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Abstract
Background and objectives Endocarditis is a serious complication in patients treated with RRT. The study aimed
to examine incidence and risk factors of endocarditis in patients with ESRD.
Design, setting, participants, & measurements The Danish National Registry on Regular Dialysis and Transplantation contains data on all Danish patients receiving renal replacement (hemodialysis, peritoneal dialysis, or
kidney transplantation) for ESRD. Incidence of endocarditis was estimated for each RRT modality. Independent
risk factors of endocarditis were identiﬁed in multivariable Cox regression models.
Results From January 1st, 1996 to December 31st, 2012, 10,612 patients (mean age 63 years, 36% female) initiated
RRT (7233 hemodialysis, 3056 peritoneal dialysis, 323 pre-emptive kidney transplantation). Endocarditis
developed in 267 (2.5%); of these 31 (12%) underwent valve surgery. The overall incidence of endocarditis was 627
per 100,000 person-years in patients receiving RRT. Incidence was higher in patients receiving hemodialysis
compared with those receiving peritoneal dialysis or kidney transplantation (1092 per 100,000 person-years, 212
per 100,000 person-years, and 85 per 100,000 person-years, respectively). Adjusted hazard ratios for endocarditis
in patients receiving hemodialysis were 5.46 (95% conﬁdence interval [95% CI], 3.28 to 9.10) and 0.41 (95% CI, 0.18
to 0.91) for kidney-transplanted recipients, respectively, as compared with patients in peritoneal dialysis. The
incidence of endocarditis in hemodialysis recipients with central venous catheters was more than two-fold higher
as compared with those with arteriovenous ﬁstulas. Overall mortality, subsequent to endocarditis, was 22% inhospital and 51% at 1 year. The ﬁrst 6 months in RRT, aortic valve disease, and previous endocarditis were
identiﬁed as signiﬁcant risk factors of endocarditis.
Conclusions Patients receiving RRT have a high incidence of endocarditis, in particular during hemodialysis
treatment using central venous catheters. The ﬁrst 6 months in RRT, aortic valve disease, and previous endocarditis
are signiﬁcant risk factors for developing endocarditis.
Clin J Am Soc Nephrol 12: 1814–1822, 2017. doi: https://doi.org/10.2215/CJN.02320317

Introduction
Infectious diseases including infective endocarditis
are serious complications of RRT. Infective endocarditis has been described as a serious contributor to
morbidity and mortality (1–12).
Hemodialysis necessitates repeated access to the
vascular system via an intravenous catheter or a
permanent arteriovenous ﬁstula resulting in frequent
episodes of bacteremia (1,13). Peritoneal dialysis
requires placement of a dialysis catheter into the
peritoneal cavity and kidney transplantation involves
lifelong immunosuppressive therapy. Thus, all patients receiving RRT are empirically more prone to
infections including infective endocarditis.
The type of vascular access in hemodialysis is a well
known risk factor for bacteremia (14,15), but no largescale studies on the risk of infective endocarditis,
classiﬁed by hemodialysis access type, exist. Most
available data on the occurrence of infective endocarditis subgroups by hemodialysis access type are either
1814
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dated or on the basis of small study populations with
samples of 17–69 patients (1,2,8–12,16).
Large-scale studies on the differences in the risk of
infective endocarditis between the modalities of RRT
are scarce. Available data from a single study reported
the incidence of infective endocarditis was signiﬁcantly higher in patients undergoing hemodialysis
compared with patients undergoing peritoneal dialysis (5). The limited studies on the risk of infective
endocarditis in kidney transplant recipients have
reported infective endocarditis as a serious cause of
morbidity and mortality (17–20), but the incidence has
never been reported in a nationwide population and
it is unclear whether infective endocarditis is more
common in peritoneal dialysis than in kidney transplant recipients.
The aims of this study were: (1) to review and
explore in more detail the incidence of infective
endocarditis in patients with ESRD receiving different
forms of RRT, (2) to compare the relationship between
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different forms of hemodialysis access type and the related
incidence of infective endocarditis, and (3) to determine
individual risk factors, including type of vascular hemodialysis access, using data from Danish nationwide registries.

