
260 Thorax 1997,52:260–264

Effects of airway infection by Pseudomonas
aeruginosa: a computed tomographic study
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Abstract fibrosis can be prevented by early institution of
anti-pseudomonas chemotherapy.3 ExperimentsBackground – Pseudomonas aeruginosa

commonly infects the airways of patients in vitro have suggested that P aeruginosa plays
an important part in the progression of bron-with bronchiectasis. A study was under-

taken to examine the relationship between chiectasis,4–6 and mucociliary clearance meas-
urements7 and results in an experimental modelinfection of the airways with this pathogen,

the morphological pattern of bronchi- of bronchiectasis in vitro are consistent with
this.8 Computed tomographic (CT) scanningectasis on thin section computed tomo-

graphic (CT) scanning, symptom dura- is an accurate and non-invasive method of
imaging the bronchial tree and is the techniquetion, smoking habits of the patients, and

the presence of airflow obstruction. of choice for the diagnosis of bronchiectasis.9–11

Nagaki et al investigated a group of non-Methods – Thin section CT scans of 22
adult patients with bronchiectasis and smoking patients with a clinical diagnosis of

chronic bronchitis whose airways had been in-concurrent sputum infected by P aeru-
ginosa (Pa+ ve) and those of 45 randomly fected by P aeruginosa for at least one year.

They found that such patients had significantlyselected patients not infected by P aeru-
ginosa (Pa− ve) were analysed independ- more severe bronchiectasis on CT scanning

than non-infected matched patients andently by two thoracic radiologists. Patients
with cystic fibrosis were excluded. Each asymptomatic controls.12 Similar results were

obtained in a study performed at our institutionscan was scored at a lobar level for extent of
bronchiectasis, severity of bronchial wall in which patients infected with P aeruginosa

appeared to have more extensive bronchiectasisthickening and dilatation, predominant
pattern of bronchiectasis, presence of on CT scanning and more severe airflow ob-

struction than non-infected patients, in-mucus plugging, and degree of decreased
attenuation of the lung parenchyma. dependent of their smoking history.13 However,

in both these studies the assessment of bron-Results – The Pa +ve group had more
extensive bronchiectasis and a greater de- chiectasis on the CT scan was limited.

In this study we have examined in moregree of bronchial wall thickening and di-
latation on the CT scan than the Pa −ve detail the relationship between infection of the

airways by P aeruginosa and the morphologicalgroup; more extensive decreased at-
tenuation was seen in the Pa +ve group. pattern of bronchiectasis on thin section CT

scans, and any relation between these and theThese findings were robust on multivariate
analysis; decreased attenuation was also severity and duration of symptoms, patients’

smoking habits, and respiratory function.independently related to the duration of
sputum production.
Conclusion – Patients with bronchiectasis
infected by P aeruginosa have more ex-Department of Methods
tensive and severe bronchiectasis on thinRadiology, Consecutive adult patients undergoing in-

Royal Brompton section CT scanning than those without vestigation for known or suspected bron-National P aeruginosa infection. The bronchi and chiectasis between January 1991 and MarchHeart and Lung
small airways are both involved, reflectingHospital, 1993 were studied, provided that bron-

London SW3 6NP, UK the end result of complex interactions be- chiectasis was present on thin section CT scan-K A Miszkiel tween host airways and the numerous vir- ning and either mucoid or non-mucoid strainsM B Rubens
ulence factors produced by P aeruginosa.D M Hansell of P aeruginosa were cultured from sputum
(Thorax 1997;52:260–264) within three months of the scan. ExclusionHost Defence Unit,

criteria were (1) an abnormal sweat sodiumNational Heart and
Keywords: Pseudomonas aeruginosa, bronchiectasis, thinLung Institute at concentration (tested in all patients), (2) a
section CT scanning.Imperial College, history of lobectomy or pneumonectomy (sinceLondon SW3 6LR, UK

this would affect the forced expiratory volumeA U Wells
P J Cole Infection of the airways by Pseudomonas aeru- in one second (FEV1) and alter the CT scores),

and (3) age below 16 years. The control groupginosa occurs commonly in patients with cysticCorrespondence to:
Dr D M Hansell. fibrosis1 but also occurs in patients with other consisted of randomly selected patients with

