mortality* 6-Month Mortality* Cardiac Surgery* Relapses* Major Emboli*

OR (95% CI) p Value HR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Congenital heart disease 4.44 (1.01–19.46) 0.04

Charlson score 1.32 (1.01–1.75) 0.04 1.26 (1.11–1.44) 0.001

Staphylococcus aureus 2.36 (1.55–3.58) <0.001

Enterococci

Non-HACEK Gram-negative bacilli 4.30 (1.57–11.76) 0.004

New moderate or severe valve
regurgitation

1.90 (1.23–2.92) 0.003 1.87 (1.25–2.80) 0.002

Paravalvular abscess 2.24 (1.28–3.92) 0.05

New onset heart failure 2.37 (1.49–3.78) <0.001 3.46 (1.33–9.02) 0.01

Persistent bacteremia 3.98 (1.36–11.63) 0.01 1.79 (1.11–2.88) 0.02 1.88 (1.20–2.93) 0.005

CNS emboli 3.11 (1.84–5.27) <0.001 — —

Other emboli 1.73 (1.02–2.93) 0.04 — —

*There was not relevant collinearity in either of the outcomes with respect to potential clinically significant variables.

HR ¼ hazard ratio; other abbreviations as in Table 3.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: IE is

common among patients undergoing HD and is most

commonly caused by S. aureus, followed by enterococci.

Cardiac surgery rates amongst patients undergoing HD

are lower than in other endocarditis patients, whereas

relapse and mortality rates are higher.

TRANSLATIONAL OUTLOOK: Changes in the epide-

miology of health care–associated bloodstream infections

and the introduction of novel materials for vascular ac-

cess warrant fresh studies of strategies for prevention

and management of IE in patients undergoing HD.
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