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Abstract

Purpose: To test the effectiveness of a central venous catheter (CVC) insertion strategy and a hand hygiene (HH)
improvement strategy to prevent central venous catheter-related bloodstream infections (CRBSI) in European inten-
sive care units (ICUs), measuring both process and outcome indicators.

Methods: Adult ICUs from 14 hospitals in 11 European countries participated in this stepped-wedge cluster ran-
domised controlled multicentre intervention study. After a 6 month baseline, three hospitals were randomised to one
of three interventions every quarter: (1) CVC insertion strategy (CVCi); (2) HH promotion strategy (HHi); and (3) both
interventions combined (COMBI). Primary outcome was prospective CRBSI incidence density. Secondary outcomes
were a CVC insertion score and HH compliance.

Results: Overall 25,348 patients with 35,831 CVCs were included. CRBSI incidence density decreased from 2.4/1000
CVC-days at baseline to 0.9/1000 (p < 0.0001). When adjusted for patient and CVC characteristics all three interven-
tions significantly reduced CRBSI incidence density. When additionally adjusted for the baseline decreasing trend, the
HHi and COMBi arms were still effective. CVC insertion scores and HH compliance increased significantly with all three
interventions.
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Conclusions: This study demonstrates that multimodal prevention strategies aiming at improving CVC insertion
practice and HH reduce CRBSI in diverse European ICUs. Compliance explained CRBSI reduction and future quality
improvement studies should encourage measuring process indicators.

Keywords: Catheter-related bloodstream infection, Bundle, Hand hygiene, Europe, Multicentre, PROHIBIT,

Behavioural change, Multimodal strategy

Introduction

Healthcare-associated infections (HAIs) result in
increased morbidity, mortality, hospital stay, and addi-
tional healthcare costs. In Europe, an average of 6% of
hospitalized patients are affected, but HAI prevalence
differs between countries [1, 2]. Although some differ-
ences can be explained by case-mix variation, they may
be also due to infection prevention and control (IPC)
practices [3].

The Prevention of Hospital Infections by Intervention
and Training (PROHIBIT) project, funded by the Euro-
pean Commission 7th Framework Programme, aimed
to address and analyze the variation of IPC practices in
Europe. Through its multiple work packages, PROHIBIT
generated an overview of IPC at various levels [4-7],
including the present study, with the objective of measur-
ing the effectiveness of two interventions of known effi-
cacy in the prevention of CRBSI in European intensive
care units (ICUs) (https://plone.unige.ch/prohibit/publi-
cations). The results discussed here have partly been pre-
sented before, as abstracts [8—10].

Methods

Settings

Intensive care units from European hospitals were
invited either through the European Center for Disease
Prevention and Control (ECDC) national contact points
for the HAI surveillance network (HAI-Net), or directly
if registered in the European Antimicrobial Resistance
Surveillance System. Eligible hospitals had to have a suffi-
cient density of central venous catheter (CVC) use in the
ICU and adequate diagnostic microbiological capacity.
Germany and the Netherlands were excluded because the
national surveillance protocols differed from the study
protocol. Each hospital appointed a dedicated on-site
investigator (OSI) and a study nurse. PROHIBIT offered
reimbursement of a 0.5 full-time equivalent study nurse
salary.

Study design

This study was conducted between January 2011 and
June 2013. All adult patients (> 16 years of age) with a
CVC inserted in a study hospital and admitted to one of
the participating ICUs were eligible. The study followed
a stepped-wedge, cluster randomized, controlled design

(Fig. 1), which allowed control for secular trends, and
enabled the comparison of hospitals with other hospi-
tals and themselves. After a baseline of 6 months for all
hospitals, every subsequent quarter, three hospitals were
computer-randomized to one of three interventions: (1)
a comprehensive CVC insertion strategy developed and
successfully implemented at the University of Geneva
Hospitals (CVCi) [11]; (2) a hand hygiene improvement
strategy based on World Health Organization (WHO)
recommendations (HHi) targeting the entire ICU-unit
[12]; and (3) both interventions combined (COMBI)
(more information in Supp. Methods). CRBSI was the
primary outcome, process indicators, i.e. a CVC inser-
tion score and hand hygiene compliance, were secondary
outcomes. Interventions targeting quality of care were
implemented at ICU-ward level (cluster level) whereas
ICU patients were monitored for CRBSI and healthcare
professionals for compliance.

