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Abstract: Bloodstream infections pose a significant threat to patients undergoing hemodialysis, leading to
hospitalizations, increased morbidity, and mortality. The Centers for Disease Control and Prevention (CDC) has
prioritized the prevention of bloodstream infections in hemodialysis through their Making Dialysis Safer initiative.Most
bloodstream infections linked to vascular access primarily occur in patients undergoing dialysis using central vein
catheters. The Centers for Disease Control and Prevention (CDC) advocates core interventions as the best practices
for catheter care in hemodialysis, demonstrating their effectiveness in reducing catheter-associated bloodstream
infections. However, bloodstream infections linked to hemodialysis catheters persist at undesirable levels, it is likely
due to failures in maintaining rigorous aseptic techniques or other factors beyond the scope of the CDC's core
interventions. There is a urgent need for innovation of preventive measures. This review focuses on the current
therapies, recent developments and also addresses potential drawbacks and adverse effects associated with
thealternatives. This review also highlights the challenges and future perspectives which might prove to be beneficial
in reducing infection rates in hemodialysis patients.

1. INTRODUCTION

In terms of frequency, infection appears to be the most prevalent cause of death. Patients undergoing hemodialysis
with a catheter have a higher risk of hospitalization due to infection or even death as compared to those with a
permanent access likearteriovenous fistula or graft (1. In chronic hemodialysis (HD) patients, infections related to
catheters represent a significant contributor to both mortality & morbidity. [

More than 75% of deaths related to infections are attributed to septicemia. The arteriovenous fistula is the favored
vascular access for hemodialysis (HD) due to its lower infection rates and improved delivery of effective dialysis. In
contrast, cardiovascular catheters (CVC) exhibit lower patency rates, elevated infection rates, and increased incidents
of hospitalization and mortality primarily attributed to catheter-related bloodstream infections. 2!

The primary factors for use of CVCs includes: Loss of permanent hemodialysis access (arteriovenous fistula or graft),
Delay in initiation of dialysis, the need to await maturation of Arteriovenous Fistulas (AVFs) and because of limited
options for access in patients with severe peripheral vascular syndrome. !

Management of patients with catheter-related infections (CRI) poses a significant challenge, as it involves frequent
hospital visits and continuous engagement with multiple healthcare professionals.®IClinical practice guidelines outline
specific approaches for managing both catheter-related bacteremia and bacteremia unrelated to catheters.
Additionally, healthcare professionals should emphasize the importance of closely monitoring cases where attempts
are made to salvage the dialysis catheter. [4!
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This review focuses on the ongoing therapies and their short comings also new future perspectives in reducing the
rates of blood stream infections in hemodialysis patients in order to increase their survival.

2. EPIDEMIOLOGY OF INFECTIONS AMONG HD PATIENTS

Several published studies examining bacterial infections in outpatient hemodialysis have reported a monthly
occurrence of bacteremia ranging from 0.6% to 1.7% of patients, and vascular access infections (VAIs), including
those with or without bacteremia, ranging from 1.3% to 7.2% of patients per month.[”l Recognizing the significance of
bacterial infections among hemodialysis patients, the CDC launched a voluntary and continuous monitoring system
in the United States known as the Dialysis Surveillance Network (DSN) in 1999.IThe rates per 100 patient-months
were 3.2 for all vascular access infections (comprising both access infections with and without bacteremia), 1.8 for
bacteremia associated with vascular access, 1.3 for non-vascular access-related wound infections, 0.8 for
pneumonia, and 0.3 for urinary tract infections. In individuals with fistulas or grafts, infections predominantly occurred
at wound sites, while for those with hemodialysis catheters, infections were most commonly observed at the vascular
access site.[®

Infections at the access site are significant as they have the potential to lead to widespread bacteremia or compromise
the integrity of the vascular access. Observable indicators of vascular access infections include redness, warmth,
hardening, swelling, tenderness, skin breakdown, localized fluid accumulation, or the presence of pus.[”#

Various types of central venous catheters (CVC) employed for chronic hemodialysis include tunneled cuffed catheters
and non-tunneled catheters. The likelihood of bacteremia occurrence depends on factors such as the insertion site of
the CVC, the specific type of device used, and the duration of CVC utilization.!!

