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Abstract

Background

Central line-associated bloodstream infections (B&A have long been associated v
excess lengths of stay, increased hospital costsrentality attributable to them. Differe
studies from developed countries have shown thettise bundles reduce the incidence
CLAB in intensive care units. However, the impacttioe bundle strategy has not bg
systematically analyzed in the adult intensive eam¢ (ICU) setting in developing countrie
such as Turkey. The aim of this study is to analylze impact of the Internation
Nosocomial Infection Control Consortium (INICC) rtidimensional infection contrg
approach to reduce the rates of CLAB in 13 ICUd®fINICC member hospitals from
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cities of Turkey.




Methods

We conducted active, prospective surveillance leefdter study to determine CLAB rateg in
a cohort of 4,017 adults hospitalized in ICUs. Vieleed the definitions of the CDC/NHSN
and INICC surveillance methods. The study was eédidnto baseline and interventipn
periods. During baseline, active outcome surveskaof CLAB rates was performed. Duripg
intervention, the INICC multidimensional approadr CLAB reduction was implemented
and included the following measures: 1- bundle mfiegtion control interventions, 2-
education, 3- outcome surveillance, 4- processesilaice, 5- feedback of CLAB rates, and
6- performance feedback on infection control pcasti CLAB rates obtained in baseljne
were compared with CLAB rates obtained during weetion.

Results

During baseline, 3,129 central line (CL) days wezeorded, and during intervention, e
recorded 23,463 CL-days. We used random effectssBioi regression to account for
clustering of CLAB rates within hospital across éiperiods. The baseline CLAB rate was
22.7 per 1000 CL days, which was decreased dunegntervention period to 12.0 CLABs
per 1000 CL days (IRR 0.613; 95% CI 0.43 — 0.87).607). This amounted to a 39%
reduction in the incidence rate of CLAB.

Conclusions

The implementation of multidimensional infectionntm| approach was associated with a
significant reduction in the CLAB rates in adultU€ of Turkey, and thus should be widgly
implemented.

U
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Background

The burden of central line-associated bloodstreafeciion (CLAB) in critically ill patients
has been widely addressed in the scientific litemtvorldwide. According to studies from
developed [1] and developing countries [2,3], idahg Turkey [4], the most serious clinical
consequences attributable to CLAB are increasedatitgrrates [1], significant morbidity
[1], and increased LOS [2,5,6]. From an economisective, CLABs are also responsible
for significant increases in healthcare costsepsnted in both developed [1] and developing
countries [2,5], but there are not available puitgidsdata on costs of CLAB from Turkey.

The results reported from hospitals members of Ititernational Nosocomial Infection

Control Consortium (INCC) revealed that device-agged healthcare-acquired infections
(DA-HAI) rates in the intensive care units (ICUd)lionited-resources countries are 3 to 5
times higher than rates in the ICUs of high-incaroentries [7-10]. However, most hospitals



in limited-resource countries do not implement basfection control programs, resulting in
a general unawareness of the incidence of CLABeit healthcare facilities [11].

In addition, the socio-economic level of a courdgnd hospital type were reported to have an
impact on DA-HAI rates in the ICU settings of deyahg countries in two studies [12,13].
As regards hospital type, CLAB rates in neonataJd@rom public and academic hospitals
were significantly higher than in private hospital€.3 and 14.6 vs.10.8 CLABs per 1000
CL-days [12]. With regard to the country socioeaoio level, in a study conducted in
pediatric ICUs it was shown that lower-middle-inegountries had higher CLAB rates than
upper middle-income countries (12.2 vs. 5.5 per010Q-days) [13]. Similarly, CLAB rates
in neonatal ICUs were shown to be higher in loneme countries than in lower-middle and
upper-middle-income countries [12].

In the developed countries, it has been demondtrditat surveillance is fundamental to
prevent CLABs, which can be reduced by more tha®o 304]. Implementing infection
control bundles alone—including five interventiormych as 1- hand hygiene, 2- skin
antisepsis with chlorhexidine, 3- maximal barriefs,insertion in subclavian vein, and 5 -
timely central line (CL) removal—were associatedwa reduction in the incidence density
of CLAB in developed countries [15].

INICC supports hospitals in limited-resource coigstrin performing surveillance and
reducing healthcare-associated infection rates.pitids from limited-resource countries
contact INICC and then receive forms and manuath @uidance to implement effective
surveillance and infection control programs. INICLso provides administrative and
scientific support to upload, process, analyze @edte charts and tables with the collected
data.

With the aim of reducing these high CLAB rates, imglemented a multidimensional
infection control program—which included specifntarventions for CLAB prevention, such
as a practice bundle, education, outcome surve#laprocess surveillance, feedback of
CLAB rates, as well as performance feedback ofctida control practices—in 13 adult
ICUs of 13 hospitals, in 8 cities of Turkey. The pilementation of the INICC
multidimensional program for CLAB prevention is bdson the recommendations and
guidelines published by the Society for Health Capgdemiology of America (SHEA) and
the Infectious Diseases Society of America (IDSA2008 [16].

