
Abstract

The incidence of Infective Endocarditis (IE) is higher in dial-
ysis patients compared to the general population. A major risk
factor for IE in this group stems from bacterial invasion during
repeated vascular access. Previous studies have shown increased
risk of bacteremia in patients with indwelling dialysis catheters
compared to permanent vascular access. However, association
between the development of IE and the type of dialysis access is
unclear.

We aimed to examine the associated types of intravascular

access and route of infection in dialysis patients who were admit-
ted with IE at our center.

All patients admitted to Albert Einstein Medical Center in
Philadelphia with a diagnosis of IE who were on chronic
hemodialysis were identified from the hospital database for the
period of 1/1/07 to 12/31/18. Modified Duke criteria were used to
confirm the diagnosis of IE.

A total of 96 cases were identified. Of those, 57 patients had
an indwelling dialysis catheter while the other 39 had permanent
dialysis access. In 82% of patients with dialysis catheters, their
dialysis access site was identified as the primary source of infec-
tion compared to 30% in those with permanent dialysis access
(p<0.001). The number of dialysis catheters placed in the preced-
ing 6 months was strongly associated with endocarditis resulting
from the dialysis access site (OR=3.202, p=0.025).

Dialysis catheters are more likely to serve as the source of
infection in dialysis patients developing IE compared to perma-
nent dialysis access. Increased awareness of risk of IE associated
with dialysis catheters is warranted.

Introduction

Patients with End-Stage Renal Disease (ESRD) are at high
risk of developing Infective Endocarditis (IE). The risk has been
estimated to be 16-18 times the general population [1], with an
incidence rate of 267 per 100,000 person-years [2]. Multiple
comorbidities associated with ESRD contribute to the increased
risk of IE including uremia-related immunosuppression and accel-
erated valvular calcification [2]. However, the most significant
risk factor associated with the development of IE in dialysis
patients stems from bacterial invasion on repeated vascular access
during dialysis [2]. 

Bacteremia in dialysis patients has been reported to occur at a
rate of 0.7-1.4 episodes per 100 patient-care months [3].
Moreover, the presence of an indwelling dialysis catheter further
increases the risk of bacteremia. Retrospective studies have esti-
mated this risk at 1.86 per 1000 days, compared to 0.08 and 0.31
per 1000 days in patients with Arteriovenous Fistulas (AVF) and
Arteriovenous Grafts (AVG)[4]. 

Even though the association between dialysis access and risk
of bacteremia is well-established, the association between IE and
type of vascular access is less clear. Most of the available studies
have small sample sizes showing conflicting results [5,6]. This
study examined baseline characteristics, risk factors, microbiolo-
gy, route of infection, outcomes, and predictors of these outcomes
in dialysis patients with different types of intravascular access
who developed IE.
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Methods 

All patients admitted to Einstein Medical Center Philadelphia
(EMCP) with a diagnosis of IE who were on chronic hemodialysis
were identified from the hospital database for the period January 1,
2007, to December 31, 2018. Modified Duke criteria were used to
confirm the diagnosis of endocarditis. Patients with acute renal
failure requiring hemodialysis were excluded. The medical records
were reviewed, and data were collected on demographics, comor-
bidities, microbiology, clinical data, and outcomes. Primary source
of infection was identified based on the clinical documentation of
the treating healthcare team, imaging findings and review of the
microbiology laboratory data including culture of the catheter tip
and blood cultures. Acute Physiology and Chronic Health
Evaluation (APACHE) II score was calculated for each patient to
adjust for the severity of illness in relation to clinical outcomes.
The APACHE II score consists of three parts: acute physiological
variables (temperature, pH, mean arterial pressure, heart rate, res-
piratory rate, sodium potassium, creatinine, presence of acute renal
failure, hematocrit, WBC count, A-a gradient, Glasgow Coma
Scale), age, and chronic health status. 

