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     Bronchiectasis is a potentially serious condition 
related to permanent and abnormal widening of 

the airways. Common characteristics of bronchiecta-
sis include chronic cough, sputum production, hemop-
tysis, and shortness of breath.  1-3   Multiple factors can 
contribute to bronchiectasis, including chronic lung 
infection, foreign objects in the airways, and inherited 

disorders such as cystic fi brosis and primary ciliary 
dyskinesia.  4   

 The current epidemiology of bronchiectasis in the 
United States has not been well described. The only 
recent US study was a retrospective cohort design 
with  .  56 million patients from multiple US health 
plans, which used  International Classifi cation of Dis-
eases, Ninth Revision, Clinical Modifi cation  (ICD-9-CM) 
codes to estimate a prevalence of 52.3 cases of bron-
chiectasis per 100,000 adults.  5   

 Previous studies have suggested that the incidence 
among children and the overall prevalence of bron-
chiectasis may be declining in areas of the United 

  Background:    Current data on bronchiectasis prevalence, trends, and risk factors are lacking; such 
data are needed to estimate the burden of disease and for improved medical care and public 
health resource allocation. The objective of the present study was to estimate the trends and burden 
of bronchiectasis-associated hospitalizations in the United States. 
  Methods:    We extracted hospital discharge records containing  International Classification of 
Diseases, 9th Revision, Clinical Modifi cation  codes for bronchiectasis (494, 494.0, and 494.1) as 
any discharge diagnosis from the State Inpatient Databases from the Agency for Healthcare 
Research and Quality. Discharge records were extracted for 12 states with complete and continuous 
reporting from 1993 to 2006. 
  Results:    The average annual age-adjusted hospitalization rate from 1993 to 2006 was 16.5 hospi-
talizations per 100,000 population. From 1993 to 2006, the age-adjusted rate increased signifi cantly, 
with an average annual percentage increase of 2.4% among men and 3.0% among women. Women 
and persons aged  .  60 years had the highest rate of bronchiectasis-associated hospitalizations. 
The median cost for inpatient care was 7,827 US dollars (USD) (range, 13-543,914 USD). 
  Conclusions:    The average annual age-adjusted rate of bronchiectasis-associated hospitaliza-
tions increased from 1993 to 2006. This study furthers the understanding of the impact of bron-
chiectasis and demonstrates the need for further research to identify risk factors and reasons 
for the increasing burden.   CHEST 2010; 138(4):944–949  
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USD  5  US dollars 
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Variables collected for each discharge record included year of 
admission, state of hospitalization, age at admission, sex, length 
of hospitalization, total charges from hospitalization, associated 
conditions as indicated by ICD-9-CM codes (primary discharge 
diagnosis through discharge diagnosis number 30), and whether 
the patient died while in hospital. Data were analyzed from states 
with complete and continuous reporting from 1993 through 2006 
(Arizona, California, Colorado, Connecticut, Florida, Iowa, Mary-
land, New Jersey, New York, South Carolina, Washington, and 
Wisconsin), representing  �  40% of the total US population in 2000. 

 Data Analysis 

 Analysis was limited to records with bronchiectasis as a discharge 
diagnosis (ICD-9-CM: 494, 494.0, and 494.1) from the 12 states 
contributing data from 1993 through 2006. US census age- and 
sex-specifi c state population data were used as the denominator 
for all rates of hospitalization calculations. We adjusted for age to 
control for different age distributions among states and to make 
the overall estimate from the study population comparable to the 
US population. Age-adjusted hospitalization rates were calculated 
using US Census 2000 population as the reference population. 

 Poisson regression was used to assess the signifi cance of trends 
( P   ,  .05). Standard errors from Poisson regression were scaled 
using the Pearson  x  2  dispersion statistic to account for overdisper-
sion. Model fi t was assessed with the Pearson  x  2  statistic. 