This study analyses the particular effect of thisvpntive multidimensional strategy on
CLAB rates in the adult ICU setting of Turkey fradeptember 2003 to January 2011.

Methods

Setting and study design

From September 2003 to January 2011, we conducteati@ve, prospective outcome and
process surveillance before-after study in 13 Isiten Care Units (ICUs) in 13 hospitals
members of the INICC in 8 cities of Turkey. Eaclspital had been actively participating in
the INICC Surveillance Program for at least 4 mentRvery hospital had an infection
control team (ICT) comprised of at least a medidattor with formal education and



background in internal medicine, critical care, infectious diseases, and/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 surveillance and process
surveillance. The length of the baseline period is three months due to the following three
reasons:

1. This is the time needed to conduct the following activities at INICC headquarters (HQs) in
Argentina on a monthly basis: receiving those case report forms (CRF) filled at all
participating ICUs from Turkey; conducting a validation process of filled CRFs; sending
gueries to participating ICUs; receiving and analyzing replies to queries; uploading CRFs
data with proprietary INICC software in Argentina; analyzing uploaded data; producing
monthly reports containing charts and tables with the results of outcome and process
surveillance; sending monthly reports to each ICUs; presenting the monthly report of
outcome and process surveillance data to health care workers (HCWSs) working at the
participating ICUs in monthly infection control meetings, with the aim of providing feedback
on CLAB rates and consequences and performance feedback and increase the awareness
about CLABSs 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 issue is addressed by
considering the changes in rates over time. The relatively short baseline period may impact
the standard error of our estimates. But we found that this will not cause a bias in the results,
because there will not be systematic differences between the two groups.

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

Intervention period

The intervention period was initiated after three months of participation in the INICC
outcome and process surveillance program. This is a cohort study, and for that reason, each
ICU joined INICC program at different moments. Thus, by the time we analyzed the impact
of the INICC intervention, we had ICUs with different lengths of intervention 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 the following: 1- bundle of
infection control interventions, 2- education, 3- outcome surveillance, 4- process surveillance,
5- feedback of CLAB rates, and 6- performance feedback of infection control practices.



Components of central line-care bundle for CLAB [16

1. Perform hand hygiene before CL insertion or rpalaition [17].

2. Use sterile gauze or transparent sterile drggsicover insertion site [16].

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

4. Remove CL as early as possible, when not negelds.

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

6. Use a chlorhexidine-based antiseptic for skeppration [16].

7. Preferably use subclavian vein [16].

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

9. Use maximal sterile barrier precautions durihgiiSertion [16].

10. Avoid using several times those vials meatetaise only once [16].

11. Disinfect line hubs, needleless connectors,@fiedtion ports before accessing the CL
[16].

Some other effective interventions were discusdmd, not applied because of budget
limitations; namely, the following five (5) practis were partially applied or not applied:

1. Use of split septum instead of mechanical vabrebree ways stopcock [16].

2. Use of chlorhexidine impregnated sponge at fiesesite [16].

3. Daily bath with chlorhexidine [16].

4. Use of antimicrobial impregnated catheters [16].

5. Use of closed collapsible flexible containerstéad of open semi-rigid vented or glass
vented IV containers [19].

Education

Monthly sessions of education provided by ICP ® KHCWSs in charge of the insertion, care,
and maintenance of CLs for CLAB prevention basedSHtEA and IDSA guidelines to
prevent CLAB [16].

INICC surveillance methods

The INICC Surveillance Program includes two compuasieoutcome surveillance (DA-HAI
rates and their adverse effects, including mowaktes) and process surveillance (adherence
to hand hygiene and other basic preventive infaatmntrol practices) [20].

Investigators were required to complete outcome mtess surveillance forms at their
hospitals, which were then sent to the INICC headgus office in Buenos Aires, for their
monthly analysis.

Outcome surveillance

Outcome Surveillance included rates of CLAB per W@L-days, use of invasive devices
(CL, mechanical ventilator, and urinary cathetsegeyerity illness score, underlying diseases,
use of antibiotics, culture taken, microorganisrofipe, bacterial resistance, length of stay,
mortality in their ICUs [20].



CLAB definitions and surveillance methods were perfed applying the definitions for
healthcare-associated infection (HAI) developedhayU.S. Centers for Disease Control and
Prevention (CDC) for the National Healthcare Safgtwork (NHSN) program [21]. In
limited-resource countries, the usual practiceksng blood cultures after starting antibiotic
treatment, or not taking blood cultures at all.sTresults in having patients with CLAB but
without laboratory evidence of CLAB. For that reasee decided to continue using “clinical
sepsis” as well as “laboratory confirmed bloodstreafections” as definition criteria for
“CLAB”, as historically used by the CDC NNIS [22].

