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Ozet

2022-2023 Yillarinda Yakin Dogu Universitesi Hastanesi'nde Kateter iliskili Kan

Dolasimi Enfeksiyonlarimin Prevalansi
Suah, Samuel S.
Yiiksek Lisans, Tibbi Mikrobiyoloji ve Klinik Mikrobiyoloji Anabilim Dah
Damisman: Do¢. Dr. Emrah Ruh

Ocak 2024, 70 sayfa

Amag: Bu calisma, 2022-2023 yillar1 arasinda Yakin Dogu Universitesi Hastanesi'ndeki
i¢ yogun bakim tinitesinde santral kateter iligkili kan dolasimi enfeksiyonlarinin sikligini

incelemek amaciyla yapilmustir.

Yontem: Bu c¢alisma, Yakin Dogu Universitesi Hastanesi'nde vyiiriitiilmiistiir. Veri
toplama islemi, Yakin Dogu Universitesi Hastanesi’nin elektronik bilgi sistemi

araciligryla elde edilen tibbi kayitlarin retrospektif olarak incelenmesini igermistir.

Bulgular: Santral kateter iligkili kan dolagimi enfeksiyonlarinin toplam goriilme
yogunlugu 1000 kateter giinii i¢in 17,0’dir. Etkinlik oran1 genel yogun bakim {initesinde
1000 kateter giinii i¢in 30,2 olup, kalp damar cerrahisi yogun bakim iinitesinde 1000
kateter giintinde 0,0 oraninda en diisiik seviyedeydi. Gram-negatif bakteri olan Klebsiella
pneumoniae (16/49, %32,7) santral kateter iligkili kan dolasimi enfeksiyonlarinin en

yaygin nedeni idi.

Sonug¢: Calismadan elde edilen bulgular, hastanenin yogun bakim finitelerinde, santral
kateter iligkili kan dolagimi enfeksiyonlar1 agisindan koruyucu énlemlerin uygulanmaya

devam edilmesi gerektigine isaret etmektedir.

Anahtar Kelimeler: Kateter, insidans yogunlugu, yogun bakim iiniteleri, kateter iliskili

kan dolasimi enfeksiyonlari, santral venoz kateter



Abstract

The Prevalence of Catheter-Related Bloodstream Infections at the Near East
University Hospital during 2022-2023

Suah, Samuel S.
M.Sc., Department of Medical Microbiology and Clinical Microbiology

Supervisor: Assoc. Prof. Emrah Ruh

January 2024, 70 pages

Aim: The aim of this study was to examine the incidence density of bloodstream
infections caused by central venous catheters in three intensive care units at the Near
East University Hospital during 2022-2023.

Methods: This study was a retrospective investigation carried out at the Near East
University Hospital. The data collection procedure involved the examination of medical
records obtained through the electronic information system of the Near East University

Hospital.

Results: The overall incidence density of catheter-related bloodstream infections was
17.0 per 1000 catheter days. The incidence rate was prevalent in the general intensive
care unit at 30.2 per 1000 catheter days and lowest in the cardiovascular surgery
intensive care unit at 0.0 per 1000 catheter days. Klebsiella pneumoniae (16/49, 32.7%)
which is a gram-negative bacterium, was the main causative agent of the catheter-related

bloodstream infections.

Conclusion: The findings obtained from the study indicate that protective measures
should continue to be implemented in hospital intensive care units in terms of catheter-

related bloodstream infections.

Key words: Catheter, incidence density, intensive care units, catheter-related

bloodstream infections, central venous catheter
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CHAPTERII

Introduction

This chapter presents a comprehensive introduction to catheter-related
bloodstream infections, including a description of the problem, the study's purpose, a
research question, the significance of the study, limitations, and the definition of key

terms relevant to this research.

Catheter-related bloodstream infections (CRBSIs) continue to be a major
problem in healthcare institutions due to their association with increased rates of
hospitalizations and death and the high costs associated with healthcare (Gahlot et al.,
2020). Furthermore, both central venous catheter-associated bloodstream and peripheral
line associated bloodstream infections (PLABSIs) contribute to this burden of CRBSIs.
According to the Agency for Health Research and Quality, CLABSIs mostly affect
individuals who have a central venous catheter (CVC) or have been diagnosed with a
disease within 48 hours after CVC implantation. PLABSIs affect individuals who have a
peripheral venous catheter (PVC) or are diagnosed within 48 hours of PVC insertion
(The Agency for Health Research and Quality, 2015).

Most significantly, CRBSIs’ rate varies drastically across different nations and
settings. Based on a recent systematic review conducted by Li et al. (2018), the total
occurrence rate of CLABSIs differed between wealthy and impoverished nations. Li et
al. observed that in countries with higher incomes, the rate was 1.14 per 1,000 catheter-
days, while in poorer countries, the rate was 2.45 per 1,000 catheter-days. Moreover,
PLABSIs have garnered increased attention in recent years, despite their original
perception as being less perilous than CLABSIs (Bauza et al., 2019). Recent research
indicates that the occurrence of PLABSIs has a major role in the overall prevalence of
CRBSIs, with incidence rates ranging from 0.1 to 1.9 per 1,000 catheter-days (lIsta et al.,
2021).
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As a matter of fact, various risk factors are linked to the occurrence of CRBSIs.
These include patient attributes such as age and pre-existing medical conditions, as well
as variables relating to the catheter itself, such as material, type, insertion location, and
length of use (Kaye et al., 2021). Moreover, it is crucial for healthcare personnel to
strictly follow an aseptic method while inserting and maintaining medical devices to
avoid the incidence of CRBSIs (Koh et al., 2019).

Undoubtedly, the use of approaches such as skin antisepsis, maximum sterile
barrier precautions, good hand hygiene, and catheter site care has considerably reduced
the prevalence of CRBSI (Alkubati et al., 2018). Furthermore, studies have shown that
the usage of antimicrobial lock solutions and catheters impregnated containing
antimicrobial agents could tremendously decrease the rate of CRBSIs. (Gahlot et al.,
2020). A thorough understanding of the disease's epidemiology is crucial for
successfully fighting CRBSI. Given this, the aim of this study is to investigate the
incidence density or rate of catheter-related bloodstream infections within the coronary,
cardiovascular surgery and general intensive care units at the Near East University
Hospital during 2022-2023.

Statement of the Problem

Several clinical data indicate that most bloodstream infections are linked to the
use of catheters (CVC and PVC) (Ruiz-Giardin et al., 2019; Ista et al., 2021).
Consequently, these infections are widely recognized as frequent and preventable causes
of sickness and death in hospitals. Furthermore, healthcare-associated infections are a
significant issue that affects people globally, presenting serious threats to their health
and lives (Gahlot et al., 2020). In addition, due to these infections' high rates of
morbidity, mortality, and costs, it is imperative that ongoing procedures be in place to

prevent them.
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Without a doubt, catheters are essential for a significant number of patients to
receive crucial drugs, such as nutritional supplements, dialysis, antibiotics, and
chemotherapy; hence, without these catheters, some patients would die. the aim of this
study is to investigate the incidence density or rate catheter-related bloodstream
infections within the coronary, cardiovascular surgery and general intensive care units at
the Near East University Hospital during 2022-2023.

Purpose of the Study

The primary objectives for this study were specified as follows: Assess the
incidence density or rate of bloodstream infections linked to CVC, at the Near East
University Hospital during 2022-2023. And identify the specific microorganisms
responsible for causing CVC infections at the Near East University Hospital throughout
the years 2022-2023.

Research Question

The study was driven by the following problem-oriented questions:

1. What is the incidence density or rate of CVC related bloodstream infections in
the coronary, cardiovascular and general intensive care units at the Near East University
Hospital during 2022 to 2023?

2. Which microorganisms were the causal agent of CVC related bloodstream
infections in the coronary, cardiovascular and general intensive care units at the Near
East University Hospital during 2022-2023?

Significance of the Study

The study's results could potentially offer researchers valuable details that
strengthen the importance of vigilance and prevention of CRBSIs. Public health
personnel, infection control department personnel, intensive care unit personnel, medical

laboratory personnel, and pharmacy personnel may find this research to be beneficial.
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In addition, this study may inspire additional research in the area of catheter-
associated bloodstream infections among clinicians, academics, and professionals in the

healthcare industry.

Limitations

The small sample size is attributed to the poor statistical power and
generalizability of the findings. Moreover, just a single hospital used the application of
the study. This may limit the generalizability of the findings to other healthcare
facilities. Furthermore, healthcare practitioners inputted the data into the electronic
medical record, which might introduce bias, gaps, incomplete information, or reliance on
previously collected data. The study's length of two years may not sufficiently capture
the long-term prevalence of CLABSI rates. Finally, the analysis of the study's results did
not include any confounding variables, such as changes to staff training programs,
infection control protocols, or other interventions implemented during the research

period.

Definition of Terms
CLABSI refer to infections that arise in the bloodstream after the insertion of a
central line, and these infections do not occur simultaneously with any other kind of

infection.

Hospital-acquired infections (HAIS) are illnesses that arise during the course of

a patient's hospitalization and were not present at the time of admission.

Clinical guidelines are carefully crafted statements designed to assist clinicians
in making well-informed judgments about the optimal therapy for certain clinical

problems.

