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Abstract

Objective: To analyse the impact of the International Nosocomial Infection Control Consortium (INICC) Multidimen-
sional Approach (IMA) and INICC Surveillance Online System (ISOS) on central line-associated bloodstream infection 
(CLABSI) rates in five intensive care units (ICUs) from October 2013 to September 2015.
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Background

Central-line associated bloodstream infections (CLABSIs) 
are serious life-threatening infections in the intensive care 
unit (ICU) setting (Rosenthal et al., 2003a; Stevens et al., 
2013). The clinical consequences of CLABSI include 
increased mortality, significant morbidity and increased 
length of stay (LOS), as shown in studies from developed 
and resource-limited countries (Higuera et al., 2007; Stevens 
et al., 2013). From an economic perspective, CLABSIs are 
also responsible for substantial increases in healthcare costs, 
as reported in both high-income (Stone et al., 2005) and 
resource-limited countries (Higuera et al., 2007). The bur-
den posed by CLABSI has not been systematically analysed 
enough in resource-limited countries and although hospitals 
in resource-limited countries do implement basic infection 
control programmes, compliance with infection control 
practices is variable (Rosenthal et al., 2014). As reported by 
the International Nosocomial Infection Control Consortium 
(INICC) in pooled studies (Rosenthal et al., 2014) and in 
studies from the Kingdom of Saudi Arabia (Al-Abdely 
et al., 2016; Al-Tawfiq and Abed, 2009; Al-Tawfiq et al., 
2013; Khalid et al., 2013), rates of CLABSI have been 
determined to be 3–5 times higher in resource-limited coun-
tries than in more economically developed countries.

According to the literature from more economically 
developed countries, the incidence of CLABSI can be pre-
vented and reduced by more than 30% through basic but 
effective measures, such as those described in the bundle 
for CLABSI prevention developed by the Institute for 
Healthcare Improvement (IHI, 2012)—(1) hand hygiene; 
(2) skin antisepsis with chlorhexidine; (3) maximal barri-
ers; (4) insertion in subclavian vein; and (5) timely central 
line (CL) removal—were associated with a reduction in the 
incidence density of CLABSI in developed countries 

(Pronovost et al., 2006). According to the literature from 
resource-limited countries, this incidence can be reduced 
by more than 50% (Rosenthal et al., 2010).

Founded in Argentina in 1998, the INICC was the first 
multinational research network established to measure, pre-
vent and control healthcare-associated infections (HCAIs) 
at an international level through the analysis of data col-
lected on a voluntary basis by a pool of hospitals worldwide 
(Rosenthal, 2016). The goals of the INICC include the 
development of a dynamic global hospital network that 
applies systematic surveillance of HCAIs with standardised 
definitions and methodologies of CDC/NHSN (CDC/
NHSN, 2013) to promote evidence-based infection control 
practices, and to conduct applied infection control research 
to reduce the incidence of HCAIs and associated mortality, 
excess LOS, costs and bacterial resistance (Rosenthal, 
2016).

The aim of this study was to determine the effect of the 
INICC Multidimensional Approach (IMA) and the use of 
the INICC Surveillance Online System (ISOS) for the 
reduction of CLABSI rates in four adult ICUs and one pae-
diatric ICU in five hospitals in five cities in Saudi Arabia, 
and through its publication increase and spread tools and 
methods to be able to reduce this public health burden in 
the Kingdom of Saudi Arabia and other similar countries.

Methods

Setting and study design

This prospective, cohort, before-after study was conducted 
in four adult ICUs and one paediatric ICU in five INICC 
member hospitals in five cities of the Kingdom of Saudi 
Arabia. The study period was divided into a three-month 
‘baseline period’, and an ‘intervention period’ starting from 

Design: Prospective, before-after surveillance study of 3769 patients hospitalised in four adult ICUs and one paediatric 
ICU in five hospitals in five cities. During baseline, we performed outcome and process surveillance of CLABSI applying 
CDC/NHSN definitions. During intervention, we implemented IMA and ISOS, which included: (1) a bundle of infec-
tion prevention practice interventions; (2) education; (3) outcome surveillance; (4) process surveillance; (5) feedback 
on CLABSI rates and consequences; and (6) performance feedback of process surveillance. Bivariate and multivariate 
regression analyses were performed.