Central venous catheters and CRBSI

Surveillance was performed prospectively by the local
PROHIBIT study nurse. Tunnelled or peripherally-
inserted central catheters, as well as CVCs already pre-
sent at hospital admission or in situ for only one day
were excluded. CVCs were followed up from inser-
tion to removal. Dwell-time was censored in the case of
CRBSI, beyond 48 h after ICU discharge, and after fatal
outcome. CRBSI was measured as an incidence density
(per 1000 CVC-days). Bloodstream infection (BSI) was
defined according to the US Centers for Disease Control
and Prevention (CDC) criteria for laboratory-confirmed
BSI. CVC relation was defined using the ECDC HAI-Net
criteria for microbiologically-confirmed CVC-related
BSI (CRI3) [13], with the added criterion of the timely
resolution of clinical symptoms after CVC removal or
after starting antimicrobial therapy (Supp. Methods and
results).

Process indicator surveillance

CVC insertion compliance was measured by direct
observation using a list based on the CRBSI prevention
protocol developed at the University of Geneva Hos-
pitals (Supp. Figure 1) and expressed as the proportion
of fulfilled protocol items divided by the total number
of protocol items (CVC insertion score). Hand hygiene
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Hospital Hospital type CVC-daysin CVC-daysin
baseline intervention Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

1 Tertiary 3066 14171 r NI
2 Tertiary 4026 11349 R [ [ [ [ [ [ [ [ |
4 Tertiary 5453 13196
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6 Tertiary 9915 19403 m
7 Secondary 2653 3696
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11 Secondary 25121 26338 =y | [ | [ ]
12 Tertiary 5589 5728 R “
13 Tertiary 3352 2214 R
14 Tertiary 6336 12676 | | ] | ]

|:| Baseline
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- COMBi Intervention . CVCilIntervention . HHi Intervention

R Randomization of hospitalsin baseline to one of the three interventions (every quarter)

Q. Quarter, COMBI: hand hygiene intervention and central venous catheter intervention combined; CYC: Central
venous catheter, CVCi: central venous catheterintervention; HHi: handhygiene intervention

Fig. 1 Study design with referral level, randomly allocated intervention, central venous catheter days, and randomly allocated start of the interven-
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compliance was measured by direct observation accord-
ing to the WHO “My five moments for hand hygiene”
concept [14].

Observations of CVC insertion were randomized
for date (weekdays) and place of insertion [ICU, oper-
ating theatre (if ICU patients regularly received the
CVC there)] and were performed during daytime.
Hand hygiene observations were randomized for date
(weekdays), time slots (08-12:00, 12:00-16:00 and
16:00-20:00), and ICU beds. OSIs and study nurses
were advised not to disclose any outcome or process
indicator results during baseline. During the interven-
tion, quarterly feedback reports on CRBSI and process
indicator(s), according to the allocated intervention,
were made available to OSIs by the project coordination
team.

Co-variables

The recorded patient and CVC characteristics were age,
sex, type of admission, type of ICU, length-of-stay, place
of CVC insertion, insertion site, CVC type, number of

lumens, indication for CVC insertion, and CVC dwell-
time. Local study teams provided the Simplified Acute
Physiology Score (SAPS) II or the Acute Physiology and
Chronic Health Evaluation (APACHE) II score at patient
admission, where available.

