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ABSTRACT

Catheter-related infections (CRI) are a serious healthcare
problem due to their potential to cause serious complications,
including bacteraemia or infective endocarditis, and to in-
crease patient morbidity and mortality. In addition, these in-
fections significantly prolong hospital stay and cost. Prevent-
ing CRI'is crucial and is considered a criterion for quality and
safety in healthcare.

For these reasons, the Spanish Society of Cardiovascular
Infections (SEICAV) has considered it pertinent to review this
topic, with experts in different areas including clinical micro-
biologists, infectious disease specialists, surgeons and nurses.
The data were presented at a session held at the Ramon Areces
Foundation, which was organised in the form of specific ques-
tions grouped into three round tables. The first panel analysed
the scale of the problem including epidemiological, clinical and
diagnostic aspects; the second panel addressed advances in
the treatment of CRI; and the third panel reviewed develop-
ments in the prevention of CRI. The recorded session is avail-
able on the Areces Foundation website and we believe it may
be of interest not only to health professionals, but also to any
non-expert citizen interested in the subject.
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Infecciones relacionadas con catéteres vasculares:
un mal endémico en las instituciones sanitarias.
Un articulo de opinion de la Sociedad Espafiola
de Infecciones Cardiovasculares (SEICAV)

RESUMEN

Las infecciones asociadas a catéter (IRC) son un grave pro-
blema sanitario debido a su potencial para causar complicacio-
nes graves, incluyendo bacteriemia o endocarditis infecciosa,
y aumentar la morbilidad y mortalidad de los pacientes. Ade-
mas, estas infecciones prolongan significativamente la estan-
cia hospitalaria y el coste de la asistencia. Prevenir las IRC es
crucial y se considera un criterio de calidad y sequridad de la
atencion sanitaria.

Por estos motivos, la Sociedad Espafola de Infecciones
Cardiovasculares (SEICAV) ha considerado pertinente revisar
este tema, contando con expertos en diferentes dreas que
incluyen microbiologos clinicos, infectélogos, cirujanos y en-
fermeras. Los datos se presentaron en una sesion celebrada
en la Fundacion Ramon Areces, que se organizd en forma de
preguntas concretas agrupadas en tres mesas redondas. La
primera mesa analizd la dimension del problema incluyendo
aspectos epidemioldgicos, clinicos y diagnosticos; la sequnda
mesa abordd los avances en el tratamiento de las IRC; y en la
tercera mesa se revisaron las novedades en la prevencion de
estas infecciones. La sesion grabada esta disponible en la pagi-
na de la Fundacion Areces y creemos puede resultar de intereés,
no solo para los profesionales de la salud, si no para cualquier
ciudadano no experto interesado en el tema.

Palabras clave: catéter vascular; infeccion; bacteriemia; nosocomial; consecuen-
cias; sequridad del paciente.
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DIMENSION OF THE PROBLEM

Question 1: Which endovascular catheters are most
frequently implanted in hospitals?

Though a precise estimate is not possible, indirect data
suggest that approximately 20-22 million peripheral venous
access devices (VAD) are inserted in Italian hospitals each year
[1-3]. According to the World Congress on Vascular Access
(WoCoVA) classification, peripheral venous access devices are
classified as short peripheral cannulas, long peripheral cannu-
las, and midline catheters (see the ERPIUP consensus). The vast
majority of peripheral VADs used in Italian hospitals are short
peripheral cannulas. The rate of infections related to peripheral
VADs is currently unknown, though it is considered not as neg-
ligible as once assumed, probably around 0.2-0.5 episodes per
1,000 VAD days.

In recent years, the use of midline catheters has increased
progressively. The main advantage over peripheral venous ac-
cesses is their greater durability, which avoids having to per-
form multiple cannulations of peripheral accesses during the
patient's admission, and they can also have more than one lu-
men for simultaneous perfusions.

The number of central VADs inserted each year in Italian
hospitals is almost one million, which includes 900,000 exter-
nal central venous catheters (CVCs) (of which, about 200,000
are peripherally inserted central catheters [PICCs]), either tun-
neled or non-tunneled, plus approximately 50 thousand ports
(of which, about 10 thousand are PICC-ports). The incidence of
catheter-related bloodstream infection (C-RBSI) is extremely
variable, depending on the device and on the clinical setting,
and ranges between 0.1-0.2 episodes per 1,000 catheter days
for chest-ports and PICC-ports, vs. 0.5-3.0 episodes for 1,000
catheter days for non-tunneled CVCs. The incidence of C-RB-
Slis higher for CVCs used for parenteral nutrition; also, CVCs
with exit site at the neck or at the groin have higher risk of
C-RBSI than CVCs with the exit site in the infra-clavicular area
or at mid-arm.

The use of some new types of VADs is increasing very rap-
idly in Italy, which include (a) long peripheral catheters (also
called mini-midline, 6-15 cm in length), (b) PICC-ports (bra-
chial ports inserted with PICC technology), and femorally In-
serted Central Catheters (FICCs) introduced into the superficial
femoral vein, with exit site at mid-thigh. Current clinical stud-
ies suggest that mini-midlines may have the same risk of in-
fection than other peripheral VADs, and that PICC-ports have
the same infection risk of chest-ports. On the contrary, FICCs
inserted by ultrasound guided cannulation of the superficial
femoral vein, with exit site at mid-thigh, appear to have low-
er infection risk than FICCs inserted into the common femoral
vein, with exit site at the groin.

Question 2. What are the most frequent microorgan-
isms causing C-RBSI and what is their pathogenesis?

