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ORIGINAL RESEARCH                                           

Impact of Pseudomonas aeruginosa on resource utilization and costs in patients 
with exacerbated non-cystic fibrosis bronchiectasis
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aFranklin Pharmaceutical Consulting, Cary, NC, USA; bPRECISIONheor, Boston, MA, USA; cZambon USA Ltd, Cambridge, MA, USA; dZambon 
SpA, Bresso, Milano, Italy; eDepartment of Pulmonary/Critical Care Medicine, Section of Pulmonary and Critical Care Medicine, Baylor 
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ABSTRACT 
Aims: Non-cystic fibrosis bronchiectasis (NCFB) is a chronic progressive respiratory disorder occurring 
at a rate ranging from 4.2 to 278.1 cases per 100,000 persons, depending on age, in the United States. 
For many patients with NCFB, the presence of Pseudomonas aeruginosa (PA) makes treatment more 
complicated and typically has worse outcomes. Management of NCFB can be challenging, warranting 
a better understanding of the burden of illness for NCFB, treatments applied, healthcare resources 
used, and subsequent treatment costs. Comparing patients diagnosed with exacerbated NCFB, with or 
without PA on antibiotic utilization, treatments, and healthcare resources utilization and costs was the 
purpose of this study.
Materials and methods: This was a retrospective cohort study of commercial claims from IQVIA’s 
PharMetrics Plus database (January 1,2006–December 31, 2020). Study patients with a diagnosis of 
NCFB were stratified into two groups based on the presence or absence of PA, then followed to iden
tify demographic characteristics, comorbid conditions, antibiotic treatment regimen prescribed, health
care resources utilized, and costs of care.
Results: The results showed that patients with exacerbated NCFB who were PAþ had significantly 
more oral antibiotic fills per patient per year, more inpatient admissions with a longer length of stay, 
and more outpatient encounters than those who were PA−. For costs, PAþ patients also had signifi
cantly greater total healthcare costs per patient when compared to those who were PA−.
Conclusion: Exacerbated NCFB with PAþ was associated with increased antibiotic usage, greater 
resource utilization, and increased costs. The major contributor to the cost differences was the use of 
inpatient services. Treatment strategies aimed at reducing the need for inpatient treatment could 
lessen the disparities observed in patients with NCFB.

Abbreviations: CCI: Charlson Comorbidity Index; HRQoL: health-related quality-of-life; HRU: healthcare 
resource utilization; NCFB: non-cystic fibrosis bronchiectasis; PA: Pseudomonas aeruginosa; PAþ: 
patients diagnosed with PA; PA−: patient without PA; PPPY: per patient per year
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Introduction

Bronchiectasis is a chronic progressive respiratory disorder 
characterized by irreversibly and abnormally dilated airways, 
persistent cough, excessive sputum production, and recur
rent pulmonary infections1. Non-cystic fibrosis bronchiectasis 
(NCFB) is now recognized as the third most common respira
tory disorder after asthma and chronic obstructive pulmon
ary disease2–4. Among persons aged 18–34, NCFB occurs at 
an incidence of 4.2 cases per 100,000 persons. By the age of 
75, however, the incidence rate increases to 271.8 cases per 
100,000 patients. It is estimated between 237,464 and 
431,585 adults in the United States (US) have NCFB3,5. 
Current literature has shown that patients with NCFB have 
an increased risk for all-cause mortality, further emphasizing 
the need for improved strategies of care6,7.

Bacterial infections are a commonly occurring manifest
ation of NCFB that drive airway inflammation and disease 
progression8. Pseudomonas aeruginosa (PA) is one of the 
most common and significant bacterium associated with 
chronic infection in NCFB and its presence can lead to 
greater lung function impairment, more frequent disease 
exacerbations, poorer health-related quality-of-life (HRQoL), 
and a greater risk of hospitalization and mortality8,9. 
Exacerbations in NCFB are defined as acute deteriorations in 
a patient’s established baseline status of bronchiectasis, 
resulting in a change in symptoms and treatment strategy, 
including an addition or change in antibiotic therapy.

