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Pseudomonas aeruginosa infection causes high morbidity 
and mortality, especially in immunocompromised pa-
tients. Pseudomonas can develop multidrug resistance. 
As a result, it can cause serious outbreaks in hospital 
and intensive care unit (ICU) settings, increasing both 
length of stay and costs. In the second quarter of 2020, 
in a community hospital’s 15-bed ICU, the P. aerugi-
nosa-positive sputum culture rate was unacceptably 
high, with a trend of increasing prevalence over the 
previous 3 quarters. We performed a multidisciplinary 
quality improvement (QI) initiative to decrease the P. 
aeruginosa-positive rate in our ICU. We used the De-
fine, Measure, Analyze, Improve, and Control model 
of Lean Six Sigma for our QI initiative to decrease the 
P. aeruginosa-positive sputum culture rate by 50% over 
the following year without affecting the baseline en-
vironmental services cleaning time. A Plan-Do-Study-
Act approach was used for key interventions, which 
included use of sterile water for nasogastric and oro-

gastric tubes, adherence to procedure for inline tubing 
and canister exchanges, replacement of faucet aerators, 
addition of hopper covers, and periodic water testing. 
We analyzed and compared positive sputum culture 
rates quarterly from pre-intervention to post-inter-
vention. The initial P. aeruginosa-positive culture rate 
of 10.98 infections per 1,000 patient-days in a baseline 
sample of 820 patients decreased to 3.44 and 2.72 per 
1,000 patient-days in the following 2 post-intervention 
measurements. Environmental services cleaning time 
remained stable at 34 minutes. Multiple steps involv-
ing all stakeholders were implemented to maintain 
this progress. A combination of multidisciplinary ef-
forts and QI methods was able to prevent a possible 
ICU P. aeruginosa outbreak.

Keywords: health care-associated infections, intensive 
care unit, Pseudomonas aeruginosa, quality improve-
ment, water systems.

SUMMARY

n INTRODUCTION

Of the many types of Pseudomonas bacteria, the 
most detrimental to humans is Pseudomonas 

aeruginosa, which can cause infections in the 

blood, lungs, or other parts of the body. P. aerug-
inosa is one of the most common Gram-negative 
bacteria causing nosocomial and health care–asso-
ciated infections in hospitalized patients. P. aerug-
inosa infections usually occur in patients who are 
immunocompromised, and they are particularly 
dangerous for patients with chronic lung diseas-
es requiring mechanical ventilation. P. aeruginosa 
was the fourth most frequently reported patho-
gen in adult health care–associated infections in a 
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recent study [1]. It is the most serious and the sec-
ond most common cause of ventilator-associated 
pneumonia. Poor outcomes, including increased 
cost, morbidity, mortality, and prolonged hospital 
stays, are often associated with P. aeruginosa infec-
tion [2]. 
According to the Centers for Disease Control and 
Prevention, multidrug-resistant P. aeruginosa led 
to approximately 32,600 infections in hospitalized 
patients and 2,700 deaths in 2017, contributing 
to an estimated $767 million in health care costs. 
These rates caused P. aeruginosa to be placed on 
the Centers for Disease Control and Prevention’s 
list of Antibiotic Resistance Threats in the Unit-
ed States [3]. In addition, Pseudomonas outbreaks 
have been reported in many intensive care units 
(ICUs) [4-9]. 
The P. aeruginosa-positive culture rates increased 
in our ICU beginning in mid-2019 and led to an 
unacceptably high rate of 10.98 positive sputum 
cultures per 1,000 patient-days in a baseline sam-
ple of 820 patients. Thus, we aimed to investigate 
the cause of this increase and explore tactics to 
mitigate it. We performed a multidisciplinary 
quality improvement (QI) project to decrease the 
P. aeruginosa-positive sputum culture rate in our 
ICU.

