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Abstract

Background: Catheter-related blood stream infections (CRBSI) are an important complication of central venous access
devices but are often poorly measured. This article describes the journey of one hospital trust to set up a surveillance
process for CRBSI across all specialties of the trust and to reduce CRBSI.

Method: Using a locally adapted CRBSI criteria and root cause analysis (RCA) for investigation we identified a number

of opportunities for a quality improvement programme.

Findings: Over a 5-year period we saw a significant and sustained reduction in the rate of CRBS| from 5 per 1000

catheter days to 0.23 per 1000 catheter days.

Conclusions: The surveillance enabled rates of CRBSI to be monitored across the trust and the success of our

improvements to be measured.
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Introduction

Catheter-related blood stream infections (CRBSI) are a
major cause of healthcare-associated bacteraemia, but it is
suggested that many of these CRBSI are preventable using
evidence-based care (Han et al., 2010; Loveday et al.,
2014). CRBSI are costly and associated with a poor prog-
nosis (Tacconelli et al., 2009), causing increased mortality
and morbidity in patients (Han et al., 2010; Zingg et al.,
2009). Extended length of stay for patients who develop a
CRBSI can be in the range of 2—14 days (Tacconelli et al.,
2009) with a rate of CRBSI varying between < 1 and > 10
per 1000 catheter days (Han et al., 2010).

Surveillance of central vascular access devices (CVAD)-
related infections varies among units (Health Foundation,
2013), with some units not collecting data (Tacconelli et al.,
2009). CRBSI and central line-associated blood stream
infections (CLABSI) are interchangeably used and can be
confusing; CRBSI is a diagnostic tool whereas CLABSI is
a surveillance tool and likely to identify a greater number of
cases that may not actually be line-related (Fronzo, 2017;
O’Grady et al., 2011).

The CRBSI definition is used to diagnose and treat
patients who develop an infection with a CVAD in place. It
relies on specific laboratory tests to include quantitative
culture of the catheter tip or the time differences in growth
between catheter and peripheral blood culture specimens.
In comparison, the CLABSI definition is used for surveil-
lance purposes and assumes that the presence of a blood
stream infection in a patient with a CVAD in the absence of
any other identified source will be attributed to the central
line (O’Grady et al., 2011).

In 2009, the Matching Michigan campaign was
launched in England; this was a national project focused
on critical care units to reduce central line infection rates
and based on the successful work achieved in Michigan
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Table |. CRBSI adapted criteria.

Definite CRBSI - criteria require one of the following:

e Bloodstream infection (BSI) occurring 48 h before or after catheter removal AND differential period of CVC culture vs.

peripheral blood culture positivity of > 2 h

e BS| occurring 48 h before or after catheter removal AND positive culture with the same microorganism from pus from

insertion site

o BSI semi-quantitative CVC culture > |5 CFU and clinical signs improve within 48 h after catheter removal

Probable CRBSI

e BS| occurring 48 h before or after catheter removal which does not fulfil the definitions above but there is no alternative
source of infection. This needs agreement between microbiologist and the patient’s clinical team

BSI defined as:
One positive blood culture for a recognised pathogen
or

patient has at least one of the following signs or symptoms: fever (> 38 °C), chills or hypotension

AND

two positive blood cultures for a common skin contaminant (from two separate blood samples, usually within 48 h)
Skin contaminants = coagulase-negative staphylococci, Micrococcus sp., Propionibacterium acnes, Bacillus sp., Corynebacterium sp.

Adapted from European Centre for Disease Prevention and Control (2016).

(Pronovost et al., 2006). The campaign focused on the
implementation of a bundle with five evidence-based
interventions consisting of hand hygiene, full barrier pre-
cautions, skin preparation using Chlorhexidine, avoidance
of the femoral vein and prompt removal of lines when no
longer required using CLABSI as a measure of improve-
ment (Bion et al., 2013).

Background

The Matching Michigan methodology was established in
our local critical care units in 2010. In 2011 it was agreed
that the same methodology should be extended to all
patients with a CVAD in the trust. The trust is a large dis-
trict general in the north of England with 850 beds includ-
ing 14 intensive care beds, inpatient oncology and
haematology service and a neonatal unit. Patients with
CVADs are cared for in many different wards and depart-
ments outside of critical care. In addition, the trust has
responsibility for community services that care for patients
with CVAD in their own home.