Training of study participants

Six weeks before the start of the study baseline the PRO-
HIBIT study nurses were trained in the direct observa-
tion of CVC insertion and hand hygiene compliance at
the University of Geneva Hospitals. Three to 6 months
before the start of the intervention, study nurses and
physicians attended a 2-day PROHIBIT workshop for
training best practices and implementation science.
Parallel to the WHO training material on hand hygiene
(http://www.who.int/gpsc/5may/tools/en/), an e-learning
program developed at the University of Geneva Hospitals
was adapted to the PROHIBIT protocol and made avail-
able publicly at www.carepractice.net. Hospitals were
encouraged to adapt the intervention program to their
local context.
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Implementation activities

The hospitals adapted CVC insertion procedures and
introduced material (e.g. large drapes) as needed and
feasible. They promoted strategy elements through edu-
cational sessions and bed-side training, using the WHO
material and/or the Carepractice e-learning program.
Some CVCi hospitals filmed the ‘old and new’ local inser-
tion procedure to be used in educational sessions. All
HHi hospitals applied posters and/or other reminders in
the workplace and many came up with various additional
activities. Detailed intervention activities are described
in Supp. Tables 1a and 1b.

Statistical methods

For sample size calculations, we anticipated a base-
line CRBSI incidence density of 3/1000 CVC-days. We
hypothesized that the HHi-, CVCi-, and COMBi inter-
ventions would reduce CRBSI by 15, 35 [15], and 50%
(alpha = 0.05; approximately 60% power for HHi, and
over 80% power for CVCi and COMBi), respectively. >
and exact tests were used to calculate 95% confidence
intervals (CIs) for CRBSI incidence densities and com-
pliance proportions. Differences between medians were
tested with the Kruskal—Wallis test. CVC removal without
CRBSI, discharge from the ICU with the CVC in place,
and death were modelled as competing events for CRBSI
(Supp. Methods and results) [16]. The association of the
three interventions (CVCi, HHi and COMBI) with CRBSI
incidence density was analyzed using a sub-distribution
Cox proportional hazard analysis, stratified by hospitals.
As patients can have more than one CVC, we adjusted for
possible clustering at the patient level using robust covari-
ance estimation. Records with missing values for a vari-
able were excluded from the regression analysis of that
variable. Patient and CVC characteristics with a p value
< 0.2 were included in the multivariable regression model.

Following distribution of the dependent variables, the
association of the interventions with the CVC inser-
tion score was analyzed using generalized linear mixed
modelling with a binomial distribution, and with hand
hygiene using generalized linear mixed modelling with
a normal distribution, both allowing for clustering at the
hospital level. The association with professional category,
type of ICU, shift, weekday, and activity index (number of
hand hygiene opportunities per hour [17], averaged per
quarter) was evaluated and these were included in the
multiple regression model in case of a p value < 0.2.

All analyses were performed 1) without assuming a
time-dependent trend, and 2) with assuming a baseline
hospital-specific time-dependent trend and an additional
intervention-specific time-dependent trend. Time was
modelled as quarters during baseline (2 to a maximum of
6), and intervention (4 to a maximum of 8), assuming a

linear trend. These models were fixed models, with hos-
pitals included as a covariate to allow interaction terms of
hospitals with the time-dependent trend.

The direct association of the two process indicators
(CVCinsertion score and hand hygiene compliance) with
CRBSI incidence was explored using the quarterly aver-
ages of the CVC insertion score and hand hygiene com-
pliance (both as percentages) and the quarterly CRBSI
numbers, using Poisson regression modelling, allowing
for clustering at the hospital level. Quarterly averages of
covariates associated with CRBSI in the Cox regression
model were evaluated in this analysis and included in the
multiple regression model in case of a p value < 0.2. We
used SAS software, version 9.3 for all statistical analyses.

Ethics

The medical ethical committees of all participating hos-
pitals approved the study before randomization. In one
centre individual patient consent was deemed necessary
and therefore obtained.

Study registration
We retrospectively registered the protocol at the ISRCTN
registry (ISRCTN24828982).

Role of the funding source

The PROHIBIT study was funded by the European Com-
mission 7th Framework Programme. The study funder
had no role in the study design, data collection, data anal-
ysis, data interpretation, or writing of the manuscript.
The study funder was not involved in the decision to sub-
mit the paper for publication.