Additionally, INICC methods were adapted to theiled-resource setting of developing
countries, due to their different socioeconomidustd20]. ASIS score was used instead of
APACHE Il score due to budget limitations of pagating ICUs from this limited-resource
country. Thus, we decided to use ASIS score, derfaally used by the CDC NNIS [22].

Definitions

Laboratory confirmed CLAB

When CLAB is suspected, the CL is removed asepgieald the distal 5 cm of the catheter is
amputated and cultured, using the standardized sguantitative method [21,22].
Concomitant blood cultures are drawn percutaneouslynost cases. In each hospital,
standard laboratory methods are used to identifgraorganisms, and standardized
susceptibility testing is performed [21,22]. A gati with a CL who has a recognized
pathogen isolated from one or more percutaneousdbloultures after 48 hours of
catheterization; the pathogen cultured from thedls not related to an infection at another
site; and patient has one or more of the follovgigms or symptoms: fever38°C), chills, or
hypotension. With skin commensals (diphtheroiacillus spp., Propionibacterium spp.,
coagulase-negative staphylococci or micrococce,dfganism has been recovered 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 thdofeing clinical signs, with no other
recognized cause: fever38°C), hypotension (systolic blood pressw®0 mmHg) or
oliguria €20 mL/hr), but blood cultures were either not ah¢ai or no organisms were
recovered from blood cultures; there is no appaieféction at another site; and the
physician institutes antimicrobial therapy [21,22].

Process surveillance
Process surveillance was designed to assess coewhath easily measurable key infection
control practices, such as surveillance of compkarates for hand hygiene practices and

specific measures for the prevention of CLAB [20].

Because of budget limitations, only five out of vele components of the bundle were
monitored:

1. Hand hygiene (HH) compliance rate was basederfréquency with which HH was
performed as indicated in HCWs infection contralrimg. Observing ICPs were trained to



record HH opportunities and compliance on a forarird) randomly selected observation
periods of 30 minutes to 1 hour, 3 times a weeladrticular, the INICC direct observation
comprised the “Five Moments for Hand Hygiene” asoramended by the World Health
Organization (WHO). The “Five Moments” included tim@nitoring of the following

moments: (1) before patient contact, (2) beforaseptic task, (3) after body fluid exposure
risk, (4) after patient contact, and (5) after emhiwvith patient surroundings [24]. Although
HCWs knew that hand hygiene practices were regutadnitored, they were not informed

of the schedule for HH observations.

2. Data on compliance with CL-care measures warerded 5 days a week on a form that
evaluated if infection control procedures were edtly carried out by the HCW. The ICP
observing the activity in the AICU filled a standered form that contained the following
data: total number of inserted CLs for each pafienthe whole ICU; total number of
dressing placed to protect the puncture site i@l evaluate number of patients with sterile
dressing [20].

3. Also the ICP filled a standardized form thatteamed total number of dressings in correct
condition, evaluating if the dressing was cleay,aird correctly adhered to the puncture site,
So as to evaluate number of dressing in corredliton [20].

4. Also the ICP filled a standardized form thatteamed total number of cases in which the
dates in the administration set were written, \ilia aim of measuring the number of patients
with number of days of the administration set iagal, and evaluating if the set was replaced
by or before 96 hours [20].

5. Finally, the ICP filled a standardized form umting the date of insertion and removal of
each CL, to evaluate number of days of CL insered,the earliest possible removal CL
when not necessary.

Feedback of DA-HAI rates

Upon processing the hospitals’ outcome surveillada& on a monthly basis, the INICC
Research Team, at INICC Headquarters located im@dires, prepares and sends to each
ICT a final report on the results of outcome sutaece rates; that is, monthly DA-HAI rates,
length of stay, bacterial profile and resistancel mortality [20].

Feedback of DA-HAI rates is provided to HCWs wortkin the AICU by communicating the
outcomes of the patients. The resulting rates eweewed by the ICT at monthly meetings,
where charts are analyzed, and statistical graptsvesuals are posted inside the ICU, to
provide an overview of rates of DA-HAIs. This infen control tool is key to increase
awareness about outcomes of patients at their édable the ICT and ICU staff to focus on
the necessary issues and apply specific strategri@®provement of high DA-HAI rates.

Performance feedback

Upon processing the hospitals’ process surveilla@&a on a monthly basis, the INICC
Research Team, at INICC Headquarters located im@udires, prepares and sends to each
ICT a final report on the results of process suiaece rates, including compliance with hand
hygiene, and care of CL [20].

