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Abstract

Background

Central line-associated bloodstream infections (CLABs) have lmen associated wi
excess lengths of stay, increased hospital costs and moatatibutable to them. Differef
studies from developed countries have shown that practice bundles tieduneidence o
CLAB in intensive care units. However, the impact of the bundleeglyahas not besg
systematically analyzed in the adult intensive care unit YI€8tting in developing countrie
such as Turkey. The aim of this study is to analyze the imphdhe Internations
Nosocomial Infection Control Consortium (INICC) multidimensional ititec control
approach to reduce the rates of CLAB in 13 ICUs of 13 INICC mernhbsgpitals from §

th
nt

OO

cities of Turkey.




Methods

We conducted active, prospective surveillance before-after studyetioniiee CLAB rates if
a cohort of 4,017 adults hospitalized in ICUs. We applied the definitiotteed€DC/NHSN
and INICC surveillance methods. The study was divided into baselinentargention
periods. During baseline, active outcome surveillance of CLA&& natas performed. During
intervention, the INICC multidimensional approach for CLAB reduction ingdemented
and included the following measures: 1- bundle of infection control inmteoves, 2-
education, 3- outcome surveillance, 4- process surveillance, 5- feeafb@tiAB rates, and
6- performance feedback on infection control practices. CLABsrabtained in baseline
were compared with CLAB rates obtained during intervention.

—

Results

During baseline, 3,129 central line (CL) days were recorded, and duotgrgention, we
recorded 23,463 CL-days. We used random effects Poisson regressamtoimnt fol
clustering of CLAB rates within hospital across time periodge baseline CLAB rate was
22.7 per 1000 CL days, which was decreased during the intervention period ©LABSO
per 1000 CL days (IRR 0.613; 95% CI 0.43 — 0.87; P 0.007). This amounted to |a 39%
reduction in the incidence rate of CLAB.

Conclusions

The implementation of multidimensional infection control approach waeceted with a
significant reduction in the CLAB rates in adult ICUs of Turkeyl shus should be widely
implemented.
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Background

The burden of central line-associated bloodstream infection (CLABjitically ill patients
has been widely addressed in the scientific literature worldwideording to studies from
developed [1] and developing countries [2,3], including Turkey [4], the mosusetiinical
consequences attributable to CLAB are increased mortality fEtesignificant morbidity
[1], and increased LOS [2,5,6]. From an economic perspective, CLABasareesponsible
for significant increases in healthcare costs, as reportectindeveloped [1] and developing
countries [2,5], but there are not available published data on costs of CLAB from Turkey.

The results reported from hospitals members of the Internatiooabddmial Infection
Control Consortium (INCC) revealed that device-associated heathcguired infections
(DA-HAI) rates in the intensive care units (ICUs) of liedtresources countries are 3 to 5
times higher than rates in the ICUs of high-income countries [7-®}yever, most hospitals



in limited-resource countries do not implement basic infection coptograms, resulting in
a general unawareness of the incidence of CLAB at their healthcargem{lll].

In addition, the socio-economic level of a country and hospital type npogted to have an
impact on DA-HAI rates in the ICU settings of developing couninesvo studies [12,13].
As regards hospital type, CLAB rates in neonatal ICUs from purid academic hospitals
were significantly higher than in private hospitals: 14.3 and 14.6 vs.108B€£per 1000
CL-days [12]. With regard to the country socioeconomic level, in aystomducted in
pediatric ICUs it was shown that lower-middle-income countrieshingher CLAB rates than
upper middle-income countries (12.2 vs. 5.5 per 1000 CL-days) [13]. SiniGItAB rates
in neonatal ICUs were shown to be higher in low-income countriedrifawer-middle and
upper-middle-income countries [12].

In the developed countries, it has been demonstrated that surveikafwedamental to
prevent CLABs, which can be reduced by more than 30% [14]. Implameimtiection
control bundles alone—including five interventions, such as 1- hand hygien&in2- s
antisepsis with chlorhexidine, 3- maximal barriers, 4- insertioguirclavian vein, and 5 -
timely central line (CL) removal—were associated with duotion in the incidence density
of CLAB in developed countries [15].

INICC supports hospitals in limited-resource countries in performimyeslance and
reducing healthcare-associated infection rates. Hospitals fliroited-resource countries
contact INICC and then receive forms and manuals with guidangapgiement effective
surveillance and infection control programs. INICC also provides adnaitive and
scientific support to upload, process, analyze and create chartabdes with the collected
data.

With the aim of reducing these high CLAB rates, we implementedullidimensional
infection control program—which included specific interventions for CLgkBvention, such
as a practice bundle, education, outcome surveillance, processllianceei feedback of
CLAB rates, as well as performance feedback of infectionrabptactices—in 13 adult
ICUs of 13 hospitals, in 8 cities of Turkey. The implementatiof the INICC
multidimensional program for CLAB prevention is based on the re@wdations and
guidelines published by the Society for Health Care Epidemiologdntérica (SHEA) and
the Infectious Diseases Society of America (IDSA) in 2008 [16].

This study analyses the particular effect of this preventiudtidimensional strategy on
CLAB rates in the adult ICU setting of Turkey from September 2003 to January 2011.

Methods

Setting and study design

From September 2003 to January 2011, we conducted an active, prospectivescandom
process surveillance before-after study in 13 Intensive Caits ICUs) in 13 hospitals
members of the INICC in 8 cities of Turkey. Each hospital had beterely participating in
the INICC Surveillance Program for at least 4 months. Every tabspad an infection
control team (ICT) comprised of at least a medical doctoh vigrmal education and



background in internal medicine, critical care, infectious diseas@sl/or hospital
epidemiology, and infection control professionals (ICPs).

The study was divided in 2 periods: baseline period and intervention period.