Descriptive statistics were used to analyze demographic and
clinical variables. Chi-square analysis was used when comparing
categorical variables. Multivariate logistic regression was used to
analyze factors associated with surgery and mortality during hos-
pitalization. Logistic regression was also used to explore possible

relationships between type of dialysis access and endocarditis
among these patients. A p value of less than 0.05 was considered
statistically significant. This study was approved by the
Institutional Review Board of the Einstein Healthcare Network.

Results

A total of 640 cases of IE were identified between January 1st,
2007, and December 31st, 2018. 96 cases were identified in
patients with End Stage Kidney Disease (ESKD) patients on
chronic dialysis. Of those, 57 had central venous catheter dialysis
access as the primary means of dialysis while 39 had a permanent
dialysis access such as AVG or AVF. The majority of access sites
were in the upper chest and upper extremity. Mean duration of
dialysis catheter use was approximately 3 months. Approximately
35% of patients with temporary dialysis catheter had at least 2 or
more catheters placed within the last 6 months prior to the endo-
carditis (see Table 1). In 82% of patients with dialysis catheters,
their dialysis access site was identified as the primary source of
infection compared to 30% in those with permanent dialysis access
(p<0.001) (see Figure 1). More patients in the catheter access
group had documented bacteremia preceding IE when compared to
the permanet access group (93% vs 79%), though this did not reach
statistical significance (p=0.102).

Looking further into the factors associated with infection
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Table 1. Demographic and clinical characteristics.

Temporary/catheter Permanent dialysis P value
  dialysis access access
       n=57 (%) n=39 (%)

Age (mean±SD)        58.19 ±14.37      62.23±11.84        0.151
Gender Male      38(67)      25(64)        0.795
Race
African American     50(88)      33(84)        0.766
Caucasian       3(5)      3(8)
Hispanic      3(5)      3(8)
Others         1(2)          0
Diabetes      33(58)      22(56)        0.885
Immunocompromised       13(23)      10(26)        0.749
Heart failure          30(53)      24(62)        0.388
Previous valvular disease           12(21)       6(15)         0.485
Affected valve with pre-existing valvular disease       0.500
Yes, but no prior surgery on the valve         6(11)     2(5)
Yes, with prosthetic valve      3(5)      1(3)
No      48(84)      36(92)
Prior cardiac surgery         10(18)       7(18)         0.959
Type of dialysis access on admission         <0.001
Temporary trialysis         1(2)          0
Permacath        56(98)       0
AV fistula        0        16(41)
AV graft      0       23(59)
Location of access site        <0.001
Neck           0        0
Upper chest         54(95)       0
Upper extremity        0       38(97)
Groin           3(5)          0
Lower extremity        0     1(3)

To be continued on next page
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arising from the dialysis catheter, number of previous dialysis
catheters in the preceding 6 months was significantly associated
with the dialysis catheter being the primary source of infection
(OR 3.202, 95%CI 1.160 to 8.843; p=0.025). Meanwhile, age

was inversely associated with risk of developing IE from the dial-
ysis access site (OR 0.945 95%CI 0.902 to 0.989; p=0.015) (see
Table 2).

The most common causative agent for endocarditis in both the

Article

Table 1. Continued from previous page.

Temporary/catheter Permanent dialysis P value
  dialysis access access

        n=57 (%) n=39 (%)