Results: During baseline, 4468 central line (CL) days and 31 CLABSIs were recorded, accounting for 6.9 CLABSIs per 
1000 CL-days. During intervention, 12,027 CL-days and 37 CLABSIs were recorded, accounting for 3.1 CLABSIs per 
1000 CL-days. The CLABSI rate was reduced by 56% (incidence-density rate, 0.44; 95% confidence interval, 0.28–0.72; 
P = 0.001).

Conclusions: Implementing IMA through ISOS was associated with a significant reduction in the CLABSI rate in the 
ICUs of Saudi Arabia.
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the fourth month of participation. The results obtained from 
the ‘baseline period’ were compared to the results obtained 
during the ‘intervention period’. Each ICU had an infection 
control team (ICT) comprising infection control profes-
sionals (ICPs) and medical doctors with formal education 
and background in internal medicine, critical care, infec-
tious diseases, microbiology and/or hospital epidemiology.

It is worth clarifying that the methodology of ISOS has 
been used by INICC members since 2013, although the 
publication describing it was published in 2016 (Rosenthal, 
2016).

Baseline period

The baseline period was from 1 October 2013 to 31 
December 2013. This was a prospective cohort study and 
each ICU joined the study simultaneously.

During baseline period, only cohort HCAI Outcome 
Surveillance and Process Surveillance in ICU patients (two 
components of the IMA that are described below) were 
conducted. The length of the baseline period was three 
months due to the following reasons: (1) sample size of 
patients and number of months of data collection during the 
baseline period was sufficient enough to compare with 
sample size of patients and number of months of data col-
lection during intervention period. From a statistical per-
spective, the issue is addressed by considering the changes 
in rates over time. The relatively short baseline period may 
have impacted the standard error of our estimates. But we 
found that this would not cause a bias in the results, because 
there would not be systematic differences between the two 
groups. (2) Our priority was to start intervention as early as 
possible in order to achieve the desired results, such as 
CLABSI rate reduction.

Intervention period

The intervention period was from 1 January 2014 (fourth 
month of participation) to 30 September 2015, and included 
the implementation of the six components of the IMA, as 
described below.

INICC Multidimensional Approach (IMA)

The IMA comprises the simultaneous implementation of 
the following six components for HCAI control and pre-
vention: (1) a bundle of infection prevention practice inter-
ventions; (2) education; (3) outcome surveillance; (4) 
process surveillance; (5) feedback on HCAI rates and con-
sequences; and (6) performance feedback.

The contents of the IMA include CDC/NSHN’s surveil-
lance methodology, but they also include the collection of 
other data essential to increase ICPS’s sensitivity to detect 
HCAIs and avoid underreporting (CDC/NHSN, 2013). 
According to standard CDC/NSHN methods, numerators 

are the number of each type of HCAI, and denominators are 
device-days collected from all patients, as pooled data; that 
is, without determining the number of device-days related 
to a particular patient and without collecting characteristics 
per specific patient (CDC/NHSN, 2013). This differs from 
the IMA in that the design of the cohort study through the 
INICC methods also includes collecting specific data per 
patient from all patients, both those with and those without 
HCAI, and collecting risk factors of HCAIs, such as inva-
sive devices, and surrogates of HCAIs, which include, but 
are not limited to, high temperature, low blood pressure, 
results of cultures, antibiotic therapy, LOS and mortality. 
By collecting data on all patients in the ICU, it is possible 
to match patients with and without HAI by several charac-
teristics to estimate extra LOS, mortality and cost.

