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Abbreviations

PVC: Peripheral vascular catheter

CVC: Central vascular catheter

PICC: Peripheral inserted central catheter

HCAIs: Healthcare associated infections

CRBSI: Catheter related bloodstream infection

CRB: Catheter related bacteremia

PVCR-BSI: peripheral venous catheter related bloodstream infection
SAB: Staphylococcus aureus associated bacteremia

ICU: Intensive care unit

BUH: Bellvitge University Hospital

VINCat: Vigilancia de les infeccions nosocomials de Catalunya
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Summary

The present PhD thesis is a compedium of two publications broadening the
knowledge on Catheter Related Bloodstream Infections (CRBSIs) outside intensive
care units (ICUs), based on data collected from 2003 to 2016 from “Bellvitge
University hospital” (BHU), in Barcelona,Spain. Catheter-related bloodstream
infection (CRBSI) is a preventable cause of death, a common cause of nosocomial
bacteremia and an increasing safety problem in hospitalized patients. In the last
decade, the infection control unit in BHU has implanted a prevention program for
CRBSIs. Herein, we examine the efficiency of the applied prevention program in
reducing the rates of CRBSIs between 2003 and 2016 and we assess the risk factors
for mortality associated with these CRBSIs.

Based on the results published in the first article , it can be observed that
following the application of a prevention model for CRBSIs, the rates of peripheral
CRBSI decreased significantly from 30 cases (1.17 episodes /10000 days ) in 2003 to
8 cases in 2016 (0.34 episodes/10000 days of stay) and the rates of Staphylococus
aureus (S.aureus) too, as the most associated microorganism with CRBSI from
related infections, dropping from 18 episodes in 2003 (0.70 ep/10,000 pt-days) to 3
episodes in 2016 (0.14ep/10,000 pt-day) (p<0.002), as well as a decrease in mortality
rates from 7 cases in 2003 (0.27ep/10,000 pt days) to 0 in 2016 (0.00ep/10,000 pt
days in 2016 ( p<0.05). Whereas in the second article, and after the analysis of all the
data and cases of CRBSIs within the study period, S.aureus, a Charlson score of
comorbidity >4 and Candida infections were proved to be major risk factors
associated with mortality among patients with CRBSIs.

Taking everything together, the results obtained lead to the conclusion that
although CRBSIs are a major threat to the patients’ safety during hospitalization, yet,
the application of an efficient preventive program such as the one applied in “BUH”
was able to lead to a significant drop in the rates of CRBSIs and the associated
mortality throughout the years. Moreover, we can conclude that S.aureus among
other risk factors is a major threat to patients’ safety, and a major risk factor
associated with mortality, for which, broader preventive measures should be applied
and enhanced appropriate treatments should be given to decrease the rates of

S.aureus infections and its resistance forms.
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The present doctoral thesis is composed of two scientific articles, both published in
the Journal of hospital infection (Impact factor 3.354).The results of these articles
were presented in various conferences and international congresses. The articles
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Jun 18. pii: S0195-6701(18)30324-4. doi: 10.1016/j.jhin.2018.06.010. [Epub ahead
of print] PubMed PMID: 29928942.

Article 11
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Scientific work

The work to achieve this research project was intensive ,multi-disciplinary and
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prototype to be implemented in hospitals for the detection of the MDROs

(multidrug-resistant organism) -Annex Vi1
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Joan -Project: [569/U/2018}-:Applied to La Marato de TV3

e Incidence and risk factors for recurrent C. difficile infection in Catalonia,
Spain- Merck Investigator Studies Program
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e Study of the risk factors and prognostic factors of poor evolution and the
impact on patients who have undergone a new episode of Clostridium
difficile during the 2011-2017 period
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Background

Reflexion as a PhD candidate

PhD or Phylosophiae Doctor does not refer solely to the field of philosophy, but
is used in a broader sense in accordance with its original Greek meaning, which is

“Love of wisdom” (Wikipedia.org).

Doing a PhD implicates and has to implicate a broad sense overpassing the threshold
of science. It comes, as the original name says, to a higher philosophical level, a
lover of wisdom. It refers to any kind of wisdom, scientific and personal wisdom. It
implicates another way of thinking, to interact with your environment, with the

people that surround you.

Healthcare associated infections

According to the World Health Organization “WHO”, Health care-associated
infection (HCAI), also referred to as "nosocomial™ or "hospital” infection, is an
infection occurring in hospitalized patients which was not present at the time of
admission. HCAI can affect patients in any type of setting where they receive care
and can also appear within 48-72 hours after discharge. HCAIs include
occupational infections among working staff. Based on data from various
countries, it can be estimated that each year, hundreds of millions of patients
around the world are affected by HCAI. The burden of HCAI is several folds

higher in low- and middle-income countries than in high-income ones.

Every day, HCAI results in prolonged hospital stays, long-term disability, and
increased resistance of microorganisms to antimicrobials, massive additional costs
for health systems, negative quality of care effect for patients and their family,
and unnecessary deaths.

Although HCAI is the most frequent adverse event in health care, its true global
burden remains unknown because of the difficulty in gathering reliable data: most
countries lack surveillance systems for HCAI, and those that do have them
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struggle with the complexity and the lack of uniformity of criteria for diagnosing
it.

Catheter related bloodstream infections

Pathogenesis

Catheter-related bloodstream infections (CRBSI) are defined as the presence of
bacteremia originating from an intravenous catheter’. It is one of the most frequent,
lethal, and costly complications of venous catheterization and one of the most common
causes of HCAIs. The intravascular catheters are integral to the modern practices and
are inserted in critically-ill patients for the administration of fluids, blood products,

medication, nutritional solutions, and for hemodynamic monitoring™.

The contamination of the inserted catheter can be due to four recognized routes: 1-the

extra-luminal surface, mostly colonized through the contamination at the skin insertion

site; 2-the intraluminal surface, which is contaminated through catheters hubs and lines

contamination by manipulations of the device by patients and/or healthcare worker; 3-

by insertion of contaminated drugs or infuses ; 4-by hematogenous colonization from a

distant site of infection. This variety of sources (figure 1) should be taken into account
in the methods used to diagnose an infection.

Catheter-Related Infections

Figure 1: There are the main areas from which catheter related infections can originate. Infection can occur
hematogenously, from a distant local infection. Contamination of the catheter device prior to insertion, skin
organisms, or contamination of the catheter hub can all cause infection. Contaminated infusate can also cause
infection.
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The risk of a vascular catheter infection depends on the type of catheter, the insertion
technique, the site of insertion, the sterility of the insertion procedure, the purpose of
catheter use, site care, number of manipulations and specific host factors.® The
catheter itself is the most significant extrinsic factor implicated in CRBSI.

Other than the type of catheter and catheter location, the most important
extrinsic risk factors associated with the development of CRBSI include: duration of
catheterization, catheter material, insertion conditions, skill of the catheter inserter
and catheter-site care, some of the host factors (age, immunity status..) and finally

the type of microorganism involved®.
Infections and etiology

Microorganisms such as Staphylococci family, Enterococci, Aerobic Gram-
negative bacilli and yeast can cause a CRBSI. However, Coagulase-negative
staphylococci are considered to be the most common cause of CRBSIs. Severe forms
of sepsis with a poor outcome are rare. Isolated fever or fever with inflammation at
the catheter exit-site is common clinical manifestations. These infections may resolve
with removal of the catheter only without further antibiotic therapy, although many

experts suggest that antibiotics should be administered for a limited period of time®.

On the other hand, among all the staphylococci family, S.aureus is considered to be
the most common, and related Catheter infections may manifest as devastating
metastatic infections and the risk of infective endocarditis is higher than for other

microorganisms>.

Prevention and mortality among patients with CRBSI
Preventive methods

Significant efforts have been made at different healthcare levels in order to
reduce the incidence of CRBSI, mostly in intensive care units. Most of these
initiatives have focused on preventive aspects, as evidence has shown that

educational programs, simulation programs in addition to improving technical skills
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in catheter insertion, allow the resident and physician to easily comply with
guidelines and checklists®. The catheter insertion conditions are critical for the
development of infections derived from the device. The current recommendations for
the insertion of CVCs include the use of long sleeve gown, surgical cap, face mask,
sterile gloves and large sterile sheets that completely cover the patient. Hand hygiene
should be the standard practice, but compliance by health care professionals is still
poor. Chlorhexidine, for example, has shown a better antiseptic performance as

compared to regular Povidone iodine solutions’.

While catheter removal is a mainstay of treatment in most of the cases, empiric
antibiotic treatment is a common practice when dealing with CRBSIs. The choice of the
antimicrobial agent depends on the severity of the systemic illness, the comorbidities,
the most likely microorganisms and the local resistance profile®.

CRBSIs in numbers

In spite of the various preventive measures applied to reduce the rates of CRBSI
worldwide, the incidence of CRBSI reported is still significant and it varies from

country to country and even hospital to hospitals.

Up until recently, over 250 000 CRBSIs occurred every year in the United States and
over 80 000 of these appeared in ICUs.” These infections are associated with increased
length of hospital stay from 10 to 20 days and increases in the cost of care from $4000
to $56 000°.

According to a European study carried out in France, Germany, Italy and the UK,
CRBSI accounted for a total of 8400-14400 episodes and 1000-1584 deaths per year. In
Spain, the rate of CRBSI has been estimated between 2,1 to 3,4 episodes per 1.000
hospitalized patients™ .

For instance and according to the surveillance program of nosocomial infections in
Catalonia ”VINCat” ,the Catalan hospitals have registered a rate of 0.19 cases by 1000
days of hospital stay, in 47 hospitals with a cost of 39,644 euros per infection causing

an additional total cost of 16.055,820 euros in one year only™. Table 1, shows the


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3805442/#bibr7-1941874413476043
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absolute number of episodes of CRBSIs throughout the years according to different

types of catheters among the Catalan hospitals (VINCat) .

Table 1:The total number of episodes of CRBSIs among different types of catheters

from 2008-2017 in Catalunya according to VINCat.

Type of
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

catheter
PVvC 117 151 154 197 204 129 156 189 178 175
CcvC 608 607 461 580 446 405 408 421 371 342
PICC 50 12 70 83 95 80 109 97 129 122
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Hypothesis and objectives

Hypothesis

The catheter related bacteremia can be seen as a real threat for the patient’s safety
and for hospitals. gram positive bacteria particularly S.aureus and other gram
negative microorganisms and yeast can be responsible of these infections. The
working hypothesis of this research project reflects on the association of applying
effective infections prevention measures with the decrease of the rates of CRBSIs in
Bellvitge hospital throughout the period 2003-2016, and the risk factors for mortality

associated with CRBSIs among non-ICU patients in the hospital.

Objectives

Main objective:

To describe the epidemiology of CRBSIs and asses the main risk factors for
mortality among non-ICU patients with these infections in a tertiary care center.

(Bellvitge University Hospital).

Specific objectives

Article |

To describe the epidemiology of PVCR-BSI in non-ICU patients in a tertiary care
center. (Bellvitge University Hospital).

To describe the impact and the efficacy of a multimodal infection prevention
program applied sequentially from 2003 to 2016 aiming to reduce the rates of PVCR-
BSI among non ICU patients.

To decrease the incidence of nosocomial S.aureus bacteremia
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Article 11

e To assess the risk factors for mortality among non- ICU patients with CRBSI in

Bellvitge University hospital.
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Methods

In the following section, methods of each article are summarized. Complete methods

are described in the articles.

Patients and Setting:

The Bellvitge University Hospital is a 700-bed tertiary care center located in
Barcelona area, Spain. An average of 28.000 patients (about 340.000 patient-days)
are admitted each year in 31 specialties Units, 9 medical and 22 surgical for a mean

length of hospital stay of 8.5 days.

Article |

Study Design: A prospective, longitudinal cohort study was conducted from January
2003 to December 2016, including all adult hospitalized patients with nosocomial
PVCR-BSI. Surveillance of PVCR-BSI was standardized throughout the study
period and performed in real-time by daily meetings between infection prevention
team, infectious diseases staff and microbiologists following confirmation of a
bloodstream infection by members of the Microbiology Department. All episodes of
bloodstream infections were daily reported by microbiologists, and patients were

visited at wards to assess the diagnosis of PVCR-BSI

Definitions: PVCR-BSI was diagnosed according to a slightly modified CDC
definition, in a suggestive clinical condition, when growth of concordant bacterial
species in a semi-quantitative tip culture and percutaneous draw blood culture was
observed, without another apparent source of bacteraemia. In the absence of catheter
tip culture, the diagnosis of PVCR-BSI required one or more of the following
conditions: a) phlebitis, b) clear resolution of clinical symptoms after catheter

withdrawal and a careful exclusion of an alternative explanation for bacteraemia,
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Statistical methods: Baseline characteristics of patients were described using mean and
standard deviation for continuous variables and frequencies for categorical variables. To
test rate trend per year a Poisson regression model was estimated

Article 11

Study design:A prospective cohort study was conducted at Bellvitge University
Hospital. The primary outcome was 30-day crude mortality among non-1CU patients
with nosocomial CRBSIs. Inclusion criteria were as follows: consecutive episodes of
nosocomial CRBSIs diagnosed during admission on medical and surgical wards
between January 2004 and December 2014. Episodes of bacteraemia were reported
daily from the microbiology laboratory to the infection control team. Patients were
examined on the wards and those who fulfilled criteria for nosocomial CRBSI were
followed-up for 30 days from theonset of bacteraemia and included in a standardized

protocol.

Definitions: Days since insertion were defined as the dwelling time from catheter

insertion until removal and was also dichotomized into <4 and >4 days. Empirical

antibiotic treatment was defined as antibiotics administered within 48 hours of the date
on which the first positive blood culture was drawn. Mortality was defined
dichotomously as death occurring from any cause within 30 days

of the onset of CRBSI. Patients who remained in hospital after 30 days of CRBSI were

counted as alive.

Statistical methods:Continuous variables were compared using the Student’s t-test or
the Mann-Whitney U-test, as appropriate. Qualitative and stratified continuous variables
were compared using Fisher’s exact test or Pearson’s chi-squared test.

Time until death was the dependent variable in the Cox regression analysis and was
surveyed for 30 days afterthe onset of bacteraemia. Statistical significance was
established at 0<0.05.



43

Results



44



45

Results

In the following section, results of each article are presented. Complete results with
the figures and tables are included in the articles.

Article |

The Characteristics of the episodes

From 2003 to 2016, we identified 227 episodes of PVCR-BSI in non-ICU patients.
Mortality was encountered among 13.2% of episodes. Staphylococcus aureus was the

main responsible organism, accounting for 115 (50.7%) episodes. In the studied

population, 156 (68.7%) were males and 147 (64.8%) were >65 y/o.

Impact of the bundles applied

After infection control program implementation, incidence decreased from 30
episodes of PVCR-BSI (1.17 episodes/10,000 patients-days) in 2003 to 8 episodes
(0.36 ep/10,000 pt-days) in 2016 with a reduction rate of 8%. Episodes caused by
S.aureus decreased from 18 episodes in 2003 (0.70 ep/10,000 pt-days) to 3 episodes
in 2016 (0.14 ep/10,000 pt-day) with a RR of 9% as well as mortality decreasing
from 7 cases in 2003 (0.27ep/10,000 pt days) to 0 cases in 2016 (0.00 ep/10,000 pt
days) with a reducti rate of 18% (Figure 2).
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Figure 2: Mortality associated to PVCR-BSI and rates per 10,000 hospitalizations from
2003 to 2016
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Article 11

The characteristics of the episodes

In this study, 546 episodes of CRBSI were diagnosed in 537 non-ICU patients from
2004 to 2014. The infection rate was 0.23/1,000 patient days. 30 days mortality was
observed in 76 of 546 episodes (13.9%) and did no vary significantly during the study
period (2004-2014). Mortality rates varied according to the presence of co-morbidities,

type of ward, type of catheter, place of insertion and etiology.