The Institutional Review Board at each hospital approved the study protocol.

Baseline period

The baseline period included only the performance of outcome sumeeili@nd process
surveillance. The length of the baseline period is three monthsodile tfollowing three
reasons:

1. This is the time needed to conduct the following activities at INICC headpi@f@s) in
Argentina on a monthly basis: receiving those case report forms (CRE)dtlall
participating ICUs from Turkey; conducting a validation process of fillB#<€; sending
queries to participating ICUs; receiving and analyzing replies to gueéading CRFs
data with proprietary INICC software in Argentina; analyzing uploadea gavducing
monthly reports containing charts and tables with the results of outcome and process
surveillance; sending monthly reports to each ICUs; presenting the momtbiy oé
outcome and process surveillance data to health care workers (HCWSs) wotkiag at
participating ICUs in monthly infection control meetings, with the aim of progidi
feedback on CLAB rates and consequences and performance feedback and increase the
awareness about CLABs to improve compliance with infection control practices.

2. Sample size of patients and number of months of data collection during baseline period is
sufficient enough to compare with sample size of patients and number of months of data
collection during intervention period. From a statistical perspective, the ssaddressed
by considering the changes in rates over time. The relatively short baseiiog may
impact the standard error of our estimates. But we found that this will not causera bia
the results, because there will not be systematic differences between treaps.

3. Our priority is to start intervention as early as possible in order to achieve tfegldes
results, such as CLAB rate and mortality rate reduction, as soon as possible.

Intervention period

The intervention period was initiated after three months of paation in the INICC
outcome and process surveillance program. This is a cohort studygrathatfreason, each
ICU joined INICC program at different moments. Thus, by the tiveeanalyzed the impact
of the INICC intervention, we had ICUs with different lengthsraéivention periods. The
average length of the intervention period was 15.6 months + SD 9.2 (range 4 — 36).

INICC multidimensional infection control approach

The INICC multidimensional infection control approach includes thevatg: 1- bundle of
infection control interventions, 2- education, 3- outcome surveillance, 4- procestlaoice,
5- feedback of CLAB rates, and 6- performance feedback of infection controtpsacti



Components of central line-care bundle for CLAB

N

Perform hand hygiene before CL insertion or manipulation [17].

Use sterile gauze or transparent sterile dressing to cover insagifi6g

Maintain good condition of sterile dressing. Change gauze every 48 hours and transparent
dressing every 7 days [16].

Remove CL as early as possible, when not necessary [16].

Change administration set every 96 hours; unless used for fat, nutrition or blood precuts,
and in this cases changed every 24 hours [16].

Use a chlorhexidine-based antiseptic for skin preparation [16].
Preferably use subclavian vein [16].

Use an all-inclusive catheter cart or kit [18].

Use maximal sterile barrier precautions during CL insertion [16].

. Avoid using several times those vials meant to be use only once [16].
. Disinfect line hubs, needleless connectors, and infection ports before accessihg the C

[16].

Some other effective interventions were discussed, but not appliedsbecd budget
limitations; namely, the following five (5) practices were partialbplied or not applied:

1. Use of split septum instead of mechanical valves or three ways stopcock [16].
2. Use of chlorhexidine impregnated sponge at insertion site [16].
3. Daily bath with chlorhexidine [16].
4. Use of antimicrobial impregnated catheters [16].
5. Use of closed collapsible flexible containers instead of open semi-rigiebvenglass
vented IV containers [19].
Education

Monthly sessions of education provided by ICP to the HCWs in charipe afisertion, care,
and maintenance of CLs for CLAB prevention based on SHEA and IDSA ligesid€o
prevent CLAB [16].

INICC surveillance methods

The INICC Surveillance Program includes two components: outcomeilamge (DA-HAI
rates and their adverse effects, including mortality rated)aocess surveillance (adherence
to hand hygiene and other basic preventive infection control practices) [20].

Investigators were required to complete outcome and process suceifi@arms at their
hospitals, which were then sent to the INICC headquarters offi&aiénos Aires, for their
monthly analysis.



Outcome surveillance

Outcome Surveillance included rates of CLAB per 1000 CL-daysplgevasive devices
(CL, mechanical ventilator, and urinary catheter), severigst score, underlying diseases,
use of antibiotics, culture taken, microorganism profile, bactersateance, length of stay,
mortality in their ICUs [20].

CLAB definitions and surveillance methods were performed applywegdefinitions for
healthcare-associated infection (HAI) developed by the U.Se@efur Disease Control and
Prevention (CDC) for the National Healthcare Safety Netword§N) program [21]. In
limited-resource countries, the usual practice is taking blood csilafter starting antibiotic
treatment, or not taking blood cultures at all. This results in hguatients with CLAB but
without laboratory evidence of CLAB. For that reason, we decided tancentising “clinical
sepsis” as well as “laboratory confirmed bloodstream infecti@sstefinition criteria for
“CLAB?”", as historically used by the CDC NNIS [22].

Additionally, INICC methods were adapted to the limited-resourtingeof developing
countries, due to their different socioeconomic status [20]. ASIS seaseused instead of
APACHE Il score due to budget limitations of participating &Eftbm this limited-resource
country. Thus, we decided to use ASIS score, as historically used by the CDQ28NIS

Definitions

Laboratory confirmed CLAB

When CLAB is suspected, the CL is removed aseptically and tta¢ Sisin of the catheter is
amputated and cultured, using the standardized semi quantitative method].[21,22
Concomitant blood cultures are drawn percutaneously in most casesclin hospital,
standard laboratory methods are used to identify microorganisms,standardized
susceptibility testing is performed [21,22]. A patient with a CL wias a recognized
pathogen isolated from one or more percutaneous blood cultures after 48 dfiours
catheterization; the pathogen cultured from the blood is not relataa infection at another
site; and patient has one or more of the following signs or symptoms: ¥&83C(), chills, or
hypotension. With skin commensals (diphtheroiacillus spp., Propionibacterium spp.,
coagulase-negative staphylococci or micrococci), the organisrbdessrecovered from two
or more separate blood cultures [21-23].