In general, the most frequent microorganisms causing
C-RBSI are Gram-positive cocci, in particular coagulase-nega-

tive staphylococci (CoNS) (50%-80%), followed by Gram-neg-
ative bacilli (15%-300%) and yeasts (5-20%) [4, 5]. However, in
specific populations or catheter types, this distribution may
change.

According to data from studies of the evolution of the
etiology of CR-BSI, the distribution of microorganisms has
fluctuated over the years, with variations according to coun-
try or type of catheter [5, 6]. Specifically, in a recent study
carried out in 100 ICUs in 9 Latin American countries, it has
been reported that the rates of Gram-positive and Gram-neg-
ative bacteria have been equalized with a rate of 48.5% [7].
However, these trends can be affected by different events, as
was the case in the COVID-19 pandemic, where the rates of
C-RBSI/1,000 admissions increased significantly compared to
previous years, with CoNS being the major causative agent [8].
Likewise, there are peculiarities in the etiology of C-RBSI de-
pending on the population, as is the case of patients with renal
disease, in whom an increase in Gram-negative bacilli has been
detected [9-12], as well as in the neonatal ICU, in solid organ
transplant recipients or neutropenic patients [11, 13]. Staphy-
lococcus aureus is frequently associated to bacteremias relat-
ed to peripheral venous catheters (PVCs) conferring increased
risk of morbidity [14].

In terms of specific microorganisms, it is also important
to highlight the role of Enterococcus spp., which is the fourth
leading cause of C-RBSI and whose incidence, mainly due to E.
faecalis, has increased in recent years [15]. Candida spp. rep-
resents a smaller percentage of C-RBSI, but its incidence can
be very variable depending on the centre, both in adults and
children [16]. Finally, although C-RBSI caused by fast-grow-
ing non-tuberculous mycobacteria are rare and often occur in
immunocompromised patients [17-19], a series of 19 cases in
PICCs of immunocompetent injecting drug users has recently
been described [20].

Regarding the pathogenesis of C-RBSI, it is important to
remember that it is mainly by microorganisms that migrate
through the catheter into the bloodstream from two main
sources: the extraluminal route, from patient's skin microbi-
ota, which is one of the most frequent, and typically appears
5-7 days after insertion; and the intraluminal route, from the
manipulation of hub connectors during catheter maintenance,
which appears normally >7 days after catheter insertion. There
are, however, other less frequent routes of C-RBSI acquisition
such as: infusion of a contaminated fluid or hematogenous
dissemination from another source [21-23].

Question 3. What do we know about biofilm and bac-
terial quorum sensing in this situation?

Bacteria and fungi are able to adhere to both natural tis-
sues and artificial devices forming a biofilm, which is a com-
plex structure in which microorganisms are in a latent state
surrounded by an extracellular matrix composed of proteins
and extracellular DNA [24, 25]. One of the most important no-
socomial infections mediated by biofilm formation is C-RBSI,
in which microorganisms migrate to the catheter and begin
to adhere to its surface developing biofilm [24, 25]. Biofilm
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formation occurs through a 5-step cycle: reversible adhesion,
irreversible adhesion, aggregation, maturation, and dispersion
[25]. This phenomenon is primarily responsible for the lack of
therapeutic success with systemic antibiotics, since biofilm
confers antimicrobial tolerance, reduces antibiotic diffusion
and penetration, and evades the host immune response. Re-
cently, it has been described that the extracellular matrix is
one of the main factors responsible for resistance, in addition
to other intrinsic factors specific to each strain that directly
affect biofilm formation and cell dispersion [26-31].

Quorum sensing (QS) is the ability of bacteria to com-
municate with each other through coordinated behavior by
releasing molecules, called autoinducers, to regulate their
physiological activities, such as: virulence, conjugation, motil-
ity, sporulation or biofilm production. This mechanism occurs
when a threshold concentration of autoinducers is reached,
indicating that the cell population has reached quorum and
gene expression begins [32-35]. However, host factors can also
interfere with QS, as can autoinducers in other bacterial spe-
cies [36]. Therefore, the complexity of this phenomenon calls
for the search for new QS inhibitors to combat biofilm-related
infections [37].

Question 4. What are the diagnostic methods for
catheter infection?

Catheter related infection (CRI) should be suspected if
the patient presents with fever, chills or hypotension, with or
without signs of infection of the catheter insertion site or in
the skin overlying the subcutaneous tract of a tunneled cath-
eter. The different strategies to achieve a diagnosis have de-
served excellent reviews [38-43].

1. Diagnosis of C-RBSI without device removal (con-
servative diagnosis)

Differential time to positivity of blood cultures. In
patients with suspected central-line associated bloodstream
infection (CLABSI), at least, two pairs of blood cultures should
be taken, one from a peripheral vein and the others from all
catheter lumens. Blood cultures should be obtained prior to
the initiation of antimicrobial therapy and using a strict asep-
tic technique. This is especially important since pathogens in-
volved in C-RBSI are also the most frequent contaminants of
blood culture bottles.

Several studies have confirmed that measuring the time
difference to positivity (TDP) of conventional blood cultures
obtained from a central venous catheter and a peripheral
vein is very sensitive in diagnosing C-RBSI, although it does
not exclude it. A TDP > 120 min is associated with a sensitivi-
ty of 81% and specificity of 92% for short-duration catheters
(<30 days) and a sensitivity of 93% and specificity of 75% for
long-duration catheters (>30 days). An optimal cut-off point
for the diagnosis of catheter-related candidemia has not been
established [41].