Performance feedback is provided to HCWs workingh@ AICU by communicating the

assessment of practices routinely performed by tfdra resulting rates are reviewed by the
ICT at monthly meetings, where charts are analyaed, statistical graphs and visuals are
posted inside the ICU, to provide an overview d@ésameasuring compliance with infection



control practices. This infection control tool igykto enable the ICT and ICU staff to focus
on the necessary strategies for improvement ofdompliance rates.

Statistical methods

Patients’ characteristics during baseline and dumervention period in each ICU were
compared using Fisher’'s exact test for dichotom@usmbles and unmatched Student’s t-test
for continuous variables. Confidence intervals (61)95% were calculated using VCStat
(Castiglia). Relative risk (RR) ratios with 95% ¢idence intervals (Cl) were calculated for
comparisons of rates of CLAB using EPI Info V6. &#ues <0.05 by two-sided tests were
considered significant. We conducted two types radlysis to evaluate the impact of our
intervention on CLAB rates. First, we performedaaralysis to compare the data of the first
three months (baseline period) with the remainiagle¢d months (intervention period), using
RR, 95% CIl and P value. Second, in order to anglyegressive CLAB rate reduction, we
used Poisson regression. We divided the data heditst three months (baseline period),
followed by a nine-month period (intervention pediocand two annual follow-up periods for
the second and third years. We compared the CLAES far each follow-up period with the
baseline CLAB rate. For this comparison, we usetlaaeline data only those hospitals that
contributed to follow-up in that period (i.e. exding from the baseline hospitals with long
lengths of follow-up that only contributed a shottength of surveillance). We used random
effects Poisson regression to account for clugieohCLAB rates within hospitals across
time periods. These models were estimated using $8a0. For this analysis we used IRR,
95% Cl, and P value.

Results

Over the whole study period, 4017 adult patientspitalized for 42,749 days in 13 ICUs,
from 13 hospitals, from 8 cities were enrolled, &&]592 CL-days were collected. The
participating hospitals were summarized and cleskdccording to number of ICUs and type
of hospital, and ICU characteristics by hospitdleTirst ICUs to participate were enrolled in
September 2003, and the most updated data inclogtednalysis dates from January 2011.
(Tables 1 and 2)

Table 1 Characteristics of the participating intensive careunits, and hospitals (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 careunits by hospital (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, gendegnaibdl surgery, cardiac surgery, trauma,
previous infections, endocrine diseases, chronistrottive pulmonary diseases, renal
impairment, hepatic failure, thoracic surgery, atrdke were similar during both periods. CL
duration, CL use, and ASIS mean score were highengl the intervention period. This
means patients had higher intrinsic infection eskhe intervention period. (Table 3)



Table 3Characteristics of patients, hand hygiene compliare; central line care
compliance, central line usage, central line-ass@ted blood stream infection rates, in

the baseline period and intervention period

Patients’ Characteristics Baseline Intervention RR* 95% ClI P-
Value

Study period by hospital in months, 3 15.6 +9.2 (4 - 36)

mean = SD (range)

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 - - 1a4.0

Age, mean + SD 54.1+22.0 523+21.4 - - 0.08

ASIS score, mean £ SD 32+1.1 3.6+1.14 - - 0100

Male

Female

Abdominal Surgery, n (%)
Cardiac Surgery, n (%)

Trauma, n (%)

Previous Infections, n (%)
Endocrine diseases, n (%)
Chronic Obstructive, n (%)

Renal Impairment, n (%)

Hepatic Failure, n (%)

Thoracic Surgery, n (%)

Stroke, n (%)

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

CLAB Rate per 1000 CL days

305 (57%)
230 (43%)
58 (10%)
11 (2%)
58 (10%)
81 (14%)
43 (8%)
150 (27%)
33 (6%)
13 (2%)
27 (5%)
14 (3%)

32% (427/1328)
33% (1544/4658)% (14159/36472) 1.17
78% (3617/4658)% (32895/36472) 1.2
76% (3537/46583% (26699/36472) 0.96

71
22.7

2,048 (60%)
1379 (40%)
349 (10%)
72 (2%)
357 (10%)
415 (12%)
250 (7%)
904 (26%)
180 (5%)
50 (1%)
151 (4%)
64 (2%)

49960/10786)

372
15.85

1.05 091-1.21 0.5
097 740-1.3 0.84
1.1 0.56222 0.9
0.99 0.75-1.34 .970
0.830.653-1.1 0.13
094 8#0.6.33 0.7
0.98 0.82-1.17 0.8
0.9 0.6113- 0.5
0.62 0.3B25 0.14
0.91 0642 0.62

0.74 0.4-1.43 0.3

1.52 14-17 0.0001
111-1.2 0.0001
1.12-1.2 0.0001

0.93-0.99 0.04

0.7 0.54910. 0.008

SD, standard deviation; CL, central line; CLAB, @ah line associated bloodstream
infection; RR, relative risk; ClI, confidence intatyASIS, average severity of illness score.
*Bed-days are the total number of days that patian¢ in the ICU during the selected time

period.