Results

Participating hospitals

Fifteen hospitals were selected from 18 applicants to pro-
vide an even geographical distribution across Europe.
Two hospitals dropped out before study start: one due
to local ethics review board requiring individual writ-
ten informed consent from patients, and one due to the
workload anticipated by the ICU as non-feasible. One
hospital was excluded during baseline because it failed to
comply with the study protocol. Two of the three drop-
out hospitals were replaced. Fourteen hospitals from 11
European countries completed the study: four were ran-
domized to HHj, five to CVCi, and five to COMBI. Seven
hospitals were university-affiliated. Four centres counted
> 50,000 admissions per year, four between 30,000 and
50,000, and five < 30,000. The median (range) number of
ICU beds per hospital was 30 (10-53). Median nurse-to-
patient ratio in the ICU was 0.42 (0.25-1). Median [inter-
quartile range (IQR)] activity index was 10.7 (8.2-12.7)
hand hygiene opportunities per hour.
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Patients and CVC utilization

A total of 25,348 patients with 35,831 CVCs were
included in the study. Patient and CVC characteristics
are summarized in Table 1 (per study arm) and Supp.
Table 2 (overall). Patient and CVC characteristics dif-
fered significantly among the three intervention arms
(Table 1). The APACHE II and SAPS II scores were avail-
able for only 35 and 37% of patients, respectively (Supp
Table 3); and therefore excluded from the main analysis.
CVC utilization decreased in all three intervention arms,
but significantly only in the CVCi arm (Supp. Table 4).
Median CVC dwell-times decreased in the COMBIi arm
(6 to 5 days, p < 0.0001), but did not change significantly
in the HHi- (6 and 7 days, p = 0.41) and CVCi arms (5
and 5 days, p = 0.46).

CRBSl incidence densities

The overall CRBSI incidence density decreased from
2.4/1000 CVC-days at baseline to 0.9/1000 during
the intervention (rate ratio, 0.39; 95% CI, 0.32-0.48;
p < 0.0001). CRBSI incidences at baseline differed sig-
nificantly between the three study arms: 2.0, 1.4, and
5.3/1000 CVC-days for HHi, CVCi and COMBI, respec-
tively. Figure 2 shows the quarterly CRBSI incidence den-
sity for each study arm (results for each centre in Supp.
Fig. 2). Table 2 shows the results of the univariable and
multivariable regression analyses. CRBSI incidence den-
sity reduction between baseline and intervention was
significant in all study arms. When adjusted in the mul-
tivariable regression analysis, the sub-distribution hazard
ratios (HR,; 95% CI) for the CVCi-, HHi-, and COMBIi
arms were 0.59 (0.43-0.81), 0.46 (0.28-0.74), and 0.33
(0.24-0.47), respectively.

CRBSI incidence density tended to decrease already
during baseline [HR,, 0.93; (0.84-1.02), per base-
line quarter]. When adjusting for possible underly-
ing hospital-specific trends and taking into account an
intervention-specific trend, CRBSI reduction remained
significant in the HHi- and COMBi arms: HRg,; 0.37
(0.16-0.87) and 0.47 (0.27-0.83), respectively. In this
model, CRBSI reduction was not significant in the CVCi
arm: HR,, 1.16 (0.63-2.16). The interventions did not
result in significant changes of the baseline trends (Supp.
Methods and results). The overall median CVC dwell-
time until infection was prolonged from 10 to 11.5 days
(p = 0.042).

Microorganisms

The overall distribution of isolated microorganisms was
as follows: Gram negative organisms: 44.0%; Gram posi-
tive organisms: 41.6%; Candida spp. 6.8%; and multiple
organisms: 7.6%. The most frequent species were Acine-
tobacter baumannii (17.3%), Staphylococus epidermidis

(15.7%), other coagulase negative staphylococci (CoNS)
(14.1%), Klebsiella pneumoniae (9.7%), Pseudomonas aer-
uginosa (9.2%), Staphylococcus aureus (8.4%), Candida
spp. (7.9%), Enterococcus faecium (4.7%), and E. faecalis
(4.5%). CRBSI-reduction was significant for Acinetobac-
ter baumannii [HR, 0.39 (0.23-0.67)], Staphylococcus
epidermidis [0.33 (0.19-0.56)], Pseudomonas aeruginosa
[0.39 (0.18-0.83)] and CoNS other than S. epidermidis
[0.04 (0.01-0.20)].