 The study fi le was analyzed for associated conditions for two 
groups: (1) primary diagnoses from all records and (2) secondary 
diagnoses among records with bronchiectasis as a primary diagno-
sis. COPD and pneumonia/infl uenza ICD-9-CM code groupings 
were based on COPD and pneumonia/infl uenza classifi cations 
provided by AHRQ clinical classifi cation software.  15   We analyzed 
the total hospital costs instead of charges because cost has been 
shown to better represent economic impact.  16-18   Total cost of hos-
pital stay was calculated from total charges available in the SID 
using the cost-to-charge ratio developed by AHRQ.  19   Analysis of 
hospital costs was limited to the 12 states from 1999 through 2006 
because of the years available in the AHRQ cost-to-charge ratio 
fi les. We used the cost-to-charge ratio specifi c to hospital groups 
as defi ned by AHRQ cost-to-charge fi les.  19   Total costs approxi-
mate the cost of providing the inpatient service. These estimated 
costs do not include physician services.  19   Annual readmission 
information was available for fi ve states for 2005 and 2006 from 
the AHRQ revisit fi les. We used this information to estimate the 
frequency of repeated admissions within the year. All analysis was 
completed using SAS, versions 9.1 and 9.2 (SAS Institute; Cary, NC). 
Because the SID were deidentifi ed and not collected specifi cally for 
this study, institutional review board approval was not required. 

 Results 

 From 1993 to 2006, 258,947 bronchiectasis-
associated hospitalizations were identifi ed, of which 
163,021 (63%) were among women. Overall, 181,456 
(70%) were among persons aged  �  65 years. The 
median age of persons hospitalized with bronchiecta-
sis was significantly higher in women than in men 
(women, 75 years; men, 71 years). For hospitalizations 
with bronchiectasis as the primary diagnosis from 
2000 to 2006, 57% (14,735) were coded as bron-
chiectasis with acute exacerbation (494.1), 35% (9,142) 
were coded as bronchiectasis without acute exacer-
bation (494.0) and 8% (2,142) were coded as bron-
chiectasis (494). Among the 35% of hospitalizations 

States in part because of childhood immunizations 
and increased use of broad-spectrum antibiotics.  2,6   
There is evidence of a higher prevalence among women, 
although comparisons are limited by study designs 
and populations.  5,7-12   Recent studies have found that 
those  .  50 years are most affected.  5,9   

 Bronchiectasis may require extensive medical care 
and hospitalization. Based on health-care claims data 
from outpatient and inpatient settings, the total medical 
care expenditures average $5,681 more than those 
for nonbronchiectasis patients.  5   A Finnish study 
found the average length of stay for bronchiectasis-
associated hospitalizations to be 7 days.  13   A current 
estimate for the length of bronchiectasis-associated 
hospitalizations within the United States is not avail-
able, nor is the proportion of persons hospitalized 
with bronchiectasis. 

 Population-based databases at the state level are 
available that allow estimation of the hospitalization 
rate and trends for any condition with an ICD-9-CM 
code. ICD-9-CM codes are used primarily for pay-
ment reimbursement purposes; however, they are 
used frequently in epidemiologic research to describe 
burden and trends. State Inpatient Databases (SID) 
are compiled by the US Agency for Healthcare 
Research and Quality (AHRQ) through the Health-
care Cost and Utilization Project.  14   The SID include 
data beginning in 1988 and currently include 40 par-
ticipating states, contributing hospital discharge 
information from nearly 90% of all US hospital dis-
charges.  14   Thus, the AHRQ SID databases provide 
an excellent resource to assess the population-based 
frequency and cost of hospitalization for this disease. 

 We believe this study represents the most compre-
hensive assessment of bronchiectasis-associated hos-
pitalizations in the United States and provides insights 
into the overall trends and burden of bronchiectasis 
in the US population. 

