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Abstract
Infection is a common complication and is the -
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in _ patients. The

risk of bacteremia in hemodialysis patients is 26-fold
higher than in the general population, and of
the causative organisms of bacteremia in hemodialysis
patients are _bacteria. The ratio of re-
sistant bacteria in hemodialysis patients compared to

the general population is unclear. Several reports have
indicated that hemodialysis patients have a
infection.

The most common site of infection causing bacteremia is
internal prostheses; the use of a i is
the most important risk factor for bacteremia. Although
antibiotic lock of hemodialysis catheters and topical
antibiotic ointment can reduce catheter-related blood
stream infection (CRBSI), their use should be to
necessary cases because of the of
organisms. administration and

An infection control bundle recommended by the
Center for Disease Control and Prevention succeeded in
reducing bacteremia in hemodialysis patients with either
a catheter or arteriovenous fistula. Appropriate infection
control can reduce bacteremia in hemodialysis patients.

Key words: Bacteremia; Hemodialysis; Blood stream
infection; Epidemiology; Infection control
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Core tip: Infection is common in hemodialysis patients,

who are at high risk for bacteremia. The use of a
ﬁ s the most important rsk factor
Improvement of standard infection
control measures, including the of Catheter
-, appropriate catheter care, patient and staff educa-

tion, and hand hygiene could reduce bacteremia in
hemodialysis patients.
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INTRODUCTION

Infection is the second leading cause of death in
hemodialysis patients in many countries and is the
leading cause of death in the first year of hemodialysis
in Japant., Furthermore, infection is a major cause of
hospitalization in hemodialysis patients. In the United
States, infection was observed in approximately 30%
of all hospitalizations of hemodialysis patients!*. These
data indicate that infection is a serious threat to these
patients. Hemodialysis patients have higher rates of
bacteremia, whereas peritoneal dialysis patients have
higher rates of peritonitis™®. In a study in the United
States, the rates (per 100 person-years) of specific
infection-related hospitalizations of hemodialysis patients
were 17.6 for septicemia, 15.3 for pulmonary infections,
3.7 for gastrointestinal infections, 12.3 for genitouri-
nary infections, and 10.2 for soft-tissue infections'.
In a cohort study in Denmark, the incidence of blood
stream infection was 13.7 per 100 person-years in
hemodialysis patients and 0.53 per 100 person-years in
a population control'”’. These data indicate higher risks of
bacteremia and a significant need to reduce bacteremia
in hemodialysis patients. In this review, we describe
the features of bacteremia, including its prevalence,
microbiological features, and risk factors in hemodialysis
patients. And we describe details of catheter related
bacteremia, a characteristic bacteremia in hemodialysis
patients. Furthermore we discuss how to reduce the risk
of bacteremia in hemodialysis patients.

INCIDENCE OF BACTEREMIA IN
HEMODIALYSIS PATIENTS

The incidence of bacteremia in hemodialysis patients
is very high compared with its incidence in the general
population. A population-based cohort study in Denmark
showed that the incidence of bacteremia was [13.7 per
100 person years in hemodialysis patients, whereas
that in the general population was [0.53 per 100 person
years”. The incidence of Staphylococcus aureus (S. aureus)
bacteremia in hemodialysis patients was 46.9-fold that of
the general population in Denmark'®. In studies in Canada,
the relative risks of Pseudomonas aeruginosa and |an-
aerobe infection were 123.3 and 72.7, respectively, in
hemodialysis patients%,

Almost all studies on bacteremia in Japan were case
reports™"**), Sepsis was the second leading cause of death
in infectious diseases in a study in Japan™., However,
microbiological studies have not been conducted. On the
other hand, the greater use of arteriovenous fistula and
low catheter use are unique characteristics in Japan®*.
Eighty nine point seven percent of vascular accesses of
Japanese hemodialysis patients was native arteriovenous
fistula, 7.1% was arteriovenous grafts, 1.8% was super-
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ficialization of artery, and only [0.5% was long-term
catheters in 2008™°. It might be a reason why few
studies have conducted on catheter related bacteremia
in Japan. Further studies are required to clarify about the
bacteremia in Japan.