Materials and Methods
Data Sources
In Denmark, all residents are provided with a permanent
personal identiﬁcation number that allows linkage between
nationwide administrative registries on the individual level.
Four of these registries were accessed to obtain data. The
Danish National Patient Registry includes information on all
outpatient appointments and hospital admissions including
diagnoses and procedural codes in Denmark since 1978. Each
outpatient appointment and admission is at end of appointment or discharge coded with one primary diagnosis, and if
appropriate one or more secondary diagnoses, according to
the International Classiﬁcation of Diseases—until 1994 the
eighth revision (ICD-8) was used and from 1994 the 10th
revision (ICD-10) has been applied (21). The codes assessed
for comorbidity are considered valid (22). All deaths occurring in Denmark are registered in The National Civil Registry
within 2 weeks. The Danish National Prescription Registry
was established in 1995 and contains information on every
dispensed prescription in Denmark. Dispensed drugs are
registered with information on date of purchase and are
coded by the Anatomic Therapeutic Classiﬁcation system.
The registry is considered accurate and valid (23). The Danish
National Registry on Regular Dialysis and Transplantation
was established in 1990 and contains data on all Danish
patients being actively treated for ESRD, including changes in
treatment modality (24).
Population
All patients with ESRD that initiated RRT in the period
from January 1st, 1996 to December 31st, 2012 were identiﬁed
from The Danish National Registry on Regular Dialysis and
Transplantation. RRT was deﬁned as hemodialysis, peritoneal dialysis, or kidney transplantation (transplantation
carried out pre-emptively and after maintenance dialysis
treatment) for the treatment of ESRD. All changes in renal
replacement treatment modality during follow-up were
identiﬁed and entered (e.g., a patient in hemodialysis could
change to kidney transplantation, adding risk time to more
than one subgroup), allowing for time-updated exposure.
There were no individuals lost to follow-up in the study
cohort. Information on heart valve surgery, vascular access
including central venous catheter (CVC) access (cuffed and
uncuffed), arteriovenous ﬁstula, arteriovenous graft, and
peritoneal catheter were obtained from The Danish National
Patient Registry. Data from the Danish National Patient
Registry was combined with data from The Danish National
Registry on Regular Dialysis and Transplantation on primary
and changing treatment modalities of hemodialysis, peritoneal dialysis, and kidney transplant, manually assessed on
each individual level in collaboration with two independent
nephrologists. There were no patients with missing data on
any variable.
Thus, all patients were analyzed according to the time
spent in each modality of RRT.
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Comorbidities
Comorbidities were derived from The Danish National
Patient Registry, including a period of 5 years before onset
of RRT and until ﬁrst time of infective endocarditis, death,
or study end. Diabetes diagnoses were augmented by
including details pertaining to redemption antidiabetic
drugs with the Anatomic Therapeutic Classiﬁcation code
A10 from The Danish National Prescription Registry.
Outcome
The endpoint was infective endocarditis, deﬁned according
to hospital admission with discharge ICD-10 codes I33 and I38
as recorded in The Danish National Patient Registry. These
codes are considered accurate and valid (25,26). Only the ﬁrst
episode of infective endocarditis after initiation of RRT in
1996–2012 was included in the analyses. Subjects were censored at ﬁrst time of infective endocarditis, death, or study end.
Statistical Analyses
Continuous data were reported as mean with SD. Chisquared test was used for analysis of differences between
discrete variables. The Kruskall–Wallis test was used for
differences between continuous variables. The overall incidence was calculated on the basis of the number of events in
the cohort divided by the time interval spent in each of the
RRT modalities. The relative time spent in CVC was calculated
as percentage of the overall time spent in RRT (hemodialysis
[CVC (cuffed and uncuffed), arteriovenous ﬁstula, arteriovenous graft], peritoneal dialysis, and kidney transplantation),
on the basis of the study population, distributed over each
year of study and age beneath and above 70 years, respectively. Multivariable Cox regression was ﬁtted to examine the
dependence of infective endocarditis on RRTs (hemodialysis,
CVC [cuffed and uncuffed], arteriovenous ﬁstula, arteriovenous graft, peritoneal dialysis, and kidney transplantation)
and to identify independent risk factors of infective endocarditis. Age was used as the underlying time-scale. Comorbidity
(mitral-, aortic valve disease, and diabetes) was included time
dependently by splitting at the time comorbidity was noted.
The renal replacement modalities were time-updated at every
change in modality, allowing for time-updated exposure. The
current calendar year was split in time bands of 5 years for
adjustment of the effect of calendar year in multivariable Cox
regression. The overall time spent in RRT for each subject was
split into three time periods of 183 days, 184–845 days and at
least 846 days, representing the ﬁrst and second quartile of
outcome. Multivariable Cox regression was performed being
adjusted for comorbidity (mitral-, aortic valve disease, and
diabetes), sex, age, calendar year, overall time in RRT, and
endocarditis before RRT. Cochran–Armitage time trend test
was performed to determine if changes in incidence of patients
with ESRD were signiﬁcant over calendar time. Lack of
interaction between RRT and sex, calendar year, mitral-,
aortic valve disease, diabetes, overall time in RRT, and
endocarditis before RRT was tested and found valid except
for age. Stratiﬁed age analyses were performed to assess the
interaction. The linearity of continuous variables was tested
and found valid unless otherwise speciﬁed.
All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). Statistical signiﬁcance
was deﬁned as P,0.05.
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Ethics
This retrospective register-based study was approved by
the Danish Data Protection Agency (ref. 2007–58–0015/
internal ref. GEH-2014–015 I-suite no. 02733). Retrospective
studies in registries do not require ethical approval in
Denmark.

Results
From January 1st, 1996 to December 31st, 2012, a total
number of 10,612 patients initiated RRT. The mean age was
63 years (SD616 years), and 6766 (64%) were male (Table 1).
The leading cause of kidney failure was diabetes mellitus
(25%). The distributions of comorbidities are shown in
Table 1. The primary RRT was hemodialysis in 7233
patients (68%), peritoneal dialysis in 3056 patients (29%),
and pre-emptive kidney transplant in 323 patients (3%)
(Supplemental Tables 1 and 2).
Heart valve disease diagnosed before initiation of RRT
was found in 687 patients (7%). The aortic valve was

involved in 435 (4%) subjects followed by the mitral valve
in 252 (2%) of the patients (Table 1). The distributions of
heart valve disease by subgroups of RRT are shown in
Table 1.
Incidence of Infective Endocarditis
In the total cohort of 10,612 patients, 267 events of ﬁrsttime infective endocarditis occurred after the initiation of
RRT (Table 2). Infective endocarditis was diagnosed in 241
patients during hemodialysis treatment, 16 events during
peritoneal dialysis treatment and ten events in kidney
transplant recipients with a functioning graft. The hemodialysis vascular access at the time of infective endocarditis
was arteriovenous ﬁstula in 138 patients, a cuffed CVC in
39, an uncuffed CVC in 39, and an arteriovenous graft in
one, whereas there was no information on the hemodialysis
vascular access in 24 patients. The causing agent was
Staphylococcus aureus in 127, coagulase-negative staphylococci in 34, enterococci in 41, Streptococcus in 15, others in
eight, blood culture negative in 35, and unavailable