Catheter-associated bloodstream infections occur when microorganisms are

introduced into the circulation via a central line or catheter site.
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Central line is a type of catheter that is inserted into a blood vessel for various
purposes, such as administering fluids, withdrawing blood, monitoring the heart's

function, or connecting to different parts of the heart and major blood vessels.

Central venous catheters (CVVC) are placed into a central vein of the body to

acqu ire venous access.
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CHAPTER II

Literature Review

The focus of this literature study will be central venous catheters., including their
kinds, use in healthcare, and complications. A significant portion of this literature review
will focus on the post-insertion consequences of CRBSI, including discussions of the
pathophysiology of this infection and preventative measures. The paper will conclude by

discussing the diagnostic techniques devised for catheter-associated infections.

Overview of Catheters

A catheter is a tube that facilitates the administration or removal of fluids from
the body. Notably, modern medical practice is reliant on their utilization, and they have
had a significant influence on a number of medical specialties, including critical care,
cancer, gastroenterology, hematology, nephrology, trauma, and burns (Ruiz-Giardin et
al., 2019; Ista et al., 2021). In general, the two primary kinds of catheters that are
commonly used in healthcare facilities are the urinary catheter and the intravenous
catheter. Nevertheless, for the purpose of this review, the intravenous catheter (also

known as venous access devices) and its type will be discussed in this section.

Intravenous Catheters

Intravenous (IV) catheters are pliable tubes made of plastic material suitable for
medical use. Furthermore, healthcare professionals administer IV catheters by inserting
them through the epidermis into a vein. Thus allowing access to the venous system for
the purpose of administering fluids or medication or to provide intravenous nutrition
(Wallis et al., 2014; Marsh et al., 2020). Importantly, IV catheters can be divided into
the following types based on the site of access: Central venous catheters and peripheral

intravenous catheters.
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Peripheral Intravenous Catheters

Peripheral intravenous catheters (PIVCs) have an overall failure rate ranging
from 35% to 50% in healthcare (Marsh et al., 2020; Wallis et al., 2014). More precisely,
healthcare providers insert these catheters into the peripheral veins located in the arms
and legs. Besides that, most problems with PIVC are not infectious. These include
phlebitis, infiltration/extravasation, blockage/occlusion, leakage, and dislodgement
(Zingg et al., 2023). Nevertheless, there are instances of local site infections and
bloodstream infections (BSI) as well. Recent meta-analyses have shown that phlebitis
and infiltration/extravasation are the most common non-infectious consequences of
PIVCs (Lv & Zhang, 2019; Marsh et al., 2020;). Importantly, PIVCs are often only

trustworthy for a period of three to five days.

Central Venous Catheter

A catheter is inserted into an artery or vein with the intention of placing its distal
end within a central artery or vein, often the inferior or superior vena cava. This
comprises subcutaneous ports or reservoirs, central and pulmonary arterial catheters,
tunneled and non-tunneled CVC, and peripherally inserted central catheters (Bang et al.,
2023). Unlike peripheral catheters, central venous catheters (CVVC) are distinguished by
their length, which is somewhat longer, and they are designed to be used for
considerably longer periods of time (Zhang et al., 2023). CVVCs are recommended as a
treatment option when there is a need for sustained access to a specific vein, which
might last anywhere from a few weeks to several months. In their study, Zhang et al.
(2023) found that healthcare practitioners frequently utilize the internal jugular veins,
subclavian veins, and femoral veins for insertion purposes. According to a research
conducted by Kehagias et al. (2023), short-term and long-term CVCs are now
universally acknowledged as the ideal approach for a variety of central venous
treatments, including chemotherapy, antibiotic therapy, fluid administration, and

parenteral nutrition.
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In addition, CVCs are composed of a tubular structure, known as a lumen, that
terminates in a sealed hub located at the proximal region. The catheter spans from the
hub to the terminal end, which is often referred to as the catheter "tip." Catheter might
possess a maximum of four lumens, each capable of independent usage for infusing
liquids, measuring venous pressures, or extracting blood samples. The primary

classifications of CVCs are as follows:

Peripherally Inserted Central Catheter (PICC). Like peripheral catheters, the
PICC is inserted through the extremities, particularly the upper arm. The fact remains
that it does not terminate in a vein in the periphery. In its place, it is driven through these
veins until it reaches the larger veins, which have a wider diameter and are located in
close proximity to the heart (Urtecho et al., 2023). Currently, PICCs are widely used in
the treatment of patients who are hospitalized. Furthermore, these lines have a low
insertion risk and a low incidence of complications, and they enable long-term outpatient
intravenous (V) access, allowing for the early release of patients who need continuous
IV medications and regular blood withdrawals (Maki et al., 2006).

Midline Peripheral Intravenous Catheters. In order to provide a feasible
substitute for PICC lines, a midline catheter has been developed. Similarly, the midline
catheter is inserted into the arm, culminating in the axillary or basilic vein instead of the
central venous system (Chen & Liang, 2022). Furthermore, these devices have the
advantage of long-lasting accessibility while having a smaller size and reduced surface
area, which decreases the potential danger of blood clot formation and contamination
and perhaps lowers the incidence of infection (Lu et al., 2021).

Notably, midline catheters have a usage period of up to four weeks, which is
shorter than the duration of use for PICC lines, which can be used for weeks to months.
However, midline catheters are more robust than peripheral intravenous lines (Chen &
Liang, 2022). Furthermore, they are an enticing choice for the short to medium duration,
which is a significant advantage. In spite of this, Urtecho et al. (2023) revealed that the
utilization of midline catheters was linked to an increased probability of developing

venous superficial thrombosis.
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Tunneled Catheter. Using ultrasonography and fluoroscopy, the healthcare
provider first places a tunneled catheter into a vein in the neck area and then directs it
into a nearby large vein close to the heart. The other end of the catheter is put under the
skin at the same time, and it is ultimately brought out of the chest via the lateral side
(Kehagias et al., 2023). Research has shown that tunneling is an excellent method for
securing the catheter in place and lowering the risk of infection. Kehagias et al. (2023)
highlight that tunneled catheters have a projected use duration of over one month and, in

SOme cases, even years.

Implanted Port. Implantable ports are tunneled devices that have a long lifetime
and the additional benefit of being easy to conceal due to the fact that they are entirely
inserted, which gives them an extra inconspicuous look (Kehagias & Tsetis, 2019). It is
particularly important to note that ports could be inserted either in the upper extremity
(the arm) or thoracic region (the chest). Although accessing the needle may be rather
irritating, it is essential to keep in mind that the infusion flow is limited by the 19-20G
needle, thereby slowing down the rate at which the fluid is administered (Annetta et al.,
2022).

Complication Associated with Catheter

Although there are a number of benefits connected with the use of CVCs, there
have been challenges related to their utilization ever since their beginnings. It is possible
for complications to emerge with CVCs either during the procedure of inserting the
catheter or at any moment during the catheterization of the patient (after the catheter has
been implanted) (Drugeon et al., 2023; Canton & Garnacho, 2019). While advancements
have been made in the fields of materials science, design, and production of catheters, as
well as innovations in insertion methods, there has not been a total reduction in the
number of complications. With that being said, this section discussed some

complications that are associated with catheters.
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Central Venous Catheters Insertion’s Complications

A recent comprehensive review noted that the rates of complications related to
the insertion of CVCs vary depending on the selected site of insertion, method used,
type of catheter, and the proficiency and expertise of the operator (Canton & Garnacho,
2019). Nevertheless, the kind and comparative occurrence of complications are
consistent throughout the majority of research. The potential risks of insertion include
access failure, catheter misplacement, laceration of adjacent arteries, haemothorax,
hydro-mediastinum, air embolism, pneumothorax, and cardiac perforation (Maria et al.,
2021). Additional rare challenges including cardiac tamponade, catheter rupture, cardiac

dysrhythmia, and nerve injury.

Post-Insertion Complications

After the proper insertion of a CVC, around ten percent of patients may have
complications related to the insertion or use of the catheter (Maria et al., 2021). Zhong et
al. (2021) categorized these outcomes into three groups: thrombosis, occlusion, or
infection. Furthermore, there are other infrequent post-insertion problems that may
occur, such as hydrothorax resulting from vascular erosion and mechanical issues that

are not linked to obstruction, such as leaking of the CVC.
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Catheter Occlusion. As observed by Zhong et al. (2021), one of the
characteristics of catheter occlusion is the inability to remove blood or infuse liquids
through the catheter while it is in place. Patency loss, also known as a decline in the rate
of flow via the catheter (complete blockage of the CVC) may be caused by a variety of
circumstances. Some of these causes include the insertion of the CVC in the wrong
location inside the vein, the bending of the CVVC, which results in restricted flow, the
buildup of fibrin, which results the formation of a clot in the CVC and a sheath on the
CVC. (Maria et al., 2021). Thus, intravenous (IV) solutions and precipitated total
parenteral nutrition (TPN) are some of the other potential causes of obstruction.

