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BRONCHI ECTASIS 

THE OTH ER CHRONIC OB STRUCTI VE LUNG DISEASE 

Bronch iec tasis is a pulmonary disorder in which there is dilatat ion of 
one or more bronch i. Since an increase in the diameter of a bronchus may 
result from a variety of conditions, the term describes an anatomica l ab nor 
mality rather than a sing le disease. I have chosen to review t his top ic for 
three reason s. First, the decreased incidence of bronchiectasis in t he l ast 
30 years ha s led to a low level of awareness and understanding of the sy ndrome 
despite the fact it remains a relatively common conditio n. Seco nd , within the 
last few years there have been newly recognized syndromes associati ng extra 
pulmonary disease and bronchiectasis. Third, there are an increas ing number 
of patients with cystic fibrosis who survive i nto adult life and who therefore 
receive medi cal care from internists. The pulmonary lesion in these pat ients 
is bronchiectas is, and a better understanding of this abnorma lity should 
facilitate their care. 

NORMAL BRON CHIA L ANATOMY 

Figure 1 

Hogg : The Respiratory Airways . In : Pulmona~ Med ic i ne, 1982 :65 (1 ). 
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Normal bronchial anatomy has been studied by Reid and her colleagues (2, 
3), Weibel (4), and Horsfield and Cumming (5, 6) . Many of the features are 
best visuali zed by looking at a normal bronchogram. The bronchial tree 
divides in a manner referred to as asymmetrical dichotomy. By this is meant 
that there is a paired branching system in which there is variation in the 
diameters and lengths of the branches in a given generation and a variation in 
the number of divisions down to the terminal branches. In the normal lung 
from the trachea to bronchioles which are 0.7 mm in .diameter there may be as 
few as 8 or as many as 24 branch points (6). Thus, bronchi of a particular 
size may be found at a variety of positions along the length of different 
airways, because they narrow at different rates. For example, 2 mm airways 
may be found from the fourth to the fourteenth bronchial subdivisions (4) . 
Larger bronchi tend to divide with an acute angle between the two branches 
which arise from the end of the parent stem. The walls of these larger bronchi 
tend to taper from proximal to distal in a regular manner. Along th~ distal 
several centimeters of an axial bronchus, branches arise at intervals of 0. 5 to 
1 em. Over the last centimeter or so of the axial bronchus the branches arise 
at intervals of 2 to 3 mm and are only about 2 mm long (3) . The smaller 
bronchioles do not taper from proximal to distal and are seen as short, straight 
lines. The smallest of these represent terminal bronchioles; bronchographic 
material does not enter alveolated areas of lung. A normal bronchogram of the 
left lower lobe, the most common site of bronchiectasis, demonstrates betwe.en 
16 and 17 subdivisions of bronchi and bronchioles . 

By definition bronchi contain cartilage in their walls and bronchioles do 
not. In the trachea and main stem bronchi cartilages are in the form of 
C-shaped rings with a membranous posterior gap. As soon as the bronchi enter 
the substance of the lung the arrangement changes to plates of cartilage which 
are scattered in a tough fibroelastic adventitial layer (2). The proximal 
bronchi have much more cartilage than the distal ones. There is a close 
relation between the cartilages and bronchial orifices with no orifice 
totally without cartilage . On the average, the first ten orders of divisions 
have cartilage, and hence are classified as bronchi, and in about the first 
five of these it is circumferential . · For the remaining roughly ten generations 
to the terminal bronchioles, there is no cartilage to support the walls of 
the bronchioles. 