Risk factors for mortality

When we performed the univariate analysis of factors associated with mortality, the
significant factors associated with higher mortality were age >65 years, Charlson score
>4, admission to medical wards, and S.aureus or Candida spp. infections. However,
when multivariate analysis was performed, we were able to identify a Charlson score >4
(HR: 1.80; 95%CI: 1.19-2.73), S. aureus infection (HR: 2.67; 95%CI: 1.61-4.43) and
Candida spp. (HR: 61; 95%CI: 2.08-18.04) as independent risk factors for mortality.
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General Discussion

According to our obtained results and published articles, CRBSIs are a major
threat for patient’s safety. Among the studied populations, all-cause mortality (within
the 30 days from onset of bacteremia) could be up to 13%. Regardless the focus of
studies in ICU patients and CVCs, our data have shown that patients carrying PVCs
outside ICUs, are at considerable risk of acquiring a CRBSI. Other factors such as a
Charlson score of comorbidity >4, S.aureus and candida spp. infections were
independent risk factors associated with mortality. Finally, the application of
efficient bundles for PVCR-BSI prevention is able to decrease both the incidence of
these episodes and the associated mortality, and the rates of S.aureus infections as

the major responsible agent of these infections as well.

Prevention program applied: In 2003, BHU introduced an intervention program
to prevent CRBSI outside the ICUs. This preventive multi-model was designed by
the infectious diseases prevention and control department at BHU, with the support
of the Catalan Nosocomial Infection Surveillance Program VINCat™, a standardized
surveillance system providing risk-adjusted, procedure-specific rates of nosocomial
infections in Catalonia, Spain. This model was applied sequentially since its
implementation in 2003 and it consisted of prevention measures applied for CVCs
and PVCs. Recommendations for CVCs included: 1) hand hygiene, 2) preference for
a subclavian or jugular insertion site rather than a femoral site, 3) full barrier
precautions (sterile full body drape, sterile gown, sterile gloves, hair cover, and mask
with eye protection) for insertion, 4) use of 2% Chlorhexidine alcohol solution for
skin antisepsis, 5) disinfection of the connector before access, proper maintenance of
the dressing and 6) daily review of the need for catheterization. Antibiotic-coated
catheters were not used by the VINCaT participating hospitals. Recommendations
for PVCs included: 1) hand hygiene, 2) use of 2% alcoholic Chlorhexidine for skin
antisepsis, 3) disinfection of the connector prior to access, 4) proper maintenance of
the dressing, 5) daily review of the need for catheterization and 6) replacement of
short PVCs within 72 h of insertion (or 48 h for those inserted in the emergency
department) or in the case of signs of inflammation or extravasation. For both types
of catheter, either CVC or PVC, a transparent semipermeable dressing was used to
cover the catheter exit site during the study period. The program was promoted
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through pocket leaflets and posters placed visibly in all the hospital wards, and
through training sessions for the staff. Training sessions were backed up with a prior
self-assessment questionnaire containing multiple choice questions on the
epidemiology and prevention of CRBSI. Training sessions were backed up with a
prior self-assessment questionnaire containing multiple choice questions on the
epidemiology and prevention of PV-CRB™. Table 2, reflects on some of the items
evaluated and the criteria related to asses and prevent PVCR-BSI.

Table 2: Bundle of intervention applied sequentially in BUH to prevent PVCR-BSI.

LEVEL OF
PERIOD INFECTION CONTROL INTERVENTION
EVIDENCE
Continuous surveillance | Daily meetings of the ICT with
1A
Prevention Program: microbiology team
of PVCR-BSI Review of the encountered
1A
episodes of PVCRBSI
Unresolved
Introduction of the sterile gloves
issue
Reinforcement of aseptic care
1B
technique
Schedule replacement of Unresolved
Implementation of the peripheral catheters issue
2003-2005 Bundle of measures Skin antisepsis with alcohol base
(70%) solution of Chlorhexidine IA
Gluconate (0.5%)
Unresolved
Extension tube
issue
Semi-permeable dressings for
1A
catheters site
Constant meetings and training
Healthcare workers IA
sessions for healthcare workers
training
Revision of the hospital guidelines
1A
for prevention of PVCR-BSI
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Pocket Cards guidelines for

hospital staff

Wallarticles of guidelines for
the insertion of peripheral IB

vascular catheters

Notification to ward staff and
discussion with nurse ward

Feedback System [}
team after each case of PVCR-

BSI

Skin antisepsis with alcohol
Upgrade skin
base (70%) or solution of 1A
antisepsis
Chlorhexidine Gluconate (2%)

2006- Introduction of pre-filled
Flushing v
2009 syringes

2010- Upgrade the type and Introduction of the Closed IV

2016 the guidelines for the Catheter system
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The effectiveness of this preventive multi-model program was proved through the
results we addressed in Article 1. Throughout the years 2003-2016, the application of
this preventive protocol was able to decrease the rate of PVCR-BSI of 8% per year
and eventually the rates of S.aureus associated with PVCR-BSI too, dropping from
16 episodes in 2003 to 3 cases in 2016.

There are few published data on CRBSIs rates outside the ICU. Few previous studies
have shown reductions in the rate of CRBSI after introducing specific measures for
catheter insertion and maintenance outside the ICU'. These studies are based on
educational and feedback interventions. The widespread implementation of
intervention programs similar to ours could have a major impact on patient safety,
with significant reductions in associated morbidity, mortality and cost. Although a
recent meta-analysis indicated that routine replacement of peripheral catheters does

not reduce the risk of infection®®, the study may have been underpowered to address
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the issue of CRBSI because the data analyzed included only 8779 catheter-days, a
figure too low to assess a risk of between 0.1 and 0.5 cases per 1000 days.
Interestingly, the application of a bundle in an Irish hospital, including the
replacement of PVC within 72 h, reduced cases of CRBSI due to S. aureus *’. More
recently, a controlled study of education and feedback in Detroit (USA),
incorporating a recommendation to replace PVCs within 96 h, obtained a significant
reduction in PVCR-BSI*,

Etiology: Many studies have highlighted that S.aureus is the most common and
most important pathogen associated with HCAIs and it’s highly association with
CRBSI. In our studies, rates of SAB varied between 38.8% to 50.7%, these results
match with other publications, where S.aureus was responsible of 40% of the CRBSI
episodes’. The pathogenicity of S.aureus lead to a high risk for mortality associated
with CRBSI. In our study, as described in other previous studies'®, S.aureus was
associated with a rate of 64.5% mortality associated with CRBSI. The exact incidence
of SAB is difficult to ascertain, since prospective population-based surveillance studies
are infrequently performed. In Scandinavian countries, where data from the nationwide
surveillance of SAB are routinely collected, the annual incidence is approximately
26/100,000 population®?'. A similar low incidence of 19.7/100,000 population was
reported in a Canadian study in 2008%%, while in countries with a greater burden of
methicillin-resistant S.aureus (MRSA), incidence rates are generally higher, between 35
and 39/100,000 population®, #*. In comparison, even higher rates, approximately
50/100,000 population, are inferred from surveillance data from the United States®,.
These large geographical discrepancies probably reflect differences in health care

systems, infection control practices, and the completeness of surveillance data.

Staphylococcus aureus associated Mortality: Once established, SAB is not a
benign condition, resulting in significant morbidity and mortality, especially in
intensive care units (ICUs) patients®’,?. Interestingly, our research was based on
patients outside the ICU, where the mortality associated with SAB was higher than
60% among the patients included in our study. Recent prospective data (2009) of
1,994 SAB episodes suggest that mortality rates may have stabilized, with a 30-day
all-cause mortality rate of 20%2°. Despite these improvements, SAB 30-day all-cause

mortality results in approximately 2 to 10 deaths annually per 100,000 population®,%
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22 Despite these similar mortality rates, the impact and significance of SAB in the

community remain underestimated.

Risk factors for mortality: Besides S.aureus, multiple factors influence CRBSI.
These factors include host factors, pathogen-host interactions, and pathogen-specific
factors. Most studies analyzing outcomes of patients with CRBSI have been
conducted in ICUs and focused on CVC®. Mortality attributed to CVC infections in
ICUs varies widely according to type of ICU and severity of the underlying disease,
ranging from 20% to 50%. Notably, patients with CRBSI were twice as likely to die
as patients without CRBSI, after controlling for other hospital-acquired infections
and APACHE I scores®. A few studies reporting mortality caused by CRBSI have
been done outside ICUs*®. Differences found in the rate of mortality due to CVRBSI
among ICU and non-1CU patients could be attributed to the more critically clinical
status of ICU patients. Little is known about the factors contributing to CRBSI
mortality in non-ICU patients, with few studies having addressed this important

issue.

In Article Il we examined factors that influence mortality and investigated the
relative impact of each factor on outcomes for non ICU-patients. The main findings
of this article were that CRBSI in non-1CU patients entails significant mortality risk,
essentially related to patient comorbidities and etiology. The Cox regression analysis
performed in Article I, identified a Charlson score >4, S.aureus bacteremia and
Candida spp. as independent associated factors for CRBSI mortality; while type of
catheter, place of insertion and appropriate empirical antibiotic therapy were not
identified as independent predictive factors. Our multivariate analysis showed that a
Charlson score > 4 was an independent risk factor for mortality among the non-ICU
patients with CRBSI and in this population, the mortality rate was as high as
43%.Although only few cases of CRBSI caused by Candida spp. were identified, the
mortality rate was as high as 57%, making these yeast species one of the main
independent mortality risk factors. Catheter-related bloodstream caused by Candida
spp. are more common among ICU patients, where many studies show rates that vary
between 36% and 61%** *. In our study, among non-ICU patients, the rate of CRBI
due to Candida spp. was 1%; a figure much lower than other observations. For
instance, a surveillance study conducted in the USA showed rates of 12% of Candida
spp. infections on four medical wards*. Sustained low rates of catheter-related
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Candidemia in our hospital could be attributed to antimicrobial stewardship policies.
In contrast with the etiologies mentioned above, CNS was associated with a low
mortality rate of 5.3%.This finding could be explained by the low intrinsic virulence

of this group of organisms>.

On the other hand, interestingly we observed that none of the following factors was
associated with higher mortality: the type of catheter, the central compared to

peripheral, the place of insertion and the administration of an inadequate empirical

antibiotic therapy.
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Limitations and strengths

Among all the published studies that can be found in literature, this thesis and its
inclusive publications are found to be among the very few work reflecting on PVCR-
BSI outside ICU. Although this prospective study covers a large population over a
prolonged period of time, it has some limitations that should be acknowledged. The
study was performed at a single university hospital; this could mean that our data
cannot be extrapolated to other hospitals .This research work is not a randomized
study, with the resulting risk of bias due to confounding factors, where the
characteristics of our patients, the frequency of catheter use and the frequency of S.
aureus infections may be different from those observed in other facilities, and thus
these factors could account for the results observed in our study .However, we
believe that the prospective nature of the study and the proximity in time of the
baseline reduce this risk. On the other side, two additional factors that could have
some impact on outcomes such as in our study the early removal of the vascular
catheter and the presence of septic shock were not analyzed. And finally regarding
the presence of septic shock, this variable was not collected in the database.
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Conclusions

At Bellvitge University Hospital, a tertiary care center in Barcelona, Spain, data
showed that patients carrying PVCs outside the ICUs are at considerable risk for

acquiring a CRBSI.

Among the non-ICU patients with CRBSI, all-cause mortality (within the 30 days
from onset of bacteremia) is up to 13%.

Charlson score of comorbidity >4, Staphylococcus aureus and Candida spp. were
shown as independent risk factors associated with all-cause mortality in such non-
ICU patients with CRBSI.

The application of efficient bundles for PVCR-BSI prevention was able to decrease
both the incidence and the associated mortality of these episodes in our non-ICU
study population, as well as the rates of S.aureus infections as the major responsible

organism for these nosocomial infections.
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Future perspectives

Future trends in the evaluation of HCAI should be directed toward a better
understanding of the selectivity and specificity of factors underlying opportunistic
infections. Several areas of host parasite relations and the hospital environment hold
promise for future efforts *’. They need to be examined individually and collectively
as they apply to different aspects of nosocomial infections and selectively relate with

different degrees of importance in specific situations.
According to the results of this research work, some major areas are:

1) Detecting and recognizing microbial promoters of clinically important infections
and of the interspecies transfer of microbial factors that are advantageous to their
proliferation;

2) The future will entail better diagnostic testing to detect the DNA or RNA of
resistant organisms at the point of care before culture results, allowing for more

targeted therapy, thus reducing resistance®®.

Moreover, future research is expected to give more attention on the prevention of
HCAI associated with catheters especially those patients carrying peripheral
catheters, as many data including those published in our research study, emphasis the
mortality that could be associated with PVCRB-BSI.

Overall, more research must be dedicated to the prevention and detection of
nosocomial infections, view the attributed costs, the associated risks on patients
safety and healthcare workers, and the burden that these infections impose on the

national health system quality outcomes and expenditures.
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Summary

Background: Short-term peripheral venous catheters are a significant source of health-care
acquired bloodstream infections and a preventable cause of death.

Aim: to assess the effectiveness of interventions applied to reduce the incidence and mortality
associated to short peripheral venous catheter-related bloodstream infections (PVCR-BSI).
Methods: The intervention included continuous PVCR-BSI surveillance, implementation of
preventive measures targeted to catheter insertion and maintenance according to evidence-based
recommendations and hospital's own data, front-line staff educational campaigns, and
assessment of adherence to hospital guidelines by ward rounds. Poisson regression model was
used to estimate the trend of rate per year.

Findings: From January 2003 to December 2016, 227 episodes of PVCR-BSI were identified
among hospitalized patients at a university hospital. Mean age: 67y (SD: +14y), 69% males and
median Charlson Score: 3 (interquartile range: 2-5). Among all, Staphylococcus aureus caused
115 (50.7%) episodes. Thirty-day mortality was 13.2%. After intervention implementation,
incidence decreased significantly from 30 episodes (1.17 episodes/10,000 patient-days) in 2003
to 8 episodes (0.36/10,000 patient-days) in 2016. Episodes caused by S. aureus decreased from
18 episodes in 2003 (0.70/10,000 patient-days) to 3 episodes in 2016 (0.14/10,000 patient-day)
and mortality decreased from 7 episodes in 2003 (0.27/10,000 patient-days) to O episodes in
2016 (0.00 /10,000 patient-days).

Conclusions: Surveillance, implementation of a multimodal strategy and periodical assessment
of healthcare personnel adherence to hospital guidelines conduced to a sustained reduction of
PVCR-BSIs. This reduction had a major impact among S. aureus-BSI rates and associated

mortality.

Keywords: Short peripheral venous catheter, bloodstream infections, catheter-related

bloodstream infection, mortality, PVCR-BSI, S.aureus bloodstream infections
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INTRODUCTION

Short-term peripheral venous catheter (PVC) is the most common medical device used in
hospitals and a significant source of nosocomial bloodstream infections [1][2]. Despite huge
clinical experience using peripheral catheters, there is still a significant controversy over the
incidence, clinical impact and preventive measures concerning peripheral venous catheter
related-bloodstream infections (PVCR-BSIs) [3].