Catheter Thrombosis. Evidence demonstrates that thrombosis occurs upon the
insertion of a CVC into the bloodstream since the surface of the catheter promptly
becomes covered by plasma proteins (Maria et al., 2021; Liu et al., 2022). CVCs are
associated with two distinct types of blood clot formation: vascular occlusive thrombosis
and fibrin sheath thrombosis. In addition, fibrin sheath thrombosis develops on the outer
side of the catheter and can extend along its entire length (Liu et al., 2022). Vascular
occlusive thrombosis, on the other hand, happens when clots aggregate to stop the flow
of fluids from the CVC via the vein. This frequently happens at the tip of the catheter
(Evans & Ratchford, 2018). Urokinase and other thrombolytic medicines may be utilized
in some situations to lyse the thrombus and reestablish patency in an occluded CVC.
Conversely, catheter removal may be the sole option in situations involving kinks or

mechanical blockages.

Catheter-Associated Infections. Catheter-related bloodstream infection is a
significant complication that leads to extended hospital stays, elevated hospitalization
expenses, and poses a potential risk to patient safety and well-being (Chen & Liang,
2022). In addition, several studies have shown a strong correlation between CRBSI and
heightened patient morbidity and death rates, as well as an extended duration of
hospitalization (Zhang et al., 2023). According to research published by Gahlot et al.
(2020), there are more than 500,000 cases of CRBSI that are recorded yearly in Western
Europe and the United States of America, and there is a possibility that these illnesses

are responsible for as many as 100,000 deaths.
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Catheter Removal

Conventional CVC Removal

The methods used for the removal of catheter will differ based on the specific
kind of caterer (CVC) and the rationale for their removal (Fisher et al., 2019). It is
important to remember that temporary CVCs are only inserted for a short period of time
(less than ten days) and that they are simple to "pull” out when CVC removal is

required.

Nevertheless, the removal of long-term CVCs poses a greater challenge (Selby et
al., 2021). This is due to the infiltration of the tissue into the cuff, necessitating surgery.
Zhang et al. (2023) claim that long-term tunneled CVCs, such as Hickman® and
Broviac® CVC, may be utilized forever by using an antibiotic lock approach. This
involves instilling a strong dosage of antibiotic into the CVC for twelve hours,

effectively treating infections without the need for catheter removal.

Conventionally, healthcare providers regularly withdraw and change CVC used
in critical care units for short-term usage, especially non-cuffed CVCs. This is
predicated on the assumption that regular replacement of CVCs would decrease the rates
of infection, since it’s well accepted that the longer a catheter is in place, the greater the
likelihood of CRBSI (Johnson & Grossman, 2013; Htay & Johnson, 2019).

Nevertheless, just replacing CVCs as a regular practice does not inherently
prevent infection, and there is no substantiated data to support this commonly held idea.
On the contrary, the act of replacing and reinserting CVCs actually heightens the
likelihood of encountering mechanical problems related to CVC insertion. Johnson &
Grossman (2013) point out that CVCs should be maintained until there are clinical

indicators necessitating a change in CVC.

Catheter Replacement by Guide Wire Exchange (GWX)
Guide wire exchange is a procedure that involves inserting a guide wire via a
single CVC lumen. After removing the catheter from the patient's vein, the guide wire is

left in place, and a novel CVC is implanted over it (Chaves et al., 2018).
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After retrieval, the healthcare provider removes the tip from the CVVC and sends
it to the laboratory for further evaluation. If significant numbers of pathogens are found,
healthcare providers will withdraw the recently inserted CVC and replace it with a new
central venous catheter in a different area (Canton-Bulnes & Garnacho-Montero, 2019).
As a consequence of this, the use of GWX is only advantageous in situations where the
amount of pathogenic microorganisms that inhabit the depleted catheter is relatively

low.

According to Bang et al. (2023), GWX is the procedure of choice in situations
when the CVC has been subjected to mechanical harm, especially when being bent or
twisted, or when the catheter has to be relocated inside a patient. In situations like these,
GWX decreases the risk of disease since there is no infection, and it also eliminates the
complications that may occur when a CVC is inserted in a different place. In situations
where there is a limited amount of accessible new insertion sites, mainly in the
population of protracted hemodialysis patients that depend on the utilization of CVC for

an extended period of time, this method achieves the highest success rate.

Catheter-Associated Infections

CVCs are responsible for more than 90% of confirmed CRBSIs, while peripheral
catheters are associated with the remaining cases (Lu et al., 2020; Chen & Liang, 2022).
Indeed, the impact of CRBSI on the hospitalized population is consistently growing. In
the last three decades, several labels have been used to designate infections linked to
catheters. Certain writers have used the term catheter-related sepsis (CRS) to describe
this form of infection, whereas others prefer names such as catheter-related bacteremia
or CRSBI.

Definition of CRBSI

Throughout history, there has been a lack of consensus and widespread
acceptance about the definition of a catheter-associated infection. The reasons for this
stem from the multitude of techniques used for culturing catheters and the significant

disparity in defining an "infected catheter."
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Thus, CRBSI, which is sometimes referred to as CRS (catheter-related sepsis) is
the presence of bacteremia or mycoemia together with fever within forty-eight hours
after an intravenous catheter insertion or removal (Lu et al., 2020; Chen & Liang, 2022).
While it is true CLABSI and PLABSI are avoidable, CDC assert that they are
responsible for thousands of fatalities annually and billions of dollars in additional
expenses to the healthcare system in the United States of America and the globe (Pitiriga
et al., 2020; Moriyama et al., 2022).

Clinical Presentation of CRBSIs

CRBSI may present with changes in body temperature (such as fever or
hypothermia), low blood pressure, rapid heart rate, impaired blood flow, rapid breathing,
and changes in mental function (Chaves et al., 2018; Canton & Garnacho, 2019). One
may also consider the possibility of a CRBSI when there are atypical skin symptoms
(such as redness, discomfort, swelling, or discharge) around the CVC exit site, the

subcutaneous tunnel, or the port pocket (Bang et al., 2023).

However, Bang et al. asserted that the lack of skin symptoms does not always
mean that a CRBSI is ruled out, and moreover, a compromised CVVC device, such as one
with a damaged or leaking line, hub, or caps, does not necessarily need antibiotic
therapy, prophylaxis, or blood culture. However, if any of these issues are present with

the compromised device, it would raise suspicion for CRBSI.

Several factors contribute to the risk of catheter’s infection, which can result in
various morbidities, prolonged hospital stays, and increased costs (Lu et al., 2020;
Pitiriga et al., 2020). These factors include those related to the patient, healthcare
practices, and central venous catheter usage. Maria et al. (2021) assert that catheter-
associated bacteremias are more prevalent in intensive care units (ICUs) and in

specialized services including oncology, haematology, and nephrology.

Interestingly, bacteremias associated with central catheters are more common
than those associated with peripheral catheters, despite the fact that peripheral catheters

are used more often than central catheters (Ruiz-Giardin et al., 2019).
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According to the findings of the study conducted by Ruiz-Giardin et al., central
catheters accounted for 77% of catheter-related bacteremias, whereas peripheral
catheters were responsible for 23%. A study by Sato et al. (2017) also discovered that
gram-positive bacteria (58.0%), gram-negative microorganisms (35%), Candida spp.

(6.2%), and polymicrobials (25.8%) were the main pathogens of CRBSI.

Implications and Effects of CRBSI
Cost Implications

CRBSI is the primary reason of nosocomial bacteremia in extremely ill patients.
It occurs in up to 16% of catheters and results in higher rates of illness, death, and
expenses. Researchers have estimated that CRBSI costs range from $69,332 to $71,443
in the USA and from €13,585 to €29,909 in Europe (Chaves et al., 2018; Maria et al.,
2021; Chen & Liang, 2022). Zhang et al. (2023) did research on the financial
consequences of CRBSI at a healthcare institution.

The cost of each CRBSI case was calculated using the following parameters: 1)
antimicrobial agent, 2) non-antimicrobial agent, 3) expenses related to beds, 4) technical
services related to healthcare, 5) care provided by nurses, 6) analysis conducted in a
laboratory, 7) materials used in medical procedures, and 8) others. Based on this study,
Zhang et al. found that the mean expenses associated with each incidence of CRBSI in
the ICU amounted to $67,923.

Treatment of CRBSI

The management of CRBSI is contingent upon the specific type of catheter and
the patient's underlying disease. In some cases, CRBSI is often managed by first
removing the catheter; nevertheless, this decision depends on the accessibility of other
access (Chen, 2015). Subsequently, practitioners have the option to prescribe antibiotics
or, in simple instances, refrain from antibiotic treatment (Yan et al., 2022). Importantly,
the selection of the antibiotic should be based on the most probable microorganism that

is expected to be present.
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Yan et al. (2022) recommend that vancomycin should be taken into consideration
if there is suspicion of the presence of coagulase-negative staphylococci. In addition, it
is recommended to provide initial antibiotic treatment, such as aminoglycoside or
cephalosporin, in order to combat gram-negative pathogenic organisms (Chaves et al.,
2018). Moreover, for Candida albicans infection, clinicians may recommend antifungal
medication like fluconazole (Bang et al., 2023). Notably, Methicillin-resistant
Staphylococcus aureus (MRSA), Vancomycin-intermediate Staphylococcus aureus
(VISA), and Vancomycin-resistant Staphylococcus aureus (VRSA) are distinct strains of
Staphylococcus bacteria that have acquired resistance to antimicrobial drugs including
oxacillin, methicillin, penicillin, and vancomycin (Yan et al., 2022; Chaves et al., 2018).
Optimal antimicrobial treatments should be customized based on the specific

microorganism detected and its susceptibility to the drugs (Bang et al., 2023).