The overall aim of the improvement work was to reduce
CRBSI in our trust but it was seen as a complex project
covering many departments when only the critical care and
neonatal units were already collecting surveillance data.

Methodology

First, a CVAD Steering Group was set up to develop the
CRBSI surveillance and improvement project. Represent-
atives from all areas involved with insertion and ongoing
management of CVAD were invited to join the group; these
included critical care, the neonatal unit, and the oncology
and haematology unit. Representatives from community
nursing, Out-patient Antimicrobial Therapy (OPAT) service
and radiology were identified later to join the group. The
group was led by a senior nurse, included the lead clinician

for CVAD and a medical microbiologist and had a total
membership of ten.

With any quality improvement programme it is impor-
tant from the outset to establish an outcome measure that
can be used to demonstrate improvements in practice. For
this programme CRBSI was chosen (Gorski et al., 2016).
Measurement of CLABSI was already established within
the critical care areas, as they were involved with the
Matching Michigan programme (Bion et al., 2013); how-
ever systems for capturing this data for other areas needed
to be established.

Recognising the differences between CRBSI and
CLABSI definitions, neither definition appeared to capture
the information for measuring our improvement. The
CRBSI definition was too narrow and would miss some
potential line infections and CLABSI was too broad and
would include infections not related to the CVAD. Initially,
the Centers for Disease Control and Prevention (CDC)
CRBSI criteria (Association for Professionals in Infection
Control and Epidemiology, 2009) was adapted to include
cases of blood stream infections (BSI) which the microbi-
ologist and clinical team agreed were probable cases. These
included cases where laboratory testing could not provide a
definite confirmation of CRBSI and there was no other
obvious source for the BSI other than the CVAD. The local
criteria were later revised in line with the European Centre
for Disease Prevention and Control (2016) guidance.
Therefore, CRBSI in this paper refers to our locally devel-
oped criteria (Table 1).

Potential CRBSI are reported by the microbiologists fol-
lowing laboratory confirmation of a BSI in all patients with
a CVAD. Cases are excluded from the numerator if, after a
clinical review, an alternative source of infection is identi-
fied. Cases where our trust had no involvement in the care
and management of the CVAD, such as some haematology
or renal patients, are also excluded although the relevant
provider teams are informed.
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Figure 1. CVAD dashboard.
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Although this method relied on the microbiologist
reporting the infections, it meant that there was timely
reporting. In addition, monthly laboratory reporting was
also introduced. This provided a monthly report of cases
that met the criteria of positive blood cultures taken from
patients with a CVAD; these were all checked to ensure no
cases were missed and provides validation of the numerator
data. It was evident from this validation process that the
reporting by the microbiologists has greatly improved since
the start of the data collection in 2011.

To calculate the rate of CRBSI, both numerator data
(number of CRBSI) and denominator data (number of line
days) needed to be captured. The rate of CRBSI is calcu-
lated dividing the numerator data by the denominator data
and multiplying by 1000 (Gorski et al., 2016).

At the start of the quality improvement programme, we
used the numerator data as the outcome measure recording
this as ‘days between infections’ until we established the
methods to obtain the denominator data to calculate the
CRBSI rate.

Developing a process to collect the number of CVAD days
with all the different teams managing the care of CVAD was
difficult and relied on manual collection of data in each of the
departments. Although we explored some methods of elec-
tronic data capture, these were costly as we had no systems
already in use at that time in the trust that would be suitable
for this type of data collection. Although time-consuming for
the wards and departments to collect the numerator data, once
they were on board, they started to provide the data.

Establishing the process to collect denominator data for
patients in the community with CVAD was much more

problematic. Difficulties arose due to patients discharged to
community teams from a number of different providers and,
therefore, data from community patients are collected but
there continues to be some gaps in the denominator data.