The data concerned in the IMA were registered and 
uploaded to the ISOS. The ISOS comprised 15 modules: (1) 
Cohort HCAI surveillance in adult and paediatric ICU 
patients; (2) Cohort HCAI surveillance in neonatal ICU 
patients; (3) Cohort HCAI surveillance in step down units 
and inpatient wards; (4) Aggregated HCAI surveillance in 
ICU for adult and paediatric patients; (5) Aggregated HCAI 
surveillance in ICU for neonatal patients; (6) Microbiology 
for adult and paediatric patients; (7) Multi Drug Resistant 
Organisms and Clostridium difficile Infections; (8) 
Monitoring HH; (9) Monitoring bundle for BSI; (10) 
Monitoring bundle for UTI; (11) Monitoring bundle for 
PNEU; (12) Surgical procedures: outcome surveillance; 
(13) Surgical procedures: process surveillance; (14) 
Antimicrobial consumption; and (15) Needle stick injuries.

1.  Bundle of infection prevention practice 
interventions

The bundles of infection prevention practice interven-
tions were designed following the recommendations and 
guidelines published by the SHEA and the IDSA published 
in 2008 (Marschall et al., 2008) and in 2014 (Yokoe et al., 
2014), the bundle for CLABSI prevention developed by the 
Institute for Healthcare Improvement in 2012 (IHI, 2012), 
and the guidelines published by the CDC-NSHN in 2011 
(O’Grady et al., 2011), and by the Joint Commission 
International in 2012 (JCI, 2012). These guidelines and 
bundle describe different recommendations for CLABSI 
prevention that are classified into categories regarding the 
existing scientific evidence, applicability and their prospec-
tive economic effects.

Components of INICC Infection Control 
Bundle for CLABSI prevention

(1) Perform hand hygiene before CL insertion or manipula-
tion; (2) use maximal sterile barrier precautions during CL 
insertion; (3) use a chlorhexidine-based antiseptic for skin 
preparation; (4) remove CL as early as possible, when not 
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necessary, by means of the daily assessment of the necessity 
of catheter, thereby aiming at the reduction of CL device 
utilisation ratio (DUR); (5) change administration set every 
96 h; unless used for fat, nutrition or blood products, and in 
these cases changed every 24 h, by means of checking date 
on administration set; (6) use sterile gauze or transparent 
sterile dressing to cover insertion site, maintain optimal con-
dition of sterile dressing; and change gauze every 48 h and 
transparent dressing every seven days; (7) daily bath with 
2% chlorhexidine-impregnated washcloth; (8) avoid inser-
tion of CL in the femoral vein in adult patients; (9) use an 
all-inclusive catheter cart or kit; (10) avoid using single-use 
vials several times; (11) disinfect line hubs, needleless con-
nectors and ports before accessing the CL; (12) split septum 
as i.v. connector; and (13) use collapsible non-vented closed 
system bag as i.v. fluid container (Rosenthal, 2016).

2. Education

Education sessions were provided to all healthcare workers 
(HCWs) in the participating ICUs on training about the 
infection control measures contained in the above-described 
INICC Infection Control Bundle for CLABSI prevention. 
During a first phase, at baseline period, the INICC team 
locally trained the IPCs at each of the five hospitals on how 
to conduct surveillance and upload surveillance data to the 
ISOS. During intervention, the INICC team locally provided 
education and training sessions to ICPs on the 13 compo-
nents of the INICC Infection Control Bundle (Rosenthal, 
2016) for CLABSI Prevention (training the trainers). In turn, 
on a monthly basis, ICPs at the five hospitals trained the ICU 
teams on how to conduct implement the mentioned bundle 
components. Education sessions can be measured regarding 
its efficacy through its impact on rates of compliance with 
the bundle components. We consider the results of process 
surveillance would have been achieved because HCWs had 
been trained and were aware that they were being observed 
to assess compliance with the preventive measures of the 
bundle components (Monahan and Fisher, 2010).