Clinically suspected CL -associated bloodstream infection

A patient with a CL who has at least one of the following clingigns, with no other
recognized cause: fever38°C), hypotension (systolic blood pressutf®0 mmHg) or
oliguria 20 mL/hr), but blood cultures were either not obtained or no organisms w
recovered from blood cultures; there is no apparent infection at ansiteerand the
physician institutes antimicrobial therapy [21,22].



Process surveillance

Process surveillance was designed to assess complianaeagiithmeasurable key infection
control practices, such as surveillance of compliance rates for thayieine practices and
specific measures for the prevention of CLAB [20].

Because of budget limitations, only five out of eleven components obuhele were
monitored:

1. Hand hygiene (HH) compliance rate was based on the frequency with whiclagiH w
performed as indicated in HCWs infection control training. Observing ICRstvaned
to record HH opportunities and compliance on a form, during randomly selected
observation periods of 30 minutes to 1 hour, 3 times a week. In particular, the INICC
direct observation comprised the “Five Moments for Hand Hygiene” as recommeanded b
the World Health Organization (WHO). The “Five Moments” included the monitoring of
the following moments: (1) before patient contact, (2) before an aseptic taake(3)od)
fluid exposure risk, (4) after patient contact, and (5) after contact with pstigotinding:
[24]. Although HCWs knew that hand hygiene practices were regularly monitored, they
were not informed of the schedule for HH observations.

2. Data on compliance with CL-care measures were recorded 5 days a weekrartleat
evaluated if infection control procedures were correctly carried out byGvé.Hhe ICP
observing the activity in the AICU filled a standardized form that containealibe/ing
data: total number of inserted CLs for each patient for the whole ICU; totdlanwh
dressing placed to protect the puncture site in order to evaluate number of patlents wit
sterile dressing [20].

3. Also the ICP filled a standardized form that contained total number of dressicgsect
condition, evaluating if the dressing was clean, dry and correctly adheterigoricture
site, so as to evaluate number of dressing in correct condition [20].

4. Also the ICP filled a standardized form that contained total number of casexmtivi
dates in the administration set were written, with the aim of measurimgithieer of
patients with number of days of the administration set in place, and evaluatiagét
was replaced by or before 96 hours [20].

5. Finally, the ICP filled a standardized form including the date of insertion amolveg of
each CL, to evaluate number of days of CL inserted, and the earliest possible i€moval
when not necessary.

Feedback of DA-HAI rates

Upon processing the hospitals’ outcome surveillance data on a montidy thasINICC
Research Team, at INICC Headquarters located in Buenos pisgmres and sends to each
ICT a final report on the results of outcome surveillance rates; that ishim@#-HAI rates,
length of stay, bacterial profile and resistance, and mortality [20].

Feedback of DA-HAI rates is provided to HCWs working in the AlSttommunicating the
outcomes of the patients. The resulting rates are revieweldeb)CT at monthly meetings,
where charts are analyzed, and statistical graphs and visegiwsted inside the ICU, to
provide an overview of rates of DA-HAIs. This infection control tookey to increase
awareness about outcomes of patients at their ICU, enable ThentCICU staff to focus on
the necessary issues and apply specific strategies for improvement offzigAlDates.



Performance feedback

Upon processing the hospitals’ process surveillance data on a ynbaik, the INICC
Research Team, at INICC Headquarters located in Buenos pisgsmres and sends to each
ICT a final report on the results of process surveillance ratdading compliance with hand
hygiene, and care of CL [20].

Performance feedback is provided to HCWs working in the AICU doyngunicating the
assessment of practices routinely performed by them. Thkimgsrates are reviewed by the
ICT at monthly meetings, where charts are analyzed, and isatigtaphs and visuals are
posted inside the ICU, to provide an overview of rates measuring emo@lwith infection
control practices. This infection control tool is key to enable @lednd ICU staff to focus
on the necessary strategies for improvement of low compliance rates.

Statistical methods

Patients’ characteristics during baseline and during interventioadper each ICU were
compared using Fisher’'s exact test for dichotomous variables aratalmed Student’stest
for continuous variables. Confidence intervals (Cl) of 95% were eaémlilusing VCStat
(Castiglia). Relative risk (RR) ratios with 95% confidencenwls (CIl) were calculated for
comparisons of rates of CLAB using EPI Info V6. P-values <0.05 loysided tests were
considered significant. We conducted two types of analysis to evdahmatenpact of our
intervention on CLAB rates. First, we performed an analysis to capa data of the first
three months (baseline period) with the remaining pooled monthesénten period), using
RR, 95% CIl and P value. Second, in order to analyze progressive Git&Beduction, we
used Poisson regression. We divided the data into the first troethsn(baseline period),
followed by a nine-month period (intervention period), and two annual fallpyweriods for
the second and third years. We compared the CLAB rates for etmh-tgd period with the
baseline CLAB rate. For this comparison, we used as baselinerdgtthose hospitals that
contributed to follow-up in that period (i.e. excluding from the baeefiospitals with long
lengths of follow-up that only contributed a shorter length of surveila We used random
effects Poisson regression to account for clustering of CLAB naithin hospitals across
time periods. These models were estimated using Stata 11.0. Fandlhyjsis we used IRR,
95% CI, and P value.

Consent

Written informed consent was obtained from the patient for publicatitimsofeport and any
accompanying images. Every hospital’s institutional review bogmea to the study
protocol, and patient confidentiality was protected by codifylmg recorded information,
making it only identifiable to the ICT.