CVCinsertion score
A total of 3572 CVC insertions were observed, i.e. 8.9%
(IQR 6.4-15.6%) of all study CVCs. Supp. Table 5 shows
the results for each insertion score element. CVC inser-
tion scores improved in all study arms (Fig. 2, individual
hospitals in Supp. Fig. 3): between baseline and interven-
tion period, the mean insertion scores in the CVCi-, HHi-
and COMBIi arms improved from 69 to 92% [OR (95% CI):
4.0 (3.7-4.4); p < 0.0001], from 66 to 85% [1.3 (1.2-1.5);
p <0.0001], and from 78 to 96% [6.0 (5.5-6.6); p < 0.0001],
respectively. The CVC insertion score per quarter
improved already during baseline [OR 1.05 (1.02-1.09)].
When adjusting for the possible underlying hospital-
specific trends and taking into account an intervention-
specific trend, the odds ratios for the CVCi-, HHi-, and
COMBIi arms were 2.6 (2.2-3.0), 1.1 (0.6-1.3), and 3.4
(2.9-4.0), respectively. The improvement per quarter
increased after the introduction of the intervention in the
CVCi and COMB;i arms [average additional OR 1.2 (1.1-
1.5) and 1.5 (1.3-1.8), respectively], but did not change
significantly in the HHi arm [OR 0.95 (0.9-1.1)].
Increasing CVC insertion scores were significantly
associated with decreasing CRBSI incidence density: the
incidence rate ratio (95% CI) per percentage point (PP)
increase of the CVC score over the entire study was 0.97
(0.96-0.98). After adjustment for the proportions of
patients with bloodstream infection at the time of inser-
tion and of patients with prolonged ICU stay before
insertion, this association remained significant with an
incidence rate ratio of 0.97 (0.96-0.98) for the entire pop-
ulation, and for both the CVCi and COMBi arm; how-
ever, the adjusted association was not significant in the
HHi arm (Supp. Table 6).

Hand hygiene compliance
A total of 59,122 hand hygiene opportunities were
observed during 6749 observation sessions. Nurses were
the main contributors (74.4%), followed by medical doc-
tors (14.5%), auxiliaries (8.8%), and other healthcare pro-
fessionals (2.3%). Overall hand hygiene compliance at
baseline averaged 49%.

Between baseline and intervention period, hand
hygiene compliance in the CVCi-, HHi- and COMBi
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Table 2 Sub-distribution hazard ratios for the association of central venous catheter-related bloodstream infection
with interventions and patient and central venous catheter characteristics - univariable and multivariable regression

Q
3
X
<
w
M
w

046 (0.27-0.79)
0.61 (0.44-0.86)
0.39 (0.28-0.56)

HH intervention 0.37 (0.16-0.87)
1.16 (0.63-2.16)

047 (0.27-0.83)

0.59 (0.43-0.81)
046 (0.28-0.74)
0.33(0.24-047)

CVCintervention
Both interventions

Male
Female

<30
30-49
50-69
>70

Medical
Surgical
Unscheduled surgical

Cardiothoracic surgery and coro-
nary care

Infectious diseases

Intermediate care®

Medical

Medical-surgical

Neurology

Neurosurgery

Surgery

Vascular surgery

Yes
No

ICU
Operating room
Elsewhere

Subclavian
Jugular
Femoral
Brachial
Other

cvC
Swan-Ganz

1
1.02 (0.81-1.28)

0.64 (0.36-1.14)
0.96 (0.70-1.33)
1

0.90 (0.70-1.15)

1.36 (1.00-1.87)
1
1.67 (1.20-2.35)

1.02 (0.64-1.61)

0.92 (0.44-1.91)
4.26 (0.58-31.3)
1.02 (0.64-1.65)
1

1.26 (0.60-2.62)
1.51(0.76-3.01)
1.58 (0.49-5.14)
046 (0.06-3.60)

1.89 (1.15-3.11)
1

2.80(2.17-3.62)
3.02 (2.16-4.23)

6.84 (5.50-8.52)
1

1
0.52(0.37-0.72)
0.86 (0.52-1.39)

1.08 (0.84-1.38)
1

1.30(0.92-1.82)
044 (0.16-1.24)
1.29(0.52-3.18)