3. Outcome surveillance

Prospective, active outcome surveillance through the ISOS 
allowed the classification of cohort surveillance data into 
specific module protocols that apply U.S. CDC/NHSN’s 
definitions published in January 2013 (CDC/NHSN, 2013). 
The site-specific criteria included reporting instructions 
and provided full explanations integral to their adequate 
application (CDC/NHSN, 2013).

4. Process surveillance

The process surveillance was performed through the ISOS 
modules, which included the monitoring of compliance 

with the following components of the INICC Infection 
Control Bundle for CLABSI Prevention (Rosenthal, 2016): 
(1) hand hygiene compliance before CL insertion or manip-
ulation; (2) insertion of CL using maximum sterile barrier 
precautions; (3) skin antisepsis with chlorhexidine; (4) 
daily assessment of the need of the CL and CL DUR; (5) 
compliance with date on administration set, (6) compliance 
with placed dressing, use of transparent dressing, use of 
gauze dressing, and compliance with optimal condition of 
dressing; and (7) daily bath with 2% chlorhexidine-impreg-
nated washcloth.

The remaining components of the bundle for CLABSI 
prevention were not included in process surveillance due to 
budget restrictions (Rosenthal, 2016).

5. Feedback on device-associated healthcare-associated 
infection rates and consequences

The ICPs generated reports through the ISOS. The ICU 
HCWs received feedback on device-associated HCAI 
(DA-HCAI) rates and their consequences at monthly meet-
ings held by ICPs, who shared and discussed the results of 
ISOS. These reports contained several charts and tables that 
showed a running record of the monthly cohort surveillance 
data, including patient characteristics, such as age and sex, 
proportion of DA-HCAIs, such as CLAB, ventilator-associ-
ated pneumonia (VAP) and catheter-associated urinary tract 
infection (CAUTI), pooled means of CLAB, VAP and 
CAUTI rates and of CL, mechanical ventilator and urinary 
catheter DURs, microorganisms profile, bacterial resistance, 
extra LOS and extra mortality attributable to DA-HCAIs. 
Also, benchmarks of these rates against standards from the 
CDC-NHSN report of 2013 (Dudeck et al., 2015), the last 
INICC Report of 43 countries (Rosenthal et al., 2014), stand-
ards from the Kingdom of Saudi Arabia, and INICC reports 
from Turkey, India, Colombia and Mexico.

Benchmarking was an important tool to increase the 
level of awareness of patient outcomes at their ICUs in 
comparison with other national and international standards, 
and to enable the ICPs and ICU team to focus on the neces-
sary issues and apply specific strategies for the reduction of 
CLABSI rates.

6. Performance feedback

At monthly meetings, performance feedback was provided 
by ICPs to HCWs working in the ICU by communicating 
and reviewing the resulting rates of process surveillance; 
that is, the assessment of practices performed by them in 
the ICU related to the components of the INICC Infection 
Control Bundle for CLABSI prevention (Rosenthal, 2016). 
The ICPs showed a report of 32 charts generated through 
the ISOS, which contained data regarding compliance with 
the elements of the bundle, including: compliance with 
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hand hygiene pooled by month, stratified by gender and by 
HCW category, proportion of hand hygiene observed 
opportunities stratified by five moments of WHO, by used 
product, by technique and by work shift; and compliance 
per month of the above-mentioned bundle components. 
This infection control tool was essential to enable the ICT 
to be aware if there was room for improvement of low com-
pliance rates, and through the influence of the ‘observer 
effects’ on HCWs’ behaviour, as strength of the method, to 
shape their practices so that they were more efficiently per-
formed (Monahan and Fisher, 2010).

Data collection and analysis

The ISOS meets the criteria set out in the INICC protocol 
and CDC-NSHN criteria, which were followed by the ICPs 
who collected daily data on CLABSIs and denominator 
data, patient-days and specific device-days in the ICUs.