The choice of antimicrobial therapy and its length will be selected according to
the kind of catheter and the specific organisms discovered in the cultures. It is advisable
to consult with infectious diseases doctors when Staphylococcus aureus, Enterococcus
spp., Pseudomonas aeruginosa, multi-drug-resistant organisms, or Candida spp. are the
causal pathogens of a CRBSI (Bang et al., 2023; Chaves et al., 2018).

Antibiotic lock therapy may be used to treat infected catheters that do not exhibit
indications of infection at the exit site or tunnel, with the intention of salvaging the
catheter (Canton & Garnacho, 2019; Almeida et al., 2022). Patients presenting with
numerous positive catheter blood cultures that yield CNS (coagulase-negative
staphylococci) and simultaneously a negative result peripheral blood cultures may
receive antibiotic lock treatment for a duration of 10-14 days without the need for
systemic medication (Chaves et al., 2018). For all other cases, antibiotic locks should not
be used as a standalone treatment. Instead, they should be used along with systemic
antimicrobial medication, both of which should be delivered for a period of 7-14 days
(Chaves et al., 2018). For cases of CRBSI caused by Staphylococcus aureus,
Pseudomonas aeruginosa, and Candida species, it is very advisable to remove the

catheter rather than using antibiotic lock therapy and keeping the catheter in place.
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Consequences of Untreated CRBSI

The consequences of sepsis are the same regardless of its origin, whether it is a
surgical wound, a collection of pus, inflammation of the abdominal lining, or a medical
device such as a catheter. When an infectious organism invades the bloodstream, it
releases several substances in the body. Invading bacterial and fungal cell walls contain
endotoxins, including lipopolysaccharide, which stimulate macrophages and other host
blood cells. (Abd EI-Hamid El-Kady et al., 2021). Furthermore, in the absence of
intervention, if the patient progresses to this level, there are few options available for
treatment. In reality, a significant malfunction of several organ systems occurs, which is

then followed by the failure of multiple organ systems and ultimately leads to death.

Factors Influencing the Risk of CRBSI

Microbial exposure to the CVC eventually causes a catheter-associated infection.
The next section extensively addresses the specific bacteria and yeasts responsible for
CVC colonization. Thus, it is crucial to emphasize the conditions that might contribute
to the colonization and infection of a CVC by microorganisms. The following sections

will discuss these aspects:

Underlying Health Status

Sato et al.'s (2017) observation indicates that the likelihood of catheter
colonization, which may result in infection and eventually CRBSI, is elevated in certain
categories of patients who are hospitalized. Consequently, patients who have weakened
immune systems, such as those with AIDS or neutropenia, underlying diseases, higher
APACHE Il (Acute Physiology and Chronic Health Evaluation I1) scores, SOFA
(Sequential Organ Failure Assessment) scores, active neoplasia, and advanced age, are

more likely to experience CRBSI (Singer et al., 2016; van Vught et al., 2016).
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Moreover, the hospital setting can increase the patient's vulnerability to
colonization and sickness due to the microbial surroundings in which they are cared for.
In addition, the hospital setting may serve as reservoir for bacteria, particularly MRSA
(Methicillin-resistant Staphylococcus aureus) and other antibiotic-resistant isolates
(Singer et al., 2016). Nosocomial infections, often known as infections acquired in

hospitals, have become a growing issue.

Catheter Insertion

Inserting a central venous catheter in the femoral vein or the internal jugular vein
may lead to a greater incidence of CRBSI (Ray-Barruel et al., 2019). Recently, it has
been discovered that the internal jugular (1J) and subclavian (SC) insertion sites are safer
than the femoral (FEM) site in terms of both CLABSIs and catheter colonization
(Pitiriga et al., 2020). Furthermore, according to IDSA (Infectious Diseases Society of
America) guidelines, the subclavian vein is the preferred location for catheterization,

after which are the femoral vein and internal jugular vein. (Chen, 2015).

It’s worth noting that the proficiency of the individual doing the CVC insertion is
crucial, and research has shown that when performed by a highly skilled team, it may
result in enhanced care for the catheter site (Maria et al., 2021). In general, CVCs are
placed by anesthetists, surgeons, or interventional radiologists, whereas PICCs may be
inserted by any of these professionals as well as clinical nurse specialists (Pitiriga et al.,
2022). Furthermore, healthcare professionals must thoroughly clean the insertion site
and conduct the process in a sterile environment. It is for this reason that long-term
tunneled catheters are mounted in the operating room. However, healthcare providers
often place several short-term CVCs directly at the patient's bedside inside the hospital’s
ward. Thus, performing a catheter insertion operation in such nonsterile setting would
heighten the likelihood of exposing the central venous catheter and patient to a possibly

harmful microorganism (Ray-Barruel et al., 2019).
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Duration of Catheterization

Some researchers hypothesize that the extended duration of catheterization is
associated with an upsurge in CRBSI (Peng & Lu, 2013). Therefore, several medical
professionals advise regular replacement of CVCs; however, there is no evidence to
support that this practice decreases the incidence of CRBSI (Zhang et al., 2018; Chen,
2015). Furthermore, there is disagreement over whether the risk of infection per catheter
per day upsurges with the length of time the catheter is in place. The Centers for Disease
Control and Prevention recommends expressing the incidence of CRBSI per 1000
catheter days of catheterization due to the disparity in catheter-residence time (Zhang et
al., 2018).

Post-Insertion Care

Stringent aseptic protocols are required for insertion and subsequent management
of central venous catheters. Through the implementation of maximum sterile barrier
protocols during the insertion process, Htay & Johnson (2019) effectively decreased the
likelihood of subsequent infections linked with catheters. The selection of dressing

applied to the CVC post-insertion is crucial.

For optimal results, the dressing should be permeable to water, since dressings
that retain moisture tend to have elevated levels of microflora (Htay & Johnson, 2019).
In their study, Almalki et al. (2023) discovered that gauze had a low level of
colonization on the skin. However, they did not see any difference in colonization
between catheters and CRBSI.

Pathogenesis of Catheter-Associated Infection

There is still much to learn about the complicated pathogenesis of infections
linked to catheter use. However, it is well acknowledged that in order for microbes to
cause catheter-associated infections, they must initially enter the internal and/or exterior

lumens of the catheter, where they may stick to and then colonize (Ahmed et al., 2020).
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According to Schritt & VoB (2023), the attachment of microbes to the external
part of the catheter is influenced by the catheter’s physical properties, the distinctive
traits of the bacteria that adhere to it, the presence of proteins from the host, and changes
in the behavior of the attaching bacteria. The subsequent section will elaborate on the
mechanisms through which various microorganisms infiltrate CVCs, the
microorganisms implicated in catheter-associated infections, and the consequential

effects on catheter colonization and catheter-associated diseases.

Microorganisms Implicated in Catheter-Associated Infections

Pinto et al. (2022) conducted a study to identify the specific microorganisms
responsible for CRBSI. The findings of the study showed that coagulase-negative
staphylococci (CNS) were the primary causative agents of CRBSI, followed by
Staphylococcus aureus. Moreover, several investigations have consistently shown that S.
aureus and CNS, specifically Staphylococcus epidermidis, are the predominant
pathogens responsible for infections linked to various kinds of implanted medical
devices (Peace, 2011; Doski, 2023). Table 2.1 lists the microorganisms (namely bacteria
and fungi) that are mostly linked to CRBSI.

Table 2.1

Microorganisms associated with CRBSI

Bacteria Fungi
Staphylococcus aureus Candida albicans
Staphylococcus epidermidis Candida parapsilosis
Enterococcus faecalis Candida glabrata
Proteus mirabilis Candida tropicalis

Staphylococcus haemolyticus

Klebsiell pneumoniae
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Table 2.1 (continued)

Enterobacter species
Acinetobacter baumannii
Klebsiella oxytoca
Enterococcus species
Acinetobacter spp.
Providencia stuartii
Corynebacterium
Fusobacterium
Gemella morbillorum
Serratia marcescens
Enterobacter cloacae
Escherichia coli

Pseudomonas aeruginosa

Source: (Peace, 2011; Doski, 2023; Pinto et al.; 2022)

Staphylococcus Species

Coagulase-negative staphylococci are a significant constituent of the indigenous
surface microbiota of the human body. A considerable number of investigations have
reported the isolation of coagulase-negative staphylococci, specifically Staphylococcus
epidermidis, from intravascular devices (Drugeon et al., 2023). Conversely,
Staphylococcus aureus is a coagulase-positive staphylococcus whose role as a pathogen

in humans is well documented (Pinto et al., 2022).
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For many years, Staphylococcus aureus infections have been a leading cause of
illness and death in hospitals among patients with CRBSI. According to Durgeon et al.
(2023) research, Staphylococci were found to be the cause of 90% of infections, with
Staphylococcus aureus being responsible for 75% of the Staphylococci-related
infections. Additionally, another study found that Staphylococcus aureus and coagulase-
negative Staphylococcus epidermidis accounted for 24.1% and 36.2% of CRBSIs,
respectively, with Staphylococci being the most common causative agent at 62.0%
(Pinto et al., 2022).