According to prevalence studies, more than 70% of the hospitalized patients are carriers of a
vascular catheter on the day of the study and practically all of them had carried one or more
PVC throughout the hospital admission[4]. Furthermore, the use of PVCs has significantly
extended inside the health-care system to long-term care facilities and home care. The great
number of patients at risk have determined that the possibility of developing an unintended
vascular catheter-related adverse event is now much likely to occur than ever before.
Significantly, according to data provided by surveillance programs, PVCR-BSIs could be

responsible of almost a quarter of vascular catheter-related bloodstream infections[5][6].

Although less frequent than central venous catheter (CVC) related bloodstream infections,
PVCR-BSI have distinctive characteristics[7]. The diagnosis is often challenging because of
early onset of infections after catheter insertion and because catheter tip culture is
infrequently done when catheter is removed for phlebitis or suspicious of infection[8].
Consequently, the diagnosis of PVCR-BSI is often delayed, misdiagnosed as an infusion-
related phlebitis until clinical symptoms of sepsis are evident and blood cultures are
ultimately taken. This diagnosis delay could be clinically important since the most frequent

aetiology is Staphylococcus aureus involving a high mortality rate[9][10].

Guidelines for the prevention of vascular catheter infections are mostly focused on CVC and
consequently preventive measures for PVC have been inferred from CVC recommendations.
Among PVC recommendations, several have low evidence and some others remains
unresolved[11]. This has happened because the great majority of catheter-related BSIs
surveillance programs have limited to collect data for CVC related bloodstream infections
and have systematically ignored cases caused by PVC. Thus, the information available on

PVCR-BSIs is much smaller or has directly passed unnoticed.

Because of the establishment at our hospital of an active surveillance program of vascular
catheter related BSls, we were aware since 2003 of a high number of episodes of PVCR-BSI.

Episodes were caused by PVC placed in the emergency department as well as in hospital
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wards within a few days after insertion entailing a high mortality[7] This situation
encouraged the implementation of a preventive intervention based on published guidelines as
well as the analysis of our hospital's own data. Over time, new preventive strategies and new

technologies were introduced to achieve a greater reduction in catheter infection rates.

The aim of this study is to examine the effectiveness of this multimodal strategy applied in
our centre along a fourteen-year period to prevent PVCR-BSIs.
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METHODS

Study design

The Bellvitge University Hospital is a 700-bed tertiary university hospital located in
Barcelona area, Spain. An average of 27.000 patients (about 220,000 patient-days) are
admitted each year in 37 hospital wards, for a mean length of hospital stay of 8.4 days in
2017. Study Design: A prospective, longitudinal cohort study was conducted from January
2003 to December 2016, including all adult hospitalized patients with nosocomial PVCR-
BSI. Surveillance of PVCR-BSI was standardized throughout the study period and
performed in real-time by daily meetings between infection prevention team, infectious
diseases staff and microbiologists following confirmation of a bloodstream infection by
members of the Microbiology Department. All episodes of bloodstream infections were daily
reported by microbiologists, and patients were visited at wards to assess the diagnosis of
PVCR-BSI. Episodes were recorded in a specific database and patients were followed until

thirty days of bloodstream infection or death.

Definitions

PVCR-BSI was diagnosed according to a slightly modified CDC definition, in a suggestive
clinical condition, when growth of concordant bacterial species in a semi-quantitative tip
culture and percutaneous draw blood culture was observed, without another apparent source
of bacteraemia. In the absence of catheter tip culture, the diagnosis of PVCR-BSI required
one or more of the following conditions: a) phlebitis, b) clear resolution of clinical symptoms
after catheter withdrawal and a careful exclusion of an alternative explanation for
bacteraemia. For common skin microorganisms such as coagulase negative Staphylococci
(CoNS), at least two consecutive blood cultures were required. Mortality was considered

when occurs from any cause within 30 days from the onset of PVCR-BSI.

From 2003 to 2016, the following main outcomes were assessed in a yearly basis: rate of
PVCR-BSI (number of PVCR-BSI episodes/10,000 patient-days), rate of Staphylococcus
aureus PVCR-BSI (number of Staphylococcus aureus PVVCR-BSI episodes/10,000 patient-
days), and rate of mortality within 30 days after the onset of the PVCR-BSI (number of
patients who died within 30 days after the episode of PVCR-BSI/10,000 patient-days).
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Interventions

The Infection Prevention Team has full responsibilities regarding the prevention and control of
vascular catheter-related infections. Since 2003, we were aware of a high incidence of PVCR-
BSI in our hospital. To establish the most important characteristics and outline the control
measures, we carry out a detailed analysis of episodes[7]. After that, a PVCR-BSI prevention
strategy was introduced in a stepwise manner and modified according to surveillance results and
new published evidence-base measures. The measures applied along the study period are
described in Table I. Main approaches included the following aspects: a) prospective and
continuous PVCR-BSI surveillance, b) implementation of preventive measures during catheter
insertion and catheter maintenance according to evidence-based recommendations as well as
hospital's own data, ¢) educational campaigns targeted to front-line staff, particularly nurse
wards, same day feed-back of PVCR-BSI case to nurse ward supervisor by an electronic advise
form, and d) assessment of adherence to preventive strategies by periodical ward rounds
performed by a trained infection prevention member who performs an observation of all
peripheral vascular catheters, particularly regarding maintenance (insertion site, catheter
dressing and connectors), day and area of catheter placement and replacement according to
hospital guidelines. The results of observations were provide the same day to the nurse ward

supervisor and debated internally in order to improve catheter care.

Statistical methods

Baseline characteristics of patients were described using mean and standard deviation for
continuous variables and frequencies for categorical variables. To test rate trend per year a
Poisson regression model was estimated. The count of events (PVCR-BSI, S. aureus PVCR-BSI
and mortality) was the model dependent variable and number of episodes the offset variable.
From the model, the incidence rate ratio per year was reported and interpreted as annual rate
increase or decrease. Statistical significance was held at 0.05. All analyses were performed

with R version 3.4.1.

Ethical issues
The study was approved by the Ethics Committee at the Bellvitge University Hospital
(reference: PR324/15). Informed consent was waived by the Clinical Research Ethics

Committee.
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RESULTS

From 2003 to 2016, 227 episodes of PVCR-BSI were diagnosed in our study population.
Characteristics of patients and episodes are summarized in Table Il. Median PVC dwell time
form insertion to bloodstream infection was 3 days (interquartile range: 2-5) and did not vary
significantly along the study period (Figure 1). Among all, Staphylococcus aureus was
responsible of 50.7% of episodes and mortality within 30 days of PVCR-BSI was 13.2%.

The PVCR-BSI incidence rates (number of episodes per 10.000 hospital-days) from 2003 to
2016 are shown in Figure 2. After implementing of prevention program, the incidence rate of
PVCR-BSI decreased from 30 episodes (1.17 episodes per 10,000 patient-days) in 2003 to 8
episodes (0.34 episodes per 10,000 patient-days) in 2016 with a significant rate reduction of
8% per year. Trends of PVCR-BSI caused by S. aureus data are shown in Figure 3. The
absolute number of episodes due to S. aureus decreased from 18 episodes in 2003 (0.70
episodes per 10,000 patient-days) to 3 episodes in 2016 (0.14 episodes/10,000 patients-day)
with a significant rate reduction of 9% per year. Mortality rates along the study period are
shown in Figure 4. Mortality significantly decreased from 7 episodes (0.27 episodes per
10,000 patients-days) in 2003 to 0 episodes in 2016 (figure 4) with a significant rate
reduction of 18% per year.

Compliance at wards with hospital guidelines regarding catheter care were assessed yearly.

Data of catheter care observations performed during round wards were available from the
period 2011-2016 and are shown in Table IlI.



82

DISCUSSION

The present study sought to determine the impact of a multimodal bundle of measures applied to
prevent PVCR-BSI in our university hospital. These measures were selected according to
evidence-based guideline and from a rationale analysis of hospital's own data. Remarkably, the
implementation of this bundle of preventive measures along the study period led to a significant
reduction in the incidence of PVCR-BSI and associated mortality.

The measures applied were focused on continuous PVCR-BSI surveillance, improvement of
PVC insertion and maintenance procedures, educational campaigns targeted to front-line staff,
particularly nurse wards, same day feed-back of PVCRI-BSI and assessment of adherence to
prevention strategies by periodical ward rounds. The significance of these measures needs to be

discussed in deep.

Because PVCR-BSI could represent a significant source of hospital-acquired vascular catheter—
related bloodstream infections, continuous surveillance including PVCR-BSI is essential to
quantify rates of infections and to identify needs for preventive measures; however, this is still
infrequently performed for PVC[12]. Although automated electronic surveillance of healthcare
acquired infections is being implemented in many healthcare systems, accuracy of
administrative code data for the detection of vascular catheter related infections is low[13].
Therefore, we performed prospective surveillance of PVCR-BSI by trained members of the
infection prevention team as described in methods section, even though resources should be
allocated by hospital managers to this task. Although manually surveillance could be potentially
a source of errors, there is no best available system for PVCR-BSI surveillance to our
knowledge. Furthermore, our hospital belongs to a network of health-care infections
surveillance system, the VINCat Program[14]. Since 2007, more than 50 centers perform
continuous prospective standardized surveillance of PVCR-BSI. Reports from the VINCat
program have shown that the incidence of PVCR-BSI in tertiary and secondary care hospitals is
much more common than previously expected[6]. Because catheter-related bloodstream
infections are considered currently the most preventable healthcare associated infections, it
seems essential to implement wide surveillance of vascular catheter related infections including
those caused by PVC in most centers[15][16][17].

Our preventive efforts were also focused on high evidence-based measures listed in Table I.
Introduction of 2% alcoholic chlorhexidine for skin antisepsis instead of povidone iodine and
standardization of the use of semi-transparent polyurethane sterile dressing for short
peripheral vascular catheter fixation was easily achieved across all hospital wards. Other

measures entailing high workload impact for nurses and incremental costs were implemented
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after careful revision of our own data including a debate within the infection prevention team
members and the approval of the Hospital Infection Control Committee. These major
changes introduced in 2003 included the use of sterile gloves for catheter insertion and
mandatory scheduled replacement of short peripheral catheters within 2 days for catheters
placed in emergency department and within 3 days for catheters place at hospital wards.
Regarding the use of gloves, guidelines still recommend the use of non-touch technique and
clean non-sterile gloves for PVC insertion[11]. The reasons to establish mandatory use of
sterile gloves during aseptic insertion technique in our hospital were multiple; the high
incidence rate of PVCR-BSI observed in our hospital and the frequency of failure in
preserving non-touch technique during catheter insertion observed in our hospital and in

others, even after training[18].

The evidence that the majority of infections occur within 4 days of insertion, particularly in
catheters placed in the emergency department probably area under poor aseptic conditions,
and the high frequency of S.aureus, commonly found in human skin flora, represents a
convincing evidence of contamination during PVC insertion[9]. Furthermore, non-sterile
gloves available to healthcare workers for catheter insertion are frequently contaminated by
environmental organism including S. aureus[19] . For all these reasons the insertion of PVC
into the bloodstream system should be done in our opinion with the highest standard of care

including sterile gloves.

The scheduled replacement of PVC was introduced in our hospital from 2003 to 2013. The
resite of short PVC within 72 hours of placement is still a cause of debate
worldwide[3][20][21]. There is no consensus on the optimal time point for PVC change, or whether
catheter replacement is required at all, although there is currently an increasing trend towards
clinically indicated replacement. No firm recommendation regarding scheduled replacement
was performed in the current CDC guidelines[11] and by the Cochrane revision[19]
although most of studies found that the median dwell time from insertion to bloodstream
infection for PVC particularly for S. aureus infections was equal or more than 4 days[9]
Randomized studies analysing the risk of bloodstream infections have shown no benefit of
replacing PVC every 72h compare to unscheduled replacement [20]. However, these results
should be analysed with caution. Although the incidence of PVCR-BSI appears low
compared to CVC the absolute numbers of PVCR-BSI could be high[3] Catheter
replacement within 48 hours for catheters placed in the emergency department and within 72
hours for catheters placed at hospital wards has been highly reached in our hospital
according to data showed in table Ill. This measure has significantly contributed to the

reduction of PVCR-BSI rates in our hospital during the period it has been implemented.
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The hospital policy of scheduled replacement of peripheral catheters placed in hospital wards
changed in 2013 after the introduction of a closed safety peripheral intravenous catheter system
into the clinical practice[22] The material of the catheter is a determining factor in the
development of phlebitis[23] and the introduction of new catheter materials could be important
to decrease the risk of phlebitis and bloodstream infections. All the current information comes
from last decade [24],[25] although the risk of adverse events could be different according
to the different type and design of peripheral catheters currently available. The
unscheduled catheter replacement since 2013 allowed us to improve the patient's well-
being, a reduction in invasive procedures and a decrease in the nurse workload preserving the

reduction of PCVR-BSI obtained previously.

Finally, educational campaigns performed by members of the infection prevention team
explaining changes at all hospital wards were early introduced in 2003. It was considered
essential to explain the reasons for protocol changes to all front-line professionals. Later, ward
rounds were regularly performed to review the implementation of control measures followed by
a dialogue of problems observed during these rounds. This practice established an interaction
between leads of the infection prevention team and healthcare workers from wards that was
considered essential to achieve all the changes proposed[26]. The immediate feedback of results
to ward nurse personnel every time that a case of PVCR-BSI was detected, with a root-cause
analysis, allowed us to raise awareness of the problem and the need to implement at maximum
the prevention measures, since attending nursing staff were infrequently aware of PVCR-BSI

because this information were not usually translated from medical team to nurse ward team.

It is also important to recognize the limitations of our study. This study has been carried out
in a single center and although the characteristics of PVCR-BSI are similar to those observed
in other centers, the frequency of infections and the impact of measures could vary. It is also
important to recognize that some of the applied measures did not fullfill the current clinical
practice guidelines for PVC management, although they have been considered to have been
highly effective in our environment. Also, when different prevention measures are applied
simultaneously it is difficult to distinguish which of them has been more effective. On the
other hand, one of the main strengths of our study is the prolonged period of study, the high
number of cases evaluated and the high understanding of this problem by the experienced
team of infection prevention. In conclusion, PVCR-BSI is a much more common problem in
hospitals than previously suspected, involving high morbidity and mortality rates. The

implementation of a multimodal strategy and continuous assessment of performance
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conduced to a sustained reduction of PVCR-BSI. This reduction had a major impact among

S.aureus associated PVCR-BSI rates and mortality.
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Table I: Bundle of intervention applied sequentially in BUH to prevent PVCR-BSI.