1
0.59 (0.25-1.39)

1
1.04 (0.84-1.28)

0.59 (0.34-1.03)
098 (0.72-1.32)
1

0.94 (0.75-1.19)

1.28 (0.89-1.84)
1
1.70 (1.18-2.46)

1.71(1.04-2.82)

0.79(0.37-1.68)
2.75(045-16.8)
1.14 (0.72-1.82)
1

1.99 (0.98-4.02)
1.88 (1.04-3.40)
1.88 (0.54-6.51)
0.80 (0.10-6.48)

1.90 (1.13-3.20)
1

2.31(1.76-3.03)
2.17 (1.54-3.04)

5.86 (4.63-7.43)
1

1
0.73 (0.46-1.14)
0.89 (0.51-1.54)

0.81(0.63-1.06)
1

1.18(0.81-1.72)
042 (0.14-1.22)
1.53 (0.57-4.08)




Table 2 continued

Multi 1

Single 1.00 (0.56-1.72)

Antibiotics? 147 (1.11-1.95)
1.15(1.12-1.88)
0.94 (0.67-1.32)
1.70 (1.31-2.20)

0.88 (0.65-1.19)

1.38(1.01-1.87)
1.32 (1.01-1.71)
1.68 (1.25-2.26)

Blood products
Dialysis
Total parenteral nutrition®

Other indications'

BSI bloodstream infection, CRBSI central venous catheter-related bloodstream infection, CVC central venous catheter, HH hand hygiene, ICU intensive care unit

2 According to the SAPS Il criteria: medical: no surgery within 1 week of admission to ICU; scheduled surgical: surgery was scheduled at least 24 h in advance + seven
days intensive care unit admission; unscheduled surgical: patients added to the operating room schedule within 24 h of the operation

b In univariable analysis the interaction term of Intermediate Care with CVC duration was significant with a HR of 0.90 (0.82-0.99, p value = 0.02). HR for IM was 10.3
(1.2-86.4, p value = 0.03). This effect decreased with increasing CVC duration (10% per day). In the multivariable analysis this interaction was not significant anymore

¢ Including subsequent ICU stays (maximum 3) until insertion; in univariable analysis the interaction term of an ICU stay of > 20 days with CVC duration was
significant with a HR of 1.04 (1.004-1.08). HR for ICU stay > 20 days was 1.78 (0.99-3.20, p value = 0.06). This effect increased with increasing CVC duration (4% per
day). In the multivariable analysis, this interaction was not significant anymore

9 Data of first two months of one hospital excluded because of invalid or missing data

€ One hospital excluded because of invalid or missing data; in univariable analysis, the interaction term with CVC duration was significant with a HR of 1.03 (1.005-
1.71, p value = 0.02). HR for TPN was 1.12 (0.73-1.71). This effect increased with increasing CVC duration (3% per day). In multivariable analysis this interaction was not

significant anymore

f Data of first year of three hospitals and of first 4 months of another hospital excluded because of different interpretation

arms improved from 51% (50-52%) to 62% (61-63%;
p < 0.0001), from 36% (34-37%) to 58% (57-59%;
p < 0.0001), and from 54% (52—-55%) to 63% (62—64%;
p < 0.0001), respectively (Fig. 2, individual hospital data
in Supp. Figure 4). During baseline, hand hygiene compli-
ance decreased by — 1 (— 2 to — 0.05) percentage points
(PPs) per quarter. When adjusted for healthcare profes-
sional category, ICU type and activity index, improve-
ment of hand hygiene compliance in the CVCi-, HHi-,
and COMBIi arms was 6 PP (4-8 PP), 20 PP (18-22
PP), and 8 PP (7-10 PP), respectively. When adjusted
for underlying hospital-specific trends and taking into
account an intervention-specific trend, improvement
of hand hygiene compliance in the CVCi-, HHi-, and
COMBI arms was 10 PP (6-14 PP), 18 PP (15-22 PP) and
6 PP (3-9 PP), respectively.

Hand hygiene compliance improved in all four health-
care professional categories in the HHi- and COMBI
arms, while hand hygiene compliance in the CVCi arm
improved only in nurses (Supp. Table 7). HH compliance
by indication is displayed in Supp. Table 8.

