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Abstract: Hemodialysis (HD) patients are more susceptible to infective endocarditis (IE) due 

to the increased risk of bacterial invasion through intravascular access. However, it remains 

unclear whether the causative organisms and outcomes of IE in HD patients differ from those 

in non-HD patients. This study clarified the differences in clinical presentation and outcomes 

between HD and non-HD patients. At our hospital, we performed a retrospective study of 

39 HD and 51 non-HD patients with echocardiography-confirmed IE between June 2000 and 

February 2007. No differences in sex, intravenous drug use, previous diagnosis of congestive 

heart failure, and previous valvular surgery were observed between these two groups. The number 

of patients with diabetic mellitus in these two groups was significantly different (28.2% HD vs 

5.9% non-HD patients). The C-reactive protein levels in the two groups were not significantly 

different. By contrast, the erythrocyte sedimentation rate was significantly higher in the HD 

patients (HD vs non-HD: 87.2±33.32 vs 52.96±28.19). The incidence of IE involving the mitral 

valve (MV; 45.1%) or the aortic valve (AV; 43.1%) was similar among the non-HD patients, 

whereas a preference of IE involving the MV (79.5%) over the AV (15.4%) was noted among 

the HD patients. The HD patients had a significantly higher Staphylococcus aureus infection 

rate (HD: 46.2%; non-HD: 27.5%). The proportion of methicillin-resistant S. aureus (MRSA; 

83.8%) infection accounting for S. aureus IE in the HD group was higher than that (28.6%) 

in the non-HD group. The in-hospital mortality rate did not differ between the two groups. 

In conclusion, compared with non-HD patients, a propensity of IE involving the MV and a 

higher MRSA infection rate were observed in HD patients. The in-hospital mortality rate of 

echocardiography-confirmed IE did not differ between the two groups.

Keywords: infective endocarditis, hemodialysis, mitral valve, aortic valve, Staphylococcus 

aureus

Introduction
Over the past two decades, the incidence of infective endocarditis (IE) has remained 

unchanged despite improvements in medications and health care.1,2 Rheumatic heart 

disease with damaged heart valves was the major cause of IE in the pre-antibiotic era.3 

However, the main causes of IE have changed to intravenous (IV) drug use and intravas-

cular prosthesis use. Compared with the general population, hemodialysis (HD) patients 

requiring repeated arteriovenous fistula punctures for HD are at a higher risk of IE. The 

incidence of community-acquired native valve IE ranges from 1.7 to 4.45 episodes per 

100,000 person-years, but the incidence of IE complicating bacteremic episodes in HD 

patients can be up to 12%.1–6 Strom et al reported that the relative risk of IE in HD patients 

was as much as 16.9 times that of IE in the general population.7 Moreover, non-HD 

Correspondence: Ya-Chung Tian
Department of nephrology, Chang 
gung Memorial hospital, 199 Tun-hwa 
north Road, Taipei 105, Taiwan
Tel +886 3 328 1200 (ext 8181)
Fax +886 3 328 2173
email dryctian@cgmh.org.tw 

Journal name: Therapeutics and Clinical Risk Management
Article Designation: Original Research
Year: 2017
Volume: 13
Running head verso: Hsiao et al
Running head recto: Infective endocarditis in hemodialysis patients
DOI: 135262

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/TCRM.S135262
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:dryctian@cgmh.org.tw


Therapeutics and Clinical Risk Management 2017:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

664

hsiao et al

patients have a 90%–95% cure rate, whereas in HD patients 

with IE, the mortality rate ranges from 21.6% to 50%.8–14

Several possible risk factors, including a higher inci-

dence of congestive heart failure (CHF); the calcification of 

heart valves, which frequently causes damage to the valves; 

a higher rate of exposure to bacteremia due to repetitive vas-

cular puncture; and more invasive causative micro-organisms 

such as Staphylococcus aureus, contribute to the poorer 

outcomes of IE in HD patients than in non-HD patients.15–17 

All of these factors also make HD patients more susceptible 

to IE and result in different manifestations of IE in HD 

patients (such as different valve involvement and species of 

micro-organisms) relative to non-HD patients. Nevertheless, 

the differences between IE in HD and non-HD patients have 

not been directly compared. The aim of this study was to 

concurrently compare the contributing factors and outcomes 

of IE in HD and non-HD patients.

Methods
study population
The study was approved by the institutional review board 

of Chang Gung Medical Foundation, and written informed 

consent from each participant was waived by the institutional 

review board of Chang Gung Medical Foundation as personal 

information have been anonymized and deidentified for this 

study. The computerized data of patients with a discharge 

diagnosis of IE confirmed through echocardiography were 

retrospectively analyzed at Chang Gung Memorial Hospital, 

a tertiary teaching hospital, from June 2000 to February 2007. 