Duration of catheter in months     4.66 ±6.12      N/A   
# of catheters 6 months prior to endocarditis      <0.001
0    0    37(94)
1    37(65)        1(3)
2    15(26)        1(3)
3    4(7)          0
4    1(2)          0
Dialysis access as cause of infection/endocarditis     47(84)      12(31)      <0.001
Preceding bacteremia       53(93)      31(79)        0.102
Causative organism           0.221
No growth       2(3)     5(13)
MSSA         16(28)      12(31)
MRSA         11(19)      10(26)
Coag. Negative Staph        9(16)        5(12)
Strep viridans         2(3)      3(8)
Strep bovis     1(2)          0
VSE        11(19)        3(8)
VRE     4(8)          0
Klebsiella        1(2)          0
Pseudomonas        0     1(2)
Valve affected        0.306
No vegetation         1(2)      2(5)
Aortic         16(28)       6(16)
Mitral         21(36)      22(57)
Tricuspid        9(16)        7(18)
Pulmonic         1(2)          0
Catheter      2(3)          0
ICD lead      1(2)      1(2)
Free wall         4(8)          0
Mitral+aortic     2(3)      1(2)
Vegetation size      0.271
No vegetation        0     2(5)
<1cm         24(43)      13(33)
1-1.5cm   10(18)       9(23)
1.51-2cm         8(14)     3(8)
>2cm   8(14)        4(10)
Unknown        6(11)        8(21)
Severity of valve regurgitation          0.299
None      9(16)        6(15)
Mild       21(36)      12(31)
Moderate       9(16)       12(31)
Severe           18(32)       9(23)
Valvular Abscess      6(11)     2(5)      0.347
Pulmonary edema      13(23)      12(31)        0.342
Heart block      6(11)        5(13)         0.729
Pulmonary embolism       3(5)      3(8)      0.629
Septic emboli           4(8)     4(10)         0.546
CVA            4(8)     5(12)         0.338
Underwent surgery         8(14)        6(15)         0.882
Mortality      19(33)      10(26)        0.420
APACHE score         15.75±2.86     16.05±2.6     0.605

Non
-co

mmerc
ial

 us
e o

nly



catheter dialysis access and the permanent dialysis access group was
methicillin sensitive S. aureus (MSSA), which accounted for over a
third of cases. There were more cases of enterococcal endocarditis in
the catheter dialysis access group compared to the permanent access
group (26% vs 8%, p=0.03) (see Figure 2). There was a total of 4
cases of Vancomycin-Resistant Enterococci (VRE) endocarditis all
of which occurred in the catheter dialysis access group. 

The mitral and aortic valves were most affected in both the
catheter dialysis access group and the permanent dialysis access
group accounting for approximately 70% of cases. However, there
were more cases of involvement of unusual areas such as the pul-
monic valve, catheter site, ICD leads and free wall involvement in
patients with catheter dialysis access even though it did not reach
a statistical significance. The majority of vegetations were <1cm in
both groups. However, there were numerically more vegetations
>2cm, more severe valvular regurgitation and higher rates of
abscess formation in the temporary dialysis access group though
these findings did not reach statistical significance. After multi-
variate regression, severity of regurgitation (OR 2.251, 1.116 to
4.540, p=0.023) was associated with higher rates of subsequent
surgery (see Table 3).

The overall in-hospital mortality rate in this study was 30%,
33.8% in the temporary dialysis access group vs 25.6% in the
permanent dialysis access group (p=0.396). An elevated WBC
count on admission, APACHE score, and severity of regurgita-
tion were associated with higher subsequent in-hospital mortality
(OR 1.128, p=0.011; OR 1.235, p=0.049; OR 1.717, p=0.047).
(see Table 4). 

Discussion

There were four main findings in this study. First, patients with
dialysis catheters were significantly more likely to develop IE
from the dialysis access compared to patients with permanent vas-
cular access. Second, more frequent catheter changes in the pre-
ceding 6 months significantly increased subsequent endocarditis
resulting from the dialysis access. Third, enterococcal infection
including VRE organism was significantly more common in the
catheter dialysis access group than the permanent access group.
Lastly, endocarditis carries significant risk of mortality and mor-
bidity in dialysis patients, with the severity of regurgitation, degree
of leukocytosis and APACHE score on admission being associated
with higher subsequent mortality.