These data were uploaded to the ISOS and were used to 
calculate CLAB rates per 1000 CL-days and CL utilisation 
ratio, according to the following formulas: (1) CL-days 
consisted of the total number of CL-days; (2) CL DURs 
equals the total number of CL-days divided by the total 
number of bed-days; and (3) CLABSI rate per 1000 
CL-days was calculated according to CDC/NHSN formula 
(CDC/NHSN, 2013).

Definitions

We applied CDC/NHSN definitions for CLABSI published 
by CDC/NSHN in 2013 (CDC/NHSN, 2013).

Statistical methods

ISOS version 2.0 (Buenos Aires, Argentina) was used to 
calculate HAI rates and DUR.

Patients’ characteristics were compared using Fisher’s 
exact test for dichotomous variables and unmatched 
Student’s t-test for continuous variables. P values <0.05 by 
two-sided tests were considered significant.

We conducted three types of analysis to evaluate the 
impact of our intervention on CLABSI rates.

First, we performed an analysis to compare the data of 
the first three months (baseline period) with the remaining 
pooled months (intervention period), using relative risks 
(RR), 95% confidence interval (CI) and P value.

Second, in order to analyse progressive CLABSI rate 
reduction, we divided the data into the first three months 
(baseline period) followed by a nine-month period and a 
12-month follow-up period (intervention period). We com-
pared the CLABSI rates for each follow-up period with the 
baseline CLABSI rate. We calculated the incidence density 
rates (IDR), IDR ratios and IDR reduction to account for 
the CLABSI rate reduction.

Third, we estimated the effect of the intervention on 
CLABSI by means of a logistic regression model. A set of 

co-variables was included to account for possible confound-
ing effects. A backward procedure that compares between 
nested models using the Akaike Information Criterion (AIC) 
was carried out to get the final set of significant co-varia-
bles. Collinearity among independent variables was meas-
ured using the variance inflation factor (VIF). We calculated 
the odds ratio (OR) and 95% CI for the intervention and 
other independent variables. The effectiveness of the inter-
vention was calculated using the formula: (1−OR)×100, 
where OR is the adjusted odds ratio estimated by the model. 
All statistical analyses were performed using the R software 
version 3.2.2 (2014).

Results

During the study period, we recorded a total of 3769 
patients, hospitalized in for 31,859 days, with a total of 
24,238 CL-days, at five hospitals in five cities, in the fol-
lowing types of ICU: paediatric (260 patients) and medical/
surgical (3509 patients).

Some patient characteristics, such as sex and type of hos-
pitalization, were similar during both periods, whereas mean 
age was lower during the intervention period (Table 1).

Regarding the results of the measurement of the bundle 
components, on the one hand, we registered statistically 
significant improvements in: (1) hand hygiene compliance; 
(2) daily bathing with a 2% chlorhexidine impregnated 
washcloth; and (3) CL DUR. On the other hand, the levels 
of compliance with—(1) use of maximum sterile barrier 
precautions; (2) daily assessment of the necessity of cathe-
ter; (3) presence of dressings placed; (4) condition of dress-
ings, evaluating if the dressing was clean, dry and correctly 
adhered to the insertion site; and (5) total number of cases 
in which the dates of insertion were written in the adminis-
tration set of the patient or the dressing—were high but not 
significantly different from baseline.

During the baseline period, we recorded 4468 CL-days. 
There were 31 CLABSIs, for an overall baseline rate of 6.9 
CLABSIs per 1000 CL-days (Table 2).

During the intervention period, we recorded 19,770 
CL-days. The rate of CLABSIs per 1000 CL-days was 
reduced to 3.1 CLABSIs per 1000 CL-days in the second 
year, accounting for a 56% cumulative CLABSI rate reduc-
tion (IDR 0.44; 95% CI 0.3–0.8; P = 0.005) (Table 2 and 
Figure 1).