ANATOMICAL CATEGORIES OF BRONCHIECTASIS 

The anatomical and bronchographic abnormalities of bronchiectasis may 
take several form s leading to a variety of descriptive terms. However, con
temporary authorities (7 - 9) have adopted the categor.ies proposed by Reid 
(10) in her meticulous anatomical-radiographic correlations of 45 cases. 
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Cylindrical Bronchiectasis 

Figure 2 

In cylindrical bronchiectasis the bronchi show regular outlines with no 
great increase in diameter. The airways usually end squarely and abruptly. 
The bronchogram has a "stripped" appearance, since the smaller bronchi and 
bronchioles do not fill with contrast media . The average number of subdivisions 
which can be demonstrated in the left lower lobe is 7.5. Although not seen by 
bronchography, the peripheral pa rt of the bronchial tree can usually be traced 
by dissection . It is found to be completely plugged with a cast of thick 
yellow secretions. There is also cellular infiltration and swelling of the 
bronchial and bronchiolar walls which may further impede filling of these 
branches either with contrast material or air. 
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Varicose Bronchiectasis 

Figure 3 

A bronchogram of bronchi with varicose bronchiectasis reveals tubes of no 
regular form or size which are dilated but deformed by sites of relative 
constriction. There is no progressive reduction in diameter as airways pass 
to the periphery , and the ends tend to be bulbus and distorted. There is no 
bronchiolar fill i ng . These small, unfilled airways may have the same type of 
inspissated mucu s as seen in cylindrical bronchiectasis, but the bronchial 
lumens of many airways are obliterated by fibrous tissue in which an occasional 
plate of cartilage may remain . The airways are never patent beyond the limit 
to which cartilage normally extends . 
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Saccular Bronchiectasis 

Figure 4 

In saccular, also referred to as cystic, bronchiectasis there is an 
increasingly progressive dilatation of the bronchial lumens toward the pe
riphery of the lung. The ballooned outline frequently may be traced almost to 
the pleura, but only a few bronchial subdivisions can be seen. The proximal 
generations of bronchi may not be greatly dilated and may have normal cartilage. 
However, the large saccules contain no cartilage, and distal to the saccules 
there is neither evidence of cartilage nor fibrotic bronchi or bronchioles. 
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Table 1 

Number of Bronchial Divisions of the Posterior Basal Segment 
of the Left Lower Lobe 

Bronchial Divisions 

Bronchogram 
Macroscopic 
Microscopic 

Normal 

16-17 
16-17 

20 

C~lindr ical 

7.5 ( 6-10) 
11 ( 8-15) 
16 (15-18) 

Reid: Thorax 5:233, 1950 

Bronchiectasis 
m (Range) 

Varicose 

4 (2-8) 
6.5 (3 -12 ) 
8 (3-11) 

Saccular 

3.5 (3 -4 ) 
4 (3 -4) 
4 (3 -5 ) 

A comparison of normal bronchographic and anatomical anatomy with the 
three types of bronchiectasis is listed in Table 1. By bronchography 
approximately 16 divisions of airways may be seen in the posterior basal 
segment of a normal left lower lobe. Only about 7 divisions may be seen in 
cylindrical, 4 in varicose and even fewer in saccular bronchiectasis. By 
macroscopic dissection the bronchial divisions of the normal lung remain at 
16, while there are only 11 in cylindrical, 6 in varicose and 4 in saccular 
bronchiectasis. Microscopically an additional 4 branches may be found in 
normal lungs, while fewer branches are found in the various forms of bron
chiectasis. In normal lung the small branches communicate with respiratory 
bronchioles. In lungs with bronchiectasis there is no communication between 
the dilated bronchi and the airways that cannot be demonstrated bronchographically 
and hence there is no communication between the bronchiectatic airways and the 
surrounding lung parenchyma. 

On microscopic examination the walls of bronchiectatic airways are 
essentially fibrous structures lined by cuboidal epithelium (7 , 11, 12). They 
contain no elastic tissue, muscle or cartilage, and the lining membranes have 
no normal ciliated epithelium. There are inflammatory cells with lymphocytes 
and monocytes predominating but with neutrophils as well. About a third of 
specimens show extensive lymphoid infiltration, peribronchial lymphoid inter
stitial pneumonia and lymphoid hypertrophy of regional lymph nodes. These 
latter cases are referred to as follicular bronchiectasis (11) . Along with 
bronchial inflammation vessels demonstrate endarteritis. There is extensive, 
highly vascular, granulation tissue with new vessels directed towards the 
surface of the bronchi (13). The bronchial lumens may be filled with purulent 
material with neutrophils predominating. 