As with the CVC insertion score, increasing hand
hygiene compliance was associated with decreasing
CRBSI incidence density: the incidence rate ratio (95%
CI) per PP increase of hand hygiene compliance over the
entire study was 0.99 (0.98-1.00). After adjustment for
the proportions of patients with bloodstream infection at

the time of insertion and of patients with prolonged ICU
stay before insertion, this association did not remain sig-
nificant, with an incidence rate ratio of 1.00 (0.99-1.01)
for the entire population, and for the CVCi- and COMBI
arms. However, the adjusted association was significant
in the HHi arm (Supp. Table 6).

Discussion
Our results demonstrate that the introduction of a best
practice CVC insertion strategy, a WHO-based HH
promotion strategy, and the combination of both, sig-
nificantly improve process indicators and reduce CRBSI
incidence densities. When taking into account a decreas-
ing trend during baseline, both the HH program and
the combined HH and CVC insertion strategy were still
effective. The low baseline rates in the CVCi arm limited
the power to demonstrate the same effect in this arm.
This is the first multinational randomized multicentre
CRBSI prevention study providing sufficiently powered
information on both outcome and process indicators.
Many studies have reported successful CVC insertion or
hand hygiene improvement initiatives [18—22]. However,
most CRBSI prevention studies reported outcome data
only, without mentioning process indicator data, as evi-
denced in a recent systematic review by Ista et al. [18]. In
a randomized Canadian study, compliance with CRBSI-
prevention measures increased from 10% at baseline to
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Fig. 2 Incidence density of catheter-related bloodstream infec-

tions (top), central venous catheter insertion scores (centre), hand
hygiene compliance (bottom)—stratified by intervention arm. COMBi
hand hygiene intervention and central venous catheter intervention
combined, CRBSI central venous catheter-related bloodstream infec-
tion, CVCi central venous catheter intervention, HHi hand hygiene
intervention, Q quarter. Of note: no CVC insertion scores during Q1

70% during intervention in the intervention ICUs, while
compliance increased from 31 to 52% in the control ICUs
[20]. The study did not report CRBSIs and numbers of
CVCs were low. Non-randomized before-and-after stud-
ies, partially using retrospective data, have reported CVC
“bundle” compliance in the range of 20-37% [23], 55.2%
[24], 74% [25] and 90-100% [21, 26, 27]. An Australian
multicentre study reported variation of bundle compli-
ance between hospitals ranging from 0 to 100% (personal
communication from McLaws) [21]. Most studies used
an “all or nothing” approach, where the outcome was met
if all items of the bundle were fulfilled. Our CVC check-
list consisted of 20 items, which is beyond the usual bun-
dle promotions. Thus, in order to be discriminatory and
to capture gradual quality improvement over time, we
analyzed CVC insertion as a score.

Our baseline hand hygiene compliance of 48% is simi-
lar to the 52% identified by the MOSAR study in 13
European ICUs [28], and to the 40-50% reported by a
review summarizing 65 ICU studies [29]. The effects
of our intervention are in line with the specific efficacy
of the WHO multimodal promotion strategy [30] and
other hand hygiene promotion strategies [22]. Hand
hygiene improvement was highest for the HHi arm while
the average increase of hand hygiene in the CVCi- and
COMBI arms was moderate. Together with “HH study
fatigue” in one centre, economic constraints resulting in
budget and salary cuts, low staffing levels, and high work-
load were mentioned to play a role in prioritizing CVC-
intervention over HH intervention in the COMBI arm.
Nurses performed better than doctors across all study
arms as has been reported by many others [29].

The average baseline CRBSI incidence density of
2.4/1000 CVC-days as seen in our study has become
standard in high-income countries [31-33], although
the hospital specific incidence density ranged from 0 to
10.2/1000 at baseline. This range may reflect not only
real variation in CVC insertion and infection prevention
practice but also differences in culturing quality and fre-
quency. To minimize this bias we discussed these issues
with the on-site investigators and study nurses during
the kick-off and observer training that took place before
baseline measurements began.