n MATERIALS AND METHODS

Context and intervention
This QI project occurred in a 15-bed, adult med-
ical/surgical ICU in a 157-bed rural community 
hospital in the Midwest. The Define, Measure, 

Analyze, Improve, and Control model of Lean Six 
Sigma was used to guide this project. This study 
was performed in adherence with the SQUIRE 
(Standards for Quality Improvement Reporting 
Excellence) guidelines [10].
Beginning in mid-2019, the ICU saw an upsurge 
in the P. aeruginosa-positive sputum culture rate 
of 10.98 infections per 1,000 patient-days as of 
quarter 2 of 2020 (Figure 1). The project began 
in quarter 3 of 2020 (September 3, 2020), and the 
goal was to decrease this positivity rate by half 
to 5.5 infections per 1,000 patient-days over the 
following 9 months (October 1, 2020 - June 30, 
2021) without adversely affecting environmental 
services (EVS) cleaning time. A multidisciplinary 
team was formed, including stakeholders from 
facilities management, respiratory therapy, infec-
tion prevention and control, and EVS, along with 
critical care providers, infectious disease special-
ists, nursing management and staff, and patients. 
A stakeholder analysis was conducted (Table 1), 
and a fishbone diagram was completed to define 
and sort potential quality gaps and possible caus-
es of the increase in P. aeruginosa infections (Fig-
ure 2). 
For rooms in which patients tested positive, 
visual room mapping was performed to explore 
potential patterns and to determine targeted areas 
in the ICU to perform microbiology testing (Fig-
ure 3). Cases with positive cultures at admission 
were excluded. The microbiology results indicat-
ed that Pseudomonas did not exist in the hospital’s 
main water supply; however, it was identified in 
1 of 3 ICU patient room faucets tested (measured 

Figure 1 - Pseudomonas aeruginosa-Positive Sputum Culture Rate. Graph shows the rate of P. aeruginosa-posi-
tive cultures per 1,000 patient-days over time. The mean positivity rate per quarter (Q) is shown. Red vertical line 
indicates the start date for mitigation strategies (September 2020).



579Pseudomonas infection reduction in the ICU

Table 1 - Stakeholders’ Analysis of Potential Quality Gaps.

Stakeholders
Method 
to gather 

input

Key input received regarding 
potential quality gaps

Key interests
Assessment 

of impact

Strategies for 
obtaining support and 

reducing obstacles

Facilities 
management

Meetings ICU remodel
Water treatment & testing
Faucets/aerators

Design of infrastructure
Need for further capital 
outlay

H Informational 
meetings

Critical care 
providers

Meetings ICU remodel
Room trends with infection

Patient outcomes
Rate of Pseudomonas 
infections

H Informational 
meetings

Nursing 
leadership

Meetings Reviewed EVS & Nursing 
environmental cleaning practices
Transmission sources: 
hoppers, sinks, countertops, hands, 
inline & oral suction
Policies/procedures: 
nails, inline canister & suction 
changing
Ventilator management
Administering medications
ICU remodel

Patient outcomes
Rate of Pseudomonas 
infections

H Informational 
meetings

Nursing staff Meetings Potential areas using water source: 
oral care, tube feeding, handwashing, 
bathing, ice machines, water pitchers
Transmission sources: 
hoppers, sinks, countertops, hands, 
inline & oral suction
Policies/procedures: 
nails, inline canister & suction 
changing
Mechanical care
Administering medications
ICU remodel

Patient outcomes
Workload

H Education

Respiratory 
therapy

Meetings Policies/procedures: 
inline suction changing 
Mechanical care
Administering medications
COVID-19 process changes
Medical gas, oxygen
Vent tubing

Patient outcomes
Workload

H Education

IPAC Meetings Reviewed EVS & Nursing 
environmental cleaning practices
Transmission sources: 
hoppers, sinks, countertops, hands, 
inline & oral suction 
ICU remodel
Water treatment & testing
Faucets/aerators