Dialysis access and infection
Our findings are consistent with previous findings that, among

dialysis patients developing bacteremia, the dialysis catheter is the
most common primary source of infection compared to an AVF or
AVG [7]. The risk of developing IE from a dialysis catheter signifi-
cantly increased with greater numbers of catheters placed in the 6
months prior to admission. Although tunneled catheters are designed
with barriers against infection [8], placement of a central venous
catheter still imparts a significant risk for bacteremia. Early after
placement, migration of the patient’s skin flora, or bacteria on the
hands of medical personnel, into the blood stream may cause infec-
tion [8]. After 30 days, catheters become infected by internal routes
including contamination of the catheter hub, or colonization of the
indwelling catheter via hematogenous spread from a distant unrelated
infection [8]. A similar trend has been observed with Cardiovascular
Implantable Electronic Device (CIED) infections. The risk of CIED
infection not only increased with the duration of the device, but also

significantly increased with the number of procedures following the
initial implantation, demonstrating the significance of infection risk
associated with the repeated manipulation [9].

It is notable that younger age was associated with a higher
chance of having dialysis access as the primary source of infection.
Several previous studies have shown that risk of catheter-related
infection in dialysis patients was significantly lower in the elderly
population. Murea et al. [10] demonstrated that elderly patients
(>75 years) on dialysis via indwelling catheter had a lower risk of
CRBSI compared to non-elderly subjects, with the risk of CRBSI
decreasing by 10% for each 5-year increase in patient age. This
finding was also present in a study by Soi et al., which observed a
significantly decreased rate of CRBSI among elderly dialysis
patients [11]. Potential mechanisms that could explain this finding
include lower rates of nasal S. aureus carriage [12] and skin infec-
tion in the elderly, as well as lower functional status leading to
lower chance of common catheter complications seen in active
individuals i.e. catheter dislodgement [11].
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Figure 1. Dialysis access identified as source of infective endo-
carditis.

Figure 2. Causative organisms for infective endocarditis by dialy-
sis access.
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Microbiology
The most common causative agent for endocarditis in both

groups was methicillin sensitive S. aureus which accounted for
over a third of cases. This is consistent with prior studies showing
that staphylococcal species is the most common organisms causing
IE in dialysis patients [2,13]. In our study, infection with non-
staphylococcal organisms led to less subsequent surgeries com-
pared to infection with staphylococcal microorganisms. This is
likely related to the fact that staphylococcal endocarditis is associ-
ated with higher rates of complications including septic shock,
embolic events, and annular abscess, which often require surgical
therapy [14]. Infection by enterococcal species was significantly

more common in the catheter dialysis access group compared to
the permanent access group (26% vs 8%, p=0.03). It was also
notable that all 4 cases of VRE infection occurred in the catheter
dialysis access group. Enterococcus faecalis is a highly virulent
organism with a high propensity for IE; it has been previously
demonstrated that the prevalence of IE is estimated to be 26% in
patients with enterococcal bacteremia from all causes [15].
Increased incidence of enterococcal infection with dialysis
catheters is not surprising as enteroccocal species are the second
most frequent isolates for Central Line Associated Bloodstream
Infection (CLABSI) in the USA according to the National
Healthcare Safety Network [16]. 

Article

Table 2. Multivariate regression showing factors associated with dialysis access as a source of endocarditis.

Covariates                                                                              Odd ratio                                       95% CI P value

Age        0.945       0.902 to 0.989       0.015
Gender          0.714       0.213 to 2.393       0.585
Race      0.571       0.227 to 1.435       0.233
Diabetes      2.687       0.809 to 8.927       0.107
Immunocompromised        0.672       0.174 to 2.598       0.564
Prior cardiac surgery       0.163       0.035 to 0.753       0.020
Location of access site       0.419      0.139 to 1.261       0.122
Duration of catheter            1.090       0.931 to 1.277       0.283
Number of dialysis catheters prior to infective endocarditis      3.202       1.160 to 8.843       0.025

Table 3. Multivariate regression showing factors associated with surgery.