Microscopically the small airways distal to the ectatic bronchi are 
fibrous strands which contain smooth muscle remnants. The lumens are virtually 
obliterated. The lung parenchyma surrounding the fibrbus bronchi and bron
chioles may show consolidation and atelectasis, but more frequently the 
parenchyma is aerated and sometimes emphysematous. Thus, alveoli which are 
normally ventilated by the obliterated airways continue to receive venti 
lation . This is evidently due to the fact that all airways within a single 
bronchopulmonary segment are rarely involved and these alveoli receive col
lateral ventilation from alveoli which are ventilated by the normal bronchi 



- 7 -

(14-17). Even though alveoli may be patent, gas exchange in the area is 
minimal owing to the circuitous route of ventilation. 

Table 2 

Significance of Bronchographic Categories of Bronchiectasis 

1. Cylindrical changes may revert to normal, 
remain cylindrical or progress to varicose 
or saccular bronchiectasis. 

2. Varicose and saccular bronchiectasis are 
probably irreversible lesions. 

3. All three anatomical categories may produce 
the same clinical syndrome. 

4. There is no convincing evidence that the 
etiologies of the three lesions differ . 

The significance of the bronchographic categories of bronchiectasis is 
indicated in Table 2. It is clear that brorichographically demonstrable 
cylindrical bronchiectasis may revert to an entirely normal airway (18-23). 
Indeed, it is quite common after an episode of pneumonia or atelectasis for 
bronchograms to demonstrate the findings of cylindrical bronchiectasis which 
then revert to normal after a period of a few weeks (19). Thus, bronchograms 
are contraindicated for three or four months following an episode of pneumonia. 
Conversely, cylindrical bronchiectasis may remain unchanged on bronchograms 
performed several years apart, and in some instances cylindrical changes may 
progress to varicose or saccular bronchiectasis (22). 

Varicose and saccular bronchiectasis are probably irreversible lesions 
(18, 23). I am able to find only one fairly convincing case report of saccular 
changes subsequently being reported as normal (24) . When bronchiectasis is a 
permanent lesion, all three anatomical categories may produce the same clinical 
syndrome . Further, there is no good evidence that the etiologies of the three 
lesions differ. 

ETIOLOGY 

A variety of congenital lesions, some of which will be described subse 
quently, may lead to the developmen t of bronchiectasis. Although there is not 
complete agreement (7 , 25, 26), congenital bronchiectasis per s e probably does 
not exist. The lesion previously reported as congenital bronchiectasis is now 
thought to represent a separate entity, congenital cystic adenomatoid malfor
mation (27 -33). In the majority of instances bronchiectasis results from in
fection of the airways . 
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Table 3 

Initial Illness at the Onset of Symptoms of 
Bronchiectasis in 1007 Children 

Number of Patients 

Pertusis 
Measles 
Pneumonia 

133 
58 

354 
118 
307 

Tonsillectomy or Foreign Body 
Insidious 
Other 37 

Whitwell; Field; Avery, Riley and Weiss; 
Perry and King; Lindskogg and Hubbell; 
Strang 

Percent 

13 
6 

35 
12 
30 

4 

Experimental models of bronchiectasis in animals invariably require the 
presence of bronchial infection (34-37), usually with an associated bronchial 
obstruction. Clinical evidence for the importance of infection in the etiology 
of bronchiectasis includes an infectious disease at the onset of symptoms (11, 
18, 23, 38-40). An approximate tabulation of 1007 patients indicates that 
pertusis or measles was present at the outset in 19 percent, pneumonia of 
unspecified etiology in 35 percent and an event associated with aspiration and 
infection in 12 percent . In only 34 percent of patients was the onset of 
bronchiectasis unrelated to a recognized episode of infection. 