Patient outcomes
Rate of Pseudomonas 
infections

M Informational 
meetings
Metrics

EVS Meetings Reviewed EVS & Nursing 
environmental cleaning practices

Workload
Efficiency of workflow 
process

L Informational 
meetings

Patients EHR Patient outcomes Safety L Education

Abbreviations: EHR, electronic health record; EVS, environmental services; H, high; ICU, intensive care unit; IPAC, Infection Prevention and Control; 
L, low; M, medium.
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Figure 2 - Fishbone Diagram. Diagram showing potential causes of increased rate of Pseudomonas-positive sputum 
cultures. AGP indicates aerosol-generating procedure; EVS, environmental services; HCP, health care professionals; 
ICU, intensive care unit.

Figure 3 - Intensive Care Unit 
(ICU) Room Mapping. Color-
ed squares show ICU room 
numbers (green indicates 
no positive Pseudomonas 
sputum cultures; red, posi-
tive Pseudomonas sputum 
cultures), with dates of posi-
tive samples shown. The pa-
tient icons demonstrate the 
number of patients with a 
positive culture that was not 
present on admission.
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in colony-forming units/mL). The fishbone dia-
gram and microbiology results were examined by 
the team to narrow down the list of causes and 
determine points for intervention. The faucet in 
ICU room 3407 grew Pseudomonas, which was the 
only faucet tested with an aerator still in place. 
Potential areas of water source contamination and 
transmission were narrowed down to hoppers, 
sinks, countertops, hands, inline and oral suction, 
and water supply. These causes were then scored 
on an impact effort matrix to determine next steps 
(Figure 4). The causes that had the highest im-
pact-to-effort ratio were chosen for implementa-
tion.

Multiple high-impact, low-effort interventions 
were implemented. Nursing staff changed the 
practice from using tap water to using sterile wa-
ter for nasogastric and orogastric tube feedings. 
Nursing leadership reinforced the importance of 
changing suction tubing and canisters every 24 
hours. Respiratory therapy resumed the facility 
procedure of changing inline suction catheters 
every 72 hours for patients supported on mechan-
ical ventilation despite their medical complexities 
or COVID-19 status. Facilities management re-
placed all aerators/faucets in the ICU rooms and 
associated clinical areas with non-aerating fau-
cets. In addition, they defined an ongoing main-

Figure 4 - Impact Effort Matrix. 
Grid matrix for assessing key in-
terventions toward Pseudomonas 
aerugi nosa-positive culture rate 
reduction in the intensive care 
unit.
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tenance plan to clean faucets in high-risk areas. 
Although it was determined to be a high-effort 
measure, the team elected to design and install 
hopper covers to prevent splashes and bacteria 
aerosolization. Even though surveillance cultures 
were conducted annually before the interven-
tion, post-intervention surveillance cultures were 
sampled on a quarterly basis to validate the in-
terventions. Sixteen people were mainly involved 
in the execution of this project. Funds spent were 
approximately $12,000 for hopper toppers, $9,214 
for faucets and aerators, and $8,987 for microbio-
logic water testing.

Study of the intervention and measures
The chosen improvement measure was P. aerugi-
nosa-positive sputum rate per 1,000 patient-days 
in all ICU patients. The balancing measure was 
chosen as the mean (SD) EVS discharge room 
cleaning time in the ICU because cleaning practic-
es can affect infection rates (Table 2).

Statistical analysis
An independent-samples t test was conducted to 
compare the ICU P. aeruginosa–positive sputum 
rate per 1,000 patient-days for the 5 months before 
(April through August 2020) and the 5 months 
after (October 2020 through February 2021) im-
plementing countermeasures. We compared the 
mean of each 5-month period as a whole. P<.05 

was considered statistically significant. BlueSky 
Statistics software was used for analysis.