LEVEL OF
PERIOD INFECTION CONTROL INTERVENTION
EVIDENCE
Daily meetings of the ICT with
Continuous surveillance IA
microbiology team
of PVCR-BSI
Review of the encountered episodes
IA
of PVCRBSI
Unresolved
Introduction of the sterile gloves
issue
Reinforcement of aseptic care
1B
technique
Schedule replacement of peripheral Unresolved
Implementation of the | catheters issue
Bundle of measures Skin antisepsis with alcohol base
(70%) solution of IA
chlorhexidinegluconate (0.5%)
Unresolved
Extension tube
issue
2003-2005
Semi-permeable dressings for
1A
catheters site
Constant meetings and training
1A
sessions for healthcare workers
Revision of the hospital guidelines
1A
Healthcare workers for prevention of PVCR-BSI
training Pocket Cards guidelines for hospital
1B
staff
Wallpapers of guidelines for the
insertion of peripheral vascular IB
catheters
Notification to ward staff and
Feedback System discussion with nurse ward team I
after each case of PVCR-BSI
Upgrade skin antisepsis | Skin antisepsis with alcohol base 1A
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(70%) or solution of
chlorhexidinegluconate (2%)
2006-2009 Flushing Introduction of pre-filled syringes v
Upgrade the type and Introduction of the Closed IV
2010-2016 the guidelines for the Catheter system c
catheters in use Unscheduled replacement IB
Table I1: Clinical epidemiology and microbiology of PVCR-BSI
Variables 2003-2005 | 2006-2009 2010-2016 Overall
N=71 N=78 N=78 N=227
Male 44 (62%) 55 (70.5%) 57 (73.1%) 156 (68.7%)
Age >65 38 (53.57%) | 58 (74.4%) 51 (65.4%) 147 (64.8%)
Area
Medical 51 (71.8%) | 35 (44.9%) 38 (48.7%) 124 (54.6%)
Surgery 20 (28.2%) | 43 (55.1%) 40 (51.3%) 103 (45.4%)
Median (1Q) dwell 4 (1Q:3-6) 4 (1Q:3-7) 5 (1Q:3-6) 4 (1Q:3-6)
time
(Insertion to BSI)
Microorganisms
Gram positive 63 (88.7%) | 55 (70.5%) 55 (70.5%) 173 (76.2%)
Gram negative bacili 9 (12.7%) 22 (28.8%) 21 (26.9%) 52 (22.9%)
Staphylococcus 41(57.7%) 39 (50%) 35 (44.9%) 115 (50.7%)
aureus
MSSA (a) 34 (47.9%) | 36 (46.6%) 28 (35.9%) 98 (43.2%)
MRSA (b) 7 (9.9%) 3 (3.8%) 7 (9%) 17 (7.5%)
Coagulase negative 22 (31%) 15 (19.2%) 19 (24.4%) 56 (24.7%)
staphylococci
Enterococcus spp 0% 1(1.3%) 1(1.3%) 2 (0.9%)
A.baumannii (c) 0% 3 (3.8%) 1 (1.3%) 4 (1.8%)
P.aeruginosa (d) 0% 1(1.3%) 2 (2.6%) 3 (1.3%)
Candida spp 0% 1(1.3%) 0% 1 (0.4%)
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Charlson > 4 45 (63.4%) 32 (41%) 33 (42.3%) 100 (48.5%)
30 days mortality 15 (21.1%) | 10 (12.8%) 5 (6.4%) 30 (13.21%)
(episodes)/10,000 pt-
days
(@) Meticillin susceptible S. Aureus
(b) Meticillin-resistant S. Aureus
(c) Acinetobacter baumannii
(d) Pseudomonas aeruginosa
Table I11: Assessment of PVC care
Assessment of PVC catheter care
2011 2012 2013 2014 2015 2016
(n=492) (n=490) (n=487) (n=495) (n=485) (n=669)
ED' 65 62 68 63 51 64
placement (13.21%) (12.65%) (13.96%) (12.72%) (10.51%) (9.56%)
48h 56 55 64 62 49 62
Replacement (86.15%) (88.7%) (94.11%) (98.41%) (96.07%) (96.87%)
HW? 427 428 419 432 434 605
placement (86.79%) (87.35%) (86.04%) (87.28%) (89.49%) (90.44%)
72h 407 406 409 420 418 603
Replacement (95.31%) (94.85%) (97.61%) (97.22%) (96.31%) (99.66%)
Dressing 475 477 479 481 476 660
(96.54%) (97.34%) (98.35%) (97.17%) (98.14%) (98.65%)
Catheter site 470 468 470 476 474 655
(95.52%) (95.51%) (96.5%) (96.16%) (97.73%) (97.90%)
Extension tube 472 473 471 482 479 655
(95.93%) (96.53%) (96.71%) (97.37%) (98.76%) (97.90%)
Absence of 489 488 486 492 484 666
phlebitis (99.39%) (99.59%) (99.79%) (99.39%) (99.79%) (99.5%)
Absence of 489 489 487 495 485 669
extravasation (99.39%) (99.79%) (100%) (100%) (100%) (100%)
Clinical chart 483 483 481 490 479 668
registration (98.17%) (98.57%) (98.76%) (98.98) (98.76%) (99.85%)
TOTAL 95.8% 96.36% 97.72% 98.08% 98.19% 98.79%
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1. ED: Emergency Department
2. HW: Hospitalization Ward

Figure 1: Mean days of catheterization
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Figure 2: Episodes of PVCR-BSI and rates per 10000 hospitalizations from 2003 to
2016.
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Figure 3: S.aureus associated with PVCR-BSI episodes and rates per 10000
hospitalizations from 2003 to 2016.
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Figure 4: Mortality episodes and rates per 10000 hospitalizations from 2003 to 2016.
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Legends

Figure 1a: the bars represent the observed episodes of PVCRB and the lines show the
observed rates by 10.000 hospitalizations.

Figure 1b: In red, observe the rates and in blue the predicted ones by a Poisson
regression model. Estimated risk rate per one year increase is 0.92 (95%CI: 0.90-0.96)
representing a statistical significant reduction of 8% on PVCRB rate per year.

Figure 2a: the bars represent the observed episodes of S.aureus and the lines show the
observed rates by 10.000 hospitalizations.

Figure 2b: In red,we observe the rates and in blue the predicted ones by a Poisson
regression model. Estimated risk rate per one year increase is 0.91 (95%CI:0.86-0.96)
representing a statistical significant reduction of 9% on S.aureus rate per year.

Figure 3a: the bars represent the observed episodes of mortality and the lines show the
observed rates by 10.000 hospitalizations.

Figure 3b: In red, we observe the rates and in blue the predicted ones by a Poisson
regression model. Estimated risk rate per one year increase is 0.82 (%95CI:0.74-0.91)
representing a statistical significant reduction of 18% on mortality rate per year.
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SUMMARY

Background

Vascular catheter-related bloodstream infection (CRBSI) is currently considered the
most preventable hospital-acquired infection and a major threat for patient safety.
While we have much information regarding the epidemiology and outcomes of
CRBSI among Intensive Care Unit (ICU) patients, data is scarce in non-ICU patients.
Obijective: To determine risk factors for 30-days mortality among non-ICU patients
with hospital-acquired CRBSI.

Methods and Study Design: Prospective cohort study of non-ICU patients with
nosocomial CRBSI. Setting and period of study: Tertiary-care centre, from January
2004 to December 2014. Main outcome: Crude mortality defined as death of any
cause within 30 days of CRBSI. CRBSI follow-up: 30-days since data of BSI. Time
until death was the dependent variable in Cox regression analysis.

Findings: A total of 546 episodes of CRBSI were identified; mean age 64.5y
(IQR:55-75), 66% males and mean Charlson score 3.59 (IQR:2-5). Among all,
58.4% carried a central venous catheter and 41.6% peripheral venous catheter.
Gram-positive cocci caused 70.1% of episodes, Gram-negative bacilli 31.1% and
Candida spp.1%. Mortality within 30 days occurred in 76 of 546 patients (13.9%).
Charlson score >4 (HR:1.80; 95%CI:1.19-2.73), Staphylococcus aureus infection
(HR:2.67; 95%CI:1.61-4.43) and Candida spp. (HR:6.1; 95%CI:2.08-18.04) were
identified as independent risk factors for CRBSI mortality, while age, area of
admission, type, use and place of vascular catheter, and appropriate empirical
antibiotic treatment were not.

Conclusion: Nosocomial CRBSIs in patients outside ICUs carry a high risk of death
particularly among those patients with higher Charlson score and bloodstream

infection caused by S. aureus and Candida spp.
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INTRODUCTION

Vascular catheters are the most commonly used medical devices in hospitals™*>,
According to a large European prevalence study’, almost 55% of hospitalized
patients carried a vascular catheter during the study and virtually all of them needed
one or more vascular catheters during their hospitalization. Although in non-
intensive care units (ICUs) catheter utilization is lower than in ICUs, the total burden
of vascular catheters in use is higher in the non-ICU setting.

Adverse events related to vascular catheterization are frequent. Catheter-related
bloodstream infection (CRBSI) are among the most serious complications, causing
high morbidity, mortality and a rise in hospital costs®. The incidence of CRBSI varies
according to type and characteristics of the vascular catheter and the insertion site®.
Rates of CRBSI are higher for central venous catheters (CVCs) than for peripheral
venous catheters (PVCs)’, although given the number of patients exposed to PVCs,
the absolute number of PVC-BSI can be significant. Remarkably, CRBSI has
become the most preventable cause of healthcare-related infections® and in fact, over
the last decade, the implementation of a bundle of interventions to prevent CRBSI
has led to a significant and sustained reduction in the incidence of CRBSI,
particularly in 1ICUs®*°,

While most studies have focused on the epidemiology of CRBSI, particularly
CVC-related bloodstream infections in the ICU setting, little information is available
on the epidemiology and outcomes of CRBSI outside ICUs. The objective of this

study was to determine the risk factors for mortality among patients with nosocomial

CRBSI in non-critically-ill patients hospitalized in medical and surgical wards.
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METHODS
Setting
The Bellvitge University Hospital is a 700-bed tertiary teaching hospital located in the
Barcelona area, Spain. Each year, an average of 28,000 patients are admitted (around
340,000 patient-days) in 31 specialty units, 9 medical and 22 surgical wards for a mean
length of hospital stay of 8.5 days. Patients with previously diagnosed haematological
or solid malignancies as a cause of admission are transferred to a specific cancer
healthcare setting.
Study design and patients population
A prospective cohort study of all consecutive episodes of nosocomial CRBSI diagnosed
in hospitalized adult patients during admission on medical and surgical wards,
excluding ICUs, was performed from January 2004 to December 2014. Throughout the
study period, CRBSI surveillance was performed by daily meetings of the Infection
Control Team with members of the Microbiology Department.

Episodes of bacteraemia were reported daily from the microbiology laboratory.
Patients were visited in wards and those who fulfilled criteria for nosocomial CRBSI
were followed for 30 days from the onset of the CRBSI and included in a standardized
protocol for further analysis. Removal of a transient vascular catheter with suspected
infection is a routine practice in our hospital. Isolates considered contaminants were not

the subject of this study.
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Definitions

CRBSI was diagnosed in any patient with clinical signs and symptoms of sepsis
according the definition of the Infectious Diseases Society of America (IDSA)
when a growth of concordant bacterial species in a semi-quantitative tip culture and
blood culture was observed, without another obvious source of the bacteraemia.

In the absence of a catheter tip culture, the diagnosis of CRBSI required either
of the following conditions: i) phlebitis, or ii) clear resolution of clinical symptoms
after catheter withdrawal and a careful exclusion of an alternative explanation for
bacteraemia. For common skin microorganisms such as coagulase-negative
staphylococci (CoNS), at least two consecutive blood cultures were required with the
same species and identical susceptibility pattern to indicate possible CRBSI.

Co-morbidity was measured using the Charlson score, as described elsewhere
12 The Charlson score was dichotomized for the purpose of the analysis into two
categories: < 4 and >4 points. Days since insertion was defined as the dwell time
from catheter insertion until removal and it was also dichotomized into <4 and >4
days. The empirical antibiotic was defined as the one administered within 48 hours
of the date on which the first positive blood culture was drawn, and it was considered
appropriate if the strain was susceptible to at least one of the antibiotics administered
according to the current Clinical and Laboratory Standards Institute (CLSI)
breakpoints™.

Mortality was defined dichotomously as death occurring from any cause within
30 days of the onset of CRBSI. Patients who remained admitted at the hospital after
30 days of CRBSI were counted as alive. Attributable mortality was not recorded to

avoid subjectivity in determining cause of death.
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Microbiology identification and susceptibility testing
Two sets of two blood samples were collected from patients with a suspected
bloodstream infection. The blood samples were processed using a BACTEC 9240
system (Becton-Dickinson Microbiology Systems, New Jersey, USA), with an
incubation period of 5 days at 35°C before being discharged. If bacteria were observed
after microscopic Gram stain examination, blood bottles were subcultured onto
Chocolate agar plates.

Catheter tips were cultured after removal, as described elsewhere **. The tip was
rolled 3 to 4 times on a blood agar plate, which was incubated at 37°C for 48 hours and
then analysed. The presence of > 15 colony-forming units was considered evidence of
local catheter infection. The identification and antibiotic susceptibility of Gram-negative
bacilli (GNB) and Enterococcus spp. were performed using commercial panels from the
MicroScan system (Beckman Coulter, Inc). Viridans group streptococci (VGS) were
identified using standard methods *°. Antibiotic susceptibility testing to determine the
minimal inhibitory concentration (MICs) was performed by a microdilution method
using commercial panels from Sensititre TM system (TREK Diagnostic Systems Ltd).
Identification of other Gram-positive cocci (GPC) including CoNS was performed using
standard methods and antibiotic susceptibility was determined using a disc diffusion
method, according to the recommendations of CLSI. EUCAST and/or CLSI criteria
were used to define susceptibility or resistance to antimicrobial agents ***°.

Statistical analysis
Continuous variables were compared using Student’s t-test or the Mann-Whitney U-
test as appropriate. Qualitative and stratified continuous variables were compared
using Fisher’s exact test or Pearson’s chi-squared test. Relative risks were calculated

with 95% confidence intervals in univariate analysis. Time until death was the
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dependent variable in Cox regression analysis and was surveyed for 30 days after the
onset of bacteraemia. Statistical significance was established at a<0.05. All the
variables that achieved a p value of <0.05 in the univariate analysis were included in
multivariate analysis. The chi-squared test for trend in proportions was performed to
determine significant variations in mortality during the study period.

For variables significantly associated with mortality, a Kaplan-Meier curve was
plotted to show the survival probabilities at 30 days. All the analysis was performed

using SPSS software v.15 (SPSS Inc., Chicago, Illinois, USA).

Ethical issues
The study was approved by the Ethics Committee at the Bellvitge University
Hospital (reference: PR324/15). Informed consent was waived by the Clinical

Research Ethics Committee.

RESULTS
Characteristics of episodes
During the study period, 546 episodes of CRBSI were diagnosed in 537 non-ICU
patients: 297(54%) in surgical wards and 249(46%) in medical wards. The infection
rate was 0.23/1,000 patient days. The characteristics of the episodes are summarized
in Table 1. Mortality was observed in 76 of 546 episodes (13.9%) and did no vary
significantly during the study period. Mortality rates varied according to the presence
of co-morbidities, type of ward, type of catheter, place of insertion and aetiology
(Table ).

The univariate analysis of factors associated with mortality is shown in Table I.

Significant factors associated with higher mortality were age >65 years, Charlson
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score >4, and admission to medical wards, S. aureus or Candida spp. infections. The
Cox regression analysis (Table II) identified a Charlson score >4 (HR:1.80;
95%CI:1.19-2.73), Staphylococcus aureus infection (HR:2.67; 95%Cl:1.61-4.43)
and Candida spp. (HR:6.1; 95%CI:2.08-18.04) as independent mortality risk factors.
Figure 1, shows the Kaplan-Meier survival curves for Charlson score > 4, S. aureus,
and Candida spp. that were statistically significant factors associated with mortality

in the bivariate analysis.
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DISCUSSION

The main findings of our study are that CRBSI outside ICUs is frequent and entails
significant mortality, essentially related to patient co-morbidities and aetiology.
Several surveillance studies have suggested that CRBSI rates could be similar in both
ICU and non-ICU settings *"*®. Most studies analysing mortality in patients with
CRBSI have been conducted in ICUs and focused on CVVC™. Mortality attributed to
CVC infections in 1ICUs varies widely depending on type of ICU and severity of the
underlying disease, ranging from 20% to 50%"°. Notably, patients with CRBSI were
twice as likely to die as patients without CRBSI, after controlling for other hospital-
acquired infections and APACHE 11 scores®. In contrast, in non-ICU settings, few
studies are reported and the number of cases included in the studies is limited. Few
studies performed outside ICUs addressed CVC and did not include CRBSI caused
by short PVVC. However, BSI related to short PVC is an important under-recognised
problem among non-ICU patients and a significant cause of mortality %
Furthermore, rates of CRBSI and mortality outside ICUs are often underestimated
when hospital-wide surveillance does not include all types of venous catheters, both
central and peripheral.