Klebsiella

Klebsiella often resides in the human gut without causing any illness, and it is
also present in human feces (CDC, 2011a). Moreover, Klebsiella is among a group of
Gram-negative bacteria that may cause infections in the bloodstream and other parts of
the human body. It is important to note that Klebsiella bacteria are becoming more
resistant to carbapenemase (KPC) and extended-spectrum (3-lactamases (ESBL).
According to the CDC (2011a), people who have medical devices such as ventilators
and CVCs and who undergo extended antibiotic treatments are at a higher susceptibility

to Klebsiella infections.

Candida

The species of candida are ubiquitous yeasts present throughout the whole of the
gastrointestinal system of human. Candida species account for a minimum of 9% of
bloodstream infections acquired in hospitals, and the occurrence of Candida fungaemia
poses a significant challenge in this medical situation (Phua et al., 2019). In addition,
fungal infections provide significant challenges in terms of therapy since the available
therapies, such as amphotericin B, may have a high level of toxicity for the patient
(Duzgol et al., 2021). Moreover, Candida species often cause bloodstream infections,

particularly in individuals with impaired immune systems, in hospital settings.
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Notably, Candida parapsilosis and Candida glabrata were responsible for 6.8%
of catheter-related bloodstream infections (CRBSIs), which is consistent with the well-
established link between candidemia and catheterization (Chen, 2015; Zhang et al.,
2018; Pinto et al., 2022). This finding is particularly significant given the recent

outbreaks of Candida auris in healthcare facilities.

Modes of Colonization
There are five primary pathways by which microorganisms might enter the
catheter and establish a colony. Table 2.2 displays the definitions of these five

mechanisms.

Table 2.2
The Path the Microbe Takes to Colonize CVC and The Standards That Are Used

Mechanism Underlying Criteria

Intraluminal spread The interior of the CVCs and the hub are colonized.
Furthermore, the identical organism is isolated from both
the hub and the tip, as well as from a blood culture.
Additionally, there is a skin culture that is negative for

that organism.

Extraluminal spread Blood, the tip, the skin, and the subcutaneous segment
are all found to contain the same organism. A negative

hub culture exists.

Haematogenous From a blood culture, the hub, and the tip, the same

seeding organism is recovered.
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Table 2.2 (continued)

Contamination of Blood, the hub, the tip, and the TPN are all found to
infusion fluid contain the same organism. There is a skin culture that is
negative.

Contamination of the The tip of the catheter is already contaminated before
tip on insertion being inserted on the patient. When the tip of the catheter

Is culture is shows positive.

Source: (Ahmed et al., 2020; Schritt & Vof3, 2023)

The CDC states that the routes via which pathogens may cause central line-
associated bloodstream infections (CLABSI) are either extraluminal or intraluminal.
Whereas extraluminal refers to the movement of pathogens over the catheter external
surface, often occurring within seven™ days following catheter implantation, and
intraluminal refers to the movement of pathogens along the catheter’s inner surface,

which occurs after seven days following catheter implantation (Pitiriga et al., 2022).

Biofilms

Microorganisms adhere in a thin layer to the surface of either organic or
inorganic materials to form biofilms., along with the polymers they release (Pitiriga et
al., 2020). Microorganisms often do not live as individual entities but rather form
biofilms, which increase their resistance to antimicrobial agents and frequently lead to
recurring infections (Almeida et al., 2022). Consequently, the formation of fully
developed biofilms in human hosts via medical devices like CVCs may lead to
infections that are resistant to antibiotics, hinder the host's immune response, and
contribute to the development of a long-lasting illness (Bryers, 2008). In addition,
microorganisms on the surface catheter may be seen developing in one of two distinct
habitats, similar to other biofilm structures (Burmelle et al., 2014). The "sessile bacteria"
multiply on the surface of the catheter inside a biofilm, while the "planktonic bacteria"
grow unrestrictedly in the surrounding fluids, dwelling at the boundary between the
biofilm and the fluid.
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Measures to Reduce the Rates of CRBSI

Several advancements in clinical practice are now under investigation, with the
potential to reduce infection rates in patients using catheters. These enhancements
include advancements in the methods of inserting catheters, improved aseptic practices,
alterations to the catheter hubs, and the implementation of intravenous treatment teams
(Whitfield, 2019; Bell & O’Grady, 2017; Masuyama et al., 2021).

Protocols for avoiding infections related to the maintenance and insertion of
central venous catheters have been developed. The details may be found in Table 2.3
and were created by a team of healthcare professionals, including infection control
practitioners, clinical microbiologists, researchers, and other professionals. These
instructions include procedures ranging from the selection of catheters to the methods

used for replacing and removing them.



Table 2.3

Guidelines for Preventing CRBSI

36

Intervention

Guidelines associated with intervention

Choice of catheter type

Choosing the site for
catheter insertion

a)

b)
c)

d)

f)

9)

If numerous lumens are not necessary for patient
care, use a single-lumen catheter.

Only use one lumen at a time to administer TPN.

Use an implanted or tunneled VAD if a
catheterization is expected to last more than 30
days.

If an adult patient is at high risk of developing
CRBSI and needs a short-term central venous
catheterization (less than 10 days), take into
consideration using antimicrobial-impregnated
catheters.

Compare the risks of a mechanical problem with
the risk of infection.

For non-tunneled catheter implantation,
wherever feasible, utilize the subclavian site
rather than the jugular or femoral sites.

Take into account using PICCs as an alternative
for jugular vein or subclavian catheter
implantations.




Table 2.3 (continued)

Optimal aseptic
procedure for catheter
insertion

Cutaneous antisepsis

Catheter and catheter
site maintenance

b)

d)

f)

9)

Use the best aseptic procedure possible for
inserting CVCs, including gloves, a sterile gown,
and a sterile drape.

Cleanse the skin location with an alcoholic
chlorhexidine gluconate solution and let it dry
before inserting the CVC. When treating
individuals who are known to be allergic to
chlorhexidine, use an alcoholic povidone-iodine
solution.

Avoid using antibacterial ointment or organic
solvents (ether or acetone) on the skin before
inserting a catheter.

Unless the manufacturer instructs otherwise,
sterilize the hub of the catheter and connecting
ports' external surfaces using a water-based
solution containing chlorhexidine gluconate or
alcohol before gaining access to the system.

Apply sterile gauze or a transparent bandage to
the catheter site. When a catheter site dressing
consisting of gauze and tape becomes
contaminated, wet, or when an examination of
the insertion site is required, it is imperative to
replace the dressing.

Avoid using antimicrobial ointment as a regular
catheter site care procedure on CVC insertion
sites.

Use an anticoagulant to routinely flush
indwelling CVCs unless the manufacturer
instructs otherwise.

37
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Table 2.3 (continued)

Methods of a) As a preventative measure against catheter-
replacement related infections, do not frequently replace non-
tunneled CVCs.

b) If there's no indications of infection at the
catheter's site, replace a faulty catheter using the
GWX procedure. The catheter should be
withdrawn and replaced at a different location if
a subsequent catheter-associated infection is
found.

c) For patients with CRI, avoid using GWX. If a
new catheter is needed, it should be inserted at a
different location and the old one should be
withdrawn.

d) Replace all intravenous tubing when the CVC is
changed; if not, replace it every 24 hours. If
intravenous tube is used to provide blood, lip
emulsions or blood products, replace it every 72
hours.

Antibiotic prophylaxis e) In order to avoid catheter colonization, avoid
regularly giving systemic antibiotics before to or
during the use of CVC.

Source: (Almalki et al., 2023; Johnson & Grossman, 2013; Htay & Johnson, 2019)

Insertion Technique

Implementing rigorous aseptic measures during the insertion of a CVC can
decrease the occurrence of catheter-related bloodstream infections (Bell & O’Grady,
2017; Sumrall, 2022). It is advised that the surgeon utilize a cap, sterile gown, sterile
gloves, mask, and a large sterile drape when inserting all CVCs. According to Chittick
and Sherertz (2010), since the skin is where many of the microbes linked to CRBSI
come from, it is important to use an antiseptic or disinfectant solution to get rid of these

microbes and lower the risk of contamination during insertion.
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In a 900-bed hospital in the Midwest, Duncan et al. (2017) carried out a quasi-
experimental quality improvement study. The purpose was to investigate the compliance
rates of a PIVV maintenance bundle that included disinfection caps and tips. The goal was
to determine whether implementing this bundle would result in a reduction in PLABSI
rates. The findings revealed a 90% adherence rate when using disinfection caps and tips,
and the use of a PLABSI bundle effectively reduced the incidence of primary

bloodstream infections.

Mimoz et al. (2007) examined the effectiveness of chlorhexidine-based solutions
as a skin cleansing agent prior to inserting CVCs, as compared to povidone-iodine or
alcohol-based preparations, with the aim of minimizing skin contamination during
insertion. Mimoz et al. documented a 50% reduction in catheter colonization with the
use of chlorhexidine solutions. Their research indicates a 95% confidence interval and
an adjusted relative risk of 2.01. The use of povidone iodine solution yielded an adjusted
relative risk of 1.87, accompanied by a 95% confidence interval and a reduction of
22.2%.