Results

Over the whole study period, 4017 adult patients hospitalized for 42,749nda8sICUs,
from 13 hospitals, from 8 cities were enrolled, and 26,592 CL-days eatlexted. The
participating hospitals were summarized and classified accowlimgmber of ICUs and type
of hospital, and ICU characteristics by hospital. The first I@UJgarticipate were enrolled in



September 2003, and the most updated data included our analysis dat@arfuamy 2011
(Tables 1 and 2).

Table 1 Characteristics of the participating intensive care units, and hospals (from
September 2003 to January 2011)

Data ICUs, n ICU Patients, n
Type of ICU, n (%)
Cardiac Surgical 1 (8%) 172
Surgical 1 (8%) 222
Medical 2 (15%) 452
Adult Stepdown 2 (15%) 828
Medical Surgical 7 (54%) 2,343
All ICUs 13 (100%) 4,017
Type of hospital, n (%)
Private Community 12 (92%) 3,996
Academic Teaching 1 (8%) 21
All hospitals 13 (100%) 4,017

ICU, Intensive Care Unit.

Table 2 Characteristics of the participating intensive care units by hospita{from
September 2003 to January 2011)

Hospital Type of ICU Bed-days, n ICU Beds, n
Hospital 1 Medical 1114 8
Hospital 2 Medical Surgical 353 11
Hospital 3 Medical Surgical 2136 15
Hospital 4 Medical Surgical 7630 24
Hospital 5 Adult Stepdown 6532 16
Hospital 6 Medical Surgical 393 16
Hospital 7 Medical Surgical 7229 8
Hospital 8 Cardiac Surgical 801 11
Hospital 8 Medical 2234 14
Hospital 8 Adult Stepdown 3510 14
Hospital 8 Surgical 1208 11
Hospital 9 Medical Surgical 6113 8
Hospital 10 Medical Surgical 3496 14

ICU, Intensive Care Unit.

Patients’ characteristics, such as age, gender, abdominal swgetgc surgery, trauma,
previous infections, endocrine diseases, chronic obstructive pulmonagsess renal
impairment, hepatic failure, thoracic surgery, and stroke werdasichiring both periods. CL
duration, CL use, and ASIS mean score were higher during the imierveperiod. This
means patients had higher intrinsic infection risk at the intervention period (Table 3)



Table 3Characteristics of patients, hand hygiene compliance, central lineace
compliance, central line usage, central line-associated blood streanfaction rates, in
the baseline period and intervention period

Patients’ Characteristics

Baseline

Intervention

RR* 95% CI P- Value

Study period by hospital in months, mean + SD (range) 3

15.6 £ 9.2 (4 — 36)

Number of Patients 560 3457

*Bed days, n 5517 37232

**No. of CL days, n 3129 23463

***CL use, mean 0.57 0.63 1.1 1.07-1.15 0.0001
CL duration, mean = SD 5.6+9.0 6.8+11.0 - - 0.014
Age, mean + SD 54.1+22.0 52.3+21.4 - - 0.08
ASIS score, mean = SD 3.2+x1.1 3.6+1.14 - - 0.0001

Male 305 (57%) 2,048 (60%) 1.05 091-121 0.5
Female 230 (43%) 1379 (40%) - - -
Abdominal Surgery, n (%) 58 (10%) 349 (10%) 0.97 0.74-1.3 0.84
Cardiac Surgery, n (%) 11 (2%) 72 (2%) 1.1 0.56 —2.22 0.9
Trauma, n (%) 58 (10%) 357 (10%) 0.99 0.75-1.34 0.97
Previous Infections, n (%) 81 (14%) 415 (12%) 0.83 0.653-1.1 0.13
Endocrine diseases, n (%) 43 (8%) 250 (7%) 0.94 0.68-1.33 0.7
Chronic Obstructive, n (%) 150 (27%) 904 (26%) 0.98 0.82-1.17 0.8
Renal Impairment, n (%) 33 (6%) 180 (5%) 0.9 0.61-1.3 0.5
Hepatic Failure, n (%) 13 (2%) 50 (1%) 0.62 0.33-1.25 0.14
Thoracic Surgery, n (%) 27 (5%) 151 (4%) 0.91 0.6-1.42 0.62
Stroke, n (%) 14 (3%) 64 (2%) 0.74 0.4-1.43 0.3

Hand Hygiene compliance% (n/n)
Date on administration set% (n/n)
Placed sterile dressing% (n/n)

Correct condition of dressing% (n/n)

No. of CLAB, n

32% (427/1328)

71

49% (5260/10786)  1.52 1.4-17  0.00
33% (1544/4658)% (14159/36472) 1.17  1.11-1.2  0.0001
78% (3617/4638)% (32895/36472) 1.2 1.12-1.2  0.0001
76% (3537/4658% (26699/36472) 0.96  0.93-0.99  0.04

372

CLAB Rate per 1000 CL days 22.7 15.85 0.7 0.54-0.91 0.008

SD, standard deviation; CL, central line; CLAB, Central line dasedt bloodstream
infection; RR, relative risk; Cl, confidence interval; ASIS, average gg\arillness score.
*Bed-days are the total number of days that patients are irCthellring the selected time
period.

**CL-days: the total number of days of exposure to central linalbgf the patients in the
selected population during the selected time period.

***CL use ratios were calculated by dividing the total number of dalys by the total
number of bed-days.

In relation to compliance rates, during the intervention period, Hidptiance improved
significantly, as well as compliance with other measures, ingjugresence of date on
administration set, placed dressing, and condition of sterile dressing (Table 3).