In the Dialysis Outcomes and Practice Patterns Study
(DOPPS), adjusted relative risks of mortality were 2.84
for Europe and 3.78 for the United States compared with
Japan, although it was speculated because not all dialysis
facilities in Japan enrolled in the study™”. The percentage
of infection in cause of death was about 18% in Japan,
which is higher than North America and comparable with
Europe and Australia/New Zealand in the DOPPS"®. The
other causes of death may contribute to the difference of
mortality.

CAUSATIVE ORGANISMS

Half to 3/4 of the causative organisms of bacteremia
in hemodialysis patients are Gram-positive bacteria
(Table 1)!"*?Y, The remaining less than 1/4 are Gram-
negative. Among the causative organisms, S. aureus,
including methicillin-resistant S. aureus (MRSA), is the
most common causative organism. Other staphylococci,
including S. epidermidis and coagulase negative sta-
phylococcus (CNS), are also common Gram-positive
organisms. Escherichia coli (E. coli), Enterobacter species
and Klebsiella species are the common Gram-negative
organisms isolated from blood samples. The pattern
of causative organisms was similar in vascular access-
associated and catheter-related bacteremia®®??, In
hemodialysis patients, rate of S. aureus was relatively
high and rate of E. coli was relatively low compared
with the general population™?*, It is unclear whether
the ratio of resistant bacteria in hemodialysis patients is
higher than that in the general population. In a single-
center report from Brazil in 2010-2013, 38.5% of S.
aureus was MRSA®, whereas the methicillin resistance
percentage was 31.0% in surveillance data from Brazil
in 2005-2008"%!, However, a national surveillance report
for England indicated that the relative risk of MRSA bacte-
remia was approximately 100-fold higher for dialysis
patients than for the general population and was 8-fold
higher for patients using a catheter than for those with an
arteriovenous fistuld®”. In addition, another surveillance
report from the United States also indicated that dialysis
patients had a 100-fold higher risk of MRSA infection
than the general population®®,

CAUSES OF BACTEREMIA

In seven years of hospitalization and death records of
hemodialysis patients in the United States Renal Data
System, the secondary diagnosis codes among all episo-
des of septicemia were infection/inflammation caused
by internal prostheses (18%), other complications of
internal prosthetic device (8%), decubitus ulcer (6%),
urinary tract infections (5%), pneumonia (5%), gangrene
(3%), endocarditis (2%), and cellulitis and abscess of
the foot (1%). These data indicated that septicemia
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Table 1

Hemodialysis catheter-

General population

related bacteremia

Hemodialysis Hemodialysis vascular access-
patients associated
Ref. Danese et al™,  Loo et al®, D’Amato-Palumbo
2006 2015 et al”, 2013

Region United States ~ Singapore United States
n 15618 144 112
Gram positive 73.6% 73.2%
Staphylococcus aureus 38.4% 47.2% 50.9%
(MRSA) 13.9% 23.2%
(MRSA/SA) 29.4% 45.6%
Other staphylococcus 15.4% 20.1% 10.7%
Streptococcus 11.9% 2.7%
Enterococcus 8.9%

26.4% 23.2%
4.5%

9.8%

Gram negative
Escherichia coli
Pseudomonas spp.
Enterobacter spp.
Kiebsiella spp.
Proteus mirabilis
Candida spp.

6.5%
3.6% 9.0%
4.9%

5.4%

1.2% 3.6%

Aslam et al™, 2014 Biedenbach et al™, 2004 Alfandari et
al™, 2016
Meta-analysis North America Latin America Europe France
1386 42857 11743 26613 519
39.7%
25.9% 26.0% 21.6% 19.5% 15.4%
2.9%
18.8%
23.4% 11.5% 13.3% 14.6% 8.3%
9.5% 6.8% 6.5% 12.5%
10.2% 3.3% 7.2% 3.5%
22.0% 55.3%
17.7% 18.2% 22.4% 34.5%
4.3% 6.5% 6.1% 15%

3.7%
7.6%

5.5%
10.1%

4.2%
7.3%

3.7%
7.1%
2.3%
6.2%

MRSA: Methicillin-resistant Staphylococcus aureus.

secondary to vascular access infection was the most
common cause of septicemia®. In the analysis of the
causes of hospitalization for infection, the leading causes
of hospitalization for infection were dialysis access
or central venous -related ( ),
bloodstream infections or (.%), and

infections (22%)™®’. These data also indicated that blood
access infection is the most common cause of infection in
hemodialysis patients.