Quantitative blood cultures have also been used, and
a differential colony count (3-5 times) higher in the blood

culture obtained through the catheter than in that obtained
through the peripheral vein is suggestive of C-RBSI. Quantita-
tive blood cultures are laborious and expensive, making them
less viable for routine use [40].

Semiquantitative cultures of the skin around the cath-
eter insertion site and catheter connections with counts
>15 colony forming units (CFU) may be indicative of C-RBSI [9,
41, 42]. These procedures should be combined with the draw-
ing of peripheral blood cultures if bacteremia is suspected.
Gram stain of the connections and the peri-catheter skin may
also be useful [44].

2. Diagnosis of C-RBSI with catheter removal

As a general recommendation, a catheter tip should only
be sent for culture when an associated infection is suspected,
thus avoiding unnecessary cultures and overtreatment. Several
factors should be considered in determining whether a cathe-
ter should be removed: the type of catheter, the ease of inser-
tion of a new catheter, the immune status, the severity of the
patient's underlying disease, and the presence and severity of
associated sepsis [45].

The most used laboratory technique for processing the
catheter tip is the semi-quantitative method described by Ma-
ki, in which the catheter segment is rotated on a blood agar
plate using sterile forceps. After 24 hours of incubation, the
number of CFU on the plate is counted. The catheter is con-
sidered to be the focus of infection if the growth of a cathe-
ter tip culture is =15 CFU, while <15 CFU without associated
clinical signs is considered catheter colonization. A limitation
of this method is that it detects mainly colonization on the
external surface of the catheter. Moreover, there is no estab-
lished cut-off point for mycobacteria and fungi [46]. In the
case of long-duration catheters, where the endoluminal route
is the main pathogenic route, endoluminal surface culture
techniques (Cleri, Brun-Bruisson or Linares) can be performed
[47]. For quantitative cultures (internal surface wash and vor-
tex), the cut-off point has been set at 103 CFU/segment, again
based on their association with bacteremia [48, 49]. In the case
of CVCs with subcutaneous reservoir, cultures should be tak-
en from the catheter tip, from the inside of the reservoir, and
from the sonication broth of the silicone septum [50]. The lat-
ter procedure has shown the highest sensitivity and specificity
(78% and 93%, respectively) for diagnosing device coloniza-
tion with a cut-off point of 110 CFU/ml [39].

Question 5. What are the consequences of CRI in
terms of morbidity, mortality, and cost for the National
Health Systems?

Intravascular devices have become an essential compo-
nent of modern medicine for the administration of intrave-
nous fluids, medication, blood products and parenteral nu-
trition, as well as for monitoring hemodynamic status and
performing hemodialysis. According to national data provid-
ed by the study on the prevalence of nosocomial infections
in Spain (EPINE), it is estimated that around 70% of patients
admitted to Spanish hospitals will carry one of these devices
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at some time during their stay [51, 52]. Local or systemic in-
fections represent one of the main associated complications.
The incidence of CRI varies considerably depending on the
type and intended use, the insertion site, the experience, and
training of the person placing the catheter, the frequency
with which the catheter is accessed, the duration of cathe-
ter placement, patient characteristics, and the use of proven
prevention strategies.

C-RBSlI is one of the most frequent in-hospital infections.
According to current estimates, between 15% and 30% of all
nosocomial bacteremias are catheter related. These infections
lead to significant associated morbidity, increased hospital
costs, estimated at approximately 11,000-56,000 euros per
episode, and increased average length of stay. Attributable
mortality ranges from 12% to 25% [53-55]. The costs of in-
travenous antibiotic treatment include acquisition costs, costs
associated with disposable materials and overhead. Other ex-
penses include nursing and medical intervention costs, as well
as indirect costs associated with the specialized personnel who
supervise or administer the medication.

TREATMENT ADVANCES

Question 6. Which infected catheters should be re-
moved immediately?

The clinical guidelines for the diagnosis and treatment of
catheter-related bacteremias of the Spanish Society of Critical
Intensive Care Medicine and Coronary Units (SEMICYUC) and
the Spanish Society of Infectious Diseases and Clinical Micro-
biology (SEIMC) published in 2018 establish a series of recom-
mendations in this regard [4]. Cases with suspicion of CRI and
those in which there is microbiological confirmation should be
differentiated.

Immediate and systematic removal of vascular catheters
in patients with suspected related infection is not routinely
recommended and would only be indicated in specific situa-
tions [56, 57].

CVCs should be withdrawn immediately upon suspicion of
CRI'in patients with suppuration at the site of infection, septic
shock, organ dysfunction, intravascular devices or septic em-
boli. In patients in whom there is suspicion in other conditions,
but it is not possible to perform quantitative or differential
cultures, the device should also be withdrawn. In the case of
documented CRI, it is mandatory to remove these devices in
patients with difficult to treat infectious such as those caused
by S. aureus and Candida spp. Catheter removal should be
considered when there is isolation of Gram negative bacilli in
the presence of septic shock, in patients with other implanted
intravascular devices, or when there is an isolation of CoNS in
the same circumstances [58,59].

In relation to infection of the insertion site: in PVCs, re-
moval is mandatory if there is pain, induration, or erythema
(A-1); non-tunneled CVCs should be removed in case of ery-
thema or purulence (B-1l) and in any case if clinical signs of

infection persist 72 hours after the start of conservative treat-
ment (B-11).

Question 7. What situations allow conservative treat-
ment to be attempted?