 Materials and Methods 

 Data Source and Population 

 We extracted data from the SID, which contain record-level 
information on inpatient hospital discharges without patient 
identifi ers. We extracted records for which the ICD-9-CM codes 
for bronchiectasis were listed as any discharge diagnosis. The 
ICD-9-CM codes listed as the primary discharge diagnosis code 
generally indicate the principal condition identifi ed or diagnosis 
during hospitalization, whereas the secondary codes indicate 
contributing or associated (“comorbid”) conditions. These bron-
chiectasis codes included 494 (bronchiectasis [before October 
2000]), 494.0 (bronchiectasis without acute exacerbation), and 
494.1 (bronchiectasis with acute exacerbation [October 2000 for-
ward]). In October 2000, the ICD-9-CM code for bronchiectasis 
was split into two codes to indicate bronchiectasis with and with-
out acute exacerbation. We chose to include all bronchiectasis 
with and without exacerbation for consistency in trend analysis. 
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 Among all records with a bronchiectasis discharge 
diagnosis, the most frequent primary diagnosis was 
pneumonia and influenza, with 25% of hospital-
izations (62,799) receiving this as a primary dis-
charge diagnosis. Eighteen percent of hospitalizations 
(45,883) had bronchiectasis as the primary discharge 
diagnosis ( Table 2  ). Among hospitalizations with bron-
chiectasis as a primary diagnosis, the most frequent 
secondary diagnoses were hemoptysis (21%; n  5  9749), 
 Pseudomonas  infection (16%; n  5  7344), and COPD 
(16%; n  5  7360) ( Table 3  ). 

 Overall, 4.6% of patients did not survive to dis-
charge, but survival did not vary by whether bronchiecta-
sis was a primary or secondary discharge diagnosis. 
Among men, 5.3% did not survive, compared with 
4.1% among women. Among all patients with bron-
chiectasis, those aged 80 to 84 years were 1.8-fold 
more likely to die during hospitalization than those 
aged 55 to 59 years (5.5 vs 3.0 deaths per 100 hospi-
talizations with bronchiectasis). Among hospitaliza-
tions for patients who died during their hospital stay, 
31.3% had pneumonia and infl uenza as a secondary 
discharge diagnosis (n  5  344) compared with only 
10.1% (n  5  4,524) of hospitalizations in which the 
patient did not die ( Table 3 ). 

 The overall median length of hospital stay was 
6 days and did not vary by sex. However, the median 
length of hospital stay was greater for patients who did 
not survive to discharge compared with patients who 
did survive to discharge (died, 8 days; survived, 6 days). 
The median cost for inpatient care among the 12 states 
from 1999 to 2006 was 7,827 US dollars (USD) 
(range, 13-543,914 USD). The median cost varied 
slightly by sex (men, 8,345 USD; women, 7,550 USD) 
but varied greatly by the survival status of the patient 
(died, 15,524 USD; survived, 7,688 USD). 

 Data on readmission were limited. In the fi ve states 
with readmission information, 81% of patients had 
only one hospital admission in 2005 and 82% had 
only one hospitalization in 2006. Thirteen percent 
of patients with bronchiectasis-associated hospitaliza-
tions had exactly two hospitalizations in 2005 and 
12% in 2006. In 2005, 6.6% of patients, and in 2006, 
5.7% of patients, had three or more hospital visits. 

 Discussion 

 To our knowledge, this is the fi rst population-based, 
representative analysis of bronchiectasis-associated 
hospitalizations in the United States. We identifi ed a 
signifi cant increase in bronchiectasis-associated hos-
pitalizations from 1993 to 2006 across 12 states, with 
the highest average annual increase of 5.7% for the 
period from 2001 through 2006. The overall rate of 
16.5 hospitalizations per 100,000 population is very sim-
ilar to the rate in Hong Kong, of 16.4 hospitalizations 

with the code of bronchiectasis without acute exac-
erbation, there were a variety of codes as the second 
diagnosis, with the most frequent being hemoptysis 
(21%, n  5  1,957). The remainder of the comorbid 
conditions each accounted for  ,  5%. 