A few studies reporting mortality caused by CRBSI have been done outside
ICUs. A study performed in an 880-bed tertiary teaching hospital focused on central
line infections found a CRBSI rate of 0.35/1,000 patient days and a mortality rate of
18.3% 2. This rate of mortality was slightly higher than what we observed, because
patients with underlying malignancy and neutropenia were included; whereas in our
case, those patients were usually transferred to a specific cancer facility. Differences
in the rate of mortality among ICU and non-ICU patients could be attributed to the

more critically clinical status of ICU patients.
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Little is known about the factors contributing to CRBSI mortality in non-ICU
patients, with few studies having addressed this important issue. The Cox regression
analysis identified a Charlson score>4, S. aureus infection or Candida spp. as
independent predictive factors for CRBSI mortality; while type of catheter, place of
insertion and appropriate empirical antibiotic therapy were not identified as independent
predictive factors. The Charlson score was developed as a prognostic index to predict 1-
year mortality among patients admitted to the medical service of an acute care
hospital?*.Our multivariate analysis showed that a Charlson score > 4points was an
independent risk factor for mortality among the non-ICU patients with CRBSI. In these
patients the mortality rate was 43%.

In our study, we identified S. aureus as the microorganism most frequently
associated with higher mortality among non-ICU patients, with a mortality rate of 23%.
Our results correlate with various studies where S. aureus has been reported to be
associated with mortality rates ranging from 15% to 60% . Although only few cases
of CRBSI caused by Candida spp. were identified, the mortality rate was as high as
57%, making these yeast species one of the main independent mortality risk factors.
Catheter-related bloodstream caused by Candida spp. are more common among ICU
patients, where many studies show rates that vary between 36% and 61% 2°2’. In our
study, among non-ICU patients, the rate of CRBI due to Candida spp. was 1%; a figure
much lower than other observations. For instance, a surveillance study conducted in the
USA showed rates of 12% of Candida spp. infections on four medical wards®.
Sustained low rates of catheter-related candidemia in our hospital could be attributed to

a strict antimicrobial stewardship policy applied since early 2000.
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Interestingly, we observed that none of the following factors was associated
with higher mortality: the type of catheter, the central compared to peripheral place
of insertion and the administration of an inadequate empirical antibiotic therapy.

Although this prospective study covers a large population over a prolonged
period of time, it has some limitations that should be acknowledged. The study was
performed at a single university hospital; this could mean that our data cannot be
extrapolated to other hospitals. In addition to the characteristics of our patients, the
frequency of catheter use and the frequency of S. aureus infections may be different
from those observed in other facilities, and thus these factors could account for the
results observed in our study
As a final remark, the results of our study reinforce the importance of implementing
programs for the control of CRBSI in non-critically ill patients, as is the case for
critically ill patients. These programs have been successfully implemented in
different scenarios and could lead to a reduction in CRBSI mortality?**°.

In conclusion, great attention should be paid to non-ICU patients with CRBSI, a high

Charlson score and S. aureus or Candida spp. aetiology.
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Table I: Predictive factors for mortality due to CRBSI (univariate analysis)

Overall Alive Dead P value (*)
N=546 (%) n=470 (%) n=76
(%)
Age (>65y) 306 (56) 255 (54.3) 51 (67.1) | 0.046
Male gender 358 (66) 307 (65.3) 51 (67.1) | 0.796
Charlson score >4 244 (44.9) 193 (41.3) 51 (67.1) | 0.001
Area of Admission:
Medical ward 249 (45.6) 204 (43.4) 45 (59.2) | 0.013
Surgical ward 297 (54.4)
Days since insertion<4 81 (14.8) 71 (15.1) 10 (13.2) | 0.405
Use of catheter
Fluid, medication 351 (64.3) 300 (63.8) 51 (67.1) | 0.117
Parenteral nutrition 115 (14.7) 105 (22.3) 10 (13.2) | 0.218
Haemodialysis 80 (14.7) 65 (13.8) 15(19.7) | 0.105
Type of catheter:
Peripheral 227 (41.6) 200 (42.6) 27 (35.5) | 0.466
Short peripheral 134 (25.1) 114 (24.9) 20 (26.7) | 0.467
Midline 63 (11.8) 57 (12.4) 6 (8) 0.284
Central 319 (58.4) 270 (57.4) 49 (64.5) | 0.152
Subclavian 105 (19.2) 90 (19.1) 15 (19.7) | 0.876
Jugular 97 (17.8) 84 (17.9) 13(17.1) | 1.000
Femoral 64 (11.7) 52 (11.1) 12 (15.8) | 0.249
PICC 52 (9.5) 43 (9.1) 9(11.8) |0.526

Type of microorganisms
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Gram-positive bacteria 383 (70.1) 321 (68.3) 62 (81.6) | 0.021
g?izoard 95%ClI P value

Charlson score >4 1.803 1.19-2.73 0.005
Staphylococcus aureus 212 (38.8) 163 (34.7) 49 (64.5) | 0.001
MRSA 41 (7.5) 26 (5.5) 15 (19.7) | 0.001
MSSA 171 (31.3) 137 (29.1) 34 (44.7) | 0.008
Coagulase-negative staphylococci | 150 (27.5) 142 (30.2) 8(10.5) |0.001
Enterococci 25 (4.6) 20 (4.3) 5 (6.6) 0.373
Gram-negative bacilli 170 (31.1) 154 (32.8) 16 (21.1) | 0.045
Klebsiella pneumoniae 42 (7.7) 40 (8.5) 2 (2.6) 0.070
Pseudomonas aeruginosa 38 (7) 31 (6.6) 7(9.2) 0.463
Acinetobacter baumannii 10 (1.8) 10 (2.1) 0(0) 0.371
Candida spp. 7(1.3) 3(0.6) 4 (5.3) 0.009
Appropriate treatment 331 (61.6) 282 (60.9) 49 (66.2) | 0.440

SD: standard deviation, PICC: peripherally inserted central catheter, MRSA: methicillin-
resistant staphylococcus aureus, MSSA: methicillin-sensitive Staphylococcus aureus,
Candida spp.: Candida species, *P-value refers to the comparison betweenaliveand

dead.

Table I1: Multivariate analysis for mortality (Cox-regression)




116

S. aureus

2.673

1.61-4.43

<0.001

Candida. spp.

6.133

2.08- 18.04

<0.001

S.aureus: Staphylococcus aureus, 95%Cl:

95%confidence interval

Candida. spp.: Candida species,

Figure 1

- H
4 i
] i
5 067 i
« &
o
2
s
=
g
3 047
o
Log Rank =.015
0,2
00 T T T T T T
5 10 15 20 25 0
Days
= = "
2 - s
> *=y >
5 06 i 5 06
@ : ] Bt
o ! o 1
2 i 2 i
] ' ] '
= * -] !
: 2 e
S 04 5 04
o o
Log Rank <.001 Log Rank =012
0,27 . 0,2
0, T 0o T T T T
0 5 10 15 20 25 30 5 10 15 0 25 a0
Days Days

A: Charlson score (>4) B: Staphylococcus aureus CRBSI. C: Candida spp.CRBSI.



117

Legends
Figure 1: Kaplan-Meier survival curves for Charlson score > 4, S. aureus, and

Candida spp. that were statistically significant factors associated with mortality in the
bivariate analysis.
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Summary

Background: Short-term peripheral venous catheters are a significant source of
health-care acquired bloodstream infections and a preventable cause of death.

Aim: To assess the effectiveness of interventions applied to reduce the incidence and
mortality associated with short peripheral venous catheter-related bloodstream
infections (PVCR-BSI).

Methods: The intervention included continuous PYCR-BSI surveillance,
implementation of preventive measures related to catheter insertion and maintenance
in accordance with evidence-based recommendations and the hospital's own data,
front-line staff educational campaigns, and assessment of adherence to hospital
guidelines by ward rounds. A Poisson regression model was used to estimate the trend
of raie per year.

Findings: From January 2003 to December 2016, 227 episodes of PVCR-BSI were
identified among hospitalized patients at a university hospital. Mean age: 67y (S0;
+14y), 69% males and median Charlson Score: 3 (interquartile range: 2-5). Among all,
Staphyiococcus aurens caused 115 (50.7%) episodes. Thirty-day mortality was 13 2%.
After the implementation of the intervention, incidence decreased significantly from 30
episodes (1.17 episodes/ 10,000 patient-days) in 2003 to eight (0.36M10 000 patient-
days) in 2016. Episodes caused by 5. aureus fell from 18 in 2003 (0.70/10,000 patient-
days) to three in 2016 (0.14M10,000 patient-day) and mortality fell from seven cases in
2003 (0.27/10,000 patient-days) to Zero in 2016 (0.00 10,000 patient-days).
Conclusions: Surveillance, implementation of a multimodal strategy and periodical
assessment of healthcare personnel adherence to hospital guidelines led to a
sustained reduction in PAVCR-BSIs. This reduction had a major impact on 5. aureus-
B3l rates and associated mortality.

Keywords: Short peripheral venous catheter, bloodstream infections, catheter-related
blocdstream infection, mortality, PVCR-BSI1, 5.aureus bloodstream infections
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INTRODUCTION

Short-term peripheral venous catheter (PYC) is the most common medical device used
in hospitals and a significant source of nosocomial bloodstream infections [1,2].
Despite vast clinical experience using peripheral catheters, significant controversy
remains regarding the incidence and clinical impact of peripheral venous catheter
related-hloodstream infections (PYVCR-BS1s) and regarding the design of measures to
prevent them [3].

According to prevalence studies, more than 70% of hospitalized patients have a
vascular catheter in situ on the day of the study and practically all have received one or
mare PVCs at some point during their hospital admission [4] Furthermore, the use of
P (Cs has spread significantly throughout the health-care system and has now
extended to long-term care facilities and home care. Because of the large number of
patients at risk, the likelihood of developing an unintended vascular catheter-related
adverse event is now much higher than ever before. Significantly, according to data
provided by surveillance programmes, PYCR-BSIs may be responsible for almost a
guarter of vascular catheter-related bloodstream infections [5,6]

Although less frequent than central venous catheter (CVC)-related bloodstream
infections, PYCR-BS| have distinctive characteristics [7] Diagnosis is often challenging
because of the early onset of infections after catheter insertion and because catheter
fip culture is rarely performed when the catheter is removed for phlehitis or the
suspicion of infection [8] Consequently, the diagnosis of PVCR-BSI is often delayed, or
it is misdiagnosed as an infusion-related phlebitis until clinical symptoms of sepsis are
evident and blood culiures are finally taken. This delay in diagnosis may have clinical
repercussions since the most frequent aetiology i1s Staphylococcus aurews, which has a
high mortality rate [9,10]

Guidelines for the prevention of vascular catheter infections focus mostly on CVC, and
s0 preventive measures for PYC have been inferred from CVC recommendations.
Among PVC recommendations, several are based on low quality evidence and the
value of others remains unclear [11]. This is because the great majority of catheter-
related B3ls surveillance programmes have been limited to collecting data for CVC-
related bloodsiream infections and have systematically ignored cases caused by PVC.
Thus, the information available on PYCR-BSI is much more resfricted or has passed
unnoticed.
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Since the introduction of an active surveillance programme of vascular catheter-related
BSls at our hospital in 2003, we have recorded a high number of episodes of PVCR-
BSl. These episodes develop within a few days of the insertion of PVCs in the
emergency department or in hospital wards, entailing high mortality [7]. This situation
led us to design a preventive intervention based on published guidelines and on the
analysis of our hospital's own data. Over time, new preventive strategies and new
technologies have been introduced in order to reduce catheter infection rates still
further.

The aim of this study is to examine the effectiveness of this multimodal strateqy applied
at our centre to prevent PVCR-BSIs over a 14-year period.
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METHODS

Study design

The Bellvitge University Hospital is a 700-bed tertiary university hospital located in
Barcelona, Spain. A mean of 27,000 patients (about 220,000 patient-days) are
admitted each year in 37 hospital wards. In 2017, the mean length of hospital stay was
a4 days. A prospective, longitudinal cohort study was conducted from January 2003
to December 2016, including all adult hospitalized patients with nosocomial PVYCR-BSIL
Surveillance of PVCR-B5I1 was standardized throughout the study period and
performed in real-time by daily meetings between the infection prevention team,
infectious diseases staff and microbiologists following confirmation of a bloodstream
infection by members of the Microbiology Depariment. All episodes of bloodstream
infections were reported daily by microbiologists, and patients were visited in the wards
to assess the diagnosis of PVCR-BSI. Episodes were recorded in a specific database
and patients were followed until thirty days after bloodsiream infection or death.

Definitions

PVCR-BSI was diagnosed according to a slightly modified CDC definition, in 3
sugagestive clinical condition, when the growth of concordant bacterial species in a
semi-guantitative tip culture and percutaneously drawn blood culture was obsenved,
without another apparent source of bacteraemia (12). In the absence of a catheter tip
culture, the diagnosis of PYCR-BSI required one or more of the following conditions: a)
philebitis, b} clear resolution of clinical symptoms after catheter withdrawal, and c)
careful exclusion of an alternative explanation for bacteraemia. For commaon skin
microorganisms such as coagulase negative staphylococc (CoMNS), at least two
consecutive blood cultures were required. Mortality was considered when it occurmred
due to any cause within 30 days of the onset of PVCR-BSI.

From 2003 to 2016, the following main outcomes were assessed on a yearly basis: rate
of PVYCR-BSI (number of PVCR-BSI episodes/10,000 patient-days), rate of
Staphylococeus avreus PVCR-BSI (number of 5. aureus PYVCR-BSI episodes/10,000
patient-days), and rate of mortality within 30 days of the onset of the PVCR-BSI
(number of patients who died within 30 days of the episode of PYCR-BSIM0,000

patient-days).
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Interventions

The Infection Prevention Team has full responsibilities reganding the prevention and
control of vascular catheter-related infections. Since 2003, we have been aware of a
high incidence of PYCR-BSI in our hospital. To establish the most important
characteristics and to outline the control measures, we camied out a detailed analysis
of the episodes [7]. After this, a PVCR-BSI prevention sirategy was introduced in a
stepwise manner and modified according to the surveillance results and newly
published evidence-base measures. The measures applied dunng the study period are
displayed in Tahle |. The approaches included the following steps: a) prospective and
continuous PYCR-BSI surveillance, b) implementation of a specific bundle for insertion
and maintenance of PYC according to evidence-based recommendations as well as
the hospital's own data, ¢) educational campaigns targeted at front-line staff,
particularly nurse wards, same-day notification of the PVCR-BSI case to the nurse
ward supernvisor via an electronic form, and d) assessment of adherence to preventive
strategies by periodical ward rounds performed by a trained infection prevention
member who inspected all peripheral vascular catheters, focusing paricularly on
maintenance (insertion site, catheter dressing and connectors), the day, and the arsa
of catheter placement and replacement according to hospital guidelines. The results of
the observations were given on the same day to the nurse ward supervisor and
discussed intermally in order to improve catheter care.