Table 4 

Newly Diagnosed Cases of Bronchiectasis Following 
Infection at Boston Children 1 S Hospital 1940-1960 

Years Number of Cases Percent 

1941-45 44 38 
1946-50 46 40 
1951- 55 24 20 
1956-60 2 2 

Total 116 100 

Glauser, Cook and Harris: Acta Pediat . 
Scand . , 165(Suppl):3, 1966 

Additional clinical evidence suggesting a role for infection was noted by 
Glauser, Cook and Harris (41) . These authors reported that there were 187 
newly diagnosed cases of bronchiectasis at Boston Children 1 S Hospital from 
1940-1960. Sixty percent of cases were associated with a recognized episode 
of infection at the onset . Table 4 demonstrates the years in which these 116 
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cases were diagnosed . It is apparent that the number decreased precipitously 
in the early 1950's , an era of widespread introduction of antimicrobial agents. 
Other studies have implicated the role of infectious agents more directly. 

Table 5 

Pulmonary Sequelae Following Adenoviral Pneumonia 
in Infants and Children 

Study Type of No . Pts . Follow-up Sequelae 
Adenovirus Yrs . No . Pts. Branch. Other 

Gold, et al. 1, 3' 4 69 0-5 58 5 26 
Lang,etal. , 21 43 13 15 9 4 and Becraft 
Herbert , et al. 3 14 8- 10 11 7 1 
James, et al . 21 18 6-12 15 1 12 
Simila, et al. 7 27 10- 12 22 6 6 

Total 171 0- 13 121 28 (23%) 49 

In 1957 it was fir st demonstrated that patients undergoing lung resection 
for bronchiectasis had high adenoviral titers (42). This finding suggested 
a causal relationship between childhood viral infection and the lesion of 
bronchiectasis. The studies in Table 5 were designed to specifically address 
this issue (43-48). One hundred and seventy -one infants and children with 
pneumonia were demonstrated serologically or by culture of respiratory secretions 
to have adenoviral pneumonia . One hundred and twenty-one of the patients were 
subsequently followed from weeks to 13 years after the episode of pneumonia. 
Some of these children had remained symptomatic with chronic cough and muco
purulent sputum production from the time of the pneumonia , while others had 
been virtually asymptomatic . Utili zing a combination of radiographic and 
pulmonary functional analysis , 63 percent were found to have pulmonary abnor
malities at follow -up. Twenty- three percent of them had proven bronchiectasis. 
The diligence in pursuing the diagnosis varied considerably among these series, 
and the intidence of the lesion cannot be considered ~xact. Nevertheless, 
these data strongly support the hypothesis that chronic lung diseas~ in general, 
and bronchiectasis specifically , may result from adenoviral pneumonia in 
childhood. It was noted that infants developing adenoviral pneumonia before 
two years of age were more likely to develop chronic lung changes than older 
children. However, a study by Rytel and his colleagues (49) indicates that 
this complication is not limited to children . These investigators diagnosed 
137 cases of cylindrical bronchiectasis following bronchopneumonia in Navy 
recruits, an incidence of 4.5 percent. Among the 108 patients appropriately 
studied , 46 percent were found to have high serum antibodies against adenovirus. 

(40%) 
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Table 6 

Autopsy Findings in 21 Children Dying Within 
28 Days of the Onset of Measles 

Type of Pneumonia Number Bronchial Necrosis 

Measles 5 1 
Adenovirus 6 3-5 
Herpes simplex 5 3-5 
Suppurative 5 1 

Kaschula, Druker and Kipps : Rev. Infect . Dis. 5:395, 1983 

Autopsy studies of patients dying with viral pneumonia suggest the patho
genesis of bronchiectasis (50-55 ) . The most recent of these is indicated in 
Table 6. Viral pneumonias may lead to a necrotizing process in airways. The 
terminal bronchioles are the structures most affected, but destructive changes 
are also encountered in the larger bronchioles and bronchi. Many of the 
respiratory passages show complete necrosis of mucosa, submucosa, and muscle. 
Fu rthermore, special stains show almost complete loss of elastic tissue in 
some areas, a lesion which is thought to prevent regeneration of airways. 
Each of these studi~s has indicated that measles pneumonia may produce bronchial 
necrosis, but each has also suggested that superinfection of measles pneumonia 
with adenovirus, or when sought Her-pes simplex virus, leads to a much more 
destructive process . Thus, it is postulated by some authors that bronchiectasis 
following measles pneumonia is actually due to superinfection with other 