In patients with suspicion of catheter related infection, im-
mediate systematic removal of non-tunneled CVCs is not rou-
tinely recommended (conservative treatment) in hemodynami-
cally stable patients, in patients without autoimmune disease or
immunosuppressive therapy, in patient with no other intravas-
cular devices or organ transplantation, suppuration at the inser-
tion site or associated bacteremia/fungemia [21, 40, 56].

In the case of long-term tunneled CVCs in which the
route of progression of microorganisms is the intraluminal, the
use of antibiotic lock therapy, in addition to treatment with
systemic antimicrobial agents, is recommended in stable pa-
tients with isolation of low virulence microorganisms, such as
CoNS (except Staphylococcus lugdunensis). In stable patients
without local or systemic complications, conservative treat-
ment can also be attempted in bacteremia caused by entero-
cocci, corynebacteria (except Corynebacterium jeikeium) and
gram-negative bacilli (in these cases it is suggested to consult
an infectious disease expert) [60-63].

The antibiotic lock solution should be prepared under
sterile conditions. The recommended duration of the lock is
around 10-14 days. The lock solution should remain in the
catheter lumen for a minimum of 12 h per day and should be
replaced every 24-72 h. Ethanol 70% and taurolidine solutions
could also be used as lock solutions. However, there is no evi-
dence to advocate their routine use [40].

Question 8. What is the empirical treatment of sus-
pected CRI?

If CRI is suspected, antimicrobial therapy with an agent
active against S. aureus and CoNS should be initiated as soon
as possible, especially if associated with sepsis or septic shock
[21, 40]. The initial choice of antimicrobial should be based on
an assessment of the risk factors for infection, the severity of
the clinical scenario, and the pathogens likely associated with
the specific intravascular device. An effective empirical ther-
apy is especially important in patients with S. aureus C-RBSI
who are at high risk of hematogenous metastases, especially
when the catheter cannot be removed and/or the antibiotic
treatment is inadequate [64].

Since most CoNS are methicillin-resistant, the choice of
empirical treatment should include antibiotics active against
methicillin-resistant strains. In recent decades, vancomycin
has been the most prescribed antimicrobial for methicillin-re-
sistant S. aureus (MRSA) bacteremia. Studies comparing the
efficacy and safety of glycopeptides (vancomycin vs. teicopla-
nin) for staphylococcal bacteremia (including MRSA) have not
observed significant differences, although strains of Staphy-
lococcus epidermidis and Staphylococcus haemolyticus with
reduced susceptibility to teicoplanin have been described [65].

Daptomycin is probably more advantageous in cases of
septic shock, acute renal failure, to patients with recent van-
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comycin exposure (>1 week in the last 3 months) or if the lo-
cal prevalence of S. aureus isolates with vancomycin MIC >1.5
mg/L is high [66].

Although there is lack of clinical trial-based evidence, cef-
taroline or its combination with daptomycin is probably an al-
ternative empirical anti-staphylococcal therapy.

Patients with suspected C-RBSI should also receive em-
pirical coverage against gram-negative bacilli in the following
circumstances: hemodynamic instability, neutropenia or he-
matologic neoplasia, solid organ or bone marrow transplan-
tation, femoral catheter in place, high rate of gram-negative
bacilli colonization, or prolonged ICU admission [67]. Antimi-
crobial therapy should be adapted to the local epidemiology.

Empiric therapy for suspected catheter-related candidem-
ia should be considered in hemodynamically unstable patients
with one or more of the following conditions: total parenteral
nutrition, prolonged use of broad-spectrum antibiotics, malig-
nancy, femoral catheterization, colonization due to Candida
spp. at multiple sites, or prior intense anaerobicidal therapy
[41,68].

Question 9. What should be the duration of treat-
ment?

The duration of antimicrobial treatment of catheter in-
fection depends on whether there is associated bacteremia, on
the causative microorganism and the presence of complica-
tions, such as endocarditis, suppurative thrombophlebitis, or
metastatic infections, which will be treated independently in
this review.

In Table 1 we summarize the treatment duration recom-
mendations according to the characteristics previously dis-
cussed.

Positive culture of the catheter tip, but without associated
bacteremia

Starting with the least serious situation, which would be
the isolation of a microorganism in the catheter, but without
proven bacteremia, we will also take into account the microor-
ganism cultured and the clinical situation of the patient. When
a CoNS, enterococcus or enterobacteria is recovered, treat-
ment may not be administered in a stable patient. However,
isolation of S. aureus, Pseudomonas aeruginosa or Candida
spp. although not constitute per se an indication of treatment,
should lead to a clinical evaluation of the patient and if fever
or clinical deterioration, consideration of whether the patient
requires blood cultures if these have not been drawn recently.
If the patient is septic some authors considered prudent to in-
itiate treatment until blood cultures are proven to be negative
[69-73].

However, it is necessary to clarify that these recommen-
dations are not based on clinical trials, so decisions should be
individualized.

It is necessary to emphasize that the recommended du-
rations refer to days of effective systemic treatment and that

Table 1 Duration of antimicrobial treatment
in intravascular catheter-associated
infections.
Microorganism Characteristics Length of treatment
S. aureus, No blood cultures (BC) ~ No indication of treatment per se
Candida spp. obtained or negative in patients without symptoms. 3-5
BC days may be prudent until BC come
negative in high-risk patients.
BC + without 14 days since first negative BC
complications
BC + with 4-6 weeks
complications®
CoNS, Negative BC No therapy in stable patients®
Enterococcus BC + without 5-7 days if the catheter has been
Spp-, . complications removed, including observation
enterobacteria without antibiotics if the
patient is stable, has no risk
factors (prosthetic material) and
has transient bacteremia that
disappears only with catheter
removal (B-Il)
10-14 days with lock therapy if the
catheter has been retained (C-Il)
BC + with 4-6 weeks
complications
P. aeruginosa Negative BC 3-5 days
BC + without 7 days
complications
BC + with 4-6 weeks

complications

CoNS: coagulase negative Staphylococcus; *Complicated bacteremia: persistent
fever, presence of prosthetic material or septic metastasis, positive control blood
cultures, failure to remove the catheter; "These proposals are based on low quality
epidemiological data and are presented only as a guide. They should be modula-
ted according to the clinical presentation of the patient, the existence of intra-
vascular devices or immunosuppression.

days of empirical treatment should not be included if this was
not optimal for the microorganism involved.