The modified Duke criteria were adopted for screening the 

diagnosis of IE. Only patients with a diagnosis of IE, con-

firmed based on the findings of vegetations on the cardiac 

valve detected through either transesophageal or transthoracic 

echocardiography, were enrolled in this study. Demographic, 

clinical, and laboratory data were obtained for each patient, 

including sex, age, underlying comorbidities, erythrocyte 

sedimentation rate (ESR), levels of C-reactive protein (CRP) 

and hematocrit, type of infectious micro-organisms, valvular 

location of vegetations, history of previous valvular replace-

ment, surgical repair of the damaged valves, hospital mortal-

ity rate, and period from the diagnosis of IE to death.

statistical analysis
Continuous variables are expressed as mean ± standard 

deviation, with comparisons performed using Student’s 

t-test or one-way analysis of variance (ANOVA). Univariate 

analysis was performed using the Pearson chi-square test for 

categorical variables. A two-sided Fisher’s exact test was 

used if the expected count in any cell was ,5. Statistical 

significance was established if the P-value was ,0.05.

Results
Ninety patients with a diagnosis of IE confirmed through 

echocardiography were enrolled in the current study from 

June 2000 to February 2007. Among them, 39 patients were 

receiving maintenance HD when IE was confirmed, and the 

remaining 51 patients were classified as the non-HD group. 

The HD group comprised 19 male and 20 female patients, 

and the non-HD group comprised 32 male and 19 female 

patients (Table 1). The average ages of the HD and non-HD 

patients were 59.46±14.70 and 52.44±17.72 years, respec-

tively. No differences were observed in the distributions of 

sex and age between the two groups. The number of patients 

with diabetic mellitus significantly differed between both 

the groups (28.2% HD vs 5.9% non-HD patients; P,0.05). 

Because all the HD patients received repeated arteriovenous 

fistula punctures for dialysis, and only six non-HD patients 

(11.8%) were IV drug abusers with a history of repetitive 

vascular punctures, a significant difference in the origin of 

IE through vascular access to the circulation was observed 

between these two groups (100% of the HD patients with 

repeated vascular punctures vs 11.8% of the non-HD patients 

with a history of IV drug abuse; P,0.01). No significant 

difference was observed in the history of valvular surgery 

or the existence of CHF. The serum CRP levels were not 

significantly different between these two groups (HD vs 

non-HD: 138.27±81.01 vs 155.68±124.46; P=0.281). The 

ESR of the HD patients was significantly higher than that of 

the non-HD patients (87.2±33.32 vs 52.96±28.19; P=0.001). 

By contrast, the hematocrit level was significantly lower in 

the HD group (26.69±5.72 vs 30.33±6.25, P=0.016).

Table 1 Clinical characteristics of hD and non-hD patients 
with ie

HD patients 
(n=39)

Non-HD patients 
(n=51)

P-value

age (years) 59.46±14.70 52.44±17.72 0.044
sex (male/female) 19/20 32/19 ns
Diabetes 11 (28.2%) 3 (5.9%) 0.004
Repetitive vascular 
puncture

39 (100%) 6 (11.8%) 0.027

Previous valve surgery 1 (2.5%) 9 (17%) ns
Congestive heart failure 11 (28.2%) 22 (43.1%) ns
hematocrit 26.69±5.72 30.33±6.25 0.016
CRP (mg/dl) 138.27±81.01 155.68±124.46 ns
esR 87.2±33.32 52.96±28.19 0.001

Note: Data presented as mean ± sD.
Abbreviations: CRP, C-reactive protein; esR, erythrocyte sedimentation rate; hD, 
hemodialysis; IE, infective endocarditis; NS, non-significant; SD, standard deviation.
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The valve involvement of IE detected through transthoracic 

echocardiography was markedly different in the HD and 

non-HD patients; vegetations were mostly discovered on 

the mitral valve (MV; 79.5%) in the HD patients, whereas 

the majority of vegetations were evenly located on the aortic 

valve (AV; 43.1%) or MV (45.1%) in the non-HD patients 

(Table 2). In the current study, all the vegetations were 

discovered on a single valve, and no vegetation was simul-

taneously detected on other valves. Vegetations were seldom 

identified on the tricuspid valve (TV) in both groups.