 The average annual age-adjusted rate of 
bronchiectasis-associated hospitalizations in the 
12 states with data from 1993 through 2006 was 
16.5 hospitalizations per 100,000 population. The rate 
varied greatly by age and sex, with the highest rate 
among women and older persons; the relative rate for 
persons aged 80-84 years compared with persons 
aged 55-59 years was 8.5-fold higher among women 
(161 vs 19) and eightfold higher among men (121 vs 15) 
( Fig 1  ). The average annual age-adjusted rate of hos-
pitalization with bronchiectasis as a primary diagnosis 
from 1993-2006 was 2.0 per 100,000 population. 

 Age-adjusted rates of bronchiectasis-associated 
hospitalizations increased signifi cantly among both 
men and women, with the highest annual percentage 
change (APC) among women. The APC from 1993 to 
2006 was 2.4% for men and 3.0% for women ( Table 1  ). 
The increasing trend was most marked from 2001 
through 2006, with an APC of 5.5% for men and 
5.9% for women ( Fig 2  ). Among records with bron-
chiectasis as the primary diagnosis, the APC from 
1993 to 2006 was 1.7% for men and 2.6% for women. 
The APC among records with bronchiectasis as a 
primary diagnosis from 2001 to 2006 was not signifi -
cant for men or women. The overall APC for women 
signifi cantly increased in more states than did the 
APC for men: of the 12 states included in the analysis 
from 1993 to 2006, 10 showed a signifi cant positive 
APC for women, seven showed a signifi cant positive 
APC for men, and seven showed a signifi cant positive 
APC for both men and women ( Table 1 ). The state 
with the highest annual percentage increase from 
1993 to 2006 for women was Connecticut (6.2 annual 
percentage increase) and for men was South Carolina 
(7.1 annual percentage increase). 

  Figure  1. Average annual rate of bronchiectasis-associated (pri-
mary and secondary discharge diagnoses) hospitalizations by age 
and sex in 12 states, 1993-2006, in the United States.   
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extracted from the SID based on ICD-9-CM codes. 
Although this may identify hospitalizations of interest, 
it may lead to under- or overestimates of disease 
prevalence because these codes are used primarily 
for purposes of billing, and only secondarily for epi-
demiologic research.  21   Billing practices such as unbun-
dling to obtain higher reimbursement may lead to 
inconsistencies in ICD-9-CM coding at the hospital 
level.  21   Moreover, the use of ICD-9-CM codes for 
this analysis has not been validated previously, so 
some misclassifi cation of bronchiectasis status could 
exist; the database could include hospitalizations not 
correctly associated with bronchiectasis or, more likely, 
miss hospitalizations that should be associated with 
bronchiectasis, further underestimating the prevalence. 

 A second limitation results from the anonymized 
nature of this data set, such that multiple hospitalizations 
for a given person could not be linked across all years 
when estimating the rate of hospitalization with bron-
chiectasis. If persons had multiple hospitalizations 
within a given year, we could have overestimated the 

per 100,000 population.  20   This newly identifi ed increase 
in bronchiectasis-associated hospitalizations supports 
the observation of an increased prevalence among 
persons  .  60 years and among women, as found by 
Weycker et al.  5   

 No single condition was associated with all bron-
chiectasis hospitalizations. Bronchiectasis as a primary 
diagnosis contributed to less than one-fi fth of the total 
hospitalizations associated with bronchiectasis, indicat-
ing that patients may be entering the hospital because of 
a more emergent and acute condition, such as pneumo-
nia, and bronchiectasis may be discovered during diag-
nostic testing. However, the clinical signifi cance of 
bronchiectasis as a secondary diagnosis is unknown. The 
median hospital stay and total cost of hospitalization 
for patients who died before discharge were signifi -
cantly higher than for those who survived hospitaliza-
tion, suggesting more severe disease at admission. 