3. PATHOGENESIS OF INFECTIONS IN HD PATIENTS

Infections caused by bacterial pathogens can originate either exogenous (through acquisition from contaminated
dialysis fluids or equipment) or endogenous (resulting from the invasion of bacteria already present in or on the
patient).Infections related to catheters typically occur when bacteria from the patient's skin colonize the external
surface of the catheter or when there is direct contact, such as touch contamination by healthcare professional, with
the catheter. This contact can result in the inner surface of the catheter becoming contaminated. 0]

The primary pathogens responsible for catheter-related blood stream infections (CRBSIs) are typically gram-positive
bacteria, with Staphylococcus aureus and coagulase-negative staphylococci making up 40% to 80% of cases. Gram-
negative organisms contribute to 20% to 40% of CRBSIs, while polymicrobial infections account for 10% to 20%, and
fungal infections are less prevalent, constituting less than 5%. Complications arising from the spread of infection in
catheter-related bloodstream infections (CRBSIs) include conditions such asseptic arthritis, septic pulmonary emboli,
spinal epidural abscess, , endocarditis, brain abscess, and osteomyelitis.[11.12.13]

Factors that increase the risk of catheter-related bloodstream infections (CRBSIs) encompassprolonged catheter use,
the insertion site prioritized as femoral > internal jugular >subclavian, diabetes, the use of non-tunneled catheters,
recent surgery, a history of previous CRBSI, nasal carriage of Staphylococcus aureus, hypoalbuminemia, and
suboptimal barrier precautions during catheter insertion.

4. EXISTING THERAPIES FOR TREATING CRBSIs

Diagnosis without removing the catheter involves utilizing paired quantitative blood cultures, wherein both sets reveal
the presence of the same microorganism. The culture obtained through the catheter exhibits a colony count that is at
least three times higher than that of the peripheral culture.['¥ The catheter culture with a semi-quantitative assessment
of equal to or greater than 15 colony-forming units (CFU) corresponds to the identification of the same microorganism
in at least one percutaneous blood culture and the culture of the catheter tip.[15.16]

Catheter cultures should be conducted specifically when there is suspicion of catheter-related bloodstream infection
(CRBSI) upon catheter removal. Routine catheter cultures are not recommended. In the case of Central Venous
Catheters (CVCs), it is advisable to culture the catheter tip instead of the subcutaneous segment.[1”18 The diagnosis
of exit-site infection is determined by the presence of hyperemia, induration, and/or tenderness within a 2 cm radius
from the catheter exit site. This condition may be accompanied by fever and the discharge of purulent material from
the exit site. Bacteremia may or may not be associated with this infection. In cases where purulent drainage is
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observed, it should be collected and submitted for Gram staining and culture. Treatment duration typically ranges
from 7 to 14 days, depending on the identified microorganism and local medical protocols.[192021] Diagnosis of tunnel
infection is established by the presence of tenderness, hyperemia, and/or induration that extends beyond 2 cm from
the exit site, progressing along the subcutaneous tunnel. Bacteremia may or may not be linked to this infection. In
instances of purulent drainage, it is advisable to collect and submit the discharge for Gram staining and culture.22it
is recommended to always remove the catheter, avoiding exchange over a wire. A new catheter should be inserted
at a different location. Initiate empiric broad-spectrum antibiotic treatment to address both gram-positive and gram-
negative organisms.[16l

Adjust the antibiotic regimen based on the available culture and sensitivity results. Tunnel infections, when not
accompanied by a concurrent catheter-related bloodstream infection (CRBSI), are usually managed for duration of
10 to 14 days, depending on the identified microorganism and local treatment protocols. If a CRBSI is also detected,
the duration of therapy will be determined by the management approach for the CRBSI.[23] Empiric management for
Catheter-Related Bloodstream Infection involves the initiation of broad-spectrum antibiotics to address both gram-
positive and gram-negative organisms. Typically, antibiotics should provide coverage for methicillin-resistant S aureus
(MRSA) and Pseudomonas. After initiating empiric antibiotic therapy, it is essential to promptly follow up with culture
and sensitivity data to enable the use of the most suitable antibiotics based on sensitivity results.!1€!

The definitive treatment of Catheter-Related Bloodstream Infections (CRBSIs) should be customized based on factors
such as the patient's clinical presentation, the identified microorganism, and the available vascular access options.
For instance, the approach to managing a patient in septic shock due to MRSA CRBSI will differ from that of a
hemodynamically stable patient who presents with a fever and is diagnosed with coagulase-negative staphylococcus.
Treatment can be classified into three main groups: systemic antibiotics, antimicrobial locking (instillation) solutions,
and catheter management.[23! For individuals with Catheter-Related Bloodstream Infections (CRBSIs), systemic
antibiotics are essential and are generally prescribed for a duration of 2 to 6 weeks. The specific period of treatment
depends on factors such as the microorganism involved, clinical presentation, and any complications. The choice of
the specific antibiotic agent(s) is determined by the conclusive results of blood culture, sensitivities, and consideration
of the patient's allergies.[?4.252%] |n cases where Methicillin-Sensitive S Aureus (MSSA) infection is identified, cefazolin
is the preferred option over vancomycin due to its association with reduced hospitalization and lower mortality rates
resulting from the infection.[7]

5. CHALLENGES & FUTURE PERSPECTIVES

Centers for Disease Control and Prevention(29, and the Healthcare Infection Control Practices Advisory Committee
30 and the National Kidney Foundationl®!: 32has developed certain guidelines and incorporated fundamental
measures to avert bloodstream infections (BSI) in individuals undergoing hemodialysis.