During the baseline period, we recorded 3,129 CL-days, for a CL use oh€a57. There
were 71 CLABSs, for an overall baseline rate of CLAB of 22.7 8cAper 1000 CL-days
(Table 3).

Merging all data of the intervention period, during the implementation thef
multidimensional infection control approach, we recorded 23,463 CL-daysa CL use
mean of 0.63, and there were 372 CLABs, for an incidence density ofGbAESs per 1000



CL-days. These results showed a CLAB rate reduction from basajyi 30% (from 22.7 to
15.85 CLABs per 1000 CL-days; RR 0.70, 95% CI 0.54 — 0.91, P 0.008) (Table 3).

On the other hand, using Poisson regression, we found a progressive reduitieorate of
CLAB. The baseline CLAB rate (during the first three monthstatly) was progressively
reduced during the intervention period to 12.3 CLABs per 1000 CL days, accptottia
43% CLAB rate reduction (IRR 0.57; 95% CI1 0.41 — 0.80; P 0.001) (Table 4).

Table 4 Central line associated blood stream infection rates stratified by #length of
time that each intensive care unit has participated in the Internatinal Nosocomial
Infection Control Consortium

Time since joining ICUs, n Central line CLAB, n Crude CLAB IRR accounting for P value
INICC days, n rate/1000 CL days clustering by ICU

1-3 months (baseline) 13 3,129 71 22.7 1 -
4-12 months 13 9,751 170 17.4 0.79 (0.59 — 1.04) 0.103
Second year 11 7,287 123 16.9 0.63 (0.46 — 0.87) 0.004
Third year 6 6,425 79 12.3 0.53 (0.38 - 0.76) 0.001

Poisson regression.

INICC, International Nosocomial Infection Control Consortium:; IChkensive care unit;
CL, central line; CLAB, Central line associated bloodstrearmaciidn; IRR, incidence-rate
ratio.

The microorganisms profile is shown in Table 5. The predominanbarganisms in both

periods were Saphylococcus aureus, coagulase negative Staphylococci spp. and

Acinetobacter spp.

Table 5Microorganism related to central line associated blood stream infean in adult
intensive care units in phase 1 (baseline period) and phase 2 (interviemt period)

Isolated Microorganisms Baseline Intervention P.value
Acinetobacter spp.% (n) 14.5% (9) 23.2% (79) 0.1293
Candida spp.% (n) 9.7% (6) 8.2% (28) 0.7023
Citrobacter spp.% (n) 0.0% (0) 0.3% (1) -
Corynobacter% (n) 0.0% (0) 0.6% (2) -

E. Cali spp.% (n) 6.5% (4) 6.2% (21) 0.8429
Enterobacter spp.% (n) 6.5% (4) 3.5% (12) 0.4627
Enterococcus spp.% (n) 3.2% (2) 6.7% (23) 0.441
Haemophilius, spp. 0.0% (0) 0.6% (2) -
Klebsiella spp.% (n) 3.2% (2) 6.2% (21) 0.5365
Proteus spp.% (n) 0.0% (0) 0.3% (1) -
Pseudomonas spp.% (n) 8.1% (5) 10.9% (37) 0.5089
Saphylococcus aureus spp.% (n) 21.0% (13) 17.0% (58) 0.4516
Coagulase-negative staphylococci spp.% (n) 27.4% (17) 15.0% (51) 0.0159
Serratia spp.% (n) 0.0% (0) 0.6% (2) -
Senotrophomonas¥ (n) 0.0% (0) 0.3% (1) -
Streptococcus% (n) 0.0% (0) 0.6% (2) -

Total 100% (62)  100% (341) -




Discussion

If compared with the rates of developed countries, the baselinefr&ieAB found in this
study (22.7 per 1000 CL-days) was more than ten-fold higher thasSHel CLAB rate per
1000 CL-days determined by the CDC/NSHN [25]; and more than tdrikigher than the
1.4 CLAB rate determined by KISS [26].

In comparison with global CLAB rates from developing countries, ditARCbaseline rate

was considerably higher than the fourth international INICC repaidished in 2012 (6.8
CLABs per 1000 CL-days) [10]. Likewise, within the scope of othedies addressing the
burden of CLABs in Turkey, our CLAB rate of our study was highantthe rate found in
other two studies conducted in Turkey showing 17.6 CLABs per 1000 CL 4ayfl 11.8

CLABs per 1000 CL days [27].

In studies performed by INICC member hospitals, it was showrthtbamplementation of a
multidimensional approach for CLAB--which includes a bundle of intereestieducation,
outcome and process surveillance, feedback of CLAB rates, amofrparice feedback--
resulted in significant reductions in rates of CLAB in Argen{#@.63 vs. 11.10 CLABs per
1000 CL-days) [28]; in Mexico (46.3 vs. 19.5 CLABs per 1000 CL-days) [29]ut #CUs
(14.5 vs. 9.7 CLABs per 1000 CL-days) [30]; and in pediatric ICUs (10.7 vs.LRABper
1000 CL-days) [31].

The INICC multidimensional approach for CLAB included the followingnetnts. First, the
implementation of an infection prevention bundle based on the guidelines pdliighiee
SHEA and IDSA [16], which provide evidence-based recommendations andffeusive
infection control measures, which can be feasibly adapted tcCthesétting in developing
countries. Second, education of HCWs about infection preventive meashines. LAB
outcome surveillance by applying the definitions for CLAB develojsd the U.S.
CDC/NHSN [21,22]. Fourth, CLAB process surveillance to monitor canpé with easily
measurable infection control measures, including HH performanitie, feedback of CLAB
rates. Sixth, performance feedback of process surveillancegybarnty, by reviewing and
discussing charts results at monthly infection control meetings.