A CVAD dashboard is produced monthly by the health
informatics team using the numerator and denominator data
to calculate the CRBSI rate per 1000 CVAD days. The
dashboard (Figure 1, a more detailed version of Figure 1
can be found online, supplementary material) displays both
the CRBSI rate and also the days between infections for the
whole trust and separately for each of the individual areas.

The focus of the quality improvement work was identi-
fied from the root cause analysis. Using a Model for
Improvement approach with small tests of change (Plan,
Do, Study, Act (PDSA) cycles a number of improvements
were achieved as described below (Health Foundation,
2016; Institute for Healthcare Improvement, 2017).

Root cause analysis

Root cause analysis is a formal investigation of an adverse
event and one of the methods that can be used to improve
patient safety in hospitals (Tamuz and Harrison, 2006). It
was important to be able to investigate all cases of CRBSI,
both suspected and confirmed, in order to learn and
improve.

The clinical teams were encouraged to lead the investi-
gation of all suspected CRBSI by compiling a timeline of
relevant events from line insertion to the development of
the infection. This timeline was then analysed by the clini-
cal team with support from the infection prevention and
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control team to look for any gaps in care. If gaps in care
were identified, then further work was undertaken to under-
stand why the lapse had occurred.

In addition, to the request for an RCA investigation,
these adverse events were reported on the Datix incident
management system within the trust. This ensured that the
information, investigation and any corrective actions were
formally captured. Following the investigation, the key
learning was shared with the CVAD Steering Group to
focus improvement initiatives.

Improvements in practice

One of the first learning opportunities observed was the
lack of standardised care plans and pathways for patients
with a CVAD. There was good documentation that had
been developed within the critical care units as part of the
Matching Michigan project, but this was not used for
patients outside of critical care, even if the patient had been
transferred from critical care to a ward. There was different
documentation used for patients with CVADs in Oncology,
Cardiology and general wards.

The CVAD group developed a standardised CVAD path-
way for all patients with a CVAD. This included the inser-
tion and ongoing management elements from the Matching
Michigan care bundle. A PDSA cycle was used to develop
the CVAD pathway, drafting the pathway and testing with
one patient and one member of staff. This enabled several
changes to be made following feedback from the frontline
staff. Testing continued with more patients, modifying the
pathway each time, until the frontline staff felt it was ready
to be rolled out. This was eventually adapted for use with
neonates.

Initially, it was noted that the investigation teams were
basing their analysis of events on merely measuring that all
the elements of the documentation were completed and not
considering wider issues such as the insertion site or tip
position of the CVAD. An investigation standard was devel-
oped by the CVAD Steering Group to assist the clinical
team with their investigation and critical analysis of the rel-
evant events leading to the CRBSI. The standard was based
on the evidence available to support best practice as it was
acknowledged that not all members of the investigation
team had a good knowledge of the whole CVAD policy.

Feedback from investigations to the CVAD Steering
Group also identified inconsistencies with training and
competency assessments of staff managing CVADs. The
critical care team and the oncology team worked closely
together to produce a standardised training package with
competency assessments. A competency matrix was cre-
ated to provide assurance of the level of trained and compe-
tent staff accessing and managing CVADs.

The learning from the RCA also prompted regular audit
of compliance in documentation of the CVAD pathway.
This was not only an assurance process but also provided
the opportunity to revise and amend the documentation

where issues arose; for example, the original pathway did
not provide space to document the reasons for dressing
change.

Frequent dressing changes were identified from RCA
investigations and appeared to be a risk factor in develop-
ing CRBSI. Importantly, we needed to understand why
some patients were having frequent dressing changes; this
was a problem mainly confined to patients in the critical
care unit with internal jugular (IJ) lines and high levels of
oropharyngeal secretions. The critical care sister led a trial
of different dressings to find more adherent dressing suita-
ble for her patients. The placement of 1J lines also prompted
discussions among the intensivists to promote subclavian
insertion of short-term CVAD as opposed to 1J insertion.

The change of dressings, again using PSDA cycles,
allowed each area to test the suitability of the change of
dressing for their patient group allowing eventual standard-
ised of dressings across all areas (excluding neonates) using
a dressing with a Chlorhexidine island.