Table 1. Demographic characteristics of patients with incident ESRD according to initial treatment modality in Denmark

Characteristics
Total, N
Age, yr
Female, N
Age, yr
Male, N
Mean age
Heart valve disease before RRT
Aortic valve
Mitral valve
Comorbidity
Myocardial infarction
Diabetes with complication
Diabetes
Chronic obstructive lung disease
Dementia
Peripheral vascular disease
Cancer
Liver disease
AIDS
Hemi-/paraplegia
Rheumatic disease
Peptic ulcer
Ischemic heart disease
Cardiac arrhythmia disorder
Pulmonary edema
Sepsis and cardiogenic shock
Previous atrial ﬁbrillation/Flutter
Chronic heart failure
Cause of kidney disease
Diabetes mellitus
Chronic GN
Vascular and hypertensive nephropathy
Polycystic kidney disease
Chronic tubulointerstitial nephropathy
Other
Unknown
Values are given as mean6SD or N (%).

Hemodialysis

Peritoneal
Dialysis

Kidney Transplant
(Pre-Emptive)

Total (=N)

7233 (68)
65615
2609 (36)
65615
4624 (64)
65615

3056 (29)
60615
1119 (37)
58616
1937 (63)
60615

323 (3)
42616
118 (37)
43616
205 (64)
42616

10,612 (100)
63616
3846 (36)
62616
6766 (64)
63616

314 (4)
182 (3)

116 (4)
64 (2)

5 (2)
6 (2)

435 (4)
252 (2)

655 (9)
2057 (28)
2284 (32)
561 (8)
1 (0.01)
835 (12)
795 (11)
188 (3)
18 (0.3)
31 (0.4)
199 (3)
569 (8)
1555 (22)
963 (13)
172 (2)
594 (8)
817 (11)
1269 (17)

196 (6)
819 (27)
884 (29)
131 (4)
1 (0.03)
201 (7)
175 (6)
36 (1)
2 (0.1)
4 (0.1)
91 (3)
152 (5)
537 (18)
239 (8)
46 (2)
92 (3)
195 (6)
330 (11)

4 (1)
57 (18)
59 (18)
3 (1)
0
3 (1)
1 (0.3)
4 (1)
0
0
8 (2)
3 (1)
21 (7)
11 (3)
0
3 (1)
7 (2)
3 (1)

855 (8)
2933 (28)
3227 (30)
695 (7)
2 (0.2)
1039 (10)
971 (9)
228 (2)
20 (0.2)
35 (0.3)
298 (3)
724 (7)
2113 (20)
1213 (11)
218 (2)
689 (7)
1019 (10)
1602 (15)

1793 (24)
553 (8)
906 (13)
406 (6)
361 (5)
1309 (18)
1905 (26)

762 (25)
400 (13)
384 (13)
266 (9)
119 (4)
384 (13)
741 (24)

52 (16)
71 (22)
19 (6)
54 (17)
18 (6)
58 (18)
51 (16)

2607 (25)
1024 (10)
1309 (12)
726 (7)
498 (5)
1751 (17)
2697 (25)
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Table 2. Risk factors for infective endocarditis in patients with incident ESRD receiving RRT in Denmark

Parameter
Renal replacement modality
Uncuffed CVC
Cuffed CVC
Arteriovenous ﬁstula
Arteriovenous graft
Unknown hemodialysis access
Hemodialysis
Kidney transplant
Peritoneal dialysis
RRT periods
RRT period 1a
RRT period 2a
RRT period 3a
Sex
Male
Female
Comorbidity
Diabetes mellitus
1
0
Endocarditisb
1
0
Aortic valve disease
1
0
Mitral valve disease
1
0

Number
of Events

Unadjusted Incidence
Rate/100,000 person-years

Hazard Ratio
(95% Conﬁdence Interval)

39
39
138
1
24
241
10
16

3053
2099
874
570
809
1092
85
212

14.10 (7.76 to 25.50)
10.03 (5.52 to 18.24)
4.59 (2.73 to 7.73)
3.19 (0.42 to 24.26)
3.67 (1.94 to 6.94)
5.46 (3.28 to 9.10)
0.41 (0.18 to 0.91)
1.00 (reference)

67
67
133

1353
501
549

1.89 (1.37 to 2.60)
0.80 (0.59 to 1.10)
1.00 (reference)

163
104

607
663

0.91 (0.71 to 1.18)
1.00 (reference)

102
165

817
549

1.12 (0.87 to 1.45)
1.00 (reference)