· viruses. In addition to adenovirus and Herpes , influenza A pneumonia has been 
reported to lea d to long term pulmonary complications, including bronchiectasis 
(56). On the other hand, I am able to find only one case report of Mycoplasma 
pneumoniae leading to this airway lesion (57). As indicated in this table, 
measles pneumonia complicated by a suppurative process due to bacteria produces 
bronchial necrosis on the same order of magnitude as the measles virus. That 
bacterial infection can lead to bronchiectasis is supported also by clinical 
findings in patients with immunoglobulin deficiencies. 
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Table 7 

Bronchiectasis in Patients with Congenital or 
Acquired Hypogammaglobulinemia 

Study Number of Number with 
Patients Bronchiectasis 

Good and Mazzitello, 37 9 (Review) 
Suhs, et al. 5 4 
South, et al. 18 18 
Phelan, et al. 8 8 
Hermans, et al . 50 14 
Dukes, et al.* 55 38 

Total 173 91 

*May include some of Hermans , et a 1 . , patients 

Percent with 
Bronchiectasis 

24 

80 
100 
100 

28 
69 

53 

The role of the lung as an immunological organ and the immunological 
defense of the lung is poorly understood (58), but the impact of congenital or 
acquired hypogammaglobulinemia on the lung has been well reported (59-64). 
Almost all patients wi t h immunoglobulin deficiency have recurrent, purulent 
infections of the airways including sinusitis , otitis media and pneumonia. The 
most common organisms leading to these infections include Str ep t ococcus pneumoniae ~ 
Haemophilus influenzae~ Streptococcus pyogenes and Staphylococcus aureus . 
Although the varying methodology and system of reporting make the numbers 
inexact, approximately half of these patients develop bronchiectasis following 
repeated infections, as indicated in Table 7. Occasional patients without 
immune deficiency have been reported to develop bronchiectasis follow1ng one 
episode of staphylococcal pneumonia (65). The data on patients with selective 
immunoglobuilin A def i ciency i s much more variable (66 - 70). · Most such persons 
are asymptomatic while some have recurrent respiratory infections . At least 
two cases of bronchi ectasis have been associated with selective IgA deficiency 
(67, 70) . 
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Table 8 

Data Supporting the Viral or Bacterial Etiology 
of Bronchiectasis 

1. Experimental models require bacterial infection of 
airways. 

2. An overt infectious episode occurs at the onset of 
bronchiectasis in about two - thirds of patients . 

3. A marked decrease in bronchiectasis has occurred 
since the advent of antimicrobial agents. 

4 . There is a direct histological and bronchographic 
association between bronchiectasis and certain viral 
infections. 

5. Bronchiectasis occurs after repeated bacterial 
infections in about half of patients with immuno 
globulin deficiency. 

Findings supporting the viral or bacterial etiology of bronchiectasis are 
included in Table 8. These data indicate that experimental models require 
bacterial infection of airways. An overt infectious episode occurs at the 
onset of bronchiectasis in about two - thirds of patients. A marked decrease in 
bronchiectasis has occurred since the advent of antimicrobial agents. There 
is a direct histological and bronchographic association between bronchiectasis 
and certain viral infections. Finally, bronchiectasis occurs after repeated 
bacterial infections in about half of patients with immunoglobulin deficiency. 
In patients with an insidious onset of bronchiectasis in whom no antecedent 
episode of infection is recognized, it is hypothesized that a subclinical 
infection has led to the airway dilatation. However, there are at least two 
and perhaps a third non-infectious etiologies of bronchiectasis. 
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Table 9 