Ethical considerations
Institutional review board approval was not re-
quired. There were no conflicts of interest among 
the stakeholders. The project was funded inter-
nally without any commercial funding.

n RESULTS

Before the inception of the QI project, the P. aerugi-
nosa-positive sputum rate in the ICU was 10.98 in-
fections per 1,000 patient-days. This represents the 
sum of 9 positive cultures in 820 patients screened 
for quarter 2 of 2020 (100% of ICU patients dur-
ing this time frame). Over the prior 3 calendar 
quarters, the positivity rate showed an increasing 
trend (Figure 1). We assessed the timeline of qual-
ity gaps and interventions that occurred during 
this project, as shown in Table 3.
At the first post-intervention measurement (quar-
ter 4 of 2020), the rate had decreased to 3.44 pos-
itive cultures per 1,000 patient-days (3 positive 
cultures in 872 patients). A second post-interven-
tion measurement collected in quarter 1 of 2021 
noted a further decrease to 2.72 positive cultures 
per 1,000 patient-days (2 positive cultures in 736 
patients) (Figure 1). Analysis of the ICU P. aerugi-
nosa-positive sputum rate showed a significantly 

Table 2 - Data Collection Plan for Improvement and Balancing Measures. 

Measure type Improvement Balancing

Measure name ICU Pseudomonas-positive sputum rate per 1,000 
patient-days

EVS cleaning time

Measure description Number of sputum cultures collected in ICU 
patients that are positive for Pseudomonas 
aeruginosa divided by the total number of ICU 
patient days, multiplied by 1,000

Total number of minutes for EVS to perform 
room cleanings for ICU patient discharges 
divided by the total number of ICU rooms 
cleaned

Measure unit Incidence rate per 1,000 patient-days Minutes

Data source EHR EHR

Sampling 100% of patient population 100% of patient population

Collection personnel Microbiology and IPAC EVS housekeeping

Collection method Weekly laboratory report and monthly patient-
days report from EHR

EVS housekeeping attendant log time at 
point of service

Data recording Data will be shared monthly with the project 
team and ICU division and analyzed and 
reviewed quarterly

Via iPad logged in to EHR

Abbreviations: EHR, electronic health record; EVS, environmental services; ICU, intensive care unit; IPAC, Infection Prevention and Control.
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higher rate for the 5 months before implement-
ing countermeasures than for the 5 months after 
(mean [SD]: 8.97 [2.93] vs 3.49 [1.95] per 1,000 pa-
tient-days; t(df)=8; P=.01 independent samples t 
test). The post-intervention balancing measure of 
post-discharge cleaning time remained stable at 
34 minutes in quarter 4 of 2020 (Figure 5).

n DISCUSSION

This multidisciplinary QI study shows how QI 
frameworks may be used in a wide range of med-
ical and surgical settings to address patient safety 
concerns regarding increased rates of hospital-ac-
quired infections. After implementation of our in-
terventions, the positive Pseudomonas sputum cul-
ture rates decreased significantly in our ICU with-
out affecting our balancing measure of discharge 
room cleaning time. Changes to cleaning processes, 

such as frequency, cleaning agents, and ownership 
between departments, can influence infection rates, 
which may affect patient outcomes [11]. 
To ensure ongoing sustainment of improvement 
efforts, the following interventions were imple-
mented:
1) Water microbiology testing will be repeated 

biannually.
2) Decisions regarding ongoing use of sterile wa-

ter for tube feedings will be based on the re-
sults of microbiology testing.

3) The laboratory will notify Infection Prevention 
and Control of any positive Pseudomonas spu-
tum cultures identified in the ICU.

4) Data will be reviewed monthly at ICU division 
meetings attended by multidisciplinary pro-
ject team members.

5) Faucets in high-risk areas will be cleaned an-
nually. 

Table 3 - Timeline of Potential Gaps in Quality and Key Interventions.