The results of the logistic regression model are presented 
in Table 3. These results showed a significant reduction in 
the CLABSI risk in patients during the intervention period, 
when controlling for the number of CL-days (OR, 0.53; 
95% CI, 0.33–0.84). The model also detected a significant 
excess risk for a unit increase in the CL-days (OR, 1.03; 
95% CI, 1.03–1.04). The adjusted effectiveness of the inter-
vention was 47% (95% CI, 16–67%). Collinearity indices in 
the final model were low (1.028–1.076), indicating absence 
of multicollinearity among the independent variables.
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Table 1. Patient characteristics, device utilisation ratio and compliance with care bundle in the baseline and intervention periods.

Patient characteristics Baseline period Intervention period RR (95% CI) P value

Study period by hospital in months, mean (range) 3 19.2 (16–21) – –

Patients (n) 785 2984 – –

Bed-days* (n) 4632 27,227 – –

CL-days† (n) 4468 19,770 – –

Age (years) (mean ± SD) 46.4 (25.2) 43.1 (25.6) – 0.001

Male (n, %) 531 (68%) 2102 (70%) – 0.522

Type of hospitalisation  

Medical (n, %) 216 (55%) 1688 (60%) – 0.058

Surgical (n, %) 179 (45%) 1131 (40%) – 0.058

Process surveillance of components of Bundle to prevent CLABSI

Hand hygiene compliance before CL insertion or 
manipulation (%, n/n)

29% (17/59) 72% (719/999) 0.53 (0.35–0.81) 0.004

Insertion of CL using maximum sterile barrier 
precautions (%, n/n)

100% (107/107) 88% (881/1003) 1.1 (0.9–1.2) 0.357

Skin antisepsis with chlorhexidine (%, n/n) 95% (102/107) 87% (876/1003) 1.0 (0.9–1.2) 0.542

Daily assessment of the need of CL (%, n/n) 62% (66/107) 84% (847/1003) 0.83 (0.7–1.0) 0.068

CL DUR‡ 0.96 0.73 – 0.001

Compliance with date on administration set (%, n/n) 100% (107/107) 96% (959/1003) 1.0 (0.9–1.2) 0.753

Compliance with placed dressing (%, n/n) 100% (107/107) 96% (959/1003) 1.0 (0.9–1.2) 0.753

Use of transparent dressing (%, n/n) 100% (107/107) 90% (906/1003) 1.0 (0.9–1.2) 0.472

Use of gauze dressing (%, n/n) 0% 6% (58/1003) 0.08 (0.01–1.3) 0.081

Compliance with optimal condition of dressing (%, n/n) 100% (107/107) 96% (958/1003) 1.0 (0.9–1.2) 0.748

Daily bath with a 2% chlorhexidine-impregnated 
washcloth (%, n/n)

24% (26/107) 52% (524/1003) 0.57 (0.4–0.8) 0.001

CI, confidence interval; CL, central line; CLABSI, central-line associated bloodstream infection; DUR, device utilisation ratio; RR, relative risk; SD, 
standard deviation.
*Bed-days are the total number of days that patients are in the ICU during the selected time period.
†CL-days are the total number of days of exposure to central lines by all of the patients in the selected population during the selected time period.
‡DUR: CL-days divided by the number of bed-days.

Table 2. Central line-associated bloodstream infection rates.

Months since 
joining INICC ICUs (n) CL-days CLABSI

Crude CLABSI 
rate/1000 CL-
days (IDR) IDR ratio (95%CI) IDR reduction (%) P value

1–3 (baseline) 5 4468 31 6.9 – – –

4–12 5 7743 38 4.9 0.71 (0.44–1.1) 29% 0.153

13–24 5 12,027 37 3.1 0.44 (0.28–0.72) 56% 0.001

CL, central line; CLABSI, central line-associated bloodstream infection; ICUs, intensive care units; IDR, incidence-density rate; INICC, International 
Nosocomial Infection Control Consortium.
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The microorganisms profile is shown in Table 4. The 
predominant microorganisms in the baseline period were 
Acinetobacter spp., Candida spp. and Klebsiella pneumo-
nia, whereas in the intervention period only Acinetobacter 
spp. were predominant.