These essential measures include:
(1) Monitoring bloodstream infections through NHSN and providing feedback to clinical personnel;
(2) Observing hand hygiene practices and offering feedback to staff; (

(3) Conducting assessments of catheter/vascular access care to ensure adherence to aseptic techniques and optimal
infection control practices by clinical staff (with subsequent feedback);

(4) Enhancing the infection prevention skills of staff, as demonstrated through competency assessments;
(5) Educating patients and involving them in infection control procedures;

(6) Reducing the prevalence of catheters;

(7) Disinfecting catheter hubs; and

(8) Applying bacitracin zinc/polymyxin B sulfate (Polysporin) triple ointment or povidone-iodine ointment to catheter
exit sites.

Centers for Disease Control and Prevention (CDC)’s core intervention guidelines can be broadly classified into 4
categories:-
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I. Patient Education
e Providing guidance on the proper care of catheters at home, including instructions on safely showering.
e Planning to decrease the use of catheters.

o Explore alternative options for kidney replacement therapy, such as peritoneal dialysis and kidney
transplantation.

e Educate the patient regarding the potential hazards associated with prolonged use of a catheter.
II. Hemodialysis Staff

e Conduct regular observations of hand hygiene practices and communicate the findings with the hemodialysis
staff on a monthly basis.

e Educate and assess the competency of staff every six months.

e Conduct surveillance for bloodstream infections and provide feedback utilizing National Healthcare Safety
Network (NHSN) dialysis surveillance.

e Conduct assessments of staff performing catheter exit site care and connection or disconnection procedures,
evaluating adherence to aseptic technique every six months.

IIl. Catheter Exit Site Care

e Applications of topical ointments, such as povidone iodine or Polysporin triple antibiotic ointment, during
dressing changes.

o Novel therapy: Weekly replacement of dressings infused with chlorhexidine.

¢ Antiseptic for the skin during dressing changes: Utilize alcohol-based chlorhexidine (>0.5%), povidone-iodine
10%, or 70% alcohol.

IV. Catheter Lumen & Hub Care

e Limited utilization of antibiotic locks as a preventive measure in patients with a history of catheter use and
recurrent bloodstream infections despite adhering to aseptic techniques.

¢ Novel therapy: antimicrobial barrier cap with chlorhexidine rod or non-antibiotic lock

e Catheter Hub Cleaning/ disinfection- scrub the hub, Utilize alcohol-based chlorhexidine (>0.5%), povidone-
iodine 10%, or 70% alcohol (Everytime catheter is connected or disconnected)

Further suggestions to prevent infections associated with hemodialysis catheters involve (1) employing a sterile
technigue and implementing maximal sterile barrier precautions (including a cap, mask, sterile gown, large sterile
drapes, and gloves) during catheter insertion; (2) confining the use of non-cuffed catheters to a duration of 3 to 4
weeks; (3) limiting catheter manipulation and dressing changes to trained personnel; and (4) replacing the dressing
at the catheter site if it becomes damp, loosened, or soiled.

6. CONCLUSION

Infection continues to be a devastating complication among patients on hemodialysis. Additional interventions are
needed to further reduce the rates of blood stream infections.The most effective approach to minimize episodes of
bloodstream infections is to avoid the use of catheters. Strategies like promptly referring patients to nephrologists,
involving multidisciplinary teams and vascular access coordinators for patient education, implementing early-
cannulationarteriovenous grafts for hemodialysis, and initiating peritoneal dialysis urgently have demonstrated
effectiveness in reducing catheter utilization.

Yet, in cases where catheter use is inevitable, it is crucial to adopt a comprehensive strategy to prevent infections.
Actively involving patients, educating staff on proper catheter care, and enhancing adherence to the core interventions
recommended by the Centers for Disease Control and Prevention are essential components.

857



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 5, pp 854-859

Ultimately, identifying obstacles to secure practices within the hemodialysis environment through the application of
human factors systems engineering will undoubtedly be invaluable in diminishing infections in the future.
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