 Although the increase in the rate of bronchiectasis-
associated hospitalizations may refl ect an actual increase 
in the prevalence of the condition, the increased use 
of CT scans is likely also an important contributor to 
the increased detection of this condition. CT scans 
have become more available and display better reso-
lution, allowing bronchiectasis to be identifi ed in more 
patients. Increased clinical recognition and identifi -
cation of bronchiectasis could result in a higher rate 
of bronchiectasis-associated hospitalization, even if 
the actual incidence and prevalence of bronchiectasis 
in the population have not changed. This possibility is 
supported by the fact that most patients entered the 
hospital because of a condition other than bronchiecta-
sis. The greater availability and better resolution of 
CT scans makes bronchiectasis more likely to be rec-
ognized during a hospitalization. 

 Limitations inherent in these data should be con-
sidered while interpreting the results. The data were 

 Table 1— Age-Adjusted Rates of Hospitalization and Annual Percentage Change for Men and Women 
in Each State, 1993-2006  

State

Men Women

Age-Adjusted Rate APC 95% CI Age-Adjusted Rate APC 95% CI

All 12 states 12.27 2.36 a (1.62-3.11) 20.57 2.97 a (2.35-3.60)
Arizona 15.68 0.53 (–0.68-1.76) 28.73 0.14 (–1.27-1.56)
California 12.40 3.49 a (2.42-4.57) 22.57 3.63 a (3.03-4.24)
Colorado 9.32 0.92 (–0.44-2.31) 18.76 1.92 a (0.43-3.43)
Connecticut 10.26 4.44 a (3.06-5.82) 18.23 6.21 a (5.37-7.05)
Florida 13.83 2.05 a (1.39-2.71) 23.95 3.20 a (2.65-3.76)
Iowa 12.16 –0.64 (–2.71-1.48) 20.52 2.00 a (0.94-3.07)
Maryland 11.38 2.22 (–0.28-4.82) 18.36 1.81 (–0.12-3.76)
New Jersey 12.24 0.88 (–0.09-1.88) 19.40 3.18 a (2.57-3.79)
New York 13.50 1.42 a (0.28-2.56) 18.01 3.98 a (3.09-4.88)
South Carolina 12.99 7.10 a (5.60-8.61) 21.89 4.85 a (3.93-5.80)
Washington 8.30 4.63 a (3.41-5.89) 14.91 3.17 a (2.18-4.17)
Wisconsin 8.36 3.02 a (2.04-4.02) 13.60 3.11 a (2.36-3.84)

APC  5  annual percentage change.
 a Statistical signifi cance at  P   ,  .001.

  Figure  2. Age-adjusted rate of bronchiectasis-associated (pri-
mary and secondary discharge diagnoses) hospitalizations by year 
in 12 states, 1993-2006, in the United States.   
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hospitalization will underestimate the prevalence of 
bronchiectasis in the US population. With hospital-
ization data, we are more likely to be describing 
severe bronchiectasis or bronchiectasis as a second-
ary condition, because patients would only be in 
this database if they were admitted to the hospital 
for bronchiectasis or if bronchiectasis were diag-
nosed during the admission. Illnesses seen only as 
outpatient visits would have been missed in this 
analysis, resulting in additional underestimation of 
the prevalence of bronchiectasis. In addition, we 

burden of bronchiectasis in the population by using 
bronchiectasis-assiociated hospitalizations. However, 
using the AHRQ revisit database, we were able to get 
estimates for the number of admissions per patient 
for 2005 and 2006 in fi ve of the states in our study. 
Although this information is limited, most patients 
with bronchiectasis-associated admissions had only a 
single admission in either 2005 or 2006 (81% and 82%, 
respectively). 