Recognized Non - infectious Etiologies of Bronchiectasis 

Toxic Chemical Inhalation 

Perry and King: Am . Rev. Tuberc. 41:531, 1940 
Bates , Macklem and Christie: Response to Chemical 

and Physical Irritants . In: Respiratory Function 
In Disease, 1971:392 

Kass, et al . : Chest 62 :282, 1972 

Heroin Intoxication with Pulmonary Edema 

Warnock , et al. : JAMA 219 :1051, 1972 
Schachter and Basta : Chest 63:363, 1973 
Banner , et al . : Ch est 69 : 55~ 1976 
Banner, et al.: Respiration lZ_:232, 1979 

Ulcerative Colitis 

Kraft, et al .: Arch . Intern. Med . 136:454, 1976 

Following the use of mustard gas in World War I it was thought that this 
chemical agent led to bronchiectas i s in some individuals (38). However, the 
documentation was not strong . Subsequently, Bates, Macklem and Christie have 
reported a patient who developed varicose bronchiectasis following exposure to 
the oxides of sulfur (71), and Kass and his colleagues have reported generalized 
varicose changes following exposure to anhydrous _ammonia (72). 

There are reports of bronchiectas is occurring following heroin intoxi
cation in 11 patients (73-76). Each of the patients had developed pulmonary 
edema. Two of them were thought to have aspirated gastric contents, but 
gastric acid aspiration has not been reported to result in bronchiectasis in 
other circumstances , and the other nine patients were thought to have only 
heroin pulmonary edema. There was no evidence of infection during the acute 
episodes that led to the formation of bronchiectasis. Cylindrical, varicose 
and saccular changes were observed by bronchography in separate patients. 

It has also been reported that a small number of patients with ulcerative 
colitis may develop otherwise unexplained bronchiectasis. Kraft and his 
colleagues (77) reported that 6 of approximately fourteen hundred patients with 
inflammatory bowel disease developed severe chronic bronchopulmonary disease 
from 3 to 13 years after the on set of the disease of the colon. Bronchiectasis 
was diagnosed in 4 and chronic bronchitis in 2. Four of the 6, including the 2 
with only chronic bronchitis, had no history of smoking. There was an initial 
correlation between the pulmonary symptoms and the intestinal symptoms except 
in two patients who developed overt pulmonary disease following total proto
colectomy . The authors felt the bronchiectatic lesions suggested that ulcerative 
colitis and regional enteritis are systemic disorders. These reports suggest 
that acquired bronchiectasis may be caused by non-infectious etiologies. 

The development of bronchiectasis depends on the severity of the initial 
insult and the location within airways. If the bronchial and broncholar 
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structures, especially the elastic membranes, are not destroyed by the initial 
process, chronic bronchitis ensues. If the inflammation is destructive but 
localized to very small airways, a syndrome of bronchiolitis obliterans occurs 
(78). However , if destruction of small airways is accompanied by partial 
destruction of larger airways bronchiectasis ensues . Once dilatation of 
bronchi has occurred, the signs and symptoms are related to chronic bacterial 
infection of the damaged airways. 

CLINICAL MANIFESTATIONS 

Signs and Symptoms 

Table 10 

Symptoms in Patients with Bronchiectasis 

Onset with an overt pulmonary infection 
. Chronic cough 

Purulent sputum production 
Recurrent, localized pneumonia 
Sinusitis 
Hemoptysis 
Dyspnea 

The signs and symptoms of bronchiectasis are highly suggestive of the 
diagnosis, Table 10 (23, 25, 41 , 79-84). As previously indicated, two-thirds 
of patients have the onset of symptoms with an overt pulmonary infection, 
while the remainder . have an insidious onset. Symptoms in patients with 
immunoglobulin deficiencies frequently begin