**CL-days: the total number of days of exposurecémtral line by all of the patients in the
selected population during the selected time period
***CL use ratios were calculated by dividing thetdb number of CL-days by the total

number of bed-days.

In relation to compliance rates, during the intetien period, HH compliance improved
significantly, as well as compliance with other sw@®s, including presence of date on
administration set, placed dressing, and condiiwsterile dressing. (Table 3)

During the baseline period, we recorded 3,129 Cysdéor a CL use mean of 0.57. There
were 71 CLABs, for an overall baseline rate of CLAB22.7 CLABs per 1000 CL-days.

(Table 3)

Merging all data of the

intervention period, durindpe

implementation of the

multidimensional infection control approach, we aeted 23,463 CL-days, for a CL use
mean of 0.63, and there were 372 CLABs, for arderete density of 15.85 CLABs per 1000



CL-days. These results showed a CLAB rate redudtiom baseline by 30% (from 22.7 to
15.85 CLABs per 1000 CL-days; RR 0.70, 95% CI 6-:34191, P 0.008). (Table 3)

On the other hand, using Poisson regression, wedfauprogressive reduction in the rate of
CLAB. The baseline CLAB rate (during the first tarenonths of study) was progressively
reduced during the intervention period to 12.3 ClsAfer 1000 CL days, accounting for a
43% CLAB rate reduction (IRR 0.57; 95% CI1 0.41 8@.P 0.001). (Table 4)

Table 4 central line associated blood stream infection ratestratified by the length of
time that each intensive care unit has participatedn the international nosocomial
infection control consortium

Time since joining N°of Central line CLAB, Crude CLAB IRR accounting P

INICC days, n n for value
rate/1000 CL clustering by
ICUs, days ICU
n

1-3 months 13 3,129 71 22.7 1 -

(baseline)

4-12 months 13 9,751 170 17.4 0.79 (0.59 0.103
1.04)

Second year 11 7,287 123 16.9 0.63 (0.466.004
0.87)

Third year 6 6,425 79 12.3 0.53 (0.38 -0.001
0.76)

Poisson regression.
INICC, international nosocomial infection contransortium; ICU, intensive care unit; CL,
central line; CLAB, Central line associated bloodam infection; IRR, incidence-rate ratio.

The microorganisms profile is shown in Table 5. finedominant microorganisms in both
periods were Saphylococcus aureus, coagulase negative Staphylococci spp. and
Acinetobacter spp.



Table 5Microorganism related to central line associated ldod stream infection in adult
intensive care units in phase 1 (baseline periodhd phase 2 (intervention 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. Coli 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) 274% (17) 15.0%(51) 0.0159
Serratia spp.% (n) 0.0% (0) 0.6% (2) -
Senotrophomonas% (n) 0.0% (0) 0.3% (1) -
Sreptococcus¥o (n) 0.0% (0) 0.6% (2) -
Total 100% (62) 100% (341) -
Discussion

If compared with the rates of developed countriks, baseline rate of CLAB found in this
study (22.7 per 1000 CL-days) was more than tetdiagher than the US 1.1 CLAB rate per
1000 CL-days determined by the CDC/NSHN [25]; amatenthan ten-fold higher than the
1.4 CLAB rate determined by KISS [26].

In comparison with global CLAB rates from develapicountries, our CLAB baseline rate

was considerably higher than the fourth internaidiICC reports published in 2012 (6.8

CLABs per 1000 CL-days) [10]. Likewise, within tlseope of other studies addressing the
burden of CLABs in Turkey, our CLAB rate of our djuwas higher than the rate found in

other two studies conducted in Turkey showing 17L&Bs per 1000 CL days [4], and 11.8

CLABs per 1000 CL days [27].

In studies performed by INICC member hospitalsyas shown that the implementation of a
multidimensional approach for CLAB--which includasundle of interventions, education,
outcome and process surveillance, feedback of Clat#®s, and performance feedback--
resulted in significant reductions in rates of CLABArgentina (46.63 vs. 11.10 CLABs per
1000 CL-days) [28]; in Mexico (46.3 vs. 19.5 CLABer 1000 CL-days) [29]; in adult ICUs

(14.5 vs. 9.7 CLABs per 1000 CL-days) [30]; angediatric ICUs (10.7 vs. 5.2 CLABs per

1000 CL-days) [31].

The INICC multidimensional approach for CLAB inckdithe following elements. First, the
implementation of an infection prevention bundledzhon the guidelines published by the
SHEA and IDSA [16], which provide evidence-basedormmendations and cost-effective
infection control measures, which can be feasilblgpsed to the ICU setting in developing



countries. Second, education of HCWs about infacpceventive measures. Third, CLAB
outcome surveillance by applying the definitionsr f{GLAB developed by the U.S.
CDC/NHSN [21,22]. Fourth, CLAB process surveillartoemonitor compliance with easily
measurable infection control measures, includingpé¢irformance. Fifth, feedback of CLAB
rates. Sixth, performance feedback of process Blamvee, particularly, by reviewing and
discussing charts results at monthly infection acamheetings.