20
247

17321
581

22.24 (13.50 to 36.62)
1.00 (reference)

41
226

2139
556

2.65 (1.68 to 4.18)
1.00 (reference)

20
247

1757
596

1.38 (0.71 to 2.70)
1.00 (reference)

Model adjusted for sex, age, diabetes, aortic valve disease, mitral valve disease, previous endocarditis, calendar year, renal replacement
periods (,183, 184–845, and .845 d in RRT). CVC, central venous catheter.
a
Renal replacement period 1: ﬁrst 183 d in renal replacement period; renal replacement period 2: 184–845 d in renal replacement period;
renal replacement period 3: .845 d.
b
Before initiation of RRT.

information in seven. Infective endocarditis reoccurred
twice in 28 patients, three times in ﬁve patients, and four
times in one patient.
During the ﬁrst year of RRT, 34% of total infective
endocarditis cases occurred in hemodialysis and 2% in
peritoneal dialysis.
The overall incidence of infective endocarditis was 627
per 100,000 person-years. The incident cases of infective
endocarditis increased signiﬁcantly across the study period
(Figure 1). The relative time in CVC increased in the same
period, particularly in patients .70 years, across the study
period (Figure 2). The incidence of infective endocarditis
was substantially higher among patients receiving hemodialysis (1092 per 100,000 person-years) than either patients
receiving peritoneal dialysis (212 per 100,000 person-years)
or patients who received kidney transplants (85 per 100,000
person-years) (Figure 3). The incidence of infective endocarditis was signiﬁcantly higher in patients receiving
hemodialysis with either uncuffed (3053 per 100,000 person-years) or cuffed CVC (2099 per 100,000 person-years)
as compared with patients with an arteriovenous ﬁstula
(874 per 100,000 person-years) and the Danish general

population (8–10 per 100,000 person-years) (27). The unadjusted incidence rate ratio was 3.5 in uncuffed CVC, 2.4
in cuffed CVC, and 0.7 in arteriovenous graft compared
with arteriovenous ﬁstula.
The incidence of RRT for ESRD increased from 466/yr
(88.7 per million) in 1996 to 615/yr (110.2 per million) in
2012, corresponding to a 25% increase across the study
period when adjusted for the increase in the general
population during the same period (P,0.001).
Risk Factors of Infective Endocarditis during RRT
As compared with peritoneal dialysis, the hazard ratio for
the ﬁrst episode of infective endocarditis was 5.46 (95%
conﬁdence interval [95% CI], 3.28 to 9.10) for patients in
hemodialysis, 14.10 (95% CI, 7.76 to 25.50) in uncuffed CVC,
10.03 (95% CI, 5.51 to 18.24) in cuffed CVC, 4.59 (95% CI, 2.73
to 7.73) in arteriovenous ﬁstula, and 0.41 (95% CI, 0.18 to 0.91)
for patients receiving kidney transplants with functioning
graft, respectively (Table 2). The risk of infective endocarditis
was similar in uncuffed CVC compared with cuffed CVC,
with a hazard ratio of 1.40 (95% CI, 0.89 to 2.21). The risk of
infective endocarditis was 1.89 (95% CI, 1.37 to 2.60) for the
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Figure 1. | The incidence of infective endocarditis increased significantly in the ESRD population compared to the increase in incidence of RRT
during the period 1996–2012. The P value denotes the significant increase in the incidence of infective endocarditis in the ESRD population
compared with the increase in the incidence of RRT recipients, adjusted for the background population, across the study period.

ﬁrst 6 months in RRT and 0.80 (95% CI, 0.59 to 1.10) for the
period from 184 to 845 days compared with the period .845
days. Aortic valve disease and previous infective endocarditis
were independent risk factors for infective endocarditis
during subsequent renal replacement treatment. The risk of
infective endocarditis in hemodialysis compared with

peritoneal dialysis, median age #66 and .66, was signiﬁcantly different, at 8.61 (95% CI, 4.58 to 16.20) versus 4.40
(95% CI, 2.34 to 8.28), respectively. The risk of infective
endocarditis in kidney-transplanted compared with peritoneal dialysis, median age #49 and .49, was insigniﬁcant, at
0.25 (95% CI, 0.06 to 0.98) versus 0.39 (95% CI, 0.18 to 0.88),

Figure 2. | The relative time in central venous catheter increased during the period 1996–2012. Relative time spent in central venous catheter as
proportion of overall time spent in RRT (hemodialysis [central venous catheter (cuffed and uncuffed), arteriovenous fistula, arteriovenous graft],
peritoneal dialysis, and kidney transplantation) on the basis of the study population and distributed over each year of study.
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Figure 3. | The incidence rate of infective endocarditis was high in hemodialysis vascular accesses. 95% CI, 95% confidence interval; CVC,
central venous catheter.

respectively. Sex and diabetes mellitus were not associated
with infective endocarditis in our study population, with
hazard ratios of 0.91 (95% CI, 0.72 to 1.18) in males compared
with females and 1.12 (95% CI, 0.87 to 1.45), respectively.
Table 3 shows the distribution of in-hospital mortality
and 1-year mortality subsequent to infective endocarditis in
hemodialysis, peritoneal dialysis, kidney-transplanted, and
overall.
The patients receiving hemodialysis had the highest inhospital and 1-year mortality compared with peritoneal
dialysis and kidney-transplanted. Table 4 shows the distribution of heart valve surgery subsequent to infective endocarditis. The patients receiving hemodialysis accounted for
the highest number of interventions, in particular of the mitral
valve. The in-hospital and 1-year mortality rates subsequent
to heart valve surgery were highest in hemodialysis.