Uncomplicated C-RBSI (catheter segment and peripheral
blood with the same microorganism)

In this case the duration will essentially depend on the
microorganism and whether or not the patient is considered to
have a complicated bacteremia.

To be considered uncomplicated, C-RBSI must meet the
following criteria:

e (Catheter removal within five days of diagnosis.

® Rapid resolution of bacteremia with sterile blood cultures
within 72 hours of initial positive culture.

e (Clinical response and absence of symptoms or signs of
metastatic infection.
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e Patients without endovascular or orthopedic implants.

e For infections due to S. aureus, an additional criterion for
bacteremia to be considered uncomplicated is an echocar-
diogram without evidence of endocarditis.

When all criteria for uncomplicated bacteremia are met,
a treatment duration of 5-7 days can be considered for CoNS,
enterococci and enterobacteria, 7 days for P. aeruginosa and
14 days from the first negative blood culture for S. aureus
[21,58].

In the presence of endovascular implant or orthopedic
hardware (in the absence of evidence of IE or infection of the
orthopedic hardware) and C-RBSI in patients in whom the
catheter has been removed with rapid clearance of bacteremia,
some authors recommend prolonging systemic antimicrobial
therapy for 14 days taking into account the possibility of seed-
ing of the prosthetic hardware.

In general, treatment is usually prolonged in patients with
persistent bacteremia (>72 h after catheter removal), but the
level of evidence is higher for S. aureus (A-Il) than for other
microorganisms (C-111) [21].

The duration of treatment of C-RBSI caused by Gram-neg-
ative bacilli has recently been shortened based on a recent
meta-analysis of uncomplicated episodes and without the use
of lock therapy and on a retrospective series comparing the
evolution in patients with long or short treatment [74-76]. No
significant differences were observed with respect to mortality
or microbiological relapse between short- and long-duration
systemic antibiotic treatment.

The duration of treatment of complicated bacteremia will
be addressed in another question in this review.

Question 10. What is the role of new long half-life
drugs?

In order to establish the role of these new antibiotics, it
is important to consider three concepts: (1) not all catheter
infections produce bacteremia, which has direct implications
on the duration of antibiotic treatments; (2) the most fre-
quent etiology of catheter infections are CoNS, which usually
do not require more than 3 to 5 days of antibiotherapy even
in the presence of bacteremia [77]; and (3) it is essential to
determine which patients with CRI will require longer antibi-
otherapy based on microbiological and clinical determinants.
With regard to microbiological determinants, it is necessary to
distinguish S. aureus from the rest of the microorganisms due
to their greater virulence, especially in complicated bacteremi-
as. According to the clinical determinants, we should consider
longer antimicrobial therapy in those patients who develop
venous thrombophlebitis of medium or large caliber vessels, as
well as those patients with endovascular devices, among oth-
ers. Therefore, most cases of CRI (including those who develop
bacteremia) will not require prolonged antimicrobial therapy,
and oral sequential treatment can be used early [78]. In this
regard, there are data from clinical trials that support the pos-
sibility of performing oral sequential treatment from day 5 in
uncomplicated S. aureus bacteremia [79].

Therefore, long half-life drugs should be selected for
those situations in which the patient presents some intesti-
nal absorption problem, when there are no oral options with
good availability (or the patient has already presented severe
toxicity to those available), and for the first phase of treat-
ment of complex infections. Glycopeptides are proving to be
a very good alternative in these situations, with dalbavancin
being the antibiotic for which there is most published clinical
data [80,81]. Dalbavancin has shown comparable efficacy to
other conventional intravenous options, with the advantage of
having a 7-day half-life, thus reducing hospital stay and con-
sequently the number of nosocomial infections.

Question 11. How should catheter-related suppura-
tive thrombophlebitis be managed?

The most important issue in the clinical management of
bacterial infections is the need for early focus control. Data
on S. aureus bacteremia have demonstrated that the delay in
focus control is directly related to a longer duration of bac-
teremia, and this in turn to the risk of septic metastasis as
well as higher mortality on day 30 [82]. Once adequate anti-
biotic treatment has been started and the catheter has been
removed, the use of anticoagulation may be considered in
patients with significant thrombophlebitis. However the level
of evidence is low, and most guidelines leave the decision to
initiate anticoagulation and its duration to the attending cli-
nician with uncertain data regarding indication and duration
[40]. There is one single-center retrospective study of patients
with S. aureus bacteremia and radiologically proven thrombo-
phlebitis, in which anticoagulation was associated with lower
mortality in the multivariate analysis [83]. Thrombolysis and
surgical treatment are reserved for exceptional cases with per-
sistent bacteremia despite optimized antibiotic treatment and
after ruling out other potential foci [84].

Question 12. When and how can a catheter with sus-
pected infection be replaced over guidewire?