In our study, patients’ characteristics, such as, agnder, and underlying diseases showed
similar patient intrinsic risk in both study pereodBut ASIS score, CL use, and CL duration
were higher during the intervention period, meanihgt the patient intrinsic risks were
higher in the intervention period. During the implentation of the INICC multidimensional
approach, we found an improvement in process dlamee rates, with HH compliance
improved by 52%, compliance with date on adminigiraset improved by 17%, compliance
with placed sterile dressing improved by 20%, anchgliance with correct condition of
dressing was high during both periods. During thels period, the high CLAB rate at
baseline was reduced from 22.7 to 12.00 per 100&i&s, showing a 39% CLAB rate
reduction and evidencing the effectiveness of ph@i@d multidimensional approach.

Our study can be compared with an earlier bundldysf15], and a number of important
differences between them can be mentioned. Fnist previously published bundle included
five elements. In contrast, we included eleven.o8dccompliance was not measured for any
of the bundle components, whereas we checked canggliof 5 bundle components. Third,
characteristics of patients during baseline andrugintion periods were not collected nor
analyzed so as to check and compare such individaaires, whereas we did and could find
that our patients were statistically similar duringth periods. Fourth, the follow-up period
was 18 months, whereas we included a 36-monthwelip period. Fifth, intervention
included only a bundle and a check list, whereasstudy included the above-mentioned 6
simultaneous interventions. Finally, microorganismesponsible for CLAB were not
provided, whereas in our study we included the CLABroorganism profile for both
baseline and intervention periods. The most impord#ferences were measurements of the
population’s features and compliance with bundémants, which allowed us to analyze the
real impact of our intervention by excluding coniders associated with patients’
characteristics and infection control practices.

Regarding the microorganisms profile, we identifeegredominanc&aphylococcus aureus,
coagulase-negative staphylococci spp. Aoighetobacter spp. during both periods, which is
similar to the findings of other studies condudtetimited-resource countries [7-10].

This study has several limitations. First, our fng$ cannot be generalized to all ICU
patients from Turkey. However, this study provedttla multidimensional approach is
fundamental to understand and fight against themdveffects of CLAB in the ICU setting
of Turkey. Second, the setting of three-month basgberiod may be short and might have
overestimated the effect of the intervention; hogreduring baseline period the sample size
was good enough, and the confidence intervalsHerbaseline rate were narrow. Finally,
because we did not count on the necessary resouseesvere not able to differentiate
between early and late onset infections; we cooldguantify in detail all the interventions
included in our multidimensional approach, suchedacation; and we could not quantify
compliance with some of the components of our beintherefore, we could not evaluate the
components’ individual implications or other corited factors related to the ICU or
hospitals individually. Nevertheless, our main goas to reduce the high baseline CLAB



rates found in our ICU, and although our intervemsi were inexpensive, the individual
evaluation would have required more allocationimit contributing to unnecessary harm for
ICU patients. Fortunately, as from January 2012, haee been able to collect all these
process surveillance data.

Conclusions

This is the first multicenter study to report a stamtial reduction in CLAB rates in the ICU
setting of Turkey, proving this kind of infectiomrtrol approach successful. Despite higher
patient intrinsic risk characteristics during thatervention period, a multidimensional
approach including improved compliance with preixenimeasures for CLAB resulted in
significant reductions in the CLAB incidence raievertheless, it is worth highlighting that
the reduction in CLAB rates does not derive fromveillance itself. These systematically
collected data should serve to guide ICPs in thieategies for improvement of patient care
practices, such as performance feedback, as demamustin several previous studies
conducted in limited resources countries [29,3G3R,

We expect that these preventive strategies proffeatiee in the INICC AICUs of Turkey by
means of the implementation of the multidimensiaggroach for CLAB prevention results
in a wider acceptance of infection control programshospitals worldwide, leading to
significant CLAB reductions. Through the INICC neink, investigators are freely furnished
with training and methodological tools to performt@me and process surveillance, and to
implement an effective infection prevention modet CLABs, and at the same time, the
publication of these findings serves to fosterverfa scientific evidence-based literature. For
this reason, every hospital is invited to partitgpia the INICC project, which was set up to
respond to the compelling need in the developingdvo significantly prevent, control and
reduce CLABs and their adverse effects.

Competing interests

The authors declare that they have no competingrasts related to this article. Every
hospital’s Institutional Review Board agreed to $iedy protocol, and patient confidentiality
was protected by codifying the recorded informatiamaking it only identifiable to the
infection control team.