NCFB management aims to promote airway clearance, 
prevent exacerbations and improve HRQoL10–12. Airway clear
ance techniques, such as chest physical therapy and 
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pulmonary rehabilitation, are commonly used. While there 
are currently no approved medications with an indication for 
NCFB, antibiotic use is common in addition to inhaled muco
lytic therapies to provide symptomatic relief and reduce the 
number of exacerbations11,13,14. In the case of infection, 
treatment typically involves empiric oral antibiotics (e.g. fluo
roquinolones) selected based on local antibiogram data and 
patient sputum cultures. Though challenges remain in man
aging PA infection in severe cases of NCFB, more intensive 
medication regimens, including inhaled (e.g. colistin/tobra
mycin/gentamicin) and intravenous (IV) antibiotics (e.g. beta- 
lactam plus aminoglycoside) can be utilized15.

Maintenance therapy for NCFB can include long-term 
inhaled antibiotics with the selection of an agent guided by 
bacterial cultures, PA colonization status, and annual exacer
bation rate16. For the reduction of exacerbation frequency, 
patients without PA may receive chronic oral macrolide ther
apy, and those with bronchiectasis who are positive for PA 
can receive inhaled antibiotics such as nebulized colistin as 
first-line treatment17. Sputum cultures are also critical for 
guiding further antibiotic selection if initial treatment fails. 
However, no curative treatments are currently approved for 
NCFB, PA colonization, or exacerbations associated with the 
disease18.

Additional evidence is required to increase awareness of 
NCFB and, to date, most studies investigating NCFB have uti
lized populations with relatively small sample sizes. While 
previous studies have investigated the burden of NCFB ill
ness and assessed antibiotic prescribing patterns, the associ
ated economic burden in the US remains largely 
understudied19. A recent claims analysis of patients diag
nosed with NCFB demonstrated per patient costs associated 
with the treatment of NCFB to be $36,213 for patients who 
were PA− and $67,764 for patients who were PAþ20,21. This 
study uses a large real-world sample to understand patterns 
of delivery of care, antibiotic use, HRU, and the economic 
burden incurred by patients with NCFB. Specifically, we char
acterize antibiotic prescribing patterns, HRU outcomes and 
costs in patients diagnosed with NCFB and experiencing 
exacerbations; both with and without PA colonization.

Methods

This is a retrospective cohort study conducted with commer
cial claims data from the IQVIA PharMetrics Plus database. 
The database contains de-identified adjudicated claims for 
approximately 150 million patients, with an annual capture 
of nearly 40 million enrolled in US commercial health plans. 
Because the study used de-identified PharMetrics claims, no 
IRB approval was required.

Patient identification

The study reviewed claims data from January 1, 2006 to 
December 31, 2020. The index date was the date of first 
claim with a qualifying NCFB diagnosis. This could occur dur
ing an imaging CT scan/bronchoscopy visit, a regular out
patient visit, or a hospitalization. Once patients were 

identified and selected based on inclusion and exclusion cri
teria, they were evaluated during the 6-month period prior 
to and 12 months following the index date. Due to the 
nature of claims data, loss to follow-up could occur due to 
health plan disenrollment, mortality, or end of the study 
identification period.

Patients were selected using convenience sampling within 
the study window. Inclusion criteria required patients to 
have the following features, at least one International 
Classification of Diseases diagnosis code claim for bronchiec
tasis ([ICD-9-CM]: 494.XX; [ICD-10-CM]: J47.XX), be aged 
between 18 and 65 years, and be continuously enrolled with 
a medical and pharmacy benefit for 12 months from the 
index date. The study’s specific definition to identify patients 
with NCFB was the presence of at least one inpatient claim 
for bronchiectasis; or two outpatient claims for bronchiectasis 
within a 1-year period but at least 7 days apart; or one out
patient claim for bronchiectasis in combination with a bron
choscopy or CT at least 7 days from the diagnosis, but within 
6 months. Exclusion criteria included any evidence of cystic 
fibrosis using ICD codes (ICD-10-CM: E84. XX; ICD-9-CM: 
277.XX). Patients were defined as having exacerbations if 
they had two or more claims for an acute NCFB exacerbation 
(ICD-9: 494.1; ICD-10: J47.1); or had one inpatient hospitaliza
tion for bronchiectasis; or received an IV antibiotic treatment; 
or had pneumonia (J15.8, J15.9) during their observation 
period.