Discussion

The principal ﬁnding of this large nationwide registry
study is the high incidence rate of infective endocarditis in
ESRD, with the highest rate in hemodialysis followed by
peritoneal dialysis and kidney transplant recipients. In
addition, the incidence of infective endocarditis in patients
receiving hemodialysis with cuffed and uncuffed CVCs as
vascular access were signiﬁcantly greater compared with
arteriovenous ﬁstula and arteriovenous graft. The incidence in patients receiving hemodialysis was as high as
1092 per 100,000 person-years, which is .70-fold increased
as compared with the general Danish population, where
the incidence recently has been reported as eight to ten per
100,000 person-years (27). In peritoneal dialysis and in
kidney transplant recipients with functioning graft, we also
observed high incidences of 212 per 100,000 person-years
and 85 per 100,000 person-years, respectively.
The incidence of infective endocarditis was observed to
be higher in patients receiving hemodialysis with CVCs,
uncuffed (3053 per 100,000 person-years) and cuffed (2099
per 100,000 person-years), as vascular access than in
patients with arteriovenous ﬁstula (874 per 100,000 personyears) and arteriovenous graft (570 per 100,000 personyears).

The risk of infective endocarditis in hemodialysis compared with peritoneal dialysis was signiﬁcantly higher at
median age #66 than .66.
The ﬁrst half-year after initiation of RRT, aortic valve
disease, and infective endocarditis before initiation of RRT
were independent risk factors of infective endocarditis.
Previous studies of infective endocarditis in patients on
RRT have also found a high occurrence of infective
endocarditis among patients receiving hemodialysis
(3,11,16,28). One large cohort study from the United States,
including 327,993 patients registered from 1992 to 1997,
reported an incidence of infective endocarditis in patients
receiving hemodialysis of 483 per 100,000 person-years and
in patients receiving peritoneal dialysis of 248 per 100,000
person-years (5). Our ﬁndings are comparable to these data
and in line with a previous Danish study on a subgroup
of patients receiving chronic hemodialysis (29). We
observed a much larger difference in the incidence between
these two dialysis modalities. This difference is probably
mainly explained by the high incidence of bacteremia in
the hemodialysis population (30,31), which might be explained by catheter infections and higher risk of procedurerelated bacterial contamination due to repeated access to the
vascular system required for hemodialysis (1,13,15,32).
The Fistula First Initiative is a set of guidelines on
hemodialysis vascular access, which recommend arteriovenous ﬁstulas or grafts as preferred access modality and a
goal of ,10% cuffed CVCs. If possible, uncuffed CVCs are

Table 3. In-hospital and 1-yr mortality subsequent to infective
endocarditis in patients with incident ESRD in Denmark

RRT

In-Hospital

1-yr Including
In-Hospital

Overall
Hemodialysis
Peritoneal dialysis
Kidney transplant

58 (22)
53 (20)
4 (2)
1 (0.3)

135 (51)
124 (46)
8 (3)
3 (1)

Values are given as N (%).
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Table 4. In-hospital and 1-yr mortality subsequent to heart valve surgery after infective endocarditis in patients with incident ESRD in
Denmark

Heart Valve Surgery
Total

Aortic
Valve

Mitral
Valve

Pulmonic
Valve

Mitral and
Aortic
Valve

InHospital

31
28
1
7
17
3

11
10
2
8
-

15
17
1
5
7
1

1
1
1
-

4
3
1
2

5 (16)
4 (14)
-

1
2

1

1

-

1

1 (50)

RRT

Total
Hemodialysis
Cuffed CVC
Uncuffed CVC
Arteriovenous ﬁstula
Unknown vascular
access
Peritoneal dialysis
Kidney transplant

Mortality
1-yr
Including
In-Hospital
12 (39)
10 (36)
1 (100)
1 (50)

Values are given as N (%). CVC, central venous catheter; -, None.

to be avoided (33). The penetrance of arteriovenous ﬁstulas
in the prevalent hemodialysis population differs between
hemodialysis centers in Denmark and ranges from 50% to
90% (34). The Danish National Registry on Regular Dialysis
and Transplantation captures the hemodialysis access at
initiation of chronic hemodialysis treatment. Thus, to
identify the vascular access at the time of infective endocarditis, all cases were tracked individually by procedural
codes in The Danish National Patient Registry. To our
knowledge this has not been published before. Previous
existing reports have been on small numbers of cases and
with highly variable distributions of vascular access
(1,2,8–12,16).
The ﬁndings of this study are consistent with the stated
beneﬁts of an arteriovenous ﬁstula as compared with a
CVC as vascular hemodialysis access (33). However, we
did not ﬁnd any difference in the risk of infective endocarditis between patients with uncuffed CVCs versus
cuffed CVCs (hazard ratio, 1.40; 95% CI, 0.89 to 2.21). The
shorter individual period at risk due to the expedient
change of all uncuffed CVCs to either cuffed CVCs or an
arteriovenous ﬁstula might explain the present result. The
incidence of infective endocarditis in the unknown hemodialysis access group was 809 per 100,000 person-years. This
incidence might reﬂect this group as a combination of both
cuffed and uncuffed CVCs. The incidence of infective
endocarditis in arteriovenous graft recipients was 570 per
100,000 person-years. The utilization of this graft is limited
in Denmark and therefore the incidence inconclusive.
Aortic valve disease has shown to increase the risk of
developing infective endocarditis subsequent to commencement of renal replacement treatment (35,36). This
study conﬁrms this.
A more than ten-fold increase in the incidence of infective
endocarditis was observed across the study period,
whereas the increase in incidence in the Danish population
in the same time period was two-fold (37). The increase in
number of patients initiating RRT across the same period
cannot explain the increasing incidence because the increase in infective endocarditis was much larger than the
increase in patients starting RRT. Improved diagnostics,