Authors’ contributions

Idea, conception and design: VDR Software developm¢DR Assembly of data: VD R
Analysis and interpretation of the data: VDR Epid#oygical analysis: VDR Statistical
analysis: VDR Administrative, technical, and logissupport: VDR Drafting of the article:
VDR Ciritical revision of the article for importambtellectual content: All authors. Final
approval of the article: All authors. Provision stiidy patients: All authors. Collection of
data: All authors. Funding: VDR and the Foundatorright against Nosocomial Infections
funds all the activities at INICC head quarters.



Acknowledgments

The authors thank the many health care professatatach member hospital who assisted
with the study surveillance; without their cooperatand generous assistance this INICC
would not be possible; Mariano Vilar, Débora Lodeargardt, Santiago Suarez, Denise
Brito, Eugenia Manfredi, Luciana Soken, Dario PipzUDing Yuan, Julieta Sayar, and Isaac
Kelmesz0065s who work at INICC headquarters in BgeAires; the INICC Country
Coordinators and Advisory Board, who have so gamdyo supported this unique
international infection control network.

Funding

The funding for the activities carried out at INIGQ®ad quarters were provided by the
corresponding author, Victor D. Rosenthal, and Eation to Fight against Nosocomial
Infections.

References

1. Boyce JM: Prevention of central line-associated bloodstream nfections in
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-asso@ted bloodstream infection in intensive
care departments in Argentina: a prospective, matcbd analysis.Am J Infect Control

2003,31:475-480.

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

4. Leblebicioglu H, Rosenthal VD, Arikan OA, Ozgkin A, Yalcin AN, Koksal I, Usluer
G, Sardan YC, Ulusoy Pevice-associated hospital-acquired infection rate turkish
intensive care units. Findings of the international nosocomial infection control
consortium (INICC). J Hosp Infect 2007,65:251-257.

5. Higuera F, Rangel-Frausto MS, Rosenthal VD, Sl Castanon J, Franco G, Tabal-
Galan N, Ruiz J, Duarte P, Graves Altributable cost and length of stay for patients
with central venous catheter-associated bloodstreammfection 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 &)del-Frausto MSExcess length of
stay due to central line-associated bloodstream ie€tion in intensive care units in
Argentina, Brazil, and Mexico. Infect Control Hosp Epidemiol 2010,31:1106-1114.

7. Rosenthal VD, Maki DG, Salomao R, Moreno CA, kéely, Higuera F, Cuellar 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-Morenq Ceblebicioglu H, Higuera F,
Cuellar LE, Madani N, Mitrev Z, Duenas L, Navoa-BWy, Garcell HG, Raka L, Hidalgo RF,
Medeiros EA, Kanj SS, Abubakar S, Nercelles P, €3raRD: International nosocomial
infection control consortium report, data summary for 2002—-2007, issued January 2008.
Am J Infect Control 2008,36.627—637.

9. Rosenthal VD, Maki DG, Jamulitrat S, Medeiros,HAdi SK, Gomez DY, Leblebicioglu
H, Abu Khader I, Miranda Novales MG, Berba R, RamnikNong FM, Barkat A, Pino OR,
Duenas L, Mitrev Z, Bijie H, Gurskis V, Kanj SS, pa T, Hidalgo RF, Ben Jaballah N,
Raka L, Gikas A, Ahmed A, Thu le TA, Guzman SilNE: International nosocomial
infection control consortium (INICC) report, data summary for 2003—2008, issued June
2009.Am J Infect Control 2010,38:95-104. €102.

10. Rosenthal VD, Rodriguez-Calderon ME, Rodrigkerrer M, Singhal T, Pawar M,
Sobreyra-Oropeza M, Barkat A, Atencio-Espinoza €& R, Navoa-Ng JA, Duenas L,
Ben-Jaballah N, Ozdemir D, Ersoz G, AygunHihdings of the international nosocomial
infection control consortium (INICC), part Il: impa ct of a multidimensional strategy to
reduce ventilator-associated pneumonia in neonatalintensive care units in 10
developing countries.Infect Control Hosp Epidemiol 2012,33:704—710.

11. Rosenthal VDCentral line-associated bloodstream infections inirhited-resource
countries: a review of the literature.Clin Infect Dis 2009,49:1899-1907.

12. Rosenthal VD, Lynch P, Jarvis WR, Khader IA¢ciRmann R, Jaballah NB, Aygun C,
Villamil-Gomez W, Duenas L, Atencio-Espinoza T, avNg JA, Pawar M, Sobreyra-
Oropeza M, Barkat A, Mejia N, Yuet-Meng C, Apisdrabarak A:Socioeconomic impact
on device-associated infections in limited-resourcaneonatal intensive care units:
findings of the INICC. Infection 2011,39:439-450.