The investigation of a number of Methicillin-sensitive
Staphylococcus aureus (MSSA) CRBSI gave the CVAD
Steering Group the opportunity to review the CVAD policy
to include MSSA screening, in addition to Methicillin-
resistant Staphylococcus aureus (MRSA) screening of
patients before insertion of CVAD and at regular intervals.
The use of daily chlorhexidine washes was extended from
critical care patients to all inpatients with CVADs apart
from neonates.

More recently, RCA investigation of CRBSI has identi-
fied a number of ‘non-compliance’ concerns in patients
involved with the care of a long-term CVAD both in the
community and in hospital. This revealed inconsistencies
with the information provided to these patients with little
assurance of their understanding of the information pro-
vided. A simple care plan was developed by frontline staff
and, using a checklist approach of information, was pro-
vided to the patient with written confirmation of their
understanding of the information given. This also includes
observation of practice where this is applicable.

Results

The CRBSI surveillance was able to demonstrate overall
improvement with the rate of CRBSI reducing from 5 per
1000 line days in 2011 to 0.23 per 1000 line days in 2017.
The data in Figure 2 illustrate the cumulative rate of CRBSI
over a rolling 12 months from June 2013 showing the
reduction of CRBSI from 1.29 to 0.23 per 1000 line days.
Although the data between July 2011 and May 2013 sug-
gested the greatest reduction in CRBSI, because of incon-
sistencies in reporting of the both the numerator and
denominator data, this data has not been displayed.

The various improvement interventions have been anno-
tated on the statistical process control (SPC) chart (Figure 2)
comparing the interventions alongside the rate of CRBSI to
show the journey of improvement. Step changes on the




164

Journal of Infection Prevention |19(4)

Figure 2. Cumulative CRBSI rate.

Cumulative Infection rate per 1000 CVC days (Trust)
-\ alles Average Upper limit Lower limit
2.00
1.80 8
1.60 "
§ 140 11 12
§ 1.20 ¥
g 100 N ,___/\ 13
i
3 0E0 N |
2 60 g ! NS o
040 0 .
0.20 —
§E%'éﬁ'%%%'ﬁﬁﬁE%'E§'%%E'ééﬁ%ﬁéﬁ'ﬁgg%'géﬁ%'ﬁﬁ'%%
e 3 5 B ¥ % g 3 B B o& 5 2 3 - 5 e Z 55 5ok
352322 2§ g 35222 2 £ 3222 2 2 B £33 22 2 2
SRR R R RN E R FERRR RS R R
@ 2 o a Z a ] Z2 o & Z a
Month of Infection
1. Standard CVAD pathway Apr-11
2. Adapted neonatal pathway Apr-12
3. CVAD pathway audit Aug-12
4. Standardised training Oct-12
5. Competency Matrix Jul-13
6. Change of dressing in ICU Nov-13
7. CVAD RCA standard Jan-14
8. OPAT data Apr-15
9. Community data May-15
10. MSSA screening Jun-15
11. Daily CHX washes Dec-15
12. Standardised dressings Feb-16
13. Patient information checklist | Dec-16

SPC chart are noted following the change of CVAD dress-
ing in ICU patients (October 2013), the introduction of a
written standard for RCA (January 2014), MSSA screening
(June 2015) and standardisation of dressings (June 2015).

In addition, an internal ceiling target of 1.5/1000 line
days was set in 2013 using the Matching Michigan target of
1.4 as a benchmark but taking into consideration that we
were unable to find any CRBSI data that either matched our
case definition or our patient population. This target was
reduced to 1/1000 line days within 18 months to provide
more of an internal focus and challenge.

Discussion

The results of this project have shown an overall reduction
in CRBSI which compares favourably with documented
levels of between < 1 to > 10 per 1000 catheter days (Hans
etal., 2010). However, the authors acknowledge that it took
almost two years to refine the process for collecting both
the numerator and denominator.