Covariates                                                                              Odd ratio 95% CI P value

Age        1.021       0.967 to 1.077       0.458
Gender          1.970       0.394 to 9.858       0.409
Race      0.854       0.264 to 2.757       0.792
Diabetes      0.511       0.131 to 1.993       0.334
Prior cardiac surgery           0.249       0.025 to 2.507       0.238
Severity of regurgitation          2.251       1.116 to 4.540       0.023
Abscess         1.094       0.145 to 8.243       0.930
Valve affected      0.814       0.498 to 1.332       0.413
Staph vs Non Staph     1.144       0.289 to 4.526       0.848

Table 4. Multivariate regression showing factors associated with mortality.

Covariates                                                                              Odd ratio 95% CI P value

Age        0.971       0.930 to 1.015       0.190
Gender          0.827       0.286 to 2.394       0.726
Race      0.507       0.145 to 1.774       0.288
Diabetes      0.764       0.264 to 2.207       0.619
Prior cardiac surgery       0.780       0.199 to 3.048       0.721
Valve affected              1.087       0.805 to 1.467       1.087
Severity of regurgitation          1.717       1.008 to 2.927       0.047
WBC on admission          1.128       1.028 to 1.238       0.011
APACHE score         1.235       1.001 to 1.523       0.049
Underwent surgery          0.439      0.0086 to 2.230      0.321
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Mortality and subsequent surgery
In our study, In-hospital mortality was 30%. In a large series

of 13,130 hemodialysis patients with IE, Shroff et al. found an in-
hospital mortality rate of 23.5% [17], whereas other smaller
observational studies have reported in-hospital mortality ranging
between 22~56% [18,19,20]. Even though it did not reach statis-
tical significance (p=0.420), mortality was numerically higher in
the catheter group compared to the permanent access group.
There were also more vegetations with size >2cm, more severe
valvular regurgitation and higher rates of abscess formation in
the temporary dialysis access group. To date, no large-sample
studies have shown a difference in mortality associated with the
presence of a temporary dialysis catheter in IE. In our study, a
high white blood cell count on admission and higher Acute
Physiologic and Chronic Health Evaluation II (APACHE II)
score were associated with higher subsequent hospital mortality.
A high APACHE II score is a well-established predictor of
increased mortality in IE in the general population [18,19]. A
study on dialysis patients with S. aureus IE showed that
APACHE II score was higher in patients with dialysis catheters
compared to permanent access, however its association with
increased mortality has not been observed [20]. Severity of
regurgitation was associated with both higher rate of undergoing
surgery and mortality (see Table 3). Higher rate of surgery asso-
ciated with severity of regurgitation is expected, as acute heart
failure due to valvular regurgitation is a widely accepted indica-
tion for surgery [21]. Kiefer et al. have demonstrated that sever-
ity of heart failure was the strongest predictor of in-hospital and
1-year mortality in IE, and surgical treatment of the valvular
regurgitation significantly reduced this risk across the spectrum
of heart failure severity [22]. In our study we observed decreased
mortality in patients undergoing surgery that was not statistically
significant, likely due to the small size sample.

Study limitations

This study is limited by the retrospective nature of this analy-
sis and the small sample size. Some potential confounding fac-
tors might not have been accounted for including the type of
antibiotic used, the presence of IV drug use, the response to the
antibiotic used, including time to clear cultures, and the inherent
differences in technique in dialysis line or access placement. It
should be noted that the majority of patients in our sample also
had their dialysis access on the upper chest or upper extremities.
Data on the primary source of infection was obtained from clini-
cians’ documentation, which were largely based on clinical
judgement with the use of the Modified Duke criteria. It is
always possible that the presence of an occult infection aside
from the dialysis access infection might have been present and
that the dialysis access infection might have just been seeded by
bacteria from a remote alternative site.

Conclusions

Dialysis catheters are more likely to serve as the source of
infection in dialysis patients developing IE compared to permanent
dialysis access. Increased awareness of risk of IE associated with
dialysis catheters is warranted.
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