RISK FACTORS

The most important risk factor for bacteremia in hemo-
dialysis patients is the use of central venous catheters.

A single center study in the United States
indicated that the rate of
ents with central venous
in patients with an arteriovenous
in patients with an arteriovenous

Rate of infection related hospitalization was higher in the
patients with catheters or arteriovenous grafts compared
with arteriovenous fistula, the rate ratios were 1.59 and
1.37, respectively™. Analysis of the United States Renal
Data System showed that hemodialysis patients with a
temporary catheter had a 50% higher risk of septicemia
than patients with a native fistula. Patients with a

during throughout
seven years of follow-up™.. In a retrospective study of a
hospital in Brazil, a multiple regression analysis showed
that the use of a central venous catheter was associated
with an 11.2-fold increased risk of bloodstream infections
compared with arteriovenous fistula for vascular access'>.
In addition, a second leading risk factor was previous
hospitalizations, which had an odds ratio of 6.63 in a
multiple logistic regression analysis'*®. In patient charac-
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teristics, the adjusted risk ratios of age > 65 years,
diabetes mellitus, and serum albumin < 3.5 were 1.61,
1.26 and 1.66, respectively™®., The patients who reused
dialyzers had a 28% higher risk of septicemia than
patients who did not reuse membranes®”.

CATHETER-RELATED BLOOD STREAM
INFECTIONS

Long-term catheters are essential for hemodialysis pati-
ents whose blood access site is limited. Catheters are
a major risk factor for bacteremia as described above,
and they cannot be easily changed. Therefore, especially
careful handling is needed to prevent catheter-related
blood stream infections (CRBSI).

Diagnosis of CRBS!

In the guidelines for the diagnosis and management of
intravascular catheter-related infection by the-
a definitive diagnosis of
blood

CRBSI requires: (1) a set of
(2) blood cultures from a peripheral
culture of the catheter tip; or (3) cultures from an
and catheter that meet
to Griteria>. A report from Canada indicated
that blood cultures drawn from a hemodialysis circuit
were the most sensitive, specific, and accurate for
diagnosing CRBSIs when all culture data and clinical
information were factored into the assessment®”. For the
hemodialysis circuit, the values for sensitivity, specificity,
and accuracy were 93.5%, 100% and 95%, respectively,
whereas peripheral veins had a sensitivity of 93.9%, a
specificity of 92.5%, and an accuracy of 93%.

_for hemodialysis catheter

There are many reports and a meta-analysis of antibiotic
lock for hemodialysis catheters®™3°. The antibiotics

I

from a
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Table 2 -
Dosage (mg/mL)  Heparin or saline, IU/mL

Vancomycin 2.5 2500 or 5000
Vancomycin 2.0 10
Vancomycin 50 0 or 5000
Ceftazidime 0.5 100
Cefazolin 5.0 2500 or 5000
Ciprofloxacin 0.2 5000
Gentamicin 10 2500
Ampicillin 10.0 10 or 5000
70% ethanol 0

include , minocycline, cefotaxime, cefazolin,

and (Table 2). Moreover, antiseptics including
taurolidine and trisodium citrate have also been tested.

- In a subgroup analysis of each antibiotic, the

reductions in bacteremia rates remained significant for
locks containing gentamicin, minocycline, cefotaxime, and
vancomycin and gentamicin, but not for those containing
taurolidine, or cefazolin and gentamicin, or citrate®**.
Although they are associated with a significant reduction of
CRBSI, the guidelines of the Centers for Disease Control

and Prevention (-) do the -

use of antibiotic lock, and this treatment to patients

with long-term catheters who have a
CRBSIS| despité optimal fiaximal to aseptic

techniques because of the potential for side effects,
toxicity, allergic reactions, or the emergence of resistance
to the antimicrobial agent”’.