There are some important limitations to this work that
have been acknowledged. First, the process for collecting
the denominator data has not been validated and relies on
the various teams to collect the data. It is envisaged that we

will eventually be able to validate the denominator data
with our new electronic patient record system. The second
important limitation is the difficulty of comparing rates of
CRBSI with both other organisations or published literature
because of differences in patient case-mix. Most of the lit-
erature looks at specific patient groups—such as critical
care, neonatal or oncology patients—whereas we included
all of these, as well as all patients with CVAD from com-
munity, general surgery, cardiology and general medical
services.

Establishing the CVAD Steering Group with frontline
staff who were able to lead change in their arecas was an
important factor in the success of this improvement project.
Members of the Steering Group were able to review the
learning from the RCA investigations providing under-
standing of the local problems that are important factors in
quality improvement (Health Foundation, 2016) and more-
over empowering them to make changes.

The standardisation of the CVAD pathway for insertion
and management combined with audit of compliance along
with the introduction of standard training and competency
would appear to have made the greatest impact on our jour-
ney to reduce CRBSI. We observed, what we considered a
high rate of CRBSI in July 2011, fall markedly in the first 12
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months, although we were unable to reliably demonstrate
this with our data. On reflection, the development of the
standard CVAD pathway at the beginning of the project was
one of the most difficult areas for improvement. The path-
way included both the insertion and ongoing care of the
CVAD and was developed predominantly by nurses. The
anaesthetic doctors inserted the majority of the CVADs and
were resistant to what they perceived as a ‘nursing docu-
ment’. The key to the success of any quality improvement is
engagement (Health Foundation, 2016) and we had failed to
involve the medical staff in this important change.
Involvement in the RCA process provided the opportunity
to be included in further changes.

Measuring the improvement was difficult to establish
at the start of the project and as a result we are unable to
provide data from the start of our quality improvement
journey. It was difficult for the frontline teams to see the
need to collect the denominator data (line days) or for
the microbiologists to remember to flag the potential
CRBSI to the Infection Prevention and Control Team. As
the project progressed, the importance of measurement
and evaluation were acknowledged by those involved.
While the process and measurement we have established
is not suitable for benchmarking, it has provided us with
one of the tools for improvement (Institute for Healthcare
Improvement, 2017).

Adaption of the CRBSI locally provided us with consist-
ency in measurement but allowed engagement of staff with
what clinicians considered meaningful data. Use of the
CLABSI definition (O’Grady et al., 2011) would have
resulted, in our opinion, in clinicians disengaging with the
data and the improvement work due to the broad criteria.
Allowing clinicians to be involved with deciding whether
to include potential BSI to be considered in the numerator
enabled ownership of the data.

Celebrating each of the successes on this journey has
been an important part of the leadership of the project.
Displaying each of the team’s data as ‘days between’
CRBSI provides a positive measure and had been success-
ful in motivating and energising the teams it was therefore
continued, even after we had established the denominator
data.

Arguably, the lack of national targets for CRBSI has
allowed this project to be owned by frontline staff and not
dictated by senior managers. There is evidence that involve-
ment of frontline staff to make changes rather than a top-
down approach provides more sustainable improvement
(Health Foundation, 2016). We consider that this engage-
ment has been the greatest benefit to our project. Providing
staff with the knowledge, skills and experience of quality
improvement and an established surveillance process has
allowed continuous improvement. Interestingly, without
the mandate for national surveillance of CRBSI, it appears
that many trusts do not invest in the time to collect such
data.

Conclusions

During the last five years, we have been successful in
establishing robust processes to identify definite and prob-
able cases of CRBSI within our trust. Investigation of these
in real time has led to improvement in all aspects of CVAD
care which has manifested as a sustained reduction in the
number of CRBSI cases across all relevant areas.

We are able to monitor the rate of CRBSI for each
department with patients and can accurately assess prob-
lems and identify trends at an early stage to implement
effective change as required. However, the locally devel-
oped criteria for CRBSI makes it difficult to benchmark our
data with other hospitals, particularly as our rate this
includes patients with CVAD in critical care, neonatal unit,
oncology and haematology units, general wards, commu-
nity and OPAT.

Setting up the measurement for CRBSI was difficult, but
failure to measure and investigate CRBSI would not have
allowed us to identify the problems and, most importantly,
to improve practice and provide safer care for our patients
with CVADs.
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