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Abstract

Objective:

Chronic infection with Pseudomonas aeruginosa (PA) is the primary cause of pulmonary deterioration in

cystic fibrosis (CF). This study describes healthcare costs and resource utilization among CF patients

following PA infection in the US.

Methods:

This retrospective study utilized data from MarketScan claims database. CF patients with an initial PA

infection were identified, and their healthcare utilization, medical and pharmacy costs were extracted for 12

months, pre- and post-PA infection. Descriptive and pair-wise non-parametric statistical analyses compared

healthcare utilization and costs before and after infection.

Results:

Three hundred and fifty-eight CF patients met study criteria (mean age 20.1 years; 48% female). Mean

annual per-patient costs following initial PA infection increased by an estimated $18,516 (outpatient:

$3113; inpatient: $10,123; pharmacy: $4943). Overall healthcare costs were significantly higher

(p50.0001) following PA infection, as were overall inpatient visits, outpatient visits, and unique

prescriptions (p50.0001).

Conclusions:

PA infection in cystic fibrosis creates a significant economic burden and the cost is not uniformly distributed

across the healthcare components.

Limitations:

Key limitations of this study include the absence of clinical parameters to characterize PA infections and data

on indirect costs such as loss of productivity or caretaker-related burden.

Introduction

Cystic fibrosis (CF) is a multi-organ disease caused by the mutation of a single
gene and characterized by excessive mucus clogging of the organs.
Approximately 30,000 people are currently affected by this lethal autosomal
recessive genetic disease, which is most common among Caucasians. About
one out of every 3500 children born each year in the US has cystic fibrosis
genetic mutation1. At present there is no cure for CF, although on-going
improvements in patient care have dramatically increased the median predicted
survival age from 27 years to almost 36 years2.

Although CF is a multi-system disorder, lung disease and pulmonary infection
are the leading causes of CF morbidity and mortality3. Studies have documented
the prevalence of various respiratory pathogens in patients with cystic fibrosis4.
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Pseudomonas aeruginosa (PA) is the most commonly
observed bacterial pathogen, infecting �52% of the CF
population2,4. The long-term survival of these patients,
which depends on effective treatment of the PA infection,
is reported to be �25% in children aged 2–5 years and
�80% among adults aged 25–34 years in 20092. Chronic
lung infection with PA is a major cause of pulmonary dete-
rioration in CF patients and is associated with higher risk
of mortality5. With chronic infection, PA transitions to a
mucoid phenotype which is less accessible for antibiotics
and has a strong ability to mutate. Once the transition to
the mucoid phenotype has occurred, eradication of the
pulmonary infection is generally no longer possible6.
Chronic infection with PA leads to progressive CF
airway disease, pulmonary insufficiency and early mortal-
ity7,8. CF patients infected with PA have poor growth,
more rapid deterioration in lung function, reduced qual-
ity-of-life, increased hospitalization, and increased need
for antibiotic treatment9,10.

The complications associated with PA infection fre-
quently necessitate additional medical attention for
afflicted patients. Although a study conducted previously
reported increased economic burden associated with PA
infection among a managed care CF population, no data
exists on healthcare utilization pattern and key compo-
nents of care that interpret increased economic
burden11. The initiation of PA infection among CF
patients necessitates information on associated costs and
resource utilization.

In this study, we attempt to expand our understanding
of medical cost drivers within the cystic fibrosis population
by describing the PA infection-associated healthcare uti-
lization and costs across the spectrum of care among cystic
fibrosis patients in the US managed care population.

Patients and methods

Study design and sample selection

The data for this study were obtained from the MarketScan
Commercial Claims and Encounters database for 2005–
2008. The MarketScan research databases are proprietary
databases maintained by Thomson Reuters from paid med-
ical and prescription drug claims of individuals covered by
employer-sponsored health insurance plans that cover
active employees, early retirees (virtually all younger
than 65 years of age) and their dependents. MarketScan
databases capture de-identified, person-specific healthcare
data including clinical utilization, expenditures, insurance
enrollment, inpatient, outpatient, and prescription infor-
mation from �150 payers.