In our study, patients’ characteristics, such as age, gemkeyraerlying diseases showed
similar patient intrinsic risk in both study periods. But ASISrec CL use, and CL duration
were higher during the intervention period, meaning that the pahémsic risks were
higher in the intervention period. During the implementation of tH€ Mmultidimensional
approach, we found an improvement in process surveillance rates, withoktdliance
improved by 52%, compliance with date on administration set improvad%y compliance
with placed sterile dressing improved by 20%, and compliande edtrect condition of
dressing was high during both periods. During the study period, theQuéiB rate at
baseline was reduced from 22.7 to 12.00 per 1000 CL-days, showing a 39% 1@teAB
reduction and evidencing the effectiveness of the applied multidimensional approach.

Our study can be compared with an earlier bundle study [15], andhbenwof important
differences between them can be mentioned. First, this previousigimdbundle included
five elements. In contrast, we included eleven. Second, compliance wagsamired for any
of the bundle components, whereas we checked compliance of 5 bundle compdnets. T
characteristics of patients during baseline and intervention perieds mot collected nor



analyzed so as to check and compare such individual features, wierdasand could find
that our patients were statistically similar during both periodsrtR, the follow-up period
was 18 months, whereas we included a 36-month follow-up period. Fifthyantem
included only a bundle and a check list, whereas our study includeddwe-mentioned 6
simultaneous interventions. Finally, microorganisms responsible for ChAe not
provided, whereas in our study we included the CLAB microorganism ertdil both
baseline and intervention periods. The most important differencesmeasurements of the
population’s features and compliance with bundle elements, which allesvexanalyze the
real impact of our intervention by excluding confounders associatiéld patients’
characteristics and infection control practices.

Regarding the microorganisms profile, we identified a predomin&aplylococcus aureus,
coagulase-negative staphylococci spp. Aoighetobacter spp. during both periods, which is
similar to the findings of other studies conducted in limited-resource coumsidy.[

This study has several limitations. First, our findings cannot bergkzed to all ICU
patients from Turkey. However, this study proved that a multidimaakiapproach is
fundamental to understand and fight against the adverse effects & @LtAe ICU setting
of Turkey. Second, the setting of three-month baseline periodomaort and might have
overestimated the effect of the intervention; however, during bagemad the sample size
was good enough, and the confidence intervals for the baselineestenarrow. Finally,
because we did not count on the necessary resources, we were nti differentiate
between early and late onset infections; we could not quantifytail dé the interventions
included in our multidimensional approach, such as education; and we could nbtyqua
compliance with some of the components of our bundle. Therefore, we co@dahadte the
components’ individual implications or other contextual factors relaedhe ICU or
hospitals individually. Nevertheless, our main goal was to redwedigh baseline CLAB
rates found in our ICU, and although our interventions were inexpenbendividual
evaluation would have required more allocation of time, contributing to ussegeharm for
ICU patients. Fortunately, as from January 2012, we have beertcabltdlect all these
process surveillance data.

Conclusions

This is the first multicenter study to report a substangiduiction in CLAB rates in the ICU
setting of Turkey, proving this kind of infection control approach suage$3éspite higher
patient intrinsic risk characteristics during the interventioniogera multidimensional
approach including improved compliance with preventive measureslfaB Cesulted in
significant reductions in the CLAB incidence rate. Neverthelessworth highlighting that
the reduction in CLAB rates does not derive from surveillancé.ifBese systematically
collected data should serve to guide ICPs in their strategiesmiprovement of patient care
practices, such as performance feedback, as demonstrated inl ggestaus studies
conducted in limited resources countries [29,30,32,33].

We expect that these preventive strategies proven effective in the INIQGs of Turkey by
means of the implementation of the multidimensional approach for GirA&iention results
in a wider acceptance of infection control programs in hospital$dwigie, leading to
significant CLAB reductions. Through the INICC network, investigatwesfreely furnished
with training and methodological tools to perform outcome and processilkurce, and to



implement an effective infection prevention model for CLABs, anchatsame time, the
publication of these findings serves to foster relevant scieetifience-based literature. For
this reason, every hospital is invited to participate in the INp@&§fect, which was set up to
respond to the compelling need in the developing world to significanthept,econtrol and
reduce CLABs and their adverse effects.

Competing interests

The authors declare that they have no competing interestsdreétatthis article. Every
hospital’s Institutional Review Board agreed to the study protaoal patient confidentiality
was protected by codifying the recorded information, making it adptifiable to the
infection control team.

Authors’ contributions

Idea, conception and design: VDR Software development: VDR Assevhlgta: VD R
Analysis and interpretation of the data: VDR Epidemiological amalyWDR Statistical
analysis: VDR Administrative, technical, and logistic support: VIDRfting of the article:
VDR Ciritical revision of the article for important intelleckusontent: All authors. Final
approval of the article: All authors. Provision of study patieAts:authors. Collection of
data: All authors. Funding: VDR and the Foundation to Fight against bimsaicinfections
funds all the activities at INICC head quarters.

Acknowledgments

The authors thank the many health care professionals at each mtespial who assisted

with the study surveillance; without their cooperation and genersaistance this INICC
would not be possible; Mariano Vilar, Débora Lopez Burgardt, Santiagoes Denise
Brito, Eugenia Manfredi, Luciana Soken, Dario Pizzuto, Ding Ydaheta Sayar, and Isaac
Kelmesz0065s who work at INICC headquarters in Buenos AiresiNiKeC Country
Coordinators and Advisory Board, who have so generously supported this unique
international infection control network.

Funding
The funding for the activities carried out at INICC head auartvere provided by the

corresponding author, Victor D. Rosenthal, and Foundation to Fight againstddual
Infections.

References

1. Boyce JM: Prevention of central line-associated bloodstream infectionsin
hemodialysis patientslnfect Control Hosp Epidemiol 2012,33:936—944.