Discussion

This study was conducted with the aim of assessing the 
effect of the IMA in the ICU in five cities from the Kingdom 
of Saudi Arabia. Within the scope of studies addressing the 
burden of CLABSIs in this country, in a study conducted by 
Al-Tawfiq et al. in the ICUs from a Saudi hospital it was 
found that the CLABSI rate was 10 per 1000 CL-days 
(Al-Tawfiq et al., 2013).

In comparison with international CLABSI rates, the 
CLABSI baseline rate found in this study (6.9 per 1000 
CL-days) was similar to the last international INICC report 
for 2007–2012 (4.9 CLABSIs per 1000 CL-days [95% CI, 
4.8–5.1]) (Rosenthal et al., 2014). By contrast, the baseline 
rate of CLABSI found in this study was significantly higher 
than the US 0.8 CLABSI rate per 1000 CL-days determined 
by the CDC/NHSN for 2013 (Dudeck et al., 2015); and 
higher than the 1.4 rate determined by German surveillance 
system KISS (Geffers and Gastmeier, 2011).

In our study, some patient characteristics, such as sex and 
type of hospitalisation, showed similar patient intrinsic risk 
in both study periods. By contrast, the mean age of patients 
was lower during the intervention period, meaning that the 
patient intrinsic risks related to age were lower in the inter-
vention period. The high CLABSI rate determined in our 
ICUs at baseline was reduced from 6.9 to 3.1 per 1000 
CL-days (IDR 0.44; 95% CI, 0.28–0.72; P = 0.001), showing 
a 56% CLABSI rate reduction. This reduction can be associ-
ated to the implementation of the IMA, because the results of 
the measurement of the bundle components showed statisti-
cally significant improvements in most of them, such as hand 
hygiene compliance, daily bathing with a 2% chlorhexidine 
impregnated washcloth and reduced CL DUR. In addition, 
compliance with other measures, such as use of maximum 
sterile barrier precautions, daily assessment of the necessity 

Figure 1. Central line-associated bloodstream infection 
rates in different study periods. CI, confidence interval; CL, 
central line.

Table 3. Results of the logistic regression model showing the effect of the INICC intervention on the central line-associated 
bloodstream infection rates.

Variables Coeff (SE) Adjusted OR* (95% CI) P value

Period (intervention) –0.636 (0.236) 0.53 (0.33–0.84) 0.007

CL-days† 0.034 (0.038) 1.03 (1.03–1.04)‡ 0.000

CI, confidence interval; CL-days, number of central line days; Coeff, beta-coefficient of the logistic regression; OR, odds ratio; SE, standard error.
*Adjusted OR for the logistic regression model including the two variables in the table.
†CL-days: the total number of days of exposure to central line by all of the patients in the selected population during the selected time period.
‡For a unit increase in the CL-days.

Table 4. Microorganisms related to central line-associated 
bloodstream infection in intensive care units in phase 1 (baseline 
period) and phase 2 (intervention period).

Isolated microorganisms
Baseline,  
% (n)

Intervention, 
% (n)

Acinetobacter spp. 22.2% (4) 22.9% (11)

Burkholderia cepacia 5.6% (1) 0.0% (0)

Candida spp. 22.2% (4) 2.1% (1)

Coagulase-negative Staphylococi 11.1% (2) 8.3% (4)

Enterobacter spp. 0.0% (0) 4.2% (2)

Enterococcus spp. 5.6% (1) 4.2% (2)

Escherichia spp. 5.6% (1) 6.3% (3)

Klebsiella pneumoniae 22.2% (4) 16.7% (8)

Proteus mirabilis 0.0% (0) 6.3% (3)

Providencia spp. 0.0% (0) 6.3% (3)

Pseudomonas aeruginosa 0.0% (0) 12.5% (6)

Serratia marcescens 5.6% (1) 6.3% (3)

Staphylococcus aureus 0.0% (0) 4.2% (2)

Total 100% (18) 100% (48)
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of catheter, sterile dressings placed to protect the insertion 
site, dressings in correct condition, evaluating if the dressing 
was clean, dry and correctly adhered to the insertion site and 
dates of insertion were written in the administration set of the 
patient were high and similar in both phases.