Once identified with exacerbated NCFB, patients were 
stratified into one of two groups based on PA infection sta
tus: patients with evidence of PA infection (PAþ) and 
patients with NCFB and exacerbations but no evidence of PA 
infection (PA−). PA infection status was evaluated by the 
presence of at least one non-ancillary claim for a PA infection 
(ICD-9: 041.7; ICD-10: B96-5) or at least one non-ancillary 
claim for pneumonia due to a PA infection (ICD-9: 482.1; 
ICD-10: J15.1), either occurring 6 months prior to or following 
the index date.

Outcomes

All outcome variables were evaluated in the 1-year period 
following the index date. Demographic and clinical character
istics, pharmacy utilization, healthcare resource utilization 
(HRU), and costs were obtained from standardized variables 
on claims within databases. Patient demographic data 
included age, gender, and insurance coverage. Clinical char
acteristics were evaluated using diagnosis and other clinical 
codes to determine the Charlson Comorbidity Index (CCI), an 
estimate of the 1-year risk of mortality based on pharmacy 
claims22,23. A CCI of 0 indicates no risk of death while a 
higher CCI is associated with an increased risk of death and 
a poorer health status. All cause antibiotic treatments and 
prescriptions, route of administration (inhaled, oral, and IV) 
and HRU were measured using National Drug Codes (NDC) 
and Healthcare Common Procedure Coding System (HCPS) 
codes.

For HRU, inpatient hospitalization, ER visits, and out
patient visits by location were all identified by claims. 
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Patients admitted to the hospital as a function of an emer
gency room (ER) visits are billed by providers as part of the 
hospitalization and are therefore not reliably distinguishable 
from the hospitalization. ER visits, then, are only those in 
which a patient was not admitted to the hospital. Estimates 
of cost were based on insurance payments to providers but 
excluded patient cost-sharing responsibilities. All costs were 
adjusted to 2022 US dollars using the Medical Care 
Component of the Consumer Price Index.

Statistical analyses

Univariate analyses included means and standard deviation 
for continuous variables with counts and percentages for dis
crete variables. HRU and costs were reported as mean per 
patient per year (PPPY) and included patients with zero 
encounters. Observations with missing values were omitted 
from analyses.

Bivariate analyses were used to compare differences in 
baseline characteristics, treatment patterns, HRU, and costs 
between the cohorts using Chi-square tests for categorical 
variables and Student’s t-test for continuous variables. P-val
ues < 0.05 were considered statistically significant. All statis
tical analyses were conducted using SAS 9.3 and R 2022.02.

Results

The Pharmetrics commercial database identified a total of 
36,285 patients diagnosed with NCFB who met the study’s 
inclusion criteria. Identified patients were largely female 
(63.3%), aged 53.7 (±9.85) years, and primarily covered by a 
PPO benefit plan.

Following stratification, 1,180 (3.3%) were identified as 
having exacerbated NCFB and PA (PAþ) while 18,074 (49.8%) 
patients had exacerbations, but no PA (PA−). The remaining 
patients were those who had NCFB but no exacerbations or 
PA (not shown). The demographic data for the two groups 
under consideration are presented in Table 1. As shown for 
both groups, most patients were female (55.4% and 61.0%, 
respectively) with a mean age of 53.2 (± 10.7) and 53.3 (± 
10.1), respectively. Patients diagnosed with PAþ had a signifi
cantly higher mean CCI than patients who were PA−, 
2.86 ± 2.17 and 2.44 ± 2.08, respectively, p< 0.05.

Antibiotic treatment patterns

Among the overall NCFB population, 81.9% of patients 
(n¼ 29,721) received at least one prescription for any anti
biotic during the study period. For oral antibiotic medica
tions, which represented 79.5% of all antibiotics prescribed, 
there was a mean rate of 4.01 (±4.93) prescription fills PPPY. 
Among identified patients, those with PAþ had significantly 
more oral antibiotic fills (mean ¼ 7.39 ± 6.92) PPPY than 
those who were PA− (4.65 ± 5.22), p< 0.05. This difference 
was also present for other routes of antibiotic administration 
(inhaled, IV, and injectable) (Figure 1).