unrestricted access to chronic dialysis in both the elderly
and in frail patients with multiple risk factors, uremiarelated impaired immune system (13), and increasing
relative time in CVC across the study period in particular
in patients . 70 years (Figure 2), are a possible important
explanation of this observation. Increased availability of
chronic dialysis in elderly patients along with the introduction of cuffed CVCs, enabling hemodialysis in patients with
fragile vessels, may explain the increasing relative time in
CVCs across the study period (38–40).
One large study analyzed the incidence of infective
endocarditis among kidney transplant recipients in 1994–
1997. The study reported an increased incidence ratio for
infective endocarditis of 7.84 (95% conﬁdence interval, 4.72
to 13.25) compared with the general population (18). This is
consistent with this study. The incidence of infective
endocarditis is higher in Danish patients who received
kidney transplants when compared with the incidence in
the general population in Denmark (27). In contrast to
hemodialysis, kidney transplant was not a risk factor for
infective endocarditis, as compared with peritoneal dialysis.
The absence of invasive dialysis procedures and uremiarelated immune defects in patients receiving kidney transplants seem to outweigh the infective risks associated with
immunosuppressive therapy.
In this study there was an overall demographic difference, according to initial RRT, between hemodialysis,
peritoneal dialysis, and pre-emptive kidney transplantation. The hemodialysis population was older with a higher
number of comorbidities followed by the peritoneal dialysis group. These differences may contribute to our
ﬁndings of a higher incidence of infective endocarditis in
the hemodialysis group.
This study demonstrates a high risk of infective endocarditis in patients receiving RRT and suggests that increased attention on infective endocarditis in patients with
ESRD, especially the hemodialysis group, is warranted.
This strongly advocates frequent use of both transthoracic
and transesophageal echocardiography in the case of
bacteremia or unexplained fever episodes in these patients.
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Strengths and Limitations
There are limitations to our present investigation inherent to the observational design of the study. It lacks
information concerning type of valve involvement, which
is not available due to lack of registration. The positive
predictive value of the diagnostic codes for diagnosis of
infective endocarditis is approximately 80%. On the other
hand, the cohort of patients is large and on the basis of a
validated nationwide registry including all patients in Denmark on renal replacement treatment in the study period. The
registration of codes denoting the various forms of hemodialysis vascular access are, however, not formally validated,
and thus misclassiﬁcation cannot be excluded (predominantly with regard to differentiation between cuffed and
uncuffed CVCs), even though the procedural codes in the
registry were reviewed manually for every individual
patient. The provided risk estimates are primarily hazard
ratios. This is the ratio between the incidence rate of
infective endocarditis in patients with a given RRT and
the reference treatment at any distinct point in time that
the patient has reached without contracting infective
endocarditis or dying from other causes. It is the immediate risk ratio and it may not reﬂect appropriately any
long-term risk on a given RRT. Over the long term the
competing risk of death from other causes may cause
patients with similar hazard ratios to have different longterm risks. Because the clinical situation of RRT is
evaluated continuously in patients, we ﬁnd that the
immediate risk is that which is clinically important. In
patients with ESRD receiving RRT, the risk of infective
endocarditis is considerably higher compared with the
general population and is particularly high among patients
receiving hemodialysis. CVCs as vascular access had a more
than two-fold higher risk as compared with arteriovenous
ﬁstulas. The ﬁrst half-year of RRT, affected aortic valve, and
previous infective endocarditis are additional risk factors
for subsequent development of infective endocarditis. Increased awareness of the high risk of infective endocarditis
in patients with ESRD is warranted.
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of the prescriber information in the Danish national prescription
registry. Basic Clin Pharmacol Toxicol 119: 376–380, 2016
24. Hommel K, Rasmussen S, Madsen M, Kamper AL: The Danish
registry on regular dialysis and transplantation: Completeness and

1822

25.
26.

27.

28.
29.

30.

31.

32.
33.