References from the literature showing a similar reduc-
tion are those published by Mazi et al., who found that a 
similar programmes reduced the incidence of CLABSI 
from 3.9 CLABSIs per 1000 CL-days to 1.5 per 1000 
CL-days in a trauma ICU (Mazi et al., 2014), and by Khalid 
et al., who found a reduction from 6.9 to 0.35 in a tertiary 
hospital (Khalid et al., 2013). Similarly, it was shown in 
previous studies performed by the INICC that implementa-
tion of a four- or six-component multidimensional approach 
for CLABSI resulted in significant reductions in rates of 
CLABSI in Latin America, such as in Argentina (46.63 ver-
sus 11.10 CLABSIs per 1000 CL-days), showing a 76% 
reduction (Rosenthal et al., 2003b); in Europe, such as in 
Turkey (22.7 to 12.0 CLABSIs per 1000 CL-days), show-
ing a 47% reduction (Leblebicioglu et al., 2013); in Asia, 
such as in India (6.4 CLABSIs to 3.9 CLABSIs per 1000 
CL-days), showing a 39% reduction (Jaggi et al., 2013); 
and in multinational studies conducted in adult ICUs (14.5 
versus 9.7 CLABSIs per 1000 CL-days), showing a 33% 
reduction (Rosenthal et al., 2010); and in paediatric ICUs 
(10.7 versus 5.2 CLABSIs per 1000 CL-days), showing a 
51% reduction (Rosenthal et al., 2012). Currently, the same 
intervention is being implemented in 29 hospitals of 15 cit-
ies in the Kingdom of Saudi Arabia and we expect to have 
similar significant impact.

Regarding the microorganisms profile, we identified a 
predominance of Acinetobacter spp., Candida spp. and 
Klebsiella pneumoniae. By contrast, according to the scien-
tific literature from the Kingdom of Saudi Arabia, the most 
common causative pathogens were Coagulase negative 
staphylococcus, Staphylococcus aureus and Escherichia 
coli (Al-Tawfiq and Abed, 2009). As published in the scien-
tific literature, there has been a change in the global ten-
dency toward gram-negative carriage, rather than 
gram-positive, which is greatly accentuated in the ICU set-
ting due to the high exposure to nosocomial microorgan-
isms (Rosenthal et al., 2014; Rubin, and Young, 2015)

Study limitations

The main limitation of this study is that our findings cannot be 
generalised to all ICU patients from the Kingdom of Saudi 
Arabia. However, in this study it was  demonstrated that a mul-
tidimensional approach is fundamental to  reduce the incidence 
of CLABSIs and associated mortality in the ICU setting.

Second, the setting of the three-month baseline period 
may be short and might have overestimated the effect of 
the intervention. Nevertheless, during the baseline period 
the sample size was good enough, and the confidence 

intervals for the baseline rate were narrow. Third, there 
may be significant variations in the level of quality control 
in the laboratories that support each individual hospital, 
and due to budget restrictions, some bundle components 
were not included in process surveillance, and not all the 
interventions included in the IMA could be quantified in 
detail, such as education.

Conclusions

This is the first study to report a substantial reduction in 
CLABSI rates in the ICU setting of the Kingdom of Saudi 
Arabia. The implementation of our multidimensional 
approach resulted in significant reductions in the CLABSI 
incidence rate, but this is part of a work in progress, which 
will continue to show further improvements, because the 
IMA is now being implemented in 29 hospitals in this coun-
try. In addition, these results are significant in at least two 
major respects: the systematically collected data serve as 
guidance for strategies to improve patient care practices; and 
these preventive strategies proven effective in the INICC 
ICUs of the Kingdom of Saudi Arabia can promote a wider 
acceptance of infection control programmes in hospitals 
worldwide, leading to significant CLABSI rate reduction.
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