chronic purulent sputum production and bron-Received 29 February 1996 forms of bronchiectasis.2 Although much of
Returned to authors the morbidity and mortality of patients with chiectasis on CT scanning who were not in-23 May 1996
Revised version received bronchiectasis may be due to chronic infection fected by P aeruginosa. Twenty two patients
2 October 1996 with P aeruginosa, chronic infection of the air- infected with P aeruginosa and 45 controls wereAccepted for publication
7 October 1996 ways with this pathogen in patients with cystic studied. The following information was ex-
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on the CT scans was determined according toTable 1 Comparison of the demographic and clinical features obtained from the case
records in patients with sputum infected with Pseudomonas aeruginosa (Pa +ve group) the criteria described by Naidich.15 The CT
and those not infected (Pa −ve). scoring system used was that described by Reiff

Pa +ve group Pa −ve group p value et al which has good interobserver agreement.16

(n=22) (n=45) The extent of bronchiectasis, severity of bron-
Age (years) 54.1 (14.5) 43.5 (14.3) <0.01 chial wall thickening, and severity of bronchial
Sex (M:F) 10:12 16:29 0.44 wall dilatation were recorded for each lobeNo. of smokers (ever vs never) 9 16 0.67
Median (range) history (pack years) 0 (0–40) 0 (0–90) 0.46 using a four point scoring system (0–3): grade
No. with history of asthma 12 18 0.26 0=no bronchiectasis, normal bronchial wallAge at onset of sputum production (years) 27.0 (22.0) 21.2 (18.3) 0.26
Duration of sputum production (years) 27.1 (14.6) 22.3 (17.4) 0.27 thickness, or no bronchial wall dilatation; grade
FEV1 (% pred) 58.2 (30.1) 75.4 (22.9) <0.02 1=bronchiectasis present in none or one bron-
FEV1=forced expiratory volume in one second. Values are mean (SD) on median (range). chopulmonary segment, bronchial wall thick-

ening equivalent to half the diameter of the
adjacent vessel, or bronchial wall dilatation
equivalent to less than twice the diameter oftracted from case records: (1) demographic
the adjacent vessel; grade 2=bronchiectasisdetails; (2) smoking history (“ever” versus
present in more than one bronchopulmonary“never”, pack years); (3) clinical history of
segment, bronchial wall thickening equivalentasthma; (4) age at onset of sputum production;
to 0.5–1×diameter of the adjacent vessel(5) duration of sputum production; (6) a pre-
or bronchial wall dilatation equivalent todisposing cause, if any, for bronchiectasis. The
2–3×diameter of the adjacent vessel; grade 3=percentage predicted FEV1 was also recorded.14

gross cystic bronchiectasis present, bronchialThe CT scans were performed on an ultrafast
wall thickening equivalent to more than theelectron beam scanner (Imatron C-100, San
diameter of the adjacent vessel, or bronchialFrancisco, USA) with a scan time of 200 ms.
wall dilation present equivalent to more thanPatients were scanned in full suspended in-
three times the diameter of the adjacent vessel.spiration from lung apex to diaphragm and
The total score for each of these parameters3 mm sections were obtained at 10 mm in-
was obtained by adding together the scores fortervals. A high spatial resolution reconstruction
the six lobes.algorithm was used and images were pho-

The predominant pattern of bronchiectasistographed on appropriate lung window settings
present in each lobe as classified by Reid (cyl-(level –700 HU, width 1500 HU). Two thor-
indrical, varicose or cystic) was recorded.17 Theacic radiologists (DMH and MBR) in-
presence of either small centrilobular plugs ordependently analysed the CT scans in random
large plugs (plugging of the segmental andorder with no knowledge of which patients
subsegmental airways) was recorded as presentwere infected with P aeruginosa.
or absent. To assess involvement of the bron-All CT observations were made at a lobar
chioles by the disease process18 areas of de-level with the lingula considered a separate

lobe. The presence or absence of bronchiectasis creased attenuation of the lung parenchyma

a

c

b

d

Figure 1 Thin section slices of a CT scan taken at two similar levels fom two patients with bronchiectasis, both with a
29 year duration of sputum production. Sections (a) and (b) are through the upper zones and (c) and (d) are through
the lower zones. Sections (a) and (c) are from a patient not infected with P aeruginosa and (b) and (d) are from a
patient infected with P aeruginosa.
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+ve) and 11 (24.4%) of the 45 control patientsTable 2 Median scores (with ranges) for morpholopical features on CT scans in patients
with sputum infected with Pseudomonas aeruginosa (Pa +ve) and those not infected (Pa (Pa −ve) had an underlying cause of bron-
−ve). chiectasis (allergic bronchopulmonary asper-