Meta-analyses about the effectiveness of CVC bundle
or checKklist interventions on central line-associated BSI
(CLABSI) identified significant reductions (odds ratio of
0.34 [19] and incidence rate ratio 0.45 [18]), but the low-
est baseline incidence densities in both meta-analyses
were higher (3.4 and 5.7/1000 CVC-days) compared to
our study. However, it must be taken into account that
CRBSI is a more specific definition than CLABSI [34].
CRBSI decreased already during baseline. This trend may
have been the result of external factors, but probably also
was a result of the concurrent study, and particularly
due to direct observations of CVC insertion and hand
hygiene, as shown by increasing CVC insertion scores
and HH compliance. However, other aspects of care may
have improved as well, e.g. catheter care due to general
patient safety awareness. Feedback reports were sent only
after the formal start of the intervention, and thus, are
barely responsible for the observed ‘surveillance effect’
[35-37]. Alternatively, the improvement of baseline
CRBSI rates and CVC insertion scores may also repre-
sent a secular trend as reported by the English “Matching
Michigan” programme, which was due to pre-existing or
ongoing quality improvement initiatives [38]. In contrast,
many of our centres had little or no exposure to national
quality improvement initiatives and adopted the PRO-
HIBIT project as an opportunity to improve practice [39].
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Measuring process indicators allows testing whether
the target of an intervention is achieved, provides insight
into the implementation process, and allows evaluation
of direct association between process parameters and
outcome. We report that one percentage point increase
in compliance was associated with a two to five percent-
age point decrease in CRBSI. However, the magnitude
of the observed associations must be interpreted with
caution, as aggregated data on CVC insertion and hand
hygiene compliance had to be used and other factors
could be relevant [40-42].

Our study has several strengths. The multicentre design
with 14 hospitals from 11 different countries embraces
a range of variable IPC practices across Europe, and
thus offers greater generalisability than previous stud-
ies. The number of CVC-days observed in each centre
was large and the combination of a shared baseline and
intervention period and the randomized, stepped wedge
introduction of the interventions helped to control for
unknown trends and confounders. Lastly, the measure-
ment of process indicators demonstrated that CRBSI
reduction was the result of improved practice, even if
some of this occurred before the formal intervention.

The study has limitations. First, our stepped-wedge
design did not allow block randomization based on base-
line rates. As a consequence, and unfortunately, the CVCi
arm had four out of the five hospitals with low baseline
incidence densities. The small effect of the prevention
program on CRBSI in the CVCi arm, that was significant
in the before-and-after analysis but not significant when
considering the decreasing trend already observed dur-
ing baseline, could well be due to the low baseline rate
(1.4/1000 CVC-days), which may be partly explained by
the overrepresentation of cardiothoracic surgery patients
undergoing elective CVC insertions in this study arm.
Second, process indicators not only improved in allo-
cated arms, but in all study arms (HH in the CVCi arm;
CVC insertion score in the HHi arm). The PROHIBIT
project was a priority or the only ongoing patient safety
project in many of our centers. Such project prioritiza-
tion, together with Hawthorne effects [43] due to the
surveillance of process indicators, may have contributed
to this finding. Third, some patient- and CVC charac-
teristics differed between baseline and intervention, and
between the study arms. Although significance of many
differences are due to large numbers, cardiothoracic
patients, and hence scheduled surgical admissions, were
more frequent in the CVCi arm. While we could not
adjust for severity-of-illness score for the entire study
population due to missing data, all other critical vari-
ables were taken into account in the multivariable mod-
els. The analysis on the subset where Apache II scores

were reported showed comparable results (Supp.Meth-
ods and results). Fourth, although the study duration was
30 months in total, we did not go back to the hospitals
to test for sustainability. Others have shown sustainable
effects of behavioural change studies aiming at CLABSI
prevention [44].

In conclusion, this study demonstrates that multimodal
prevention strategies aiming at improving CVC insertion
practice and hand hygiene compliance reduce CRBSI in
culturally diverse European ICUs. The CVC insertion
score explained the reduction of CRBSI and helped to
explain the dynamics of behaviour change. Future quality
improvement studies should encourage measuring pro-
cess indicators.
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