2. Rosenthal VD, Guzman S, Migone O, Crnich Che attributable cost, length of
hospital stay, and mortality of central line-associated bloodstreannfection in intensive



care departments in Argentina: a prospective, matched analysi?Am J Infect Control
2003,31:475-480.

3. Rosenthal VD:Central line-associated bloodstream infections in limitegdesource
countries: a review of the literature.Clin Infect Dis 2009,49:1899-1907.

4. Leblebicioglu H, Rosenthal VD, Arikan OA, Ozgultekin A, Yalcin Agksal |, Usluer
G, Sardan YC, Ulusoy Pevice-associated hospital-acquired infection rates in tkish

intensive care units. Findings of the international nosocomialinfection control

consortium (INICC). J Hosp Infect 2007,65:251-257.

5. Higuera F, Rangel-Frausto MS, Rosenthal VD, Soto JM, CastanoantoFG, Tabal-
Galan N, Ruiz J, Duarte P, Graves Altributable cost and length of stay for patients
with central venous catheter-associated bloodstream infeotn in Mexico City intensive
care units: a prospective, matched analysignfect Control Hosp Epidemiol 2007,28:31—
35.

6. Barnett AG, Graves N, Rosenthal VD, Salomao R, Rangel-Fraust&itess length of
stay due to central line-associated bloodstream infection imtensive care units in
Argentina, Brazil, and Mexico. Infect Control Hosp Epidemiol 2010,31:1106-1114.

7. Rosenthal VD, Maki DG, Salomao R, Moreno CA, Mehta Y, Higuerauell& LE,
Arikan OA, Abougal R, Leblebicioglu HDevice-associated nosocomial infections in 55
intensive care units of 8 developing countriegAnn Intern Med 2006,145582-591.

8. Rosenthal VD, Maki DG, Mehta A, Alvarez-Moreno C, LeblebiciogluHiguera F,

Cuellar LE, Madani N, Mitrev Z, Duenas L, Navoa-Ng JA, Gareiéll, Raka L, Hidalgo RF,
Medeiros EA, Kanj SS, Abubakar S, Nercelles P, Pratesi IRlernational nosocomial

infection control consortium report, data summary for 2002—-2007, issuedhnuary 2008.

Am J Infect Control 2008,36:627—637.

9. Rosenthal VD, Maki DG, Jamulitrat S, Medeiros EA, Todi SK, GobézLeblebicioglu
H, Abu Khader I, Miranda Novales MG, Berba R, Ramirez Wong FMkd&aA, Pino OR,
Duenas L, Mitrev Z, Bijie H, Gurskis V, Kanj SS, Mapp T, Hidalgb, Ben Jaballah N,
Raka L, Gikas A, Ahmed A, Thu le TA, Guzman Siritt MBternational nosocomial
infection control consortium (INICC) report, data summary for 2003—-2008, issued June
2009.Am J Infect Control 2010,38:95-104. e102.

10. Rosenthal VD, Rodriguez-Calderon ME, Rodriguez-Ferrer M, Singh&awar M,
Sobreyra-Oropeza M, Barkat A, Atencio-Espinoza T, Berba R, NavoaAduenas L,
Ben-Jaballah N, Ozdemir D, Ersoz G, AygunKihdings of the international nosocomial
infection control consortium (INICC), part II: impact of a mu Itidimensional strategy to
reduce ventilator-associated pneumonia in neonatal intensivea® units in 10
developing countries.Infect Control Hosp Epidemiol 2012,33:704—710.

11. Rosenthal VD, Bijie H, Maki DG, Mehta Y, Apisarnthanarak Aeddiros EA,
Leblebicioglu H, Fisher D, Alvarez-Moreno C, Khader IA, Del Rocmn@alez Martinez M,
Cuellar LE, Navoa-Ng JA, Abougal R, Guanche Garcell H, Mitrev ZezPGarcia MC,
Hamdi A, Duenas L, Cancel E, Gurskis V, Rasslan O, Ahmed A, 8&nJUgalde OC, Mapp
T, Raka L, YuetMeng C, Thule TA, Ghazal &,al: International Nosocomial Infection



Control Consortium (INICC) report, data summary of 36 countries, for 2004-2009.Am
J Infect Control 2012,40:396—-407.

12. Rosenthal VD, Lynch P, Jarvis WR, Khader IA, Richtmann R, JabdBahAygun C,
Villamil-Gomez W, Duenas L, Atencio-Espinoza T, Navoa-Ng JAw&aM, Sobreyra-
Oropeza M, Barkat A, Mejia N, Yuet-Meng C, ApisarnthanaralSécioeconomic impact
on device-associated infections in limited-resource neonatahtensive care units:
findings of the INICC. Infection 2011,39:439-450.

13. Rosenthal VD, Jarvis WR, Jamulitrat S, Silva CP, Ramachandrnddas L, Gurskis
V, Ersoz G, Novales MG, Khader IA, Ammar K, Guzman NB, Navoa-NgSdiem ZS,
Espinoza TA, Meng CY, Jayatilleke KSocioeconomic impact on device-associated
infections in pediatric intensive care units of 16 limiteeresource countries:
international nosocomial infection control consortium findings*. Pediatr Crit Care Med
2012,13:399-406.

14. Haley RW, Morgan WM, Culver DH, White JW, Emori TG, MosseHUghes JM:
Update from the SENIC project. Hospital infection control: recent progress and
opportunities under prospective paymentAm J Infect Control 1985,13:97-108.

15. Pronovost P, Needham D, Berenholtz S, Sinopoli D, Chu H, Cosgrove &) Bextyzy
R, Welsh R, Roth G, Bander J, Kepros J, GoeschAhGntervention to decrease catheter-
related bloodstream infections in the ICUN Eng J Med 2006,3552725-2732.