Topical antibiotics

The prophylactic effects of the application of -
, including and polysporin triple

antibiotic ointments, to the of the catheter were

also investiiated. These topical antibiotics -

n hemodialysis patients. A randomized
trial indicated that the topical use of polysporin triple
antibiotic ointment to catheter exit sites reduced the
relative risk of bacteremia by 60%, as well as the relative
risk of mortality by 78%"". Mupirocinl ointment is also
effective to reduce CRBSI. In a randomized controlled
trial, application of mupirocin ointment to the catheter
exit sites 2 However, the

and CNS has been
reported™®**!, Based on this evidence, tl’? guidelines

recommend the - - for hemodialysis

patients.

Antibiotics/antiseptics coated catheters

Antibiotics or antiseptics impregnated or coated catheters
can reduce the catheter related bacteremia®*”. The
duration of catheter use in these studies were within a
month, and the efficacy in - - use of these catheter

has fiof been established "’

Generally, the treatment of bacteremia is the administra-
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Table 3 Antibiotic dosing for patients who are undergoing
hemodialysis™"

- dosing pending culture results

_ plus empirical gram- rod coverage based on local

antibiogram data
Or
Vancomycin plus gentamicin
(Cefazolin may be used in place of vancomycin in units with a low
prevalence of methicillin-resistant staphylococci)

_ (or tobramycin): - not to exceed 100 mg after each

dialysis session
Ceftazidime: 1 g iv after each dialysis session
Cefazolin: 20 mg/kg iv after each dialysis session
For Candida infection
An echinocandin (caspofungin 70 mg iv loading dose followed by 50 mg
iv daily; intravenous micafungin 100 mg iv daily; or anidulafungin
200 mg iv loading dose, followed by 100 mg iv daily); fluconazole
(200 mg orally daily); or amphotericin-B

iv: Intravenous.

tion of systemic antibiotics and the care of the infection
site; for . Initial
treatment is empiric systemic antibiotics and antibiotic
lock (Figure 1, ffables’2land 3)"'". Recommended
empirical antibiotics are vancomycin plus empirical gram-
negative rod coverage based on local antibiogram data.

is in cases that bacteremia or
clinical , or in cases that causative orga-
nisms could colonize in the surface of catheters (Figure 1).
For hemodialysis patients

therapy and of the catheter are
in those cases. A —- compared
systemic antibiotics, antibiotic lock therapy and guidewire
exchange of the catheter to treat patients with tunneled
hemodialysis catheter-related bacteremia'®?. The

roportions were significantly - with

hthan with SyStemic antibiotics (OR = 2.08;
95%CI: 1.25-3.45; P < 0.01) and were higher with
guidewire exchange than with systemic antibiotics (OR
= 2.88; 95%CI: 1.82-4.55; P < 0.001). In particular,
for those with S. aureus infections,

achieved a significantly - - proportion than both
systemic antibiotics and antibiotic lock therapy (OR =
3.33, 95%CI: 1.17-9.46, P = 0.02; OR = 4.72, 95%CI:
1.79-12.46, P = 0.002). However, guidelines recommend
systemic antibiotics and catheter removal, especially
for infection with S. aureus, P. aeruginosa, or Candida
species"*®, Guidewire exchange is considered to be an
alternative only if another insertion site is not available.
This study described above was a meta-analysis of ob-
servational studies. controlled studies are

to obtain further insight.

Improvement of infection control measures
In 2009, the CDC established a collaborative project
to prevent bloodstream infection in hemodialysis
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Tunneled HD catheter
with suspected CRBSI

Blood EUltdiré from Catheter and
_ vein or blood line if

peripheral vein not feasible

Empiric antibiotics

Negative blood culture

+ antibiotic -

bacteremia/fungemia

and fever in-

acteremia/fungemia
and fever

Coagulase--

Remove cvc

Stop antibiotics Staphylococcus Gram_ bacill - Candida albicans Administer antibiotics
Antibiotic 10514%d. | | Antibiotics 10-14 d. Remove cve Guidewire CVC Administer antibiotics
- CVC, continue - -, continue and exchange 4-6 wk, lock for
antibiotic lock antibiotic [o¢K antibiotics 3 wk administer antifungal || metastatic infections
or or if TEE is negative therapy for 14 d after (thrombosis,
guidewire CVC guidewire CVC the first negative blood endocarditis)
exchange exchange culture

Figure 1

B CVC: Central venous

catheter; TEE: Transesophageal echocardiograph; HD: Hemodialysis; CRBSI: Catheter-related blood stream infection.