Statistical methods

Baseline characteristics of patients were described using means and standard
deviation for continuous variables and frequencies for categorical variables. To test the
rate trend per year, a Poisson regression model was estimated. The number of events
(PVCR-BSI, 5. aursus PYCR-BS| and mortality) was the model's dependent variable
and hospitalization days was the offset vanable. From the model, the incidence rate
ratio per year was reported and interpreted as the annual rate increase or decrease.
Statistical significance was set at 0.05. All analyses were performed with R version
341

Ethical issues

The study was approved by the Ethics Committee at the Bellvitge University Hospital
ireference: PR324/15). The need for informed consent was waived by the Clinical
Research Ethics Committee.
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RESULTS

From January 2003 to December 2016, 227 episodes of PVCR-BSI were identified
among hospitalized patients at a university hospital. Mean age: 67y (S0: +14y), 69%
males and median Charlson Score: 3 (interquariile range: 2-5). Charactensiics of
patients and episodes are summarized in Table 1. Median PVC dwell time from
insertion to bloodsiream infection was 3 days (inferquartile range: 2-5) and did not vary
significantly over the study period (Figure 1). 5. aurets was responsible for 115
episodes (A0.7%) and mortality of PYCR-BS1 was 13.2%.

The PVCR-BS! incidence rates (number of episodes per 10.000 hospital-days) from
2003 to 2016 are shown in Figure 2. After implementing the prevention programme, the
incidence rate of PYCR-BSI fiell from 30 episodes {(1.17 episodes per 10,000 patient-
days) in 2003 to eight (0.34 episodes per 10,000 patient-days) in 2016 with a
significant rate reduction of 8% per year (rate ratio of 0.92 per year, 95%C1:0.90-0.96).
Diata on the trends of PVCR-BS1 caused by 5. aurews are shown in Figure 3. The
ahsolute number of episodes due to 5. aurens fell from 18 episodes in 2003 (0.70
episodes per 10,000 patient-days) to three episodes in 2016 (0.14 episodes/10,000
patients-day) with a significant rate reduction of 8% per vear (rate ratio of 0.91 per
year, 95%CI:0.86-0.96). Mortality rates over the study period are shown in Figure 4.
Mortality significantly decreased from seven episodes (0.27 episodes per 10,000
patients-days) in 2003 to zero in 2016 (figure 4) with a significant rate reduction of 18%
per year (rate ratio of 0.82 per year, $5%CI:0.74-0.91.

Compliance with hospital guidelines regarding catheter care in the wards was
assessed yearly. Data of catheter care observations performed during round wards are
available for the period 2011-2016 and are shown in Table [11.
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DISCUSSION

The present study sought to determine the impact of a multimodal strategy which
included a specific bundle for PVC insertion and maintenance to prevent PYCR-BSI. at
our university hospital. These measures were selected according to evidence-based
guidelines and on the hasis of a rational analysis of the hospital's own data. The
implementation of the multimodal strategy during the study period led to a significant
reduction in the incidence of PYCR-BSI and associated mortality.

The measures applied included continuous PVCR-B5I surveilllance, improvement of
PVC insertion and maintenance procedures, educational campaigns targeted at front-
line staff, particularly ward nurses, same-day nofification of PYCRI-BSIs and
assessment of adherence to prevention strategies by periodical ward rounds. The
significance of these measures needs to be discussed in detail

As PVCR-BSIs may represent a significant source of hospital-acquired vascular
catheter-related bloodstream infections, continuous surveillance is essential to gquantify
rates of infections and to identify the need for preventive measures; however, this
surveillance is still rarely performed for PVC [13] Although automated electronic
surveillance of healthcare-acquired infections is being implemented in many healthcare
systems, the accuracy of administrative code data for the detection of vascular
catheter-related infections is low [14] Therefore, in our study trained members of the
infection prevention team performed prospective surveillance of PVCR-BSI as
described in methods section, even though resources should have been allocated by
hospital managers to this task. Although manual surveillance is a potential source of
errar, to our knowledge there is no best available system for PYCR-BSI surveillance.
Furthermaore, our hospital is a member of a network of health-care infections
surveillance system, the VINCat Programme [15]. Since 2007, more than 50 centres
have performed continuous prospective standardized surveillance of PVCR-BS1
Reports from the VINCat programme have shown that the incidence of PYCR-BSI in
tertiary and secondary care hospitals is much higher than previously thought [6].
Because catheter-related bloodstream infections are currently considerad the most
preventable healthcare-associated infections, it seems essential to implement wide
surveillance of vascular catheter-related infections, including those caused by PVC [16-
18].

Qur preventive efforts were also focused on the evidence-hased measures listed in
Table . Introduction of 2% alceholic chlorhexidine for skin antisepsis instead of
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povidone iodine and standardization of the use of semi-ransparent polyurethane sterile
dressing for short peripheral vascular catheter fixation was easily achieved across all
hospital wards. Other measures entailing high workload for nurses and incremental
costs were implemented after careful revision of our own data and discussion among
the infection prevention team members, and with the approval of the Hospital Infection
Caontrol Committee. These major changes introduced in 2003 included the use of sterile
gloves for catheter inserion and mandatory scheduled replacement of short peripheral
catheters within two days for catheters placed in the emergency department and within
three days for catheters placed at hospital wards. Regarding the use of gloves,
guidelines still recommend the use of the non-touch technique and clean non-sterile
gloves for PVC insertion [11]. The reasons for establishing mandatory use of sterile
gloves during aseptic insertion in our hospital were multiple; the high incidence rate of
PVCR-B51 observed at our hospital and the frequency of the failure to presenve the
non-touch technigue during catheter insertion chserved at our hospital and at others,
even after training [19].

The fact that the majority of infections occur within four days of insertion, particularly in
catheters placed in the emergency department (where the aseptic conditions may he
poor), and the high frequency of 5. aurewus, commonly found in human skin flora,
provide convincing evidence of contamination during PYVC insertion [9] Furthermore,
the non-sterile gloves available to healthcare workers for catheter insertion are
frequently contaminated by environmental organisms including 5. avrevs [20]. For all
these reasons, the insertion of PVC into the bleodstream system should be performed
obsenving the highest standard of care, including the use of sterile gloves.

Scheduled replacement of PYC was infroduced in our hospital from 2003 to 2013. The
resiting of short PVC within 72 hours of placement is still a cause of debate worldwide
[3,21,22] There is no consensus on the optimal time point for PYC change, or whether
catheter replacement is required at all, although there is currently an increasing trend
towards clinically indicated replacement. Mo firm recommendations were included
regarding scheduled replacement in the current CDC guidelines [11] or in the Cochrane
revision [21] although most studies have found that the median dwell time from
insertion to bloodstream infection for PYVC, particularly for 5. aureus infections, was
four days or more [9]. Randomized studies analysing the risk of bloodstream infections
have shown no benefit of replacing PVC every 72h compared o unscheduled
replacement [21]. However, these results should be considered with some caution.
Although the incidence of PVYCR-BS5I appears low compared to CVC the absolute
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numbers of PYCR-BSI may be high [3] Catheter replacement within 48 hours for
catheters inserted in the emergency department and within 72 hours for catheters
inserted in hospital wards was reached in our hospital, according to the data shown in
table |ll. This measure has made a significant contribution to reducing PYCR-BSI rates
in our hospital since its implementation.

The hospital policy of scheduled replacement of peripheral catheters inserted in
hospital wards changed in 2013, after the infroduction of a closed safety peripheral
intravenous catheter system in our clinical practice [23] The material composing the
catheter is a determining factor in the development of phiebitis [24] and the introduction
of new catheter materials may help to decrease the risk of phlebitis and bloodstream
infections. All the currently available information comes from the last decade [25,26]
although the nsk of adverse events may differ according to the type and design of the
peripheral catheters currently available. Since 2013, unscheduled catheter replacement
has enabled us to improve patients’ well-being, reduce invasive procedures and
decrease nurse workload, while preserving the reduction of PCVR-BSI obtained
previously.

Finally, educational campaigns explaining the changes were performed in all hospital
wards by members of the infection prevention team were introduced early in 2003. It
was considered essential to explain the reasons for protocol changes to all front-line
professionals. Later, ward rounds were performed regularly to review the
implementation of the contral measures, followed by a discussion of the problems
identified during the rounds. This practice established a crucial interaction betwesn
heads of the infection prevention team and healthcare workers on the wards [27]. The
immediate feedback of results to ward nursing staff each time a case of PVCR-BSI was
detected, with a root-cause analysis, allowed us to raise awareness about the problem
and about the need for full implementation of the prevention measures; the attending
nursing staff were often unaware of the presence of PYCR-BSI, because the medical
team did not systematically inform them of these events.

Qur study has some limitations that should be noted. First, it was carried out at a single
centre and although the characteristics of PVCR-B5I1 are similar to those obsenved in
other hospitals, the frequency of infections and the impact of measures may vary.
Second, some of the measures applied did not meet the current clinical practice
guidelines for PYC management, although they have been considered to be highly
effective in our environment. Also, when a variety of prevention measures are applied
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simultaneously it is often difficult to identify the ones that are more effective. Among the
study's strengths, we highlight the prolonged study period, the high number of cases
evaluated and the profound understanding of the problem by the experienced members
of the infection prevention team.

In conclusion, PVCR-BS51 is a much more commaon problem in hospitals than previously
suspected, and it is associated with high morbidity and mortality rates. The
implementation of a multimodal strategy and continuous assessment of performance
achieved a sustained reduction in PVCR-BSI, especially in 5. aursus-associated
PWCR-BSI, and had a major impact on mortality.
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Table I Measures applied for prevention of PVCR-BSI during the study period
LEVEL OF
PERIOD INFECTION CONTROL INTERVENTION
EVIDEMCE (a)
Daily meetings with microbiology
Continuous surveillance of 4
team
PWVCR-BSI
Review of the episodes of PVCR-
[
Bl found
Unresolved
Introduction of sterile gloves
issie
Reinforcement of aseptic care
B
technigue
Schedule replacement of Unresolved
Implementation of the peripheral catheters issue
bundle of measures Skin antisepsis with alcohol base
{ 70%) solution of chlorhexidine 4
gluconate (0.5%)
Unresolved
Extension tube
issue
2003-2005 Semi-permeable transparent
I
dressings for catheter sites
Regular meetings and training
A
sessions for healthcare workers
Review of the hospital guidelines
14
Healthcare worker far prevention of PYCR-BSI
training Pocket card guidelines for
B
hospital staff
Wall charts of guidelines for the
insertion of peripheral vascular IB
catheters
Motifications to ward staff and
Feedback system discussion with the ward nursing ]
team after each case of PVCR-BSI
Skin antisepsis with alcohol base
Upgrade skin antisepsis 4

| 70%:) or solution of chlorhexidine
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gluconate (2%)

2006-2009 Flushing Introduction of pre-filled syringes v
Upgrade the type and the | Introduction of closed IV catheter c

2010-2016 guidelines for the system
catheters in use Unscheduled replacement 18

(a) According to 2011 CDC guidelines, reference [11].
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Table |I: Clinical epidemiclogy, microbiclogy and outcomes of PYCR-BSI

Variables 2003-2005 | 2006-2009 2010-2016 Overall
MN=71 N=78 MN=T8 N=227
Male 44 (62%) 55 (70.5%) BT (T3.1%) 156 (68.7%)
Age =GR 38 (R35%) | 58 (74 4%) F1 (65.4%) 147 [64.8%)
Area
Medical 51(71.8%) | 35 (44 9%) 38 (48.7%) 124 (54 6%)
surgery 20(28.2%) | 43 (55.1%) 40 (51.3%) 103 (45.4%)
Median dwell time
from inserion to B3I
4 (3-6) 4 (3-T) 5({3-6) 4 {3-6)
(IGRr} (a)
Microorganisms
Gram-positive 63 (BA.7%) | 55 (70.5%) 55 (T0.5%) 173 (76.2%)
Gram-negative
bacill 9(12.7%) 22 (28.8%) 21 (26.9%) B2 (22.9%)
acill
Staphylococcus
41(57_T%) 39 (50%) 35 (44 9%) 1156 (A0.7%)
aureus
M3SA (b) 34 (47.9%) | 36 (46.6%) 28 (35.9%) B8 (43.2%)
MRSA (c) 7 (9.9%) 3(3.8%) T{9%) 17 (7.5%)
Coagulase-negative
) 22 (31%) 15 (19.2%) 19 (24 4%) BE (24 7%)
staphylococci
Enterococcus spp. 0% 1(1.3%) 1(1.3%) 2(0.9%)
Acinetobacter
B 0% 3(3.8%) 1{1.3%) 4 {1.8%)
baumannii
Pseudomonas
] 0% 1(1.3%) 2(2.6%) 3{1.3%)
aeruginosa
Candida spp. 0% 1(1.3%) 0% 1{0.4%)
Charlson = 4 45 (63.4%) 32 (41%) 33 (42.3%) 100 (48.5%)
30 days mortality
(episodes)y10,000 15 (21.1%) | 10 (12.8%) 5 (6.4%) 30(13.21%)
patient-days

(a) QR Interquartile range
{b) Methicillin susceptible 5. aureus
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Table IlI: Assessment of catheter care performance during hospital round wards

2011 2012 2013 2014 2015 2016
(n=492) | (n=490) | (n=487) | (n=495} | (n=485%) | (n=669)

ED
Placement 13.2% 12.6% 12.9% 12.7% 10.5% 9.5%
(a)

48h
Replacement | 86.1% 88.7% 94 1% 08.4% 96.0% 096.8%
(b)

HW
Placement BE6.7% a7 3% 86.0% BT 2% B9 4% 90.4%
(c)

72h
Replacement | 95.3% 94 8% 97.6% o7 2% 05.31% | 99.6%

(d)

Appropriate
dressing

86.5% 897.3% 88.3% 97 1% 88.1% 98.6%

Appropriate
insertion 95.5% §5.5% 06.5% 96.1% 97 7% 597 9%
catheter site

Presence of

extension 95.9% 96.5% 96.7% 97 .3% 98.7% 97 .9%
tube

Absence of
. 89 3% 89 5% 949 7% 59.3% 99 7% 99 5%
phlebitis
Absence of
) 99 3% 99.7% 100% 100% 100% 100%
extravasation
Clinical chart
_ _ 98.1% 98.5% 98.7% 93.9% 98.7% 99.8%
registration
TOTAL 95 8% 96.3% 97 7% 938.0% 98.1% 98.7%

(a) % of PVC placed at the emengency ward

(b) % of PVC placed at the emergency wards and replaced within 48 hours
according to hospital guidelines

ic) % of PVC placed at hospital wards/operating room

id) % of PVC placed at the hospital wards/operating room and replaced within
72 hours according to hospital guidelines
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ACCEPTED MANUSCRIPT

Figure 1: Median well time of vascular catheterization amog patients
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Figure 2: Episodes of PVCR-BSI and rate per 10,000 hospitalizations from 2003 to
2016.
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Figure 3: Episodes of PVCR-BSI caused by Staphylococcus aureus and rates per
10,000 hospitalizations from 2003 to 2016.
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Figure 4: Mortality associated to PVCR-BSI and rates per 10,000 hospitalizations from
2003 to 2016
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Figure legends

Figure 1
Box plots of days from insertion of catheter to bacteraenua are presented per
vears: each dot is patient days from insertion of catheter to bacteraemia.