Therapy Teams

Research has shown that employing highly skilled personnel, specifically
educated in the placement and upkeep of VADs inside the hospital, may result in a
significant improvement in the management of catheter sites (Sumrall, 2022; McCauley,
2010). The study conducted by Peace (2011) revealed that treatments, including
educational awareness, are considered the main approach for reducing CLABSI. In
addition, evidence-based medical procedures and treatments tend to be very effective,
particularly when performed within a medically diverse group of practitioners, such as a
physician's office, surgical suite, or critical care unit in a hospital environment (Devries,
2016; Duncan et al., 2017).
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Nearly two decades ago, Ranji (2007) found out that active educational
interventions seem to be the most successful in lowering the risk of CLABSI. These
educational interventions include the use of web-based and video lessons that
specifically direct the clinician's attention towards preventative techniques and provide
guidance on how to better comply with such interventions. Their investigation was
conducted using two controlled before-and-after studies. These studies included
educational interventions and checklists to facilitate healthcare professionals’

compliance with catheter insertion and care protocols (Ranji, 2007).

Devries (2016) conducted a study on a 625-bed community hospital in Indiana.
The study focused on the collaboration between infection control and nursing to
establish a policy, an insertion bundle, and a maintenance bundle. The aim was to enable
an extended dwell time for 1V catheters, specifically from 72 to 96 hours, without
increasing the likelihood of bloodstream infections. The researchers carried out a
prospective, observational study in which they observed existing behaviors directly and
then evaluated evidence-based recommendations. Following a duration of 12 months,
the organization recorded a noteworthy decrease of 37% in CLABSIs and a 19%
decrease in PLABSIS. The authors' conclusion is that implementing a well-designed
strategy for inserting and maintaining instructional and insertion bundles might lead to a

reduction in bloodstream infections and related expenses.

Diagnosis of Catheter-Associated Infections
When is it appropriate to suspect CRBSI?

Patients having IV catheter and presenting with chills, fever or other indications
of sepsis should be considered potential cases of CRBSI, despite the absence of apparent
signs of infection at the catheter site (Chaves et al., 2018). It is particularly important
when no other possible source of infection has been detected. In addition, patients with
IV catheters who develop disseminated infections due to the spread of pathogens via the
bloodstream should also be strongly considered for the presence of CRBSI (Canton-
Bulnes & Garnacho-Montero, 2019; Bang et al., 2023).
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Furthermore, if patients with intravenous catheters have recurring or persistent
bloodstream infection caused by bacteria that have a tendency to infect or colonize the
skin, it should raise concern about CRBSI (Bang et al., 2023). Thus, when a patient does
not show any clinical signs or symptoms of infection, blood cultures have limited
usefulness and may raise the chance of administering improper therapy for contaminants

found in the blood culture.

Conservative Diagnosis - Diagnosis performed without removing the catheter:

In order to maintain the accuracy of blood cultures, it is important to collect them
before starting antibiotic treatment, unless the patient is in an unstable or critical
condition. In such cases, healthcare providers must initiate antimicrobial therapy
immediately, regardless of whether blood cultures have been obtained (Bang et al.,
2023). Additionally, when taking blood samples from the skin, it is important to prepare
the skin using appropriate measures. Ensuring enough time is allocated for the process
and allowing sufficient time for the disinfectant to work effectively are important
measures to prepare the skin. Low levels of contamination are linked to products

containing alcohol.

It was found that alcohol chlorhexidine solutions work better than water-based
povidone-iodine at keeping blood cultures clean (Chaves et al., 2018). Furthermore,
individuals suspected to have CRBSI, two sets of blood cultures should be collected.
One set of blood should be collected from a vein in the arm (or peripheral vein), while
the second set should be drawn from the catheter itself (Chaves et al., 2018). In the case
of multiple-lumen venous catheters, it is necessary to collect blood culture samples from

each individual lumen.

CRBSI Diagnosis by Catheter Removal

Catheter cultures should be collected only in cases where there is suspicion of a
catheter-related bloodstream infection. Significantly, the most dependable diagnostic
procedures for catheter culture techniques are quantitative (vortex or sonication

methods) and semi-quantitative (roll plate).
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In addition, qualitative cultures, namely the culture of the catheter tip by broth
immersion, lack reliability in differentiating between contamination and infection. As a
result, they are not appropriate for diagnosing CRBSI (Chaves et al., 2018; Bang et al.,
2023).

CRBSI Diagnosis Interpretation

A CRBSI is confirmed when two samples of blood are obtained, one from the
central venous catheter and one from a peripheral location, both show the growth of the
same microorganism with a substantial difference in time to positivity (DTTP) (Chaves
etal., 2018). Chaves et al. further noted that when it is not possible to collect a
peripheral blood culture, diagnosis may be established by identifying the presence of the
same organism in two or more lumens of a CVC. Moreover, if a catheter is present and
there is at least one positive culture showing microorganism growth from any of the site,
along with clinical indications of illness and no other identifiable cause for the infection,
CRBSI is suspected.

At times, blood cultures that test positive for skin flora might indicate a genuine
illness. When repeated positive blood cultures from various places show the growth of
the same organism, it is important to evaluate the possibility of a genuine infection, even
if the microorganism is often regarded as a commensal microorganism (Bang et al.,
2023). If a blood culture from both the catheter and peripheral site shows the growth of
coagulase-negative staphylococci and the patient is experiencing clinical symptoms that
suggest a probable CRBSI, then treatment for the infection is necessary (Canton-Bulnes
& Garnacho-Montero, 2019). Therefore, patients with CRBSI accompanied by
endocarditis, septic metastasis, septic shock, suppurative thrombophlebitis, non-
resolving CRBSI, extraluminal infections, and immunocompromised status should be

categorized as having complicated CRBSI.
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CHAPTER 11

Methodology

This chapter provides a detailed explanation of the research design, the process
of selecting participants, the materials used for data collection, the processes followed
for data collection, and the plans for data analysis. In addition, the study also addresses
ethical and practical considerations, as well as the validity and dependability of the

research.

Study Design

This study was a retrospective investigation conducted in the ICUs at the NEU
Hospital, namely the coronary care ICU, cardiovascular ICU, and general ICU. NEU
Hospital is one of the most prominent and largest medical facilities in, Northern Cyprus.
The hospital maintains an affiliation with the Near East University Faculty of Medicine.
Comprising 209 private patient rooms, eight operating theaters, a 30-bed Intensive Care
Unit, a 17-bed Neonatal Intensive Care Unit, laboratories, and a cutting-edge diagnostic
imaging center, the NEU Hospital encompasses a total area of 55,000 square meters. A
specialized "International Patient Coordination Center" has been established at the NEU
Hospital in order to accommodate the varied requirements of patients traveling from
overseas (Home-page - Near East University Hospital, 2023; Near East University
Hospital - Wikipedia, 2023). This study investigated the medical records of patients
admitted to the ICUs who had central venous catheter insertions over the preceding two-
year period (2022-2023). This study investigated the incidence density or rate of
CRBSI, together with the microorganisms associated with CRBSI.

Participants
The only participants in this research were adult patients who were at least 18
years old, had been hospitalized in the ICUs during the study period (2022—-2023), and

had a central venous catheter inserted upon admission.
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Data Collection Tools/Materials

The process of collecting data included analyzing medical records that were
accessible via the electronic information system of the NEU Hospital. Additionally, data
was collected on patient demographics, underlying medical conditions, the kind and site
of catheter insertion, the duration of catheterization, and any recorded cases of catheter-

related bloodstream infections (CRBSISs).

Data Collection Procedures

Cultures of blood were taken from the central veins of the patient whenever a
CRBSI was believed to be present. Additionally, healthcare professionals collected
blood samples using aseptic procedures and transferred them to the specialized
microbiology laboratory using proper blood culture vials. The blood culture bottles were
incubated for a minimum of five days in an automated blood culture system, such as the
BACTEC or BacT/ALERT system, at the microbiology laboratory. The purpose of this
step was to identify any bacterial or fungal growth that may have occurred. The
organisms that were responsible for the infection were isolated by sub-culturing positive
blood cultures on the appropriate solid agar medium. These media included blood agar,

Sabouraud dextrose agar. MacConkey agar

Furthermore, the organisms that were isolated were evaluated using conventional
microbiological methods, such as Gram staining and other biochemical assays that are
associated with it. The European Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines 2023 were adhered to when conducting the antibiotic
susceptibility test, which involved the utilization of an automated apparatus, such as the
VITEK 2, and the Kirby-Bauer disk diffusion method.

Data Analysis Procedure

Descriptive statistics were used to summarize the patient demographics and any
other pertinent factors. The incidence density or rate of CRBSIS was calculated by
dividing the number of CRBSI by the total number of CVVC days multiply by 1000. In

addition, the standardized infection ratio (SIR) was calculated as follows:
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SIR was obtained by dividing the number of observed CRBSIs by the number of
predicted or threshold value of CRBSI. This was done in order to assess the major
outcome measure included in this investigation. The SPSS application was used in order

to carry out the analysis of the data.

Ethical Approval
The study was approved by the Near East University Ethics Review Board
(project number: NEU/2023/115-1728).
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CHAPTER IV

Results

This chapter will begin by providing sample demographic data in order to
analyze the composition and representativeness of the data. Subsequently, the study aims
and research questions will be evaluated by examining the rate or incidence density, the
standardized infection ratio (SIR), and the causal microorganisms. 1. What is the
prevalence of catheter-related bloodstream infections in the coronary, cardiovascular,
and general intensive care units at the Near East University Hospital during 2022-2023?
2. Which microbes caused bloodstream infections associated with central venous
catheter use in the cardiovascular, general, and coronary critical care units at the Near
East University Hospital during 2022-2023?