13. Rosenthal VD, Jarvis WR, Jamulitrat S, Silva @Bmachandran B, Duenas L, Gurskis
V, Ersoz G, Novales MG, Khader IA, Ammar K, GuzmdB, Navoa-Ng JA, Seliem ZS,
Espinoza TA, Meng CY, Jayatilleke KSocioeconomic impact on device-associated
infections in pediatric intensive care units of 16 limited-resource countries:
international nosocomial infection control consortum findings*. Pediatr Crit Care Med
2012,13:399-406.

14. Haley RW, Morgan WM, Culver DH, White JW, EmAars, Mosser J, Hughes JM:
Update from the SENIC project. Hospital infection ©ntrol: recent progress and
opportunities under prospective paymentAm J Infect Control 1985,13:97-108.

15. Pronovost P, Needham D, Berenholtz S, SindpoGhu H, Cosgrove S, Sexton B, Hyzy
R, Welsh R, Roth G, Bander J, Kepros J, GoeschAhGntervention to decrease catheter-
related bloodstream infections in the ICUN Eng J Med 2006,355.2725-2732.

16. Marschall J, Mermel LA, Classen D, Arias KM,dgorny K, Anderson DJ, Burstin H,
Calfee DP, Coffin SE, Dubberke ER, Fraser V, GagdiN, Griffin FA, Gross P, Kaye KS,
Klompas M, Lo E, Nicolle L, Pegues DA, Perl TM, 8B, Salgado CD, Weinstein RA,
Wise R, Yokoe DSStrategies to prevent central line-associated blostteam infections
in acute care hospitalsinfect Control Hosp Epidemiol 2008,2%Suppl 1):S22—-S30.



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

18. Berenholtz SM, Pronovost PJ, Lipsett PA, HobBorarsing K, Farley JE, Milanovich
S, Garrett-Mayer E, Winters BD, Rubin HR, DormanPerl TM: Eliminating catheter-
related bloodstream infections in the intensive ca unit. Crit Care Med 2004,32:2014—
2020.

19. Maki DG, Rosenthal VD, Salomao R, FranzettiRgngel-Frausto MSimpact of
switching from an open to a closed infusion systemn rates of central line-associated
bloodstream infection: a meta-analysis of time-segnce cohort studies 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, descriptn of surveillance 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 type of infections in the acute care setting.
Am J Infect Control 2008,36:309-332.

22. Garner JS, Jarvis WR, Emori TG, Horan TC, Hsggli®l: CDC 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, Lamns&, Pittet D:The world health
organization hand hygiene observation methodAm J Infect Control 2009,37:827—-834.

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

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

27. Dogru A, Sargin F, Celik M, Sagiroglu AE, Gokb#M, Sayhan H:The rate of device-
associated nosocomial infections in a medical suogil intensive care unit of a training
and research hospital in Turkey: one-year outcomegpn J Infect Dis, 63:95-98.

28. Rosenthal VD, Guzman S, Pezzotto SM, Crnich E3tect of an infection control
program using education and performance feedback omates of intravascular device-
associated bloodstream infections in intensive caranits in Argentina. Am J Infect
Control 2003,31:405-4009.



29. Higuera F, Rosenthal VD, Duarte P, Ruiz J, €va@, Safdar NThe effect of process
control on the incidence of central venous cathetesissociated bloodstream infections
and mortality in intensive care units in Mexico.Crit Care Med 2005,33:2022—-2027.

30. Rosenthal VD, Maki DG, Rodrigues C, Alvarez-gloo C, Leblebicioglu H, Sobreyra-
Oropeza M, Berba R, Madani N, Medeiros EA, Cudlgr Mitrev Z, Duenas 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@veloping countries.Infect Control Hosp
Epidemiol 2010,31:1264-1272.

31. Rosenthal VD, Ramachandran B, Villamil-Gomez Avmas-Ruiz A, Navoa-Ng JA,
Matta-Cortes L, Pawar M, Nevzat-Yalcin A, Rodrigtezrrer M, Yildizdas RD, Menco A,
Campuzano R, Villanueva VD, Rendon-Campo LF, Gugtdurhan O, Barahona-Guzman
N, Horoz OO, Arrieta P, Brito JM, Tolentino MC, Aslillo Y, Saini N, Gunay N,
Sarmiento-Villa G, Gumus E, Lagares-Guzman A, Dar®ulmpact of a multidimensional
infection control strategy on central line-associad bloodstream infection rates in
pediatric intensive care units of five developing @untries: findings 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 &ao X, Li R, Su D, Wang H, Hao C,
Pan W, Saunders ClDevice-associated infection rates, device use, lémgf stay, and
mortality in intensive care units of 4 chinese hogfals: international nosocomial control
consortium findings. Am J Infect Control 2012.

33. Rosenthal VD, McCormick RD, Guzman S, Villamay®, Orellano PW:Effect of
education and performance feedback on handwashinghe benefit of administrative
support in Argentinean hospitals.Am J Infect Control 2003,31:85-92.