Figure 2

Bars are the number of observed PVCE- BSI episodes, solid line 13 PYVCE.- BSI
rate per 10,000 patient-days, dashed line is predicted PVCR- BSI rate per
10,000 patient-davs by Poisson regression model, and shaded area is 93%
confidence interval on prediction.

Figure 3

Bars are the noumber of observed Saureus episedes, solid line is 5 aurens rate
per 10,000 patient-days, dashed line is predicted 5 aureus rate per 10,000
patient-days by Poisson regression model, and shaded area is 95% confidence
interval on prediction.

Figure 4

Bars are the number of deaths among patients with PVCE-BSI, solid line is
mortality rate per 10,000 patient-days, dashed line is predicted mortality rate per
10,000 patient-davs by Poisson regression model, and shaded area is 93%
confidence interval on prediction.
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Background : Vascular catheter-related bloodstream infections (CRBSIs) are highly pre-
ventable hospital-acquired infections and a major threat to patient safety. While there is
significant information regarding CRBS| outcome amang intensive care unit (ICU) patients,
data regarding non-ICU patients are scarce.

Aim: To determine the risk factors associated with 30-day mortality among non-ICU pa-
tients with nosocomial CRBSIs.

Methods: Prospective cohort study of non-ICU patients with nosocomial CRBSIs in a ter-
tiary care centre between January 2004 and December 2014, The primary outcome was 30-
day mortality, defined as death from any cause within 30 days of CRBSI. Follow-up was
performed 30 days after CRBSI onset. Time until death was the dependent variable in Cox
regression analysis.

Findings: In total, 546 cases of CRBS| were identified. The mean age of patients was 64.5
years [interguartile range (IQR) 5575 years], 66% were male, and the mean Charlson score
was 3.59 (IOR 2-5). Of the 546 cases, 5B.4% resulted from central venous catheters and
41.6% from peripheral venous catheters. The causative agents were Gram-positive cocd
(70.1% of cases), Gram-negative bacilli {31.1%) and Candida spp. (1%). Mortality within 30
dayswas 13.9%, with no significant changes over the study period. Independent risk factors
for 30-day mortality were Charlson score >4 [hazard ratio (HR) 1.80, 95% confidence in-
terval (Cl) 1.19-2.713], Staphylocoocus aureus infection (HR 2.67, 95% C1 1.61-4.43)
and Candida spp. infection (HR 6.1, 95% C| 2.0B—1B.04). Age; area of admission; type, use
and site of vascular catheter; and administration of appropriate empirical antibiotic
treatment were not independent risk factors for 30-day mortality.
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Conclusion: Nosocomial CRBSIs outside ICUs are associated with high risk of mortality,
particularly among patients with a higher Charlson score and bloodstream infections
caused by Staphylocoocus aureus and Candida spp.

@ 2017 The Healthcare Infection Society. Published by Elsevier Ltd. All rights resered.

Introduction

Vascular catheters are the most commonly used medical
devices in hospitals. According to a large European prevalence
study, a wvascular catheter was present in almost 55% of hos-
pitalized patients [1]. Almost all of the patients required one or
more vascular catheters during hospitalization for therapeutic
support, haemodynamic monftoring or diagnostic procedures.
In non-intensive care units {non-1CUs), vascular catheter utili-
zation, measured as the ratio of device-days to patient-days, is
lower than in ICUs, but the total burden of catheters in use is
higher in the non-1CU setting [2].

Adverse events related to vascular catheterization are
commaon. Catheter-related bloodstream infections ([CRBESIS ) are
amaong the most serious complications, causing high morbidity,
high mortality and a ree in hospital costs [3]. The incidence of
CRBSIs varies according to vasoular catheter type, character-
istics and insertion site [4]. Corsequently, CRBSI rates are
higher for central venows catheters (CVCs) than for peripheral
venous catheters (PYCs), although the high number of patients
exposed to PYCs mearns that the absolute number of PYC BSls
could be substantial [5-7].

CRBSE are the most preventable cawe of healthcare-
related infectiors [B]. Over the last decade, the implementa-
tion of interventions to prevent CRBSIs has led to a significant
and sustained reduction in the incidence of infection, partic-
ularly in ICUs, but also in non-1CU settings [9-11]. Howewver,
most studies have focused on the epidemiology and outcomes
of CRBSE in the ICU setting, and scarce information is available
regarding non-ICU settings. ldentifying risk factors assoclated
with CRBSI mortality is relevant to improving patient out-
comes. The aim of the study was to determine the risk factors
associated with 30-day mortality among patients with noso-
comial CRBSIs on non-1CU wards.

Methods

Study design, setting and population

A prospective cohort study was conducted at Bellvitge Uni-
versity Hospital, a 700-bed tertiary care teaching hospital for
adults in Barcelona, Spain. Each year, an average of 28,000
patients are admitted [approcimately 340,000 patient-days).
The primary outcome was 3 -day crude mortality among non-
ICU patients with nosocomial CRBSIs. The inclusion criteria
were: consecutive episodes of nosocomial CRBSIs diagnosed
during admission to medical and surgical wards between
January 2004 and December 2014, Exclusion criteria were:
episodes of CRESI diagnosed during ICU hospitalization or dur-
ing outpatient care.

Data collection
Episodes of bacteraemia were reported daily from the
microblology laboratory to the infection control team. Patients

were examined on the wards, and those who met the criteria
far nosocomial CRBSI were followed-up for 30 days from the
ansetof bacteraemia and included in a standardized protocol.
The Tollowing data were collected: age, sex, Charlson score,
area of admision, type of catheter, purpose of use, days of
insertion, aetiology, and empirical antibiotic treatment. This
study conforms to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) recommendations for
reporting cohort studies [12].

Definitions

Nosocormial CRBS| was diagnosed in any patient with clinical
sigrs and symptoms of sepsis according to the definition of the
Infectious Diseases Society of America when a growth of
concordant bacterial species in a semi-quantitative tip culture
and blood culture was observed, without another obwvious
source of bacteraemia [13]. In the absence of a catheter tip
culture, the diagnosis of CRBSI required either: (i) phlebitis; or
(i) clear resolution of clinical symptoms after catheter with-
drawal, and careful exclusion of an alternative explanation for
bacterasemia. For common skin micro-organisms such as
coagulase-negative staphylococcl, at least two consecutive
blood cultures wene required with the same species and iden-
tical susceptibility pattern to indicate possible CRBSI.

Co-morbidity was measured using the Charlson score, as
described elsewhere [14]. The Charlson score was dichoto-
mized for the purpase of the analysis into two categories: <4
and =4. Days since insertion was defined as the dwelling time
from catheter insertion until remaval, and was dichotomized
inta <4 and =4 days. Empirical antiblotic treatment was
defined as antiblotics administered within 48h of the date on
which the first positive blood culture was drawn, and was
considered appropriate if the strain was susceptible to at least
ane of the antiblotics administered. Mortality was defined
dichotomously as death occurring from any cause within 30
days of onsetof CRBS. Patients who remained in hospital after
30 days of CRBSI were counted as altve. Attributable mortality
was not recorded to avoid subjectivity in determining cause of
death.

Microbiological identification and susceptibility
testing

Two sets of twao blood samples were collected from patients
with a suspected bloodstream infection. The blood samples
were processed using a BACTEC 9240 sy stem | Bec ton— Dickinson
Microbiology Systemns, Franklin Lakes, MJ, USA), with an incu-
bation period of five days at 35°C before being discharged. If
bacteria were observed after microscopic Gram stain exami-
nation, blood bottles were subcultured on to Chocolate agar
plates. Catheter tips were cultured after removal, as described
elsewhere [15]. The tip was rolled threeto four times ona blood
agar plate, which was incubated at 37C for 48h and then
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analysed. The presence of =15 colomy-forming units was
considened as evidence of local catheter infection.

Statistical analysis

Continuows variables were compared wing Student's ¢-test
or Mann—Whitney U-test, as appropriate. Qualitative and
stratified continuows variables were compared using Fisher's
exact test or Pearson’s Chi-squared test. Relative risks were
caleulated with 95% confidence intervals (Cl) in univariate
analysis. Time (days) until death was the dependent variable in
the Cox regression analysis, and was surveyed for 30 days after
the orset of bacteraemia. Only those variables that were sta-
tetically significant (P < 0.05) in the unlvariate analysts were
included in the model. A forward stepwise procedure was used
in the Cox regression analysis. The Chi-sgquared test for trend in
proportions was performed to determine significant variations
in mortality during the study period. For variables significantly
assoclated with mortality, a Kaplan—Meter curve was plotted to
show the survival probabilities at 30 days. All analyses were
performed using SPSS Version 15 (1BM Corp., Armonk, NY, USA).

Ethical issues

The study was approved by the Ethics Committee at Bell-
vitge University Hospital (Reference PR324/15). Informed
consent was watved by the Clinical Research Ethics Committee.

Results

During the study period, 546 episodes of CRBS| were diag-
nosed in 537 non-I1CU patients. The CRBY rate was 0.23/1000
patient-days. Thirty-day mortality was 13.9% (76 of 546 epi-
sodes) and did not vary sienificantly during the study pertod
{Figune 1). Mortality varted according toco-morbidities, type of
ward, type of catheter, insertion site and aetiology {Table 1).
Univariate and multi-variate analyses of risk factors associated

Table |

Mortality according to patient characteristics, hospital ward,

catheter type, place of insertion and aetiology

Mortality
N ix)
Age =65 years (N = 306) 51 (16,7)
Charzon score =4 (N = 244) 51 20.9)
Type of ward
Medical (N =249) 45 (18.1)
Surgical (N =2%7) 31 (10.4)
Peripheral venous atheter
Shart-line (N = 141) 20 (14.9)
Midline (N = 63) 6 (9.5%)
Central venous catheter
Subclavian (N = 105) 15 (14.3)
Jugular (N =97) 13 (13.4)
Femoral (N = 64) 12 (18.8)
PICC (N = 33) F17)
e of @mtheter
Medication, fluids (N = 351) 51014.5)
Haemodialysis (N = B0) 15 (18.8)
Parenteral nutrition (N = 115) 10 (B.T%)
Aetiology
Gram-positive bacteria (383) 12 (16.2)
Staphylococcus aureus (N = 212) 49 (23.1)
ME5A [N = 171) 34 (19.9)
MRSA (N = 41) 15 (36.6)
Coagulase -negative staphylococci (N = 150) Bi5.3)
Entercocci (N = 25) 5 20)
Gram-negative badlli (N = 170) 16 (9.4)
Kiebsiella pneumonioe (N = 42) 2i4.8)
Pseudomaonas geruginosa (N = 38) Ti1E.4)
Acinetobact er baumannii (N = 10) 10 {0}
Candida spp. (N=T) 4 (57.1)
PICC, peripheral inserted central venous catheter; Ma54, metidllin-

susceptible 5. gureus; MRSA, meticillin-resistant 5. aureus.

2004 2005

2006

2007

2008

009 2010

Chi-squared test for trend in proportions. P=value: 0.403

Figure 1. Yearly mortality rate among patients with catheter-related bloodstream infections (2004-2014).
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Figure 2. Kaplan—Meier survival curves for (A) Staphylococous aureus, (B) Candida spp. and (C) Charlson smre >4,

had a 2.27fold higher risk of mortality than patients without
CRBSIs after controlling for ather hospital-acquired infections,
APACHE Il score and the presence of multiple catheters.
Similarly, a meta-analysis including 18 studies and 1976 epi-
sodes of CRBSI found a 2.75-fold higher risk of mortality among
patients with CVC BSIs [19]. These fieures, combined with the
present results, show clearly that CRBSE autside ICUS remain a
major problem that may have a negative effect on patient
oUtEanmes.

Little is known about the factors contributing to CRESI
mortality in non-ICU patients, as few studies have addressed
this tssue. Cox regression analysis identified a Charlson score
>4, 5. aureus infection and Candida spp. infection as inde-
pendent associated factors for CRBSI mortality, while type of
catheter, insertion site and appropriate empirical antibiotic
therapy were not independent predict ve factors. The Charlson
score was developed as a prognostic index to predict one-year
mortality among patients admitted to acute care hospitals
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[20]. Multi-variate analysis showed that a Charlson score =4
was an independent rek factor for mortality amang non-1CU
patbernts with CRBESIS, and that the mortality rate in this pop-
ulation was a5 high as 43%.

It i predictable that patients with higher Charlson scores
have higher risk of mortality. However, it was difficult ta
iriterpret mortality related to Charlson score bec ause it was not
possible to disc riminate mortality due to severity of underlying
disease from martality due to CRBSIS becase the cohart of
patients did not include patients without CRBSIs. Nevertheless,
these results suggest that the consequences of CRBSI in pa-
tients with high Charlson scores are more seriows than in pa-
tients with low Charlson scores, and can certainly lead to early
mortality.

5. aureus was identified as the micro-organism most
frequently associated with increased mortality, approaching
13%. The figure correlates with studies reporting the assock-
tion between catheter-associated 5. aureus bacteraemia and
mortality rates ranging from 15% to 20% [21]. Moreover, a
number of studies have examined the association between
short peripheral vascular catheters and bacteraemia caused by
§. aureus, reporting a high martality rate due to this compli-
cation [5,22,23].

This study only identifted seven CRBSI cases caused by
Candida spp. and the mortality rate was as high as 57%, making
these yeast species one of the main independent risk factors
for mortality. However, due tothe small sample size of Candida
spp., interpretation of the data, particulady regarding the
broad 95% Cl of HR, should be made with caution. Catheter-
asociated BSIs caused by Candida spp. are more Common
among ICU patients, with reported rates varying between 36%
and 61% [24,25]. In the present study, the rate of CRBSIS due ta
Candida spp. was 1% among non-1CU patients, which is lower
than that reported previously. Sustained low rates of catheter-
related candidaemia in the study hospital could be attributed
to antimicrobial stewardship polickes. In contrast with the se-
tiologies discissed above, coagulase-negative staphylococe
were associated with a low mortality rate of 5.3%: this finding
could be explained by the low intrinsic virulence of this group
of arganisms [24].

Interestingly, none of the following factors were found to be
associated with increased mortality: type of catheter, central
vs peripheral catheters, insertion site, and administration of
inadequate empirical antibiotic therapy.

Although this prospective study involved a large population
over a prolonged period, there are a number of limitations that
should be acknowledged. First, the study was performed at a
single hospital; therefore, the seneralizmbility of the results
should be approached with caution. In addition to patient
characteristics, the frequency of catheter use and 5. aureus
infectiors may differ from those observed in ather facilities,
and these factors could account for the results observed in this
study. Furthermare, early remaval of the vascular catheter and
the presence of septic shock, two additional factors with a
potent fal impact on outcomes, were not analysed in this study.