Current indications for guidewire replacement of central
catheters include mechanical complications such as (a) rupture
of the external tract of the catheter, (b) secondary malposi-
tion (so-called tip migration), (c) substitution with a similar but
more appropriate device (for instance, replacement of a sin-
gle-lumen with a double-lumen catheter) [40, 85-87]. Guide-
wire replacement is known to be ineffective for prevention of
C-RBSI; also, it is not considered useful for diagnosis or for
treatment of catheter-related infection.

In fact, current contraindications for guidewire replace-
ment are: (a) infected catheter (suspected infection or es-
tablished diagnosis of infection), (b) colonized catheter, (c)
presence of symptomatic or asymptomatic thrombosis, (d)
presence of fibroblastic sleeve.

A catheter with suspected infection may be replaced
over guidewire only in very exceptional cases, i.e., in patients
requiring central venous access, carriers of a colonized or in-
fected catheter, in whom extreme difficulty is foreseen for the
placement of a new central venous access and in whom con-
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servative treatment of infection or colonization is not indicat-
ed. In such cases, the catheter should be preferably replaced
with an antimicrobial catheter (such as a catheter coated with
chlorhexidine/silver-sulphadiazine or a catheter coated with
antibiotics) [88]. This maneuver should be taken into consid-
eration only if there is no evidence of septic shock or of en-
docarditis

NEW DEVELOPMENTS IN PREVENTION

Question 13. What steps should be followed in the
implantation of a vascular line?

The first consideration would always be to question the
need for the device, taking into account the risks and benefits
for the patient. The use of daily objective checklists helps to
evaluate the removal of catheters that are not indicated.

Regarding the implantation of a central venous cathe-
ter (CVC), the use of ultrasound during the insertion can be
considered as it demonstrated to reduce mechanical complica-
tions during the procedure.

Checklists should also be used during the insertion pro-
cess. They include verifying the competence of the profes-
sionals performing the procedure and supervision, as well as
the fundamental aspects that should be contemplated during
the procedure from informed consent, correct hand hygiene
or barrier measures among others. This tool has been shown
to significantly reduce the rate of C-RBSI [89]. Similarly, the
availability of kits with all the necessary material for the im-
plantation of a CVC has also demonstrated to be effective [90].

The Bacteremia Zero protocol, updated in 2021, establishes a
series of recommendations (mandatory, optional, do not perform)
in relation to the implantation of CVC [91], and there is ample
scientific evidence applicable to other vascular devices [22]. The
following recommendations stand out for their importance:

1. Adequate hand hygiene before and after palpating
the insertion site, as well as before and after insertion. This can
be done with soap and water or with hydroalcoholic solution
according to recommendations. The use of sterile gloves does
not exempt from hand hygiene (high evidence/strong recom-
mendation).

2. Skin disinfection with chlorhexidine. Disinfect the
skin with an alcoholic chlorhexidine solution containing a con-
centration between 0.5 and 2% and 70° alcohol before CVC in-
sertion or with alcoholic iodine solution in case of contraindi-
cation [92]. (High evidence/strong grade of recommendation).

3. Maximum protective barriers. Adoption of maximum
sterility barriers (cap, mask, sterile gown, sterile gloves, and
large sterile drape covering the patient) during CVC insertion
substantially reduces the incidence of C-RBSI [93]. (High evi-
dence/degree of strong recommendation).

4. Subclavian location preference. The subclavian vein
should be preferred, taking into account other factors such as
the possibility of non-infectious complications, certain popu-
lations such as hemodialysis patients, and the skill of the prac-

titioner when inserting the catheter [4, 94]. (High evidence/
strong recommendation).

In the cannulation of PICCs, the basilic vein will be the
first choice, since it has the largest caliber and the most direct
route to the superior vena cava.

There are some recommendations applicable to high-risk pa-
tient subgroups, such as the use of catheters impregnated with
antimicrobials, and don't do recommendations such as not ad-
ministering prophylactic antibiotherapy prior to CVC insertion.

Question 14. What is the current role of ultrasound
and other methods of vascular visualization?

Vascular visualization technology plays an increasing role
in venous access, and should be part of the knowledge of any
physician or nurse expert in vascular access, as recommended
by the 2021 Standards of the Infusion Nursing Society (INS)
and as demonstrated in different works [95-103].

Ultrasound is currently indispensable for the placement of
peripheral venous access in DIVA patients (DIVA = Difficult In-
tra-Venous Access), both in adults and in children.

More importantly, ultrasound is currently indispensable
for the placement of any central venous access device. It plays
a role not only for venipuncture but - as described in the 2020
guidelines of the European Society of Anesthesia (ESA) - in
many different aspects of the procedure, both in adults and
in children:

1. pre-procedural evaluation of the veins, preferably using a
systematic and standardized approach such as the RaCeVA
protocol for CICCs (RaCeVa = Rapid Central Venous As-
sessment), the RaPeVA protocol for PICCs (RaPeVA = Rapid
Peripheral Venous Assessment), and the RaFeVA protocol
for FICCs (RaFeVA = Rapid Femoral Venous Assessment);

2. ultrasound-guided puncture and cannulation of the vein,
with different techniques, depending on the vein to be ac-
cessed (out-of-plane in short axis; in-plane in short axis;
in-plane in long axis; in-plane in oblique axis);

3. diagnosis of immediate complications related to veni-
puncture (pneumothorax, hematomas); in particular, pleu-
ral scan with a linear probe has a very high accuracy in
excluding the presence of pneumothorax, and should be
performed soon after any venipuncture for PICC insertion;

4. control of the progression of the guidewire andfor the
catheter; ultrasound scan by a linear probe is the easiest
method for 'tip navigation' (safer and more accurate than
fluoroscopy);