Healthcare resource utilization

Overall, commercially insured NCFB patients had a mean of 
0.73 (± 1.49) inpatient (IP) admissions PPPY, with an average 
length of stay (ALOS) at 6.52 (± 8.34) days per admission 
(Figure 2). Mean ICU admissions PPPY were 0.21 (± 0.66), 
with an ALOS of 9.19 (± 13.26) days per ICU admission.

Patients who were PAþ had significantly higher rates of 
HRU when compared to patients who were PA−. For 
inpatient HRU, those who were PAþ had a mean of 2.58 
(±3.00) admissions PPPY with a LOS of 9.94 (±11.06) days per 
admission. This can be compared to patients who were PA− 

with a mean of 1.18 (±1.70) inpatient admissions PPPY 
(p< 0.05) and an ALOS of 6.50 (± 8.42, p< 0.05). Patients 
who were PAþ also had a significantly higher PPPY rate of 
30-day readmissions compared to patients who were PA− 

(1.32 ± 2.51 vs. 0.47 ± 1.30, p< 0.05). Similarly, for ICU admis
sions, the PPPY rate for patients who were PAþ was 0.95 (± 
1.62) admissions compared to 0.33 (± 0.76) admissions for 
patients who were PA−, p< 0.05.

NCFB patients averaged outpatient HRU of 40.09 (± 37.9) 
total outpatient encounters PPPY. Like inpatient HRU, 
patients who were PAþ had significantly greater total out
patient encounters PPPY when compared to patients who 
were PA− (75.94 ± 57.33 vs. 45.87 ± 41.44, p< 0.05). PAþ

patients demonstrated significantly greater outpatient HRU 
for many individual measures of resource utilization includ
ing ER visits, outpatient hospital visits, office visits, and home 
healthcare (Figure 3).

Table 1. Demographic characteristics of commercially insured patients with NCFB and exacerbations.
Characteristics NCFB NCFB with exacerbations with P. aeruginosa NCFB with exacerbations without P. aeruginosa

n¼ 36,283 n¼ 1,180 n¼ 18,074

Gender, n (%) Female 22,960 63.28% 654 55.42% 11,033 61.04%
Age (years), Mean, SD 53.7 9.85 53.23 10.72 53.27 10.11
Benefit Plan, n (%)

HMO 7,384 20.35% 239 20.25% 3,277 19.34%
PPO 25,285 69.69% 837 70.93% 11,894 70.19%
POS 2,127 5.86% 57 4.83% 1,067 6.30%
Other/Unknown 1,487 4.01% 47 3.99% 1,836 10.15%

Charlson Comorbidity
Index Score, Mean, SD 2.16 1.89 2.86 2.17 2.44 2.08

Abbreviations: NCFB, Non-cystic Fibrosis Bronchiectasis; SD, Standard Deviation; HMO, Health management organization; PPO, Preferred provider organization; 
POS, Point of service.
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Figure 1. Antibiotic prescription fills PPPY patients with NCFB and exacerbations. 
Abbreviations: IV, intravenous; PA, Pseudomonas aeruginosa.

Figure 2. Inpatient encounters PPPY for patients with NCFB and exacerbations. 
Abbreviations: IV, intravenous; PA, Pseudomonas aeruginosa; IP, inpatient.

Figure 3. Outpatient encounters PPPY for patients with NCFB and exacerbations. 
Abbreviations: IV, intravenous; PA, Pseudomonas aeruginosa.
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Costs

The mean total all-cause direct medical costs PPPY for 
patients diagnosed with NCFB was $55,800 (± $132,126). Of 
this total, $25,787 (± $105,264) were for inpatient services, 
$21,297 (± $48,573) for outpatient services, and $8,535 (± 
$24,997) for prescription pharmacy services. The results var
ied widely between treatment groups based on PA status. 
Patients who were PAþ had significantly greater mean PPPY 
total costs when compared to patients who were PA− 

($204,791 ± $334,906 vs. $74,453 ± $149,343, respectively, 
p< 0.05). Similarly, as shown in Figure 4, PAþ patients dem
onstrated significantly greater costs associated with inpatient 
services, outpatient services, and pharmacy costs. The cost of 
inpatient services accounted for 69.4% of total costs in 
patients who were PAþ.