in collaboration with the Centers for Disease Control and

Table 4 Core interventions of dialysis blood stream infections

Prevention

Surveillance and feedback using NHSN
Conduct monthly surveillance for BSIs and other dialysis events using NHSN-Dialysis Surveillance. Calculate facility rates and compare to rates in
other NHSN facilities. Actively share results with front-line clinical staff. See Data Reports on this website (available from: URL: http:/ /www.cdc.
gov/dialysis/reports-news/ data-reports.html)
Hand hygiene observations
Perform observations of hand hygiene opportunities monthly and share results with clinical staff. See observation protocols for hand hygiene and
glove use on this website (available from: URL: http:/ /www.cdc.gov/ dialysis/PDFs/ collaborative/ Hemodialysis-Hand-Hygiene-Observations.pdf)
Catheter/vascular access care observations
Perform observations of vascular access care and catheter accessing quarterly. Assess staff adherence to aseptic technique when connecting and
disconnecting catheters and during dressing changes. Share results with clinical staff
Staff education and competency
Train staff on infection control topics, including access care and aseptic technique. Perform competency evaluation for skills such as catheter care and
accessing every 6-12 mo and upon hire. See staff education on this website (available from: URL: http:/ /www.cdc.gov/ dialysis/ clinician/index.html)
Patient education/engagement
Provide standardized education to all patients on infection prevention topics including vascular access care, hand hygiene, risks related to catheter use,
recognizing signs of infection, and instructions for access management when away from the dialysis unit. See patient education on this website
(available from: URL: http:/ /www.cdc.gov/ dialysis/ clinician/ index.html)
Catheter reduction
Incorporate efforts (e.g., through patient education, vascular access coordinator) to reduce catheters by identifying and addressing barriers to permanent
vascular access placement and catheter removal

Use an alcohol-based chlorhexidine (> 0.5%) solution as the first line skin antiseptic agent for central line insertion and during dressing
changes. Povidone-iodine (preferably with alcohol) or 70% alcohol are alternatives for patients with chlorhexidine intolerance

Catheter
Scrub catheter hubs with an appropriate antiseptic after cap is removed and before accessing. Perform every time catheter is accessed or
disconnected. If closed needleless connector device is used, disinfect connector device per manufacturer’s instructions

Antimicrobial ointment
Apply antibiotic ointment or povidone-iodine ointment to catheter exit sites during dressing change. See information on selecting an antimicrobial
ointment for hemodialysis catheter exit sites (selecting an antimicrobial ointment). Use of chlorhexidine-impregnated sponge dressing might be an
alternative

NHSN: National Healthcare Safety Network; BSIs: Blood stream infections.
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patients'®’. Core interventions included surveillance and
feedback using the National Healthcare Safety Network,
audits of hand hygiene, observation of vascular access
care, and other infection control measures (Table 4). In
the analysis of 17 outpatient hemodialysis facilities that
participated in the project, in the pre-intervention period,
the pooled mean blood stream infections (BSI) and
access-related BSI rates were 1.09 and 0.73 events per
100 patient-months, respectively. After the intervention,
these rates decreased to 0.89 and 0.42 events per 100
patient-months, respectively™*. Furthermore, in a report
using positive deviance to improve the infection control
measures in addition to the collaborative interventions of
the CDC, the incidence of all access-related BSIs reduced
from 2.04 per 100 patient-months pre-intervention to
0.75 after employing the collaborative interventions and
to 0.24 after augmenting the collaborative interventions
with positive deviance™. Positive deviance is a behavioral
change process based on the observation of those with
uncommon, beneficial practices who consequently ex-
perience better outcomes than their neighbors who
share similar risks”". These data indicated that the
improvement of infection control practices could reduce
bacteremia in hemodialysis patients.

CONCLUSION

The prevalence of blood stream infection in hemodialysis
patients is much higher than in the general population.
Furthermore, bacteremia is sometimes life-threatening.
Improvement of basic infection control measures, in-
cluding appropriate hand hygiene, catheter care, and
education for medical staff and patients, could reduce
the occurrence of bacteremia, although this is difficult
because the blood streams of these patients are fre-
quently exposed to extracorporeal devices.
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