Pa +ve group Pa −ve group p value gillosis, previous pulmonary tuberculosis,
(n=22) (n=45) hypogammaglobulinaemia, primary ciliary

Extent of bronchiectasis 9.5 (3.5–14.0) 5.0 (1.5–15.5) <0.0001 dyskinesia, Kartagener‘s syndrome, or Young’s
Bronchial wall dilatation 9.5 (2.5–17.5) 4.0 (1.0–17.5) <0.0005 syndrome).Bronchial wall thickening 6.0 (2.5–12) 3.5 (0–17.5) <0.0001
Global decreased attenuation 5.5 (0–12) 2.0 (0–11) <0.0005 P aeruginosa infection was associated with
Large plug score 0.5 (0–2.5) 0 (0–2.5) 0.07 increasing age (p<0.01) and a lower FEV1Centrilobular plug score 0.5 (0–5) 0 (0–5) 0.33

(p<0.02; table 1). On logistic regression in-
Statistical analysis performed by Wilcoxon’s rank sum test. fection by P aeruginosa was independently as-

sociated with a longer duration of sputum
production (odds ratio 1.06; 95% CI 1.01 to

were recorded as: grade 0=normal, grade 1= 1.12; p=0.04) but not with increasing age at
decreased attenuation involving <50% of the onset of sputum production (p=0.08), pack
lobe, grade 2=decreased attenuation involving years of smoking (p=0.41), sex (p=0.72), a
>50% of the lobe; the total decreased at- history of asthma (p=0.33), or the presence
tenuation score was the sum of the lobar scores. of an underlying cause of bronchiectasis (p=
The mean scores of the two observers were 0.97).
used in the analysis. The extent and severity of bronchiectasis,

Results are expressed as medians with ranges. the severity of bronchial wall thickening, and
A p value of <0.05 was regarded as statistically the extent of decreased attenuation were strik-
significant. Group comparisons were made ingly greater in the Pa +ve group than in the
using the Student’s t test, v2 statistics, or Wil- Pa −ve group (fig 1; table 2). Both observers
coxon’s rank sum test. Agreement between agreed that cystic and/or varicose bron-
observers was expressed as the kappa co- chiectasis was present in 15 of the 67 patients
efficient; kappa values of >0.60 were taken to (22.5%); the kappa coefficient of agreement
indicate good agreement between observers.19

was 0.71. Cystic and/or varicose bronchiectasis
Correlations were examined by multiple linear was present more often in the Pa +ve group
regression or, when appropriate, by logistic (10/22, 45%) than in the Pa−ve group (5/45,
regression (Stata Data Analysis, Computing 11%; p <0.0002).
Resonance Center, Santa Monica, California, Multiple regression analysis was performed
USA). to evaluate associations between the presence

of P aeruginosa and morphological features on
the CT scan independently of other factors

Results associated with P aeruginosa (age and duration
During the study period 327 patients with of sputum production). As shown in table 3,
chronic purulent sputum and known or sus- the presence of P aeruginosa was associated
pected bronchiectasis underwent CT scanning. with more extensive and severe bronchiectasis
Thirty five (10.7% ) were infected with P aeru- (both p<0.0005), greater bronchial wall thick-
ginosa, but 13 were excluded because of pre- ening (p<0.0005), and more extensive de-
vious pneumonectomy or lobectomy (n=9), P creased attenuation (p<0.005). A longer
aeruginosa not cultured within three months of history of sputum production was associated
CT scan (n=2), and incomplete data (n=2). with a more extensive decreased attenuation
Of the remaining 22 patients, 14 (63.6%) were score (p<0.05) and a shorter history of sputum
continuously infected by P aeruginosa. Patients production was associated with more extensive
positive for P aeruginosa and controls were well centrilobular mucus plugging (p<0.04). There
matched for sex, history of asthma, the age at were no independent relationships between
onset of sputum production, and the duration morphological features of the CT scan and
of sputum production (table 1). Five of the 22 patient age.
patients (22.7%) infected with P aeruginosa (Pa Logistic regression was performed to evalu-

ate independent associations between in-
dividual CT morphological features and P