Discussion

This study utilized commercial medical and pharmacy claims 
to gain detailed insight into the demographic characteristics, 
antibiotic prescribing practices, HRU, and costs in patients 
diagnosed with NCFB and experiencing exacerbations in the 
United States. The results showed that patients with exacer
bated NCFB and P. aeruginosa (PAþ) had a significantly 
higher burden of illness when compared to those who were 
PA−. Specifically, patients who were PAþ had more comor
bidities, received significantly more antibiotic prescriptions, 
experienced higher inpatient and outpatient HRU, and 
incurred greater healthcare costs than patients who 
were PA−.

The costs related to treatment of NCFB and PAþ were par
ticularly revealing. First, the largest drivers of higher health
care costs observed in these patients were associated with 
inpatient care, which comprised approximately two-thirds of 
all costs in PAþ patients. When compared to inpatient costs 
for patients who were PA−, there was a difference of 
$102,439 PPPY. While inpatient costs were the most striking 
(69.4% of total costs), PAþ patients showed significantly 
higher levels of HRU and costs across all categories of 

healthcare services, resulting in an additional $130,338 per 
year on average than patients who were PA−.

For comparative purposes, a separate group of patients 
with NCFB and no exacerbations or PA (PA−E−) (n¼ 16,946) 
was also examined. Total annual PPPY costs for this group 
were found to be only $25,587, with inpatient costs of 
$3,283 making up 12.8% of the total. The difference in total 
cost, then, between PAþEþ and PA–E– was $179,203, with 
inpatient costs contributing the greatest proportion of 
difference.

One caveat to the results is that actual differences 
between PAþ and PA− patient populations identified could 
be greater given that the presence of PA is likely under- 
coded within the claims data. First, not all patients with 
exacerbations are tested for PA. Beyond testing, providers 
and facilities may not have coded NCFB patients as PAþ. 
One reason for this may be that such coding does not actu
ally affect reimbursement. In literature examining the effect 
of PA infections on patient outcomes, colonization rates 
ranged between 25.4% and 34.0% in NCFB15,24. In this study, 
we found that only 3.25% of patients in the NCFB population 
were PAþ. Regardless, the fact that PA infection rates may 
be under-reported highlights the need for consensus guide
lines to provide clear and specific recommendations for PA 
screening and treatment in patients with NCFB.

As cited earlier, direct medical costs associated with PA 
infection in NCFB cost anywhere from $30,000 to $70,000 
when compared to patients who are PA−. In addition, the 
excess costs in PAþ NCFB are typically attributable to a five- 
fold increase in hospitalizations that make up nearly 50% of 
total costs of care in this population20,21. Our findings, how
ever, suggest that the true cost incurred by patients with 
NCFB who are also PAþ is substantially greater than those 
demonstrated in prior studies. Although this study only 
focused on direct medical costs, there is no reason to sus
pect that other costs, including indirect medical costs, would 
also be affected.

As with all retrospective claims analyses, this study has 
limitations including missing and miscoded claims, 

Figure 4. Costs by service PPPY for patients with NCFB and exacerbations. 
Abbreviations: IV, intravenous; PA, Pseudomonas aeruginosa.
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comorbidity assessments based on pharmacy utilization, and 
a lack of detail on inpatient claims. For inclusion in our 
patient population, we relied on diagnosis codes but did not 
confirm them with chart review or other patient level data. 
Another potential limitation is that, due to large sample 
sizes, many associations that are not clinically significant may 
be found to be statistically significant. Finally, for costs, 
claims provide access only to costs paid by the health plan, 
but exclude coinsurance, copays, out of pocket costs, or 
other indirect costs.

Conclusion

This retrospective study of claims data in patients diagnosed 
with exacerbated NCFB suggests that those who are PAþ

have increased antibiotic usage, increased HRU across all 
inpatient and outpatient services, and increased costs com
pared to patients with exacerbated NCFB but who are PA−. 
The primary driver of costs and resource utilization in this 
study was increased inpatient care, which is consistent with 
prior studies on NCFB. Further research is warranted to 
inform strategies to minimize exacerbations in patients with 
NCFB, particularly those who are PAþ, as they have more 
exacerbations, lower QoL, higher mortality, and incur higher 
resource utilization and costs. These findings also suggest a 
need for updated treatment guidelines that maximize treat
ment strategies in this population.
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