5. intraprocedural localization of the tip; all current guide-
lines recommend intraprocedural ‘tip location': though the
most recommended method is intracavitary ECG, whenev-
er such method is not applicable or not feasible, the easiest
method for intraprocedural tip location is trans-thoracic
echocardiography, using the ‘bubble test' (as standardized
in the ECHOTIP protocol); ultrasound-based tip location is
safer and more accurate than fluoroscopy, and is particu-
larly useful in neonates;

7 of 14



P. Mufoz et al.

Vascular catheter-related infections: an endemic disease in healthcare institutions. An opinion paper of the

Spanish Society of Cardiovascular Infections (SEICAV)

6. diagnosis and follow-up of all late complications. With
the exception of infectious complications, ultrasound
plays a pivotal role in the diagnosis and management of
all non-infective complications (venous thrombosis, fibro-
blastic sleeve, secondary malposition, etc.).

On the other hand, also near infrared (NIR) technology
may have a role in the field of vascular access. NIR technology
allows proper visualization of superficial veins (i.e., veins at less
than 7 mm from the surface of the skin) and is currently rec-
ommended in two types of situations:

- in all placements of epicutaneo-cava catheters and short
PVCs in the neonate;

- in the placement of short PVCs in the infant with DIVA.

Question 15. What should be the daily care of im-
planted catheters?

Intravascular catheters are indispensable devices for the
correct management of patients, so their use is frequent and so
they are their complications. Preventive measures are essential
both at insertion, as we have just seen, and at daily maintenance.

The COVID-19 pandemic has revealed that the measures
implemented are difficult to maintain under stress and this has
been reflected in the increase in CRI rates [8, 104]. The Amer-
ican guidelines [105], as well as the new recommendations of
the SEMICYUC-SEEIUC [91] have incorporated in addition to
the previous mandatory measures, new recommendations such
as pre-prepared insertion kits to reduce catheter cannulation
time, daily hygiene of patients with chlorhexidine, coverage
with chlorhexidine-impregnated dressings on CVCs in patients
over 2 months of age, passive disinfection with antiseptic-im-
pregnated caps on bio connectors to ensure compliance with
disinfection of bio connectors before use, continuous infusion
system replacement at 7 days coinciding with bio connector
replacement, the need to remove unnecessary catheters and
an appropriate nurse-patient ratio.

Regarding the care of PVCs [106], the recommended
measures include: hand hygiene before and after each ma-
nipulation, skin disinfection with 2% alcoholic chlorhexidine
[107], use of sterile gloves if it is not guaranteed not to touch
the catheter after applying antiseptic, coverage of catheter
entry site with semi-permeable transparent dressings, use of
closed connectors, disinfection of the bio connectors with sin-
gle-dose wipes impregnated with antiseptic or passive disin-
fection before use, catheter replacement only when clinically
indicated, daily monitoring of the insertion point, maintenance
preferably with pre-filled syringes of saline solution per shift
and removal of the catheter when it is not necessary.

In conclusion, it is necessary to implement all measures in
all catheters and throughout the hospital.

Question 16. What are the problems and limitations
of the teaching procedures on CRI prevention?

Different studies have demonstrated the poor profession-
als' knowledge regarding the recommendations in the preven-
tion of CRI [108-110). A review including 19 studies, observed

the low adherence of professionals to the recommendations
on CRI prevention [111].

Training of all professionals (nurses, physicians, residents
and students), has shown different impacts on improving
knowledge and CRI rates. In a study conducted in Spanish in-
ternal medicine units, the implementation of an educational
program with posters and leaflets did not have a great impact
on improving healthcare professionals’ knowledge, although
quality of catheter care was better [112]. In a review includ-
ing 10 studies, the training of all neonatal ICU professionals
demonstrated a decrease in CRI rates in 8 of them [113]. Con-
tinuous training seems to be the most effective approach in
order to achieve lower rates of CRI, as shown in a study con-
ducted in medical wards with mandatory continuing educa-
tion and audits for 4.5 years [114].

Real-time training and feedback was associated with in-
creased compliance in PVC care in an emergency unit [115],
but the study underlined some of the barriers such as lack of
time, no space for training, lack of materials, roles not identi-
fied, etc [116].

Therefore, continuous training of all professionals is nec-
essary, but the degree of compliance with all recommenda-
tions must be measured and it is necessary to have feed-back
with professionals to achieve better results.

Question 17. How can new teaching and instrumen-
tation technology help training in this area?

The COVID-19 pandemic has exposed the deficiency of the
healthcare system to maintain the recommendations on CRI
prevention. The inability to conduct face-to-face training has
promoted the use of telemedicine and on-line training.

Simulation through standardized teaching sessions in a
safe environment reinforces best practices in nosocomial in-
fection prevention [117], although in a study conducted both
in one medical and one surgical ICU, it only reduced CRI rates
in the medical ICU [118].

Other technologies, such as augmented reality glasses
have helped in improving CVC insertion techniques [119] and
can be used to improve the knowledge of all practitioners.

In addition, technology can help to identify variables, such
as age, comorbidity, or treatment, that are associated with an
increased risk of developing CRI [120].

A pilot study with a sensor implanted in a reservoir helped
to detect signs of infection [121].

In conclusion, technology can help to improve the train-
ing of all professionals and help in prevention of nosocomial
infections identifying risk factors of non-adherence to the rec-
ommendations.

Question 18. What has been the impact and current
status of “zero tolerance” programs on catheter infection?