Of the patients who underwent central venous catheter (CVC) installation at the
NEU Hospital's Coronary, Cardiovascular Surgery, and General Intensive Care Units
throughout the research period (2022-2023), 48 developed CRBSIs. The patients' age
distribution had a mean of 72, a minimum of 40, a maximum of 89, and a standard
deviation of 11.18. Among the 48 patients, there were 29 males, accounting for 60.4% of
the total, and 19 females, representing 39.6%. According to the annual distribution of
CRBSI cases, there were 25 cases, representing 52.1%, diagnosed in 2022 (January—
December), and 23 cases (47.9%) confirmed in 2023 (January—December). The General
Intensive Care Unit (GICU) had the highest number of occurrences of CRBSI,
accounting for 72.9% (35 out of 48 cases). The Coronary Intensive Care Unit (CICU)
had 27.0% (13 out of 48 cases), while the Cardiovascular Surgery Intensive Care Unit
(CVSICU) had 0% of the total CRBSI cases (Table 4.1)

43 out of 48 individuals diagnosed with CRBSIs tested positive for one or more
of the following: 12 patients, accounting for 25% of the total, had elevated levels of C-
reactive protein (CRP+). Additionally, 12 patients, also representing 25%, had elevated

levels of both C-reactive protein (CRP+) and procalcitonin (PCT+).
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Furthermore, seven patients, making up 14.6%, had elevated levels of both C-
reactive protein (CRP+) and white blood cells (WBC+). Additionally, six patients,
accounting for 12.5%, tested positive for elevated levels of all the three laboratory
findings: white blood cells (WBC), procalcitonin (PCT), and C-reactive protein (CRP).
Out of the total number of patients, four individuals, accounting for 8.3% of the sample,
tested positive for white blood cells (WBC+). Two out of the total, accounting for 4.2%,
tested positive for PCT. Among the 48 patients, five individuals, accounting for 10.4%
of the total, did not exhibit any of the identified laboratory findings (Table 4.1).

Table 4.1

Demographic Characteristics and Distribution of Patient with CRBSIS

No. CRBSI (n = 48)

Age Mean: 72; £:11.176; Med 74
(Max 89, Min )40

Male 29(60.4%)

Female 19(39.6%)

Yearly Distribution

2022 25(52.1%)
2023 23(47.9%)
ICU Distribution

CICU 13(27.1%)
CVsSICU 0(0%)

GICU 35(72.9%)
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Table 4.1 (continued)

Laboratory findings

CRP + 12(25%)
WBC + 4(8.3%)
PCT + 2(4.2%)
CRP +, PCT + 12(25%
CRP +, WBC + 7(14.6%)

WBC +, CRP +, PCT + 6(12.5%)

Negative CRP, PCT, 5(10.4%)
WBC +

Note. Standard Deviation: +

During the research period, there were a total of 48 cases of CRBSIs observed,
with a cumulative duration of 2817 CVVC days. This resulted in an overall incidence
density or rate of CRBSIs of 17.0 per 1000 catheter days. According to the annual
CRBSI rate distribution, there were 25 CRBSIs in 2022, for a total of 1319 CVC days.
This resulted in an incidence density, or CRBSI rate, of 18.9 per 1000 catheter days. In
2023, there were 23 cases of CRBSI recorded. The total number of CVC days was 1418,
resulting in a CRBSI rate of 15.5 per 1000 catheter days. The General Intensive Care
Unit (GICU) had a CRBSI rate of 30.2 per 1000 catheter days, with a total of 35 CRBSI
cases and 1159 CVC days. The Coronary Intensive Care Unit (CICU) had a CRBSI rate
of 9.5 per 1000 catheter days, with a total of 13 CRBSIs and 1362 CVVC-days. The
Cardiovascular Surgery Intensive Care Unit (CVSICU) achieved zero CRBSI out of a
total of 296 CVC days, resulting in a CRBSI rate of 0.0 per 1000 catheter days (Table
4.2).



Table 4.2

Incidence Density of CRBSIs
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No. NO. OF Incidence
CRBSI CVvCdays density per
1000 catheter
days
Yearly
Distribution
2022 25 1319 18.9
2023 23 1498 15.5
Over all 48 2817 17.0
ICU Distribution
Cicu 13 1362 9.5
CVSICU 0 296 0.0
GICU 35 1159 30.2
Over all 48 2817 17.0

The Standardized Infection Ratio (SIR) for cases of Central Line-Associated

Bloodstream Infections (CRBSISs) is as follows: The overall SIR for CRBSI cases was

9.6, with a total of 48 observed cases. In 2022, the accumulated SIR was 5.0, followed
by a SIR of 4.6 in 2023. When examining the SIR of CRBSI cases in different Intensive
Care Units (ICUs), the General Intensive Care Unit had a SIR of 7.0, the Coronary

Intensive Care Unit had a SIR of 2.6, and the Cardiovascular Surgery Intensive Care
Unit had a SIR of 0.0 (Table 4.3).



50

Table 4.3
Standardized Infection Ratio (SIR) of the CRBSIs Cases

Observed Predicted Standardized

number of number of infection ratio

infections infections (SIR)

Yearly Distribution

2022 25 5 5.0
2023 23 5 4.6
Over all 48 5 9.6
ICU Distribution

CICU 13 5 2.6
CVSICU 0 5 0.0
GICU 35 5 7.0
OVERALL 48 5 9.6

The distribution of several isolates (microorganisms) obtained from the CRBSI
patients. Out of the 48 patients that had CRBSI, 49 bacterial isolates were obtained by
culturing. There were a total of 26 gram-negative bacteria, which accounted for 53.1%
of the 49 bacterial isolates. Klebsiella pneumoniae was the predominant causative agent
among the gram-negative bacteria, accounting for 32.7% (16/49) of cases. Proteus
mirabilis, on the other hand, represented 8.2% with four isolates. There were two
isolates of Acinobacter baumannii and two isolates of Enterobacter cloacae, which
together accounted for 4.1% of the isolates, respectively. Escherichia coli and
Pseudomonas aeruginosa were the least common gram-negative bacteria, with each
species representing 2.0%. There were a total of 23 gram-positive isolates, which
accounted for 46.9% of the 49 bacterial isolates (Table 4.4).
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Within the gram-positive isolates, Staphylococcus epidermidis was the
predominant species, accounting for ten isolates, or 20.0% of the total. This was
followed by Staphylococcus haemolyticus, which accounted for seven isolates, or
14.3%. Two isolates each of Staphylococcus aureus and Staphyococcus hominis
comprise 4.1%, respectively. Enterococcus faecalis and Kocuria kristinae each account
for 2.0% (1/49) of the total (Table 4.4).

Table 4.4

Distribution of Various Bacteria Isolates (n=49)

Pathogen No. (%)
Gram-negative bacteria 26 (53.1)
Klebsiella pneumoniae 16 (32.7)
Proteus mirabilis 4 (8.2)
Acinobacter baumannii 2(4.1)
Enterobacter cloacae 2(4.1)
Escherichia coli 1(2.0)
Pseudomonas aeruginosa 1(2.0)
Gram-positive bacteria 23 (46.9)
Staphylococcus epidermidis 10 (20.4)
Staphylococcus haemolyticus 1(14.3)
Staphylococcus aureus 2(4.1)
Staphylococcus hominis 2(4.1)
Enterococcus faecalis 1(2.0)
Kocuria kristinae 1(2.0)

Overall 49 (100)
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The distribution of Methicillin-Resistant Staphylococcus (MRS +) and extended-
spectrum beta-lactamase positive (ESBL +) isolates: Sixteen out of the 49 isolates
obtained from patients with CRBSI tested positive for ESBL. Among these, 12 isolates
were identified as Klebsiella pneumoniae, followed by three isolates of Proteus
mairablis and one strain of Escherichia coli. Out of the 17 MRS-positive isolates, ten
were from Staphylococcus epidermidis. These were followed by five from

Staphylococcus haemolyticus and two from Stayphylococcus hominis (Table 4.5)

Table 4.5

Distribution of ESBL Positive and Methicillin-Resistant Staphylococcus Positive Isolates

No.

ESBL + 16
Proteus mirabilis 3
Klebsiella pneumonia 12
Escherichia coli 1
MRS + 17
Staphylococcus haemolyticus 5
Staphylococcus hominis 2

Staphylococcus epidermidis 10
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CHAPTER V

Discussion

The primary objectives of this study were to investigate the rate of bloodstream
infections associated with central venous catheters and to identify the specific
microorganisms responsible for these infections at the Near East University Hospital
during 2022-2023. The study aimed to answer the following questions: 1. What is the
incidence density or rate of catheter-related bloodstream infections in the coronary,
cardiovascular, and general intensive care units at the Near East University Hospital
during 2022-2023? 2. Which microorganisms caused catheter-related bloodstream
infections in the coronary, cardiovascular, and general intensive care units at the Near
East University Hospital during 2022-2023?