Regarding the analysis of causative micro-organisms 

of IE, the species of bacteria isolated from blood cultures 

of the HD and non-HD patients were significantly different 

(P,0.03). S. aureus was the main organism causing IE 

(46.2%) in the HD patients, whereas other bacteria, including 

coagulase-negative Staphylococcus, Enterococcus, and 

Gram-negative species, were the most encountered organ-

isms (47.1%) in the non-HD patients with IE (Table 3). 

To clarify the response of S. aureus to methicillin in both 

the groups, S. aureus infection was further divided into 

methicillin-sensitive S. aureus (MSSA) and methicillin-

resistant S. aureus (MRSA) infection. The data demonstrated 

a significant difference in the proportion of MRSA-associated 

IE; MRSA-associated IE represented 83.3% of all the 

S. aureus-associated IE in the HD patients but only 28.6% of 

the S. aureus-associated IE in the non-HD patients (P,0.05). 

The incidence of culture-negative IE was similar in both HD 

and non-HD patients.

Five HD patients (12.8%) and 17 non-HD patients 

(33.3%) received surgical treatment for active IE. Although 

more non-HD patients received surgery for IE, the difference 

did not reach statistical significance. Eighteen HD patients 

(46.2%) with IE died in hospital, whereas 26 in-hospital 

deaths (51%) were observed in the non-HD group. The 

in-hospital mortality rate in both groups was not different.

Discussion
The current retrospective study concurrently assessed the 

differences between IE in HD and non-HD patients of a ter-

tiary teaching hospital. Our study is one of a few studies to 

compare clinical features and outcome of IE between HD and 

non-HD patients with similar backgrounds, which allevi-

ates the confounding factors, such as variations in disease 

severity, diagnosis technique, and therapeutic modality, and 

thus, provides more reliable results.

The prognosis of IE is poor if diagnosis is delayed due 

to difficulty in discovering vegetations on cardiac valves.18 

Definite or possible IE diagnosed based on the presence or 

absence of echocardiography-confirmed vegetations is the 

most decisive predictor of poor prognosis.19 This study only 

enrolled patients with echocardiography-verified IE, resulting 

in a higher mortality rate in these patients compared with 

those reported in other studies.20,21

This study demonstrated that compared with the non-HD 

patients with IE, the HD patients with IE were older and had 

a higher incidence of diabetes. In addition, they had a higher 

frequency of vascular punctures, lower hematocrit levels, 

and higher ESRs. These differences in the clinical features 

of the HD and non-HD patients evaluated in this study prob-

ably only reflect the common characteristics of HD patients, 

because these patients were older and had higher incidence 

of diabetes and anemia, which resulted in higher ESRs.

Both CRP and ESR are markers of inflammation and 

infection. However, ESR is increased in different condi-

tions, including pregnancy, anemia, autoimmune disorders, 

and some cancers.22 Although CRP is also elevated in 

late pregnancy, burns, cardiovascular diseases, and some 

cancers,23 CRP is more sensitive and accurate in reflecting 

the acute phase response to infection. Serum CRP levels 

are more useful than ESRs for predicting the response to 

antimicrobial therapy, complications, and prognosis.24–26 

In our study, the serum CRP levels were elevated in all IE 

patients with or without HD. Unlike the significantly higher 

ESRs in the HD patients with IE in this study, the serum CRP 

levels were not different between the two groups. As many 

HD patients are anemic and thus have elevated ESR levels, 

Table 2 Valve involvement in hD and non-hD patients with ie

HD patients 
(n=39)

Non-HD patients 
(n=51)

P-value

aortic valve 6 (15.4%) 22 (43.1%) 0.004
Mitral valve 31 (79.5%) 23 (45.1%)
Tricuspid valve 2 (5.1%) 6 (11.8%)

Abbreviations: hD, hemodialysis; ie, infective endocarditis.

Table 3 Causative bacterial species for ie in hD and non-hD 
patients

HD patients 
(n=39)

Non-HD patients 
(n=51)

P-value

Staphylococcus aureus 18 (46.2%) 14 (27.5%) 0.03
Others 8 (20.5%) 24 (47.1%)

Coagulase-negative 
Staphylococcus

3 5

Enterococcus 2 3
gram-negative species 3 5
Streptococcus species 0 11

Culture-negative 13 (33.3%) 13 (25.5%)

Abbreviations: hD, hemodialysis; ie, infective endocarditis.
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ESR is not a good marker of IE in HD patients. Therefore, 

CRP has a higher diagnostic value for IE than does ESR in 

HD patients.

HD patients require frequent arteriovenous fistula punc-

tures, leading to an increased exposure to bacteremia. Further-

more, the prevalence of CHF and valve calcification, both of 

which cause cardiac valve damage, is higher in HD patients. 