Before the implementation of the "Zero Projects”, the sur-
veillance of nosocomial infection in the ICU was consolidated
in Spain through the "ENVIN-ICU" registry (National Surveil-
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lance Study of Nosocomial Infection in the ICU) since 1994.
This registry is an activity of the Working Group on Infectious
Diseases and Sepsis (GTEIS) of the SEMICYUC and current-
ly collects information from more than 80% of the country's
ICUs. It is a voluntary, multicenter, prospective registry that
includes information on device-related infections, bacteremia
secondary to other foci and other infections. Between 1994
and 2006, the incidence density (ID) of primary bacteremia
(PB) ranged from 5.04 to 7.9 episodes x 1,000 CVC days, 14.6-
23.6 for ventilator-associated pneumonia per 1,000 mechani-
cal ventilation days (VAP) and 4.9-7.4 for urinary tract infec-
tions per 1,000 IBC days (UTI) (https://proyectoszero.semicyuc.
org/). These figures are significantly higher than those reported
by the "National Nosocomial Infections Surveillance” (NNIS) in
North American ICUs [122].

During the implementation period of the "Zero Bacteremia
Project” (January 2009 - June 2010), 192 ICUs joined the pro-
gram, which represented 68% of the country's ICUs. At the end
of participation, the ID of primary bacteremia decreased from a
median of 3.07 to 1.12 episodes per 1,000 CVC days (p < 0.001).
The adjusted incidence rate showed a 50% [95% Cl, 0.39-0.63]
reduction in the risk of bacteremia at the end of the follow-up
period from baseline. The rates decreased independently of hos-
pital size and type [123]. In addition, CVC utilization ratio was
reduced by 4.9%. The Zero Pneumonia and Zero Resistance pro-
jects have also demonstrated a significant reduction in health-
care-associated infections (HCAI) and multi-resistances [124].

During the pandemic, the structural, functional, and or-
ganizational changes implemented in the ICUs to meet the
care-needs made it difficult to apply the recommendations of
the critical patient safety projects (Projects Zero) to prevent
the development of HCAI. Data from the 2021 ENVIN-HELICS
report (ENVIN-ICU '02 (vhebron.net) confirm the impact of the
pandemic on ICU infection indicators. Rates of patients acquir-
ing one or more infections during ICU stay remained elevated
(14.36 per 100 admitted patients), figures far from the 4.76
per 100 admitted patients in 2019. The DI of all device-related
infections remains high reaching in PB 4.42 episodes per 1,000
catheter days; in VAP 11.33 episodes per 1,000 MV days and in
UTls 4.67 episodes per 1,000 IBC days, all figures higher than
the previous ones in 2019 (2.5 PB per 1. 000 days of CVC; 5.41
VAP per 1,000 days of MV and 2.85 UTIs per 1,000 days of ED,
respectively) and very similar to those existing at the start of
the "Bacteremia Zero"; "Pneumonia Zero" and "UTI-SU Zero"
programs. This has led to the implementation of new specif-
ic measures to reduce HCAIs related to ICU devices, updating
protocols and promoting the training of all Intensive Care
Medicine professionals. At present, there is already evidence of
a reduction in all device-associated HCAIs in the ICU.

Question 19. What do we know about the adminis-
trative situation of this problem in Spain?

Patient safety, a key component of quality of care, has
acquired great relevance in recent years both for patients
and their families, who wish to feel safe and confident in the
healthcare they receive, and for managers and profession-

als who wish to offer safe, effective and efficient healthcare
(https://sequridaddelpaciente.sanidad.gob.es/presentacion/
home.htm).

The Ministry of Health (MS), in its responsibility to improve
the quality of the healthcare system as a whole, as established
in Law 16/2003, on Cohesion and Quality of the National Health
System, has placed patient safety at the center of healthcare
policies as one of the key elements of quality improvement, as
reflected in strategy number 8 of the Quality Plan for the Na-
tional Health System, which has been developed since 2005 in
coordination with the Autonomous Communities (AC).

Since 2006, the Spanish MS, in collaboration with the AC,
has been establishing safe practices in various areas, one of
them being the prevention of nosocomial infection and sur-
gical infections. Strict surveillance of infection in the ICU is a
basic, essential instrument that increases the safety of patients
and saves lives.

The "Zero Projects" led by the Spanish Society of Intensive
Care Medicine, Critical Care and Coronary Units (SEMICYUC)
and the Spanish Society of Intensive Care Nursing and Coro-
nary Units (SEEIUC), in collaboration with the MS and the AC,
have been an opportunity to introduce a culture of safety in
the ICU. These projects, with proven sustainability over time,
have become working tools in the ICU with successful results.
Moreover, they have led not only to an improvement in the
incidence of HCRI in the ICU and a reduction in the number
of patients with multi-resistant bacteria, but also to a change
in the way of working and planning critical patient care as a
whole, as well as, in short, a boost in the safety culture.

Zero Tolerance Projects have been incorporated into the
Safety strategies of the AC that have promoted their devel-
opment at the local level. In many of them, hospital program
contracts include among their objectives participation in these
projects and the achievement of the established quality stand-
ard. This undoubtedly boosted their implementation in ICUs.
Moreover, in some communities the results of these indicators
are published periodically to improve transparency.

Numerous activities have been carried out to disseminate
these projects and updated training programs have been de-
veloped and made available to all professionals caring for ICU
patients (https://proyectoszero.semicyuc.org)).

All this demonstrates the commitment of the Administra-
tion, health care institutions and professionals to improving
safety and specifically to reduce HCAIs related with ICU de-
vices.
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