Key Findings

The overall incidence density or rate of CRBSI was 17.0 per 1000 catheter days,
based on a total of 2817 CVC days and 48 CRBSI cases. It’s worth noting that in 2022,
the highest rate of CRBSI cases was recorded, with a rate of 18.9 per 1000 catheter days.
This was based on 1319 CVC days and 25 CRBSI episodes. However, in 2023, the
incidence density decreased to 15.5 per 1000 catheter days, for a total of 1498 CVC
days, resulting in 23 CRBSI. Furthermore, the incidence density or rate of CRBSI per
intensive care unit reveals that the GICU unit had the highest incidence density, with a
rate of 30.2 per 1000 catheter days. whereas the CICU follows with a rate of 9.5 per
1000 catheter days. Interestingly, the CVSICU had the lowest rate of 0.0 per 1000
catheter days among all units in terms of overall incidence density. In addition, out of
the total of 48 CRBSI cases, the GICU accounted for a significant percentage of CRBSI
cases, namely 72.9% (35/48). Whereas, the CICU was responsible for 27.1% (13/48),

with no occurrences documented in the cardiovascular surgery unit.
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Importantly, among the 48 cases with CRBSI, the etiology was identified to be
49 different bacteria isolates. Out of the 49 isolates, gram-negative bacteria were the
most common, accounting for 53.1% (26/49). Among the gram-negative isolates,
Klebsiella pneumoniae was the most prevalent, with 16 out of 49 isolates. Proteus
mirabilis was the second most common, with four out of 49 isolates. Acinobacter
baumannii and Enterobacter cloacae each had two isolates, while Escherichia coli and
Pseudomonas aeruginosa had one isolate each. Furthermore, gram-positive isolates
made up 46.9% (23/49) of the total bacterial isolates. Thus, the most prevalent gram-
positive isolates were Staphylococcus species (21/23), with Staphylococcus epidermidis
being the most common (ten isolates), followed by Staphylococcus haemolyticus (seven
isolates), Staphylococcus aureus, and Staphylococcus hominis (two isolates each).

Finally, there was one isolate each of Enterococcus faecalis and Kocuria kristinae.

Discussion/Interpretation of Findings
The Incidence Density or Rate of CRBSI

The total incidence density of catheter-related bloodstream infections (CRBSI)
was 17.0 per 1000 catheter days, surpassing the CRBSI rate of 5 per 1000 catheter days
reported in the research by Abd El-Hamid El-Kady et al. (2021) and the rate of 3.52 per
1000 catheter days observed in a similar investigation done by Zhang et al. (2023). This
study revealed that the highest incidence density or rate of CRBSI was 18.9 per 1000
catheter days in the year 2022. However, in 2023, there was a reduction in the CRBSI
rate to 15.5 per 1000 catheter days. The factors that contributed to the higher rate of
CRBSI were the age of the patients, elevated levels of CRP, PCT, and WBC, and the
type of intensive care unit where the patients were admitted. Recent research conducted
by Zhong et al. (2021), Drugeon et al. (2023), and Lu et al. (2020) supports these
findings.
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In terms of age, the patients had an average age of 72, with the maximum age
being 89. This indicates that almost all of the patients were elderly. At this age, the
immune system tends to weaken, resulting in a reduced ability to fight infections and
longer recovery times. Consequently, the patients experienced increased sick days and
longer stays in the ICUs. Regarding the increased levels of C-Reactive Protein (CRP +),
Procalcitonin (PCT +), and White Blood Cell (WBC +), 43 out of 48 patients diagnosed
with CRBSIs tested positive for at least one of these risk factors, whereas 10% (5/48)
did not test positive for any of these risk factors. Furthermore, an elevated level of C-
reactive protein (CRP) indicates the presence of inflammation in the body and is also
associated with a heightened likelihood of experiencing heart attacks. Similarly, an
elevated concentration of procalcitonin in the bloodstream serves as an indication of a

severe infection or sepsis.

Likewise, an increased white blood cell count indicates the presence of an
infection, an underlying medical condition, or a weakened immune system. These
explanations indicate that the majority of CRBSI patients (43 out of 48) were in critical
condition, as shown by their high acute physiology and chronic health assessment 11
(APACHE 1) score. This factor contributes to the high incidence density of CRBSI. A
multivariate study revealed that the presence of an acute physiology and chronic health
assessment |1 (APACHE I1) score resulting from underlying disorders was identified as
an independent predictor linked with catheter-related bloodstream infections (Chen,
2015).

In addition, the GICU had a prevalence of 72.09% (35 out of 48) for CRBSI,
with a total CRBSI rate of 30.2 per 1000 catheter days and a total of 1159 CVVC days.
Whereas, the CICU accounted for 27.1% (13 out of 48) of CRBSI cases, with a CRBSI
rate of 9.5 per 1000 catheter days and a total of 1362 CVVC days. Furthermore, the
CVSICU has a 0% (0/48) CRBSI case, with a rate of 0.0 per 1000 catheter days and a
total of 296 CVC days. Out of the three ICUs, the GICU had the largest number of
CRBSI patients and the highest incidence density. On the other hand, the CICU had
fewer CRBSI cases with a lower incidence density, but it had the highest number of
CVC days. Notably, the CVSICU documented no cases of CRBSI with the shortest
duration of CVC-day and a 0.0 incidence density.
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In order to have a better understanding of the incidence density of CRBSI cases,
a standardized infection ratio (SIR) was computed. The total standardized infection ratio
(SIR) was 9.6. The GICU had a SIR of 7.0, whereas the CICU alone had a SIR of 2.6.
The CVSICU had a SIR of 0.0. Note that when the SIR is equal to 1, it means the
number of observed infections is equal to the number of expected infections. And when
the SIR is below one, it means the actual number of infections is lower than the
projected number of infections. Moreover, if the SIR is more than one, it indicates that
the actual number of infections exceeds the projected or expected number of infections
(the threshold value). The predicted threshold value for CRBSI was five. According to
the SIR of the three ICUs, the general and coronary 1CUs had a higher number of
observed infections compared to the predicted number, which also confirms a high
incidence density, especially in the general intensive care units. Whereas the
cardiovascular surgical intensive care unit had a lower number of observed infections
than the other ICU.

Causal Agent of CRBSI

Forty-nine bacterial isolates were responsible for the occurrence of 48 cases of
CRBSI. Among these isolates, gram-negative bacteria were predominant, accounting for
53.1% (26/49). Gram-negative isolates most often found were Klebsiella pneumoniae
(16/49), then Proteus mirabilis (4/49), two of each Acinetobacter baumannii and
Enterobacter cloacae, and one of each Escherichia coli and Pseudomonas aeruginosa.
Zhang et al. (2023) also observed Klebsiella pneumoniae as the most common pathogen
causing CRBSI (15/82, 16.67%), which aligns with this finding. In contrast to this study,
several other studies have reported gram-positive bacteria as the most frequently isolated
pathogens in CRBSI cases (Chen, 2015; Abd El-Hamid El-Kady et al., 2021; Sato et al.,
2017; Ruiz-Giardin et al., 2019).
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CHAPTER VI

Conclusion and Recommendations

This chapter will provide a concise summary of the main research results with regard to
the research purpose and research questions, as well as their significance and
contribution. It will provide recommendations based on the findings from the research as

well as recommendations or prospects for further investigation.

Conclusion

This research sought to examine the incidence rate of catheter-related
bloodstream infections in the coronary, cardiovascular surgery, and general critical care
units at the Near East University Hospital during 2022-2023. The findings reveal that 48
individuals were diagnosed with CRBSIs, with an average age of 72 and the highest
recorded age being 89. Out of the total number of diagnosed patients, 60.4% (29 out of
48) were male. Moreover, out of the three critical care units, the general intensive care
units had the highest number of CRBSI cases, accounting for 72.9% (35 out of 48
cases), but no CRBSI cases were reported from the cardiovascular surgery intensive care

units.

Furthermore, almost all of the patients (43 out of 48) who were diagnosed with
CRBSI were positive for at least one, two, or all three of the following laboratory
findings: high levels of C-reactive protein, procalcitonin, and white blood cells. During
the study period, the overall rate of catheter-related bloodstream infections was 17.0 per
1000 catheter days. The general intensive care unit had the highest rate of CRBSI, with
30.2 per 1000 catheter days, while the cardiovascular surgery intensive care unit had the
lowest rate of 0.0 per 1000 catheter days.
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In addition, this research found that a total of 49 bacterial isolates were isolated
from 48 cases of CRBSI. Among these isolates, gram-negative bacteria were the most
common, accounting for 53.1% (26 out of 49), followed by gram-positive bacteria at
46.9% (23 out of 49). Klebsiella pneumoniae was the most prevalent bacterium,
followed by Staphylococcus epidermidis. Significantly, almost all of the Klebsiella
pneumoniae tested positive for extended-spectrum beta-lactamases. Additional findings
reveal that the overall standardized infection ratio (SIR) for the CRBSI cases was 9.6.
The general intensive care unit had the highest SIR, followed by the coronary intensive

care unit and the cardiovascular surgical intensive care unit.

Recommendations

The study findings suggest that the hospital should continue to implement control
and preventative measures for catheter-related bloodstream infections in the intensive
care units. Moreover, elderly individuals who have a central venous catheter should be
regarded as being at a heightened risk for catheter-related bloodstream infections.
Consequently, they should get increased care and attention. Furthermore, individuals
who have a central venous catheter and have an increased level of either C-reactive
protein, procalcitonin, or white blood cells should be regarded as being at a heightened
risk for catheter-related bloodstream infection. Lastly, in order to effectively provide
antibiotic therapy, antibiotic susceptibility tests should be performed for all of the

bacteria isolated from patients with CRBSI.
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