16. Marschall J, Mermel LA, Classen D, Arias KM, Podgorny K, AsderDJ, Burstin H,
Calfee DP, Coffin SE, Dubberke ER, Fraser V, Gerding DN, Griifif\y Gross P, Kaye KS,
Klompas M, Lo E, Nicolle L, Pegues DA, Perl TM, Saint S, 8§dtg CD, Weinstein RA,
Wise R, Yokoe DSStrategies to prevent central line-associated bloodstreamfections
in acute care hospitalsInfect Control Hosp Epidemiol 2008,29(Suppl 1):S22-S30.

17. Rosenthal VD, Guzman S, SafdaR¢&duction in nosocomial infection with improved
hand hygiene in intensive care units of a tertiary care hospit in Argentina. Am J Infect
Control 2005,33:392—-397.

18. Berenholtz SM, Pronovost PJ, Lipsett PA, Hobson D, Earsing K, RHtleMilanovich
S, Garrett-Mayer E, Winters BD, Rubin HR, Dorman T, Perl Bdminating catheter-
related bloodstream infections in the intensive care unitCrit Care Med 2004,32:2014—
2020.

19. Maki DG, Rosenthal VD, Salomao R, Franzetti F, Rangel-Frau§o IiMpact of
switching from an open to a closed infusion system on rates oéntral line-associated
bloodstream infection: a meta-analysis of time-sequence cohastudies in 4 countries.
Infect Control Hosp Epidemiol 2011,32.50-58.

20. Rosenthal VD, Maki DG, Graves Nhe international nosocomial infection control
consortium (INICC): goals and objectives, description of surudance methods, and
operational activities. Am J Infect Control 2008,36.e1—e12.



21. Horan TC, Andrus M, Dudeck MADC/NHSN surveillance definition of health care-
associated infection and criteria for specific types of imfctions in the acute care setting.
Am J Infect Control 2008,36:309-332.

22. Garner JS, Jarvis WR, Emori TG, Horan TC, Hughes QRIC definitions for
nosocomial infections 19882 Arztl Fortbild (Jena) 1991,85:818—-827.

23. Maki DG, Weise CE, Sarafin HWA semiquantitative culture method for identifying
intravenous-catheter-related infection.N Engl J Med 1977,296.1305-1309.

24. Sax H, Allegranzi B, Chraiti MN, Boyce J, Larson E, PifletThe world health
organization hand hygiene observation methodAm J Infect Control 2009,37:827—-834.

25. Dudeck MA, Horan TC, Peterson KD, Allen-Bridson K, Morrell G, Pollock DA, Edwards
JR: National healthcare safety network (NHSN) report, data summaryor 2010, device-
associated moduleAm J Infect Control 2011,39:798—816.

26. Geffers C, Gastmeier Rosocomial infections and multidrug-resistant organisms in
Germany: epidemiological data from KISS (the hospital infectionsurveillance system).
Dtsch Arztebl Int 2011,10887-93.

27. Dogru A, Sargin F, Celik M, Sagiroglu AE, Goksel MM, Sayhai e rate of device-
associated nosocomial infections in a medical surgical intemsi care unit of a training
and research hospital in Turkey: one-year outcomeslpn J Infect Dis 2010,63:95-98.

28. Rosenthal VD, Guzman S, Pezzotto SM, Crnich E3fect of an infection control
program using education and performance feedback on rates of tirmvascular device-
associated bloodstream infections in intensive care unit& Argentina. Am J Infect
Control 2003,31:405-4009.

29. Higuera F, Rosenthal VD, Duarte P, Ruiz J, Franco G, SafdainéNeffect of process
control on the incidence of central venous catheter-associdtdloodstream infections
and mortality in intensive care units in Mexico.Crit Care Med 2005,33:2022—-2027.

30. Rosenthal VD, Maki DG, Rodrigues C, Alvarez-Moreno C, LeblebigiH, Sobreyra-
Oropeza M, Berba R, Madani N, Medeiros EA, Cuellar LE, MitreDdenas L, Guanche-
Garcell H, Mapp T, Kanj SS, Fernandez-HidalgoliRpact of international nosocomial
infection control consortium (INICC) strategy on central line-associated bloodstream
infection rates in the intensive care units of 15 developingpuntries. Infect Control Hosp
Epidemiol 2010,31:1264-1272.

31. Rosenthal VD, Ramachandran B, Villamil-Gomez W, Armas-Ruiz &/08-Ng JA,
Matta-Cortes L, Pawar M, Nevzat-Yalcin A, Rodriguez-FeNerYildizdas RD, Menco A,
Campuzano R, Villanueva VD, Rendon-Campo LF, Gupta A, Turhan O, Barahonza@uz
N, Horoz OO, Arrieta P, Brito JM, Tolentino MC, Astudillo Y, SaiNi, Gunay N,
Sarmiento-Villa G, Gumus E, Lagares-Guzman A, Dursuhmpact of a multidimensional
infection control strategy on central line-associated bloodstrea infection rates in
pediatric intensive care units of five developing countriesfindings of the international
nosocomial infection control consortium (INICC).Infection 2012,40:415-423.



32. Hu B, Tao L, Rosenthal VD, Liu K, Yun Y, Suo Y, Gao X, Li R, Su D, Wdn#lao C,
Pan W, Saunders ClDevice-associated infection rates, device use, length of stapd
mortality in intensive care units of 4 chinese hospitalsniernational nosocomial control
consortium findings. Am J Infect Control 2012.

33. Rosenthal VD, McCormick RD, Guzman S, Villamayor C, Orellano B¥i&ct of
education and performance feedback on handwashing: the bertebf administrative
support in Argentinean hospitals.Am J Infect Control 2003,31:85-92.



	Start of article