All these factors make HD patients more susceptible to IE and 

result in different manifestations of IE (such as differences in 

valve involvement and species of micro-organisms) in HD 

patients compared with non-HD patients.

The high prevalence of CHF and hyperparathyroidism-

associated heart valve calcification frequently causes heart 

valve damage in HD patients. This study demonstrated sig-

nificant differences in the type of heart valve involved in IE 

between the HD and non-HD patients. The most common 

heart valve involved in IE in the HD patients was the MV 

(81.5%), followed by the AV (11.1%) and TV (7.4%). By 

contrast, no preference for MV involvement (47.2%) over 

AV involvement (41.5%) was observed in the non-HD 

patients. Several studies have reported that the most com-

monly affected heart valve in the HD patients with IE was 

the MV because this valve is more vulnerable to volume 

overload-related damage and calcifications than any other 

heart valves in HD patients.5,6,27 In line with the findings 

of these studies, our results also demonstrated that the MV 

was the most commonly involved heart valve in HD patients 

with IE. These findings indicate that vegetations on the MV 

should be carefully screened for during echocardiography in 

HD patients with suspicious IE.

HD patients require frequent arteriovenous fistula punc-

tures or blood access through long-term implanted cath-

eters, leading to an increased exposure to bacteremia from 

skin-colonizing bacteria that cause IE. Other than the entry 

of bacteria from vascular punctures, the non-HD patients 

exhibit a higher proportion of other routes for causing IE. 

For example, bacteria can enter the bloodstream through 

colorectal cancers and oral cancers or through urinary tract 

infections. These differences account for the variations in 

the species and virulence of causative micro-organisms in 

the HD and non-HD patients. In most studies, S. aureus has 

been reported as the most common causative organism for 

IE in non-HD patients, but other species of bacteria, such as 

oral and non-oral streptococci, also account for significant 

proportions of causative bacteria.28,29 Our study demonstrated 

that S. aureus accounted for 27% and 44% of the IE-causative 

bacteria in the non-HD and HD patients, respectively. Nota-

bly, MRSA accounted for 83.3% of S. aureus endocarditis 

in the HD patients, which was markedly higher than the 

28.6% of S. aureus endocarditis caused by MRSA in the 

non-HD patients. This provides a therapeutic rationale for a 

possible change of antibiotics to vancomycin or teicoplanin 

earlier in the HD patients, if IE is serious and the antibiotic 

sensitivity test is not yet available.

Although the criteria for the surgical treatment of IE were 

the same for both HD and non-HD patients in our hospital, 

more non-HD patients received surgical treatment for IE than 

did HD patients. This was not because of the differences in 

disease severity between both groups but merely reflected the 

higher risks of operation and greater numbers of comorbidi-

ties in the HD patients, which prevented them from under-

going surgery for IE. Several reports have described a high 

in-hospital mortality rate among HD patients with IE.14,30–32 

By contrast, the in-hospital mortality rate among non-HD 

patients with IE is varied across reports.15,33–35 A recent study 

comparing the clinical outcomes of IE in the HD and non-HD 

patients showed a similar in-hospital mortality rate in both the 

groups but a lower metastatic infection in the HD patients.36 

Our study also demonstrated no difference in in-hospital deaths 

in the HD and non-HD patients. The high in-hospital mortality 

rate in both the groups in our study may be attributed to the 

inclusion criterion that only patients with echocardiogram-

confirmed IE were enrolled. As the size of vegetations is a 

risk factor of mortality,19 the in-hospital mortality rate was 

therefore high in our study. In addition, this study analyzed the 

IE data of earlier years, where there was a higher in-hospital 

mortality rate, with those of the recent reports.27,37,38 With 

early surgical intervention, improvement in early diagnosis, 

and advancement of medical care, the in-hospital mortality 

rate of IE has been reduced in recent years.

This study has several limitations. First, this study sample 

was restricted to patients with echocardiography-confirmed 

IE and excluded those with possible IE without vegetations 

on heart valves, leading to selection bias in disease severity. 

Second, this study enrolled patients with IE in early years 

and showed a high in-hospital mortality rate. This study may 

not reflect a recent improvement in reducing the in-hospital 

mortality rate due to advancement in surgical intervention 

and medical care. Nevertheless, this study provides important 

comparisons of IE between the HD and non-HD groups.

Conclusion
This study demonstrated a greater frequency of MV involve-

ment and S. aureus, especially MRSA, as the main causative 

organism in the HD patients with IE compared with the 

non-HD patients with IE.
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