 Because most patients with bronchiectasis are not 
hospitalized, the rate of bronchiectasis-associated 

 Table 2— Primary Diagnoses for Bronchiectasis-Associated Hospitalizations, 1993-2006, Healthcare Cost 
and Utilization Project, State Inpatient Database  

ICD-9-CM Primary Diagnosis Frequency Percentage

494, 494.0, 494.1 Bronchiectasis 45,883 17.97
490, 491.0, 491.1, 491.20, 491.21 491.22, 491.8, 
 491.9, 492.0, 492.8, 496

COPD a,b 18,235 7.14

Multiple codes and ranges as defi ned by AHRQ CCS a,c Pneumonia and infl uenza a,c 62,799 24.60
428.0 Congestive heart failure 6,929 2.71
277.00, 277.01, 277.02, 277.03, 277.09 Cystic fi brosis 3,513 1.38
515 Postinfl ammatory pulmonary fi brosis 3,238 1.27
031.0 Pulmonary non-TB mycobacteria 1,714 0.67

Other primary diagnosis 103,705 44.26
E or V codes 3,635 1.40
Missing 6 0.0023
Total 258,947 100

AHRQ  5  Agency for Healthcare Research and Quality; CCS  5  Clinical Classification Software; ICD-9-CM  5   International Classification of 
Diseases, 9th Revision, Clinical Mod ifi cation .
 a Classifi ed using AHRQ CCS for ICD-9 codes. 15 
 b Excluding bronchiectasis.
 c Excluding pulmonary mycobacteria.

 Table 3— Secondary Diagnoses When Bronchiectasis Is the Primary Diagnosis During Hospitalization, 1993-2006, 
Healthcare Cost and Utilization Project, State Inpatient Database  

ICD-9-CM Secondary Diagnosis
Hospitalizations Ending in 
Death a  (n  5  1,099), No. (%)

Hospitalizations Not 
Ending in Death a  

(n  5  44,771), No. (%)
Total a  (N  5  45,883), 

No. (%)

490, 491.0, 491.1, 
  491.20,491.21, 491.22, 

491.8, 491.9, 492.0, 
492.8, 496, 491, 491.2

COPD b,c 190 (17.28) 4,804 (16.01) 7,360 (16.04)

786.3 Hemoptysis 181 (16.5) 9,565 (21.4) 9,749 (21.2)
041.7  Pseudomonas  infection 108 (9.8) 7,234 (16.2) 7,344 (16.0)
428.0 Congestive heart failure 255 (23.2) 3,876 (8.7) 4,132 (9.0)
427.31 Atrial fi brillation 229 (20.8) 3,716 (8.3) 3,945 (8.6)
515 Postinfl ammatory pulmonary 

 fi brosis
120 (10.9) 3,354 (7.5) 3,474 (7.6)

277.00, 277.01, 277.02, 
 277.03, 277.09

Cystic fi brosis total 44 (4.0) 3,074 (6.9) 3,115 (6.8)

Multiple codes and ranges 
  as defi ned by AHRQ 

CCS b,d 

Pneumonia and infl uenza b,d 344 (31.3) 4,524 (10.1) 4,876 (10.6)

031.0 Pulmonary non-TB 
 mycobacteria

24 (2.2) 686 (1.5) 711 (1.5)

See Table 2 for expansion of abbreviations.
 a Thirteen records did not have death information.
 b Classifi ed using AHRQ CCS for ICD-9 codes. 15 
 c Excluding bronchiectasis.
 d Excluding pulmonary mycobacteria.
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were not able to fi nd published data regarding the 
percentage of people with bronchiectasis requiring 
hospitalization. 

 Conclusions 

 Bronchiectasis-associated hospitalizations increased 
from 1993 to 2006. The rate of bronchiectasis-
associated hospitalizations increased markedly, start-
ing around age 50, with the highest rate in the oldest 
age groups and in older women in particular. The 
increasing trend in bronchiectasis-associated hospital-
izations highlights the need for further research to 
determine the full burden and risk factors for occur-
rence and progression of this debilitating disease. 
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