A retrospective cross-sectional study was designed to
assess the impact of PA infection in CF patients on their
healthcare resource utilization and medical expenditure.

Expenditures were determined from the managed care
payer perspective. CF patients with PA infection were
defined using International Classification of Diseases,
9th Clinical Modification (ICD 9 CM) codes of 277.0
and 482.1, respectively. Among CF patients with PA
infection, PA-related subsequent medical events were
defined as presence of a claim with therapeutic class 4
(antibiotic, aminoglycosides) or class 16 (Quinolones,
NEC), or ICD-9-CM code 482.1 (pneumonia due to
PA), which were used to determine PA-related resource
utilization and expenditures. A medical claim for PA
infection during the index period (May 2006–April
2007) but no PA-related claim during the 12 month base-
line period (May 2005–April 2006) was defined as initial
or new PA infection. The date of initial PA infection
served as index date for the pre–post study design. To
ensure the validity of the CF diagnosis, subjects were
required to have a diagnosis claim of 277.0 during at
least one inpatient admission or two outpatient visits
that were more than 30 days apart during 13 months
around the initial diagnosis of PA (i.e., 12 months baseline
period through 1 month post-PA infection to allow cap-
turing possible delays in claim submission). Figure 1
depicts the sample selection process. The study sample
was restricted to cases continuously enrolled in a managed
care plan for 12 months before and after the index date.
Individuals with a prior PA infection, enrolled in ‘‘capi-
tated’’ plans, without prescription drug coverage or not
continuously enrolled with complete medical coverage
were excluded to ensure that healthcare utilization was

Subjects with evidence of PA 
infection during index period 

N = 6,223 

Subjects remaining without evidence 
of a prior PA infection 

N = 5,456 

Subjects remaining with 24-months 
of continuous plan eligibility 

N = 1,203 

Subjects remaining from non-
capitated plan types 

N = 1,192 

Subjects remaining with evidence of 
a prior CF diagnosis 

N = 358 

Figure 1. Sample selection of CF subjects with PA infection.
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not missed due to disenrollment or partial medical cover-
age. The study protocol was approved by the institutional
review board.

Outcome measures and analysis

Demographic information was retrieved and healthcare
utilization and expenditures were calculated for three cat-
egories 12 months pre- and post-index date for eligible
subjects:
(1) Inpatient care: visits, hospital length of stay;
(2) Outpatient care: physician visits, urgent care visits,

emergency room visits; and
(3) Prescriptions: total number of prescription claims,

total number of unique claims (i.e., excludes refills).
Inpatient, outpatient, and emergency room visits were
identified using procedure codes recorded in the service
claims. National drug codes (NDC) in the pharmacy
claims were used to count prescriptions filled by patients.

Descriptive and pair-wise non-parametric statistical
analyses were conducted to describe the study sample
and compare annual healthcare resource utilization and
expenditures before and after PA infection using SAS
(version 9.2, SAS Institute Inc, Cary, NC).

Results

A total of 358 subjects met the study inclusion criteria.
The study population had a mean age of 20.1 (SD¼ 15.5)
years and 48% were females (Table 1). Pancreatic insuffi-
ciency (67%), chronic sinusitis (20%), and diabetes (15%)
were the most common co-morbid conditions identified.

The annual per-patient healthcare expenditures and
resource utilization data is presented in Table 2.
Healthcare resource utilization significantly increased
across all categories following a PA infection
(p50.0001), with the exception of ER visits. The greatest
magnitude of increase was observed in inpatient visits,
which grew by a factor of 2.4 relative to baseline mean
value (0.54, pre-infection �1.29, post-infection).
Average outpatient visits and unique pharmacy prescrip-
tions also increased significantly (18.27 vs 21.67 and 10.97
vs 12.72, respectively; p50.0001) following PA infection.
In line with the increase in healthcare resource utilization,
a statistically significant increase (p50.0001) was seen in
all categories of medical expenditure following an initial
PA infection, with the exception of expenditures on ER
visits. In our study, pre-infection annual per-patient med-
ical expenditures were $33,305. Subsequent to the PA
infection, annual per-patient expenditures increased to
$51,821, a jump of more than $18,500 relative to baseline
value. Inpatient care was the single largest contributing
factor, with an increase of $8580 over baseline expendi-
tures. Increases in outpatient care expenditures ($5048)

and prescription expenditures ($4834) following the ini-
tial PA infection were also substantial.