Start date End date Quarter Event

1/15/18 2/15/18 Q1/2018 Water shutdowns: OR project

8/6/18 4/1/19 Q3/2018 ICU remodel 

4/1/19 Cont Q2/2019 ICU reopened for patients

9/3/20 6/30/21 Q3/2020 Sterile water for NG/OG 

9/3/20 Cont Q3/2020 Change suction canisters/tubing every 24 h

9/3/20 Cont Q3/2020 Change inline suction every 72 h

9/23/20 9/23/20 Q3/2020 Remove aerators on faucets 

10/10/20 10/10/20 Q4/2020 Hopper topper installation completed in ICU 

3/19/21 3/19/21 Q1/2021 Changed out faucets 

Abbreviations: Cont, continuing; ICU, intensive care unit; NG/OG; enteral feeding tubes; OR, operating room.

Figure 5 - Cleaning Time Per 
Quarter. Graph shows mean 
(SD) environmental services 
cleaning time for quarters 
(Qtr) 2-4 of 2020 and Qtr 1 of 
2021.
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Because P. aeruginosa causes a wide range of infec-
tions, such as hospital-acquired bloodstream in-
fections, pneumonia, catheter-associated urinary 
tract infections, skin and soft-tissue infections, 
and intra-abdominal infections, decreasing the 
rate of these infections would improve outcomes 
such as hospital and ICU length of stay, progres-
sion to mechanical ventilation, duration of me-
chanical ventilation, and death [12]. It would also 
decrease the incidence of antimicrobial resistance 
[13]. One cross-sectional study showed that 7.1% 
of health care-associated infections are caused by 
P. aeruginosa [14]. In addition, a retrospective co-
hort study in Thailand showed that 22% of exten-
sively drug-resistant and 12.5% of multidrug-re-
sistant infections occurred in adults with hospi-
tal-acquired P. aeruginosa infection [15]. In the US, 
the rates of multidrug-resistant P. aeruginosa infec-
tions were 21.7% for central line-associated blood-
stream infections, 5.3% for surgical site infections, 
and 18.6% for catheter-associated urinary tract 
infections [16]. Furthermore, P. aeruginosa pneu-
monia is linked to high in-hospital mortality rates 
and lengthy hospital stays [17]. In a 13-year pro-
spective cohort study, bloodstream infection due 
to P. aeruginosa was shown to have higher mor-
tality rates than those due to other bacteria [18]. 
In an ICU setting, P. aeruginosa was reported to 
cause a prolonged outbreak with the involvement 
of a multidrug-resistant strain and was associated 
with significantly increased mortality rates [5, 6]. 
Health care-associated P. aeruginosa infections 
can be prevented by implementing measures for 
direct patient care and environmental measures, 
such as daily room cleaning [3]. The most crucial 
measure for direct patient care is hand hygiene. 
This includes hand washing using soap and wa-
ter or alcohol hand gel before and after caring for 
patients and touching medical devices. In a study 
from Switzerland, an outbreak of P. aeruginosa oc-
curred in a surgical ICU as a result of transmis-
sion via the hands of one nurse [9]. Because hand 
hygiene measures were already in place at our in-
stitution, our focus was shifted to environmental 
sources, including water, hoppers, sinks, aerator 
faucets, and suction tubes and catheters [19]. 
Particular attention must be paid to water in the 
hospital setting. Moist environments have been 
shown to increase the risk of bacterial overgrowth, 
drug-resistant pathogens, and health care-associ-
ated infections. Even though tap water meets strict 