Clinical Journal of the American Society of Nephrology

validity of incident patient registration. Nephrol Dial Transplant
25: 947–951, 2010
Tan C, Hansen M, Cohen G, Boyle K, Daneman N, Adhikari NK:
Accuracy of administrative data for identification of patients with
infective endocarditis. Int J Cardiol 224: 162–164, 2016
Sundbøll J, Adelborg K, Munch T, Frøslev T, Sørensen HT, Bøtker
HE, Schmidt M: Positive predictive value of cardiovascular diagnoses in the Danish national patient registry: A validation study.
BMJ Open 6: e012832, 2016
Bruun NE, Wiggers H, Elming H, Moser C, Christensen JJ, Gill S,
Ihlemann N, Helweg-Larsen J, Smerup M: National Danish
Treatment Guidelines on Endocarditis, 2017. Available at: http://
nbv.cardio.dk/endocarditis. Accessed June 3, 2014
Grothe C, Belasco A, Bettencourt A, Diccini S, Vianna L, Pignatari A,
Sesso R, Barbosa D: Lethality of endocarditis due to S. aureus among
patients on hemodialysis. Nephrol Nurs J 36: 613–619, 632, 2009
Ludvigsen LU, Dalgaard LS, Wiggers H, Jensen-Fangel S,
Jespersen B, Ellermann-Eriksen S, Østergaard L, Søgaard OS:
Infective endocarditis in patients receiving chronic hemodialysis:
A 21-year observational cohort study in Denmark. Am Heart J 182:
36–43, 2016
Dalgaard LS, Nørgaard M, Povlsen JV, Jespersen B, Jensen-Fangel
S, Ellermann-Eriksen S, Østergaard L, Schønheyder HC, Søgaard
OS: Risk and prognosis of bacteremia and fungemia among
peritoneal dialysis patients: A population-based cohort study.
Perit Dial Int 36: 647–654, 2016
Skov Dalgaard L, Nørgaard M, Jespersen B, Jensen-Fangel S,
Østergaard LJ, Schønheyder HC, Søgaard OS: Risk and prognosis of
bloodstream infections among patients on chronic hemodialysis: A
Population-Based Cohort Study. PLoS One 10: e0124547, 2015
Nielsen J, Kolmos HJ, Espersen F: Staphylococcus aureus bacteraemia among patients undergoing dialysis–focus on dialysis catheter-related cases. Nephrol Dial Transplant 13: 139–145, 1998
Vassalotti JA, Jennings WC, Beathard GA, Neumann M, Caponi S,
Fox CH, Spergel LM; Fistula First Breakthrough Initiative
Community Education Committee: Fistula first breakthrough
initiative: Targeting catheter last in fistula first. Semin Dial 25:
303–310, 2012

34. The Danish Society of Nephrology: Danish Nephrology Registry
Annual Report 2009, 2010. Available at: http://nephrology.dk//
Publikationer/Landsregister/aarsrapport_2009.pdf. Accessed
July 27, 2017
35. Umana E, Ahmed W, Alpert MA: Valvular and perivalvular abnormalities in end-stage renal disease. Am J Med Sci 325: 237–
242, 2003
36. Raggi P, Boulay A, Chasan-Taber S, Amin N, Dillon M, Burke SK,
Chertow GM: Cardiac calcification in adult hemodialysis patients. A link between end-stage renal disease and cardiovascular
disease? J Am Coll Cardiol 39: 695–701, 2002
37. Erichsen P, Gislason GH, Bruun NE: The increasing incidence of
infective endocarditis in Denmark, 1994-2011. Eur J Intern Med
35: 95–99, 2016
38. Heaf JG, Wehberg S: Reduced incidence of end stage renal
disease among the elderly in Denmark: An observational study.
BMC Nephrol 13: 131, 2012
39. Schwab SJ, Beathard G: The hemodialysis catheter conundrum:
Hate living with them, but can’t live without them. Kidney Int 56:
1–17, 1999
40. The Danish Society of Nephrology: Danish Nephrology Registry
Annual Report 2015. Available at: http://nephrology.dk//
Publikationer/Landsregister/aarsrapport_2015.pdf. Accessed
June 17, 2017

Received: March 1, 2017 Accepted: July 13, 2017
Published online ahead of print. Publication date available at www.
cjasn.org.
See related editorial, “Long Overdue Need to Reduce Infections with
Hemodialysis,” on pages 1728–1729.
This article contains supplemental material online at http://cjasn.
asnjournals.org/lookup/suppl/doi:10.2215/CJN.02320317/-/
DCSupplemental.

Supplemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are
responsible for the accuracy and presentation of the material.

Risk of Infective Endocarditis in Patients with End Stage Kidney Disease

Mavish S. Chaudry MD *, Nicholas Carlson MD∂, Gunnar Gislason MD, PhD*,†, Anne-Lise Kamper
MD, DMSc‡, Marianne Rix MD, PhD‡, Vance G. Fowler, Jr MD, MHS§, Christian Torp-Pedersen
MD║, DMSc, Niels E. Bruun MD, DMSc*,¶
*Department of Cardiology, Gentofte Hospital University of Copenhagen, Denmark
∂

The Danish Heart Foundation and Department of Internal Medicine, Holbaek Hospital,

Denmark
†The National Institute of Public Health, University of Southern Denmark.
‡Department of Nephrology, University Hospital Copenhagen Rigshospitalet, Denmark.
§Duke University Medical Center, Durham NC, USA
║Department of Cardiology and Clinical Epidemiology, Aalborg University Hospital and
Department of Health Science and Technology, Aalborg University, Aalborg, Denmark
¶Clinical Institute, Aalborg University, Aalborg, Denmark.
Abstract word count: 298
Text word count: 3558

Address for correspondence:
Mavish Safdar Chaudry, MD,
Department of Cardiology, Gentofte Hospital, Post 635
Niels Andersens Vej 65, 2900 Hellerup, Denmark
E-mail: mavish89@hotmail.com
Phone: (+45)28112786 FAX: (+45)70201281

Supplemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are
responsible for the accuracy and presentation of the material.