Figure 2 graphically depicts the manner in which med-
ical spending post-PA infection was allocated. Our analy-
sis indicates that in the 12-months following an initial
infection with PA, 35% of annual medical spending was
related to infection by this pathogen, while the remaining
65% was attributable to other causes. It was found that
56% of PA-related medical spending was attributable to
inpatient visits, 27% was attributable to prescription drug
claims, and 17% was attributable to outpatient visits.

Discussion

Initial PA infection in CF is well known to have a major
impact on the clinical course of the disease. In this study,
we have shown that initial PA infection had a significant
impact on medical expenditures and resource utilization,
with a more than 50% mean increase in annual treatment
expenditures as compared to the pre-infection period.
Furthermore, we found that this increase was significant
across the various components of medical expenditures

Table 1. Sample characteristics of CF patients with PA infection in the
MarketScan claims and encounters database.

Frequency (n¼ 358) Percentage

Age, in years
Total (mean, SD) 20.1 (15.5)
0–4 38 10.6
5–9 61 17
10–14 63 17.6
15–19 68 19
20–29 46 12.9
30–44 45 12.6
45–64 37 10.3

Gender
Male 186 52
Female 172 48

Insurance Plan Type
HMO 59 16.5
POS 65 18.2
PPO 201 56.1
Comprehensive 21 5.9
Other 12 3.3

Region
Northeast 45 12.6
North Central 110 30.7
South 123 34.4
West 80 22.3

Comorbidity/complication
Diabetes 52 14.5
Pancreatic insufficiency 241 67.3
GERD 27 7.5
Liver Transplant 1 0.3
Lung Transplant 17 4.7
Osteoporosis 11 3.1
Chronic Sinusitis 71 19.8

HMO, Health Maintenance Organization; POS, Point of Service; PPO,
Preferred Provider Organization; GERD, gastroesophageal reflux disorder.
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and resource utilization. Interestingly, the increase in the
total per patient healthcare expenditure post-initial PA
infection of $18,500 found in this study was comparable
to the incremental cost due to chronic PA infection
reported in a previous study of �$21,00011. Our study
did further explain the types of healthcare components
that are associated with increased expenditures among
CF patients with initial PA infection. Whether increased
expenditures of chronic PA infection in CF patients have a
similar distribution is not known.

We found a substantial increase in the inpatient visits
after initial PA infection to become the largest single con-
tributor of healthcare expenditures. Subsequent to a PA
infection, inpatient visits increased by a factor of 2.4 rel-
ative to baseline values while associated expenditures
increased by a factor of 1.9. Increases in the outpatient
visits and prescription drug claims were other significant
factors of higher expenditures, although the order of mag-
nitude of change observed in these items was not as dra-
matic as seen with inpatient care. The disproportionate
increase in inpatient visits suggest that efforts to prevent
PA infections and, if infected, preventing subsequent
exacerbations may have a marked effect on managing
cystic fibrosis symptoms and controlling the associated
economic burden to the managed healthcare system. A
single course of oral antibiotic therapy in an outpatient
setting may reduce the cost of inpatient resource utiliza-
tion when effective and may not require course of IV
therapy12.

Because of morbidity and mortality associated with the
establishment of PA infection in CF, studies have been
performed where patients with CF are screened for the
acquisition of PA by periodic sputum cultures. Early detec-
tion of PA leads to aggressive PA eradication with antibi-
otic regimens and success has been seen in randomized
controlled trials13,14. Our data suggests that dealing with

Table 2. Average annual per-patient healthcare costs and resource utilization among CF patients pre- and post-PA infection.