Table 3 Multiple regression analysis of independent relationships between FEV1 aeruginosa infection. The presence of P aeru-
morphological features in the CT scan (examined as dependent variables), duration of ginosa was independently related to increasingsputum production and presence or absence of Pseudomonas aeruginosa. Age was also
included as a covariate. bronchial wall thickness (odds ratio 1.74; 95%

CI 1.00 to 1.73; p<0.05) but not to the severityDuration of Presence/absence of
sputum production P aeruginosa of bronchial wall dilatation, the global extent

of bronchiectasis, or the extent of regional airExtent of bronchiectasis 0.02 (−0.03 to 0.06) 3.4 (1.7 to 5.0)
p=0.50 p<0.0005 trapping.

Bronchial wall dilation 0.04 (−0.03 to 0.10) 4.2 (2.0 to 6.5)
p=0.43 p<0.0005

Bronchial wall thickness 0.02 (−0.01 to 0.05) 2.7 (1.5 to 3.8)
p=0.25 p<0.0005

Global decreased attenuation 0.05 (0.00 to 0.09) 2.5 (0.8 to 4.2)
p<0.05 p<0.005 Discussion

Large plug score 0.00 (−0.01 to 0.02) 0.26 (−0.14 to 0.65) We have shown that patients who persistentlyp=0.38 p=0.26
Centrolobular plug score −0.02 (−0.04 to 0.00) 0.34 (−0.29 to 0.97) expectorate sputum infected with P aeruginosa

p<0.05 p=0.29 have more extensive and severe bronchiectasisFEV1 0.18 (−0.22 to 0.58) −11.7 (−26.5 to 3.3)
p=0.38 0=0.12 on thin section CT scanning than patients

whose sputum is not infected with P aeruginosa.Results are given as regression coefficients with 95% confidence intervals (in parentheses) and
p values. The global decreased attenuation score in these
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patients was also significantly greater and re- that predicted the likelihood of sputum in-
fection by P aeruginosa was increasing thicknesslated to the duration of sputum production.

P aeruginosa produces several virulence fac- of the bronchial wall. Undoubtedly, many com-
plex mechanisms involving the numerous vir-tors which are thought to result in the dis-

organisation of epithelial cells, loss of cilia, and ulence factors produced by P aeruginosa are
involved throughout the disease process re-mitochondrial damage that has been observed

in vitro when intact respiratory mucosa is ex- sulting in damage to bronchi and bronchioles
but, at present, these in vivo mechanisms areposed to this pathogen.4 5 20–23 P aeruginosa pref-

erentially adheres to mucus and damaged incompletely understood; whether P aeruginosa
preferentially infects the airways of thoseepithelial cells rather than to cilia or unciliated

cells.5 In patients with bronchiectasis and cystic patients with more severe bronchiectasis ab
initio or whether the greater severity of bron-fibrosis in whom the mucus is poorly cleared

P aeruginosa may persist for longer in the airway chiectasis detected by HRCT scanning is the
end result of infection by this organism has notsecretions and produce toxins which stimulate

a vicious circle of chronic inflammatory damage been answered by this study. A reduction in
sputum infection by P aeruginosa has beento the mucosa, disrupting the normal host de-

fence mechanisms and encouraging persistence associated with an improvement in lung func-
tion in cystic fibrosis,30 but it remains to beof infection.24 This hypothesis may explain why

in our study patients infected with P aeruginosa determined whether a significant improvement
in morbidity can be achieved in patients withhad significantly more extensive and severe

bronchiectasis, bronchial wall dilatation and other forms of bronchiectasis who are chron-
ically infected by this pathogen (although pre-thickening with a higher prevalence of cystic

and varicose patterns present than non-infected liminary results appear encouraging31).
patients, this relationship being preserved even
after adjustment for the duration of sputum 1 Reynolds HY, Di Sant’ Agnese PA, Zierdt CH. Mucoid
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