safety criteria in the US, it is not sterile. Microbial 
growth can be facilitated by certain circumstanc-
es in hospital plumbing systems. This may result 
in dangerously high quantities of pathogens [19]. 
Tap water previously had been linked to nosoco-
mial infections when used for enteral feedings [4, 
20]. Additionally, tap water had been reported to 
cause an outbreak of multidrug-resistant P. aerug-
inosa in a neurosurgical ICU [4]. Even though the 
use of sterile water for enteral feeding is debated, 
we opted to use sterile water for orogastric and 
nasogastric tube feedings, especially because of 
the critical conditions of our ICU patients and 
because the safety of the tap water could not be 
presumed [21, 22]. It is recommended that wa-
ter management programs be installed in health 
care institutions to safeguard vulnerable patient 
groups, employees, and visitors. This includes 
ensuring that water entering a health care facility 
meets applicable quality standards, that hospital 
hot- and cold-water piping systems are designed 
and maintained to reduce the growth and spread 
of waterborne pathogens on both the supply and 
waste sides, and that infectious risks from water 
sources are minimized [19]. 
Faucet aerators were replaced in all of the ICU 
rooms, and a maintenance plan was adopted for 
routine cleaning and replacement. Faucet aerators 
were previously shown to be a persistent source 
of multidrug-resistant P. aeruginosa, and their re-
placement led to a decrease in the incidence of 
infections [5]. In one case series, 4 cases of severe 
wound infections due to P. aeruginosa after cardi-
ac catheterization were traced to contamination 
of faucet aerators [23]. Faucet aerators were also 
identified as one of the sources of a P. aeruginosa 
outbreak in a pediatric hospital in Canada, and 
organisms were still detectable several years af-
ter the resolution of the outbreak [24]. For these 
reasons, routine cleaning and disinfecting of sur-
faces near water drains, including faucet aerators, 
faucet handles, sink basins, and countertops, are 
recommended [20]. 
Because sinks and other drains such as toilets 
and hoppers can become colonized with multid-
rug-resistant organisms such as P. aeruginosa, the 
team decided to install hopper covers to prevent 
splashes and bacterial droplet aerosolization [20]. 
This contamination occurs when pathogens stick 
to pipes and form biofilms, which are difficult to 
remove and persist for prolonged periods. This 
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then allows the transfer of antibiotic-resistant 
genes between bacterial species because differ-
ent types of bacteria may contaminate the same 
drain. Splashes from water striking drain covers 
and flushing toilets or hoppers can spread drop-
lets and contaminate the immediate environment 
as well as the skin of health care workers and pa-
tients [20]. In one study, an imperfect room design 
and the formation of biofilms in the sink led to the 
propagation of a multidrug-resistant P. aeruginosa 
outbreak for more than a year [8]. 
Another important potential source of P. aerug-
inosa infection/colonization is suction tubing 
and catheters [25-27]. The frequency of changing 
suction tubing and catheters was already a spec-
ified procedure in our institution. This frequency 
increased high-risk exposure to staff during the 
COVID-19 pandemic. Hence, the frequency de-
creased as an infection-control measure. After the 
rate of positive P. aeruginosa sputum cultures in-
creased, we reinstated this procedure (increasing 
the frequency of changing) as a key intervention 
in our project.

Limitations
Our study has some important limitations. Our 
interventions may be difficult to replicate in other 
institutions because of lack of personnel, financial 
resources, and involvement of key stakeholders. 
Also, our study was performed in a mid-size com-
munity hospital that is a part of a large academic 
enterprise, which limits its generalizability to oth-
er institutions with different infrastructure and 
size. We did not adjust the final analysis for possi-
ble confounders or modifiers of effect factors such 
as patient comorbid conditions, immunosuppres-
sion, or disease severity at admission. Because 
all the interventions were implemented almost 
simultaneously, it is difficult to determine which 
specific intervention had the greatest impact on 
decreasing the P. aeruginosa-positive culture rate.

n CONCLUSIONS

This study demonstrates a reduction in P. aerug-
inosa-positive sputum culture rate as a result of 
structured multidisciplinary interventions using 
the Define, Measure, Analyze, Improve, and Con-
trol framework approach. Use of a multidiscipli-
nary team also helped increase staff awareness of 
the various perspectives of different departments, 

such as the complexity of water source infrastruc-
ture and the potential for contamination. Our col-
laborative ICU QI project met all deliverables to-
ward the original goals of the effort. The positive 
effects on patient safety have been monitored and 
sustained for the past 3 quarters. 
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