Resource use Pre PA Infection Post PA Infection p-value*

Mean Median IQR SD Mean Median IQR SD

Overall costs
Total 33,305 20,036 27,264 55,090 51,821 36,046 45,569 59,131 50.0001
Inpatient visits 8,885 0 0 42,712 17,465 0 16,897 45,272 50.0001
Emergency room visits 185 0 0 704 237 0 0 724 0.0678
Outpatient visits 8,397 3,748 6,394 19,976 13,445 7,730 12,976 19,824 50.0001
Prescription claims 15,839 10,914 22,355 16,496 20,673 17,121 25,725 18,228 50.0001

Overall utilization
Inpatient visits 0.54 0.00 0.00 1.93 1.29 0.00 1.00 4.12 50.0001
Emergency room visits 0.27 0.00 0.00 0.70 0.34 0.00 0.00 0.85 0.2125
Outpatient visits 18.27 12.00 15.00 24.15 21.67 15.00 17.00 20.31 50.0001
Prescription claims 34.10 26.00 33.00 30.77 39.21 29.00 41.00 32.49 50.0001
Unique prescription claims 10.97 10.00 9.00 6.82 12.72 12.00 10.00 7.50 50.0001

CF, Cystic Fibrosis; PA, Pseudomonas aeruginosa; IQR, Inter quartile range.
*Based on Wilcoxon signed-rank test.

Figure 2. (a) Overall post-PA infection direct medical costs. (b) Overall PA-
related post-PA infection direct medical costs.
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PA in the asymptomatic phase could have substantial eco-
nomic benefits also. As determined by our study, once
symptomatic PA infection has occurred, healthcare
expenditures spiral upwards despite treatment, and based
on data from chronic PA infection, remain elevated.

Therapies to control established PA infection are
widely used in CF patients. One such treatment regimen
includes inhaled tobramycin given for 4 weeks, alternat-
ing with 4 weeks of antibiotic free periods15. Recently,
another inhaled antibiotic, aztreonam has been approved
for the same purpose with the same treatment regimen16.
Another approach has been the use of chronic macrolide
treatment, which, by both anti-inflammatory and indi-
rect antimicrobial effects, reduces exacerbations of
CF17,18. Excessive increase in the in-patient visits after
initial PA infection in our study may be an indication of
either failure in early management of the infection or
patients’ non-adherence to the prescribed treatment or
both. Development of alternative drugs or approaches
to further reduce the impact of PA infection in CF is
clearly required.

Our study does have limitations that need to be consid-
ered. Although we attempted to exclude chronic PA infec-
tion from our study by requiring an absence of PA-related
claims for a 12 month period prior to the index infection,
due to limited clinical data available from the claims data-
base, some of our patients may indeed have chronic PA
infection. Our estimates of medical expenditures come
from administrative claims data, and hence we were
unable to account for out-of-pocket payments and indirect
costs resulting from absenteeism, impact on job perfor-
mance, and quality-of-life for the CF patient and/or care-
givers. Data were limited to MarketScan Commercial
Claims and Encounters Database; hence results may not
be representative of CF patients in public insurance pro-
grams with supplemental insurance. Furthermore, if inpa-
tient care was delivered near the end of the study period,
an unknown portion of the treatment costs for that event
may not have been captured. We were unable to differen-
tially explain the contribution of anti-pseudomonal ther-
apy towards overall PA-related resource use because
parenteral therapy provided in the inpatient settings
cannot be teased out separately. After our study period,
an inhaled anti-pseudomonal antibiotic, which costs
more than 5 K, has been approved and could affect the
overall costs of PA treatment19.

Future studies are recommended to determine treat-
ment patterns and patients’ adherence to the treatments
recommended for managing PA infection. Estimation of
long-term expenditures of medical care, including indirect
costs, among CF patients with chronic PA infections is
essential. Determining whether the cost of PA-related
infection varies across age groups and comorbid conditions
will help target intervention efficiently.

Conclusions

PA infection was found to be associated with a significant
increase in healthcare resource utilization, and, as conse-
quence, increased annual per-patient medical expendi-
tures by an average of �$18,500 relative to baseline
costs. Early and effective management of initial PA infec-
tion to avoid exacerbation and subsequent inpatient hos-
pitalizations may help contain increased medical
expenditures post-PA infection among CF patients in
the US.
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