Supplemental Table 1. Diagnoses- and pharmacotherapy codes used to define comorbidity
and aetiology of kidney disease in the study population
Comorbidity

Code

Ischemic heart disease

ICD-8 411-414
ICD-10 DI20, DI23-DI25

Myocardial infarction

ICD-8 410
ICD-10 DI21-DI22

Chronic heart failure

ICD-10 DI517, DI110, DI42-DI43, DI50

Atrial fibrillation/flutter

ICD-8 4273-4276, 4279
ICD-10 DI46-DI49

Cardiac arrythmia

ICD-8 42721-42723,
ICD-10 DI44

Pulmonary edema

ICD-8 514
ICD-10 J81-J82

Sepsis and cardiogenic shock

ICD-8 038, 7855
ICD-10 R57, A41

Diabetes mellitus

ICD-8 250
ICD-10 E10-E14
ATC A10

Diabetes with complication

ICD-8 250
ICD-10 E10-E14 excluding E109, E119, E129, E139
ATC A10

Chronic obstructive lung disease

ICD-8 490-492
ICD-10 J42, J44

Liver disease

ICD-8 456, 571-572
ICD-10 B150, B160, B190, K704, K711, K766, K70K77

Dementia

ICD-8 290
ICD-10 DG311-DG312, DG30

Peripheral vascular disease

ICD-8 443, 1771
ICD-10 DI70-DI74, R02

Supplemental material is neither peer-reviewed nor thoroughly edited by CJASN. The authors alone are
responsible for the accuracy and presentation of the material.

ICD-8 140-209

Cancer

ICD-10 C00-97
AIDS

ICD-8 042-044
ICD-10 B20-B24

Hemi-/paraplegi

ICD-8 342, 344
ICD-10 G81-G82, G041, T144
ICD-8 725, 7100-7101, 7140-7142, 7148

Rheumatic disease

ICD-10 M05-M06, M32-M34, M353
ICD-8 531-534

Peptic ulcer

ICD-10 K25-K27, K29, K221
Aortic valve disease

ICD-10 DI35

Mitral valve disease

ICD-10 DI34

Aetiology of kidney disease

Code*

Diabetes mellitus

ICD-10 E10-E11

Chronic glomerulonephritis

ICD-10 N03

Vascular and hypertensive nephropathy

ICD-10 I12

Polycystic kidney disease

ICD-10 Q61

Chronic tubulointerstitial nephropathy

ICD-10 N11

Other
ICD-10 A181, C689, C900, D593, D690, E720,
E748, E752, E835, E859, M103, M300, M310,
M313, M318, M319, M321, M349, M352, M359,
N028, N078, N079, N140, N141, N15, N209, N280,
N319, Q605, Q620, Q794, Q878, Q899, S370
Unknown
ICD-8
ICD-10
ATC
Code*

ICD-10 N171, N18
8th revision of International Classification of Diseases
10th revision of International Classification of Diseases
Anatomical Therapeutic Classification system
The Danish National Registry on Regular Dialysis and Transplantation
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Supplemental Table 2. Aetiology of kidney disease of the subgroup “other”
Diagnosis

Code*
(ICD-10)

(N)

2

Diagnosis

Code*
(ICD-10)

(N)

M359

15

Generalized connective tissue
syndrome

Tuberculosis of genitourinary
system

A181

Malignant neoplasm of urinary
organ - unspecified

C689

Recurrent and persistent
haematuria – unspecified

N028

107

Myelomatosis

C900

176

Hereditary nephropathy with
other morphologic lesions

N078

10

Hemolytic-uremic syndrome

D593

33

Hereditary nephropathy unspecified

N079

9

Allergic purpura

D690

6

Analgesic nephropathy

N140

56

5

Nephropathy induced by other
drugs, medicaments and
biological substances

N141

172

Balkan nephropathy

N150

1

Other specified renal tubulointerstitial diseases

N158

92

Renal tubulo-interstitial disease –
unspecified

N159

127

129

Disorders of amino-acid
transport

E720

Other specified disorders of
carbohydrate metabolism

E748

Sphingolipidosis

E752

Disorders of calcium
metabolism

E835

Amyloidosis

E859

87

Urinary calculus – unspecified

N209

57

Arthritis urica

M103

4

Ischemia and infarction of
kidney

N280

92

Polyarteritis nodosa

M300

23

Neuromuscular dysfunction of
bladder – unspecified

N319

13

Hypersensitivity angiitis

M310

46

Renal hypoplasia – unspecified

Q605

17

Wegener’s granulomatosis

M313

156

Congenital hydronephrosis

Q620

41

Prune belly syndrome

Q794

2

Other specified congenital

Q878

21

3

6
15

Other necrotizing
vasculopathies

32
M318

Necrotizing vasculitis

M319

90
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malformation syndromes
Systemic lupus erythematosus
with organ involvement

M321

Systemic sclerosis

M349

26

Behcet’s disease

M352

4

Code*
ICD-10

68

Congenital malformation –
unspecified

Q899

6

Injury of kidney

S370

2

Total

1751

The Danish National Registry on Regular Dialysis and Transplantation
10th revision of International Classification of Diseases