To conclude, nosocomial CRBSIs outside ICUs carry a high
risk of mortality, particularly among patients with a higher
Charlson score and CRBSE caiged by 5. gureus and Candida
spp. The results of this study highlight the importance of
implementing programmes for the control of CRBSIS in non-1CU
patients, as for ICU patients, and could lead to a significant
reduction in CRBSI mortality.
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Annex |11

The impact of pre-filled saline flush syringes in reducing the incidence of

peripheral venous catheter failure. A quasi-experimental multicenter study

Saliba P1, Hormero &1, de Carli G2, Marani A2, Lopez AF 3, Ftimie 5 3, Castro A, 3 Diaz-Brito V 4, Jimenez C 4, Martinez I3, Jimenez E1, Carratala J1, Pujol M1
1Department of infectious diseases, Hospital Universitar de Belhvitge. 2Department of 2pidemiclogy and reassanch, Lazzaro Spallanzani Hospital. 3Department of Intermnal Madidne,
Hospital Universitan Sant Joan de Reus. 4Department of internal Medicdne, Farc Sanitari Sant loan e DEw. 3 D=partment of basic sciences, Universitat intemacional G Catalumys

Email: patrickuic@uic.es
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BACKGROUND METHODS

The unscheduled replacement of peripheral venous catheter [PVC)
is common and frequently entails a new invasive procedure.
Flushing the catheter before and after use, maintains patency and
could prolong catheter dwell time. Although saline flushing is
highly recommended, compliance in the daily routine care is
uncertain.

OBJECTIVE

To determine whether there are significant differences in owverall
PWC failure rates before and after intreduction of pre-filled
flushing syringes and to assess risk factors for PVC failure.

Methods: before-and-after
intervention study.

Intervention: Introduction of pre-filled saline syringes for flushing.
Multicenter study conducted in medical and surgical units im 3
Eurcpean hospitals for a period of 9 months (5 months pre-
intervention, 4 months intervention).

Main outcome: Catheter failure, defined as a composite variable
encompassing unscheduled withdrawal or replacement of PWVC
because of any of the following conditions: phlebitis, thrombosis
extravasation, suspected infection.

Statistical analysis: A multivariate Cox proportional hazard ratio
was used to identify factors assocciated with the occurrence of PVC
failure.

quasi-experimental design;

RESULTS

Data were analysed for 3,853 PVWCs in 1,915 patients. Owverall, the incidence of PVC failure was 50.1%, mainly due to phlebitis and
infiltration/extravasation. Compared to pre-intervention period, a significant decrease in PVC failure rate was observed in the
intervention period (55.4% vs 44 8%, p<0.01). Risk factors for PVC failure were: Charlson score 24 (HR:1.64;95%CI:1.069-2.527), days
of hospital stay 210 [HR:1.46;95%Cl:1.172-1.837), and the use of PVC “Type D™ (HR:1.75;95%C1:1.05-2.91), while intervention period
[HR:0.75;95%C1:0.63-0.91) and insertion of PVC at traumatcology ward (HR:0.43:95%C1:0.21-0.85) reduced the risk of PVC failure

[Table 1).

Figure 1, shows dwell time of PVC among the period 1 and 2. By the 5™ day of catheterization, only 0% of PVC in the period 1 survive
without a failure, while &0% of PVC survive without any failure in the period 2.

Non Catheter | Catteter Hazard assk
Failune failure ratio L= Pt 1 (pis-blereation
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EFETE i:vs(civ%) 1150 (L1%] 0716 I
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B7L{a37k] 1097 |96.3%] o000 1644  1063-2327 T
I ::(37+%)  1285(s62%] 0000 1468 | 1472-1E37 - H
XTI sss(21%) | 712(366%] 000 2
sspitalisation 3
| tmuma EECTITEY 86 [2.4%) 0000 0431 D219-0EM g =]
| =l
| cometern [ RCLCIECENIETC YT Y LTh +
msjesy)  wapam)  oow 3 T
| cometerc  [EEEETIRCY 73 (3.5%) 0000 z = h
[ cothetern  [EETTIEELS) 253 [13%) 0OD0 173 109-2.51 £ L™
catheterisation e, b
1113 |32 7%) 1181 (60.7%] o242 - 3—-———1
553 (31 a%] 561 (33.5%) 0051 o
123 [5.5%) 103 {3.4%) 0.000
BTL(437%] 1097 |36.3%) 0.000 164  1069-2.327 1 4 n ! ) P!
s7& (3L k]  To4(80.5%] £.o00 DLTEL 0US30-0.515 PVC dweell time

Table 1: Univariate and multivarizte analysis of the risk factors associated with
PWEC failure:

Figure 1:Kzplan meier curve showing the difference in the
PYEC dwell time betwesn Period 1 and 2.

CONCLUSIONS

We found that unscheduled PYC replacement was wery high in study hospitals. The risk of catheter failure varied according to patient
comorbidities, days of hospital stay, and type of PVC. The intreduction of catheter flushing with pre-filled saline syringes had a
significant impact on reducing unscheduled vascular catheter replacement.
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Annex 1V

A complementary tool to validate surgical site infection VINGat
surveillance data (VINCat Program, Catalonia, Spain).

IFIC"
E. Limén1, P. Saliba', J. Lopez-Contreras’?, F. Gudioll, and M. Pujol'2, on behalf of VINCat group. H.
1WINCat Programme, Departament de Salut Catalonia, Spain. “Hospital Universitar de Bellvitge. *Hospital de la Santa Creu i Sant Pau

vincati@gencat.cat NE D07

BACKGROUND |METHODS

* Study design: validation study

Validation is considered an essential issue in order to establish data Setting: & spanish itals belonging to the VINCat —

consistency. However, comprehensive validation systems are usually costly Patients: 89 Colorectal and 163 Knee prosthesis
and time-consuming. Definitions:

OBJETIVE - 55| was defined according to CDC's ariteria and divided into superficial

- — : and deep incisional 551 and organ-space 551, Surgical risk factors were
Te further evaluate the compliance and reliability of 551 data submitted by defined according to the Mational Healthcare Safety Metwork [NHSH)
using a complemsntary tool.

classification.

* Outcomes:

- Main outcome was identifying improvement opportunities and establish
a system validation.

- Secondary outcomes were standard evaluations of structure, protocols
and coherence of data .

The VINCat is a sureeillance program of HCAl in Catalonia [Spain], based in CDC's NHSM definitions. In addition to standard evaluations of structure,
protocols and coherence of data, we validated inclusion of cases and concordance with 551 diagnosis, for elective colorectal surgery and elective knee
replacement, in those hospitals with 55] etes below percentile 25. Agreement between external investigators and data of 55| collected by local teams
was assessed by reviewing a sample of randomly selected electronic charts.

* Colorectal surgery * Knee prosthesis

’V( A, -
ENed LN

=

| surgery (8 hospitals with infection below 14.5%): The Knees prosthesis (4 with infection rates below 1.6%): The agreement
agreement regarding inclusion (39 cases) was low, 0,32 Kappa index regardlrlg inclusion (163 ms:.es:l was moderate, 0.0 Kappa index
(IC95% 0.05-0.60) and regarding SS! diagnosis (241 cases) was high 0.77  (IC95%: - 0.6-0.6) and SSI diagnosis (121 cases] was good, 0.74
Kappa index (ICS5% 0.64-0.89). For SSis in colo- | surgery, the Kappa index (IC95% -1.01-2.63). For knee replacement, agreement
agreement on the inclusion of cases between VINCat external reviewers on .ﬂ1e indlusion cases and. 551 data be n ‘.I'Ihl‘.".a.t "?'al
and ICT was moderate due to differsnces in the interpretations of reviewers and ICT was very high. These results show a high quality

indusion/exclusion oriteria, although concordance of 351 data was very ']f prc-cess S_UNE'IhME and data res.u.ls and erdE_ the basis for
high identifying improvement opportunities and estwablish a system
’ validation.
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Om-site visits focused on hospitals suspicious of underreporting allowed determining frequent gaps in the inclusion of patients. Misclassification of type
of 55| (superficial, deep or organ/space] was observed in knee procedures, particularly for deep incisional versus organ/space. Surveillance focusing
hospitals with rates below percentile 25 appears to be an effective and sustainable tool
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Annex V

Predictive factors for mortality among non-ICU patients with catheter-related
bacteraemia. lImpact on: host, pathogen and therapy

P.5aliba', A. Hornero!, M. Pujol’ on behalf of REIPI
TIinfection Control Team, *Microbiology Service, HospitalUniversitaride Bellvitge, Hospitalet de Llobregat | BARCELONA), Spain

INTRODUCTION RESULTS

Among all hospital acguired infections Catheter related bactersemia or
CRB are considered the most common infections and a major threat to the
patients” safety. Episodes of CRB are encountered equally, § not higher, in
non-Intensive care units “ICUs" as inside the ICUs. Whilk we have a lot of
information regarding the impact of CRB among the ICU patients, the
impact of these infections an the non-ICL patients is still in question.

OBJECTIVE

To determine predictors of martality among non-ICU patients with CRB.

MATERIAL AND METHOD

Patients and Setting

itge s a TO0-bed tertiary centre
located in Barcelona area, Spain. An average of 28.000 patients (about
340.000 patient-days) are admited each year in 31 specialties wnits,
medical and 22 surgical fora mean length of hospital stay of 8.5 days.

*Period of Study: From Januany 2004 to December 2014, a3 prospective
continuous surveillance of CRB including all adult patients admitted to non-
ICU wards for more than 48h, was camied owt. Monitoring of CRB was
performed by dail meeting of members of the Infection Control Team and
members of the microbiclegy department. Patients with positive blood
cultures were visited and those cases that fulfilled criteris for CRE were

selected. Patients were followed up until discharge. (not meoreT)

»Catheter-Related Bacteraemia: A CRE was disgnosed in a suggestive
clinical condition, when growth of concordant bacterial species in a semi-
quantitative tip cultwre and percutansous draw blood cultwe was observed,
without another apparent source of bacteraemia. In the absence of catheter
tip culture the diagnosis of CRB required one or more of the following
conditions: 1) phlebitis, i) clear resclution of clinical symptoms after catheter
withdrawal and a careful exclusion of an altemative explanation for
bacteraemia. For common skin microorganisms such as Coagulase
Megative Staphylecocci (CoNS), at least two consecutive blood cultures
were required.

*Mortality: Mortality was defined as in-hospital death from amy cause
occuming in the 30 days after the onset of CRB.

Statistical Analysis
Among patients with CRB, a logistic regression model was performed to
identify risk factors for mortality.

Risk factors for mortality. Univariate analysis (Table)

Aljws Diezth
=485 1=395 b
Age: <65/>65 ¥ RO/ B0% 11%20% 0003
Zax (MF) B3%E5% 17%15% NS
Madical W/Suagicel W B%EE% W12 0007
CVC (n=332) 280 (B4%) 51(16% NS
BVC (n=258) 215 (83%) 43(17% NS
Subelavizn (1=115) o0 (B6% 16{14% NS
Fugular {n=100) B4 (34%) 16(16% N5
Femorzl {n=T1) 59(83%) 12(17% NS
PICC (n=46) 3F(E3% 8(17% N
Gram Positive Cocci (n=428)  350(82%) TE(1TW 024
Gram Nagative Bacilli (n=156)  145(87% (13 017
Candidz spp {n=T) 4(57% 3(43% 008
Saureus (h=233) 174 (74%) 61(26% <0l
MESA {n=42) 26(62% 16038 <0001
CHE (N=174) 161¢625%  13(75% <0001
Enterococc spp (n=13) 17(74% 6{26% NS
Pagruginosain=33) 27 (E1% 6(18%) NS

Risk factors for mortality

Independent risk factors associasted to mortality in multivariate anabysis
were: age older than G5y (OR:2.0;95%C1:1.2-2.2), hospitalzation in medical
wards (OR:1.8; 35C1:1.0-2.6) and 5 aweus (OR:3.1; 35%C1:1.9-5.0), while
type of catheter and place of insertion were not.

CONCLUSIONS

Amang non-critically-ill patients with CRB, those older than 65y, hospitalized in medical wards and with
5.aureus aetiology had a greater risk of mortality.
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Annex VI

24 AL 26 DE MAYO

2018
Bilbao

EVSKEALRDUMNA
JAUREGS A
waw. seimcZ018.org
W zrCongmenSEIMG

CERTIFICADO DE PARTICIPACION

La Presidenta del Comité Organizador del XXIl Congrese SEIMC 2018, en
nombre de la Sociedad Espafiola de Enfermedades Infecciosas y Microbiclogia
Clinica

CERTIFICA QUE:

E. Limon Caceres, M. Serrano, P. Gallego Berciano, P. Sanchez Ferrin, 1.
Bullich, P. Saliba, F. Barcenilla, M. Pujol Rojo, F. Gudiol Munté, -. Vincat Group

han realizado la presentacion POSTER de la comunicacion con titulo:

"Estudio de prevalencia de las infecciones relacionadas con la
asistencia sanitaria en centros sociosanitarios de Cataluiia
siguiendo al metodolegia del ECDC"”

en el XXIl Congreso de la Sociedad Espaiicla de Enfermedades Infecciosas y

Microbiologia Clinica, celebrado en Bilbao, del 24 al 26 de mayo de 2018.

Y para que conste se expide el presente certificado en Bilbac a 26 de mayo de
2018

}
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Dra. Josefa Mufioz Sanchez
Presidenta del Comité Organizador
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Patrick Saliba
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Workshop Anti-Superbugs
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Comite Universitat
d'Etica Internacional
de Recerca § de Catalunya

APROVACIO PROJECTE PEL CER/ APROBACION PRO ER

Codi de 'estudi / Cridigo del estudio: CSAL-2018-03

Versia del protocal / Versidn del protocals: 1.0

Data de la versid / Fecha da la versidn. 20/04/2018

Tital / Tiule: The epidemiology of catheter related bloodstream infactos in Bellvitge University
Hospital: Prevention and mortality.

Sant Cupat del Vallas, 7 de maig de 2018

Investigador: Patrick Saliba
Director de Tesis: Dr Migue! Rajo Pujol
Co-director:Dr Jose Martinez Sanchez

Titol de I'estudi / Titule del estudio: The epidemiology of catheter related bloodstream infectos
in Bellvitge University Hospital: Prevention and mortality

Benvolgut/da,

Valorat &l projecie presentat, e CER de la Universital Internacional de Calalunya, considera gqua, al
contingut de la investigacid, no implica cap inconvenient relacionat amb la dignitat humana, fracte &lic per
als animals ni atempta contra el medi ambient, nl t& implicacions econdmiques ni conflicte dinteressos, perd
no s'han valorat els aspectes metodologics del projecte de recerca degut a gque tal analisis
carrespon a d'altres instancies.

Per aquests motius, e Comitd d'Etica de RAecerca, RESOLT FAVORABLEMENT, emeire aguest
CERTIFICAT D'APROVACIO, per que pugui ser presentat a les instancies que aixi ho requereixin,

Em permeto recordar-li que, si en el procés d'execucio es produis algun canvi significativ en els seus
plantejaments, hauria de ser sotmés novament a la revisié | aprovacid del CER,

Atentament,

Apreciadsa,

Valorado el proyeclo presentado, &f CER de fa Urnvversidad internacional de Calalunya, considera gue, &l confenido de
Iz invesfigacidn, no implica mingdn inconvanisnte ralacionads con la dignidad humana, rafo diico para los animales, ni
atenta contra &l madio ambventa, o fisna implcaciones econdmicas ni conficlo de inferesas, pero no se han valorado
aspecios metodoldgicos del prayecta de investigncidn deblido a que tal andligis corresponde g olrag instanciag.

Por esios moiives, e Comilé dEfica de Recerca, AESUELVE FAVORABLEMENTE, amitir aste CEATIFICADD DE
APROBACICN, para que pueds ser presanledo 2 las instancias que s/ lo raquigran.

Me parmife recordarts que si el proceso de aiscucion se produjera algun camblo significative en sus pianieamienios,
deberfa ser somelido nusvaments a Iz ravision y gpmbacicn del CEA.

Alenlameanis,

J- :

Dr. Josep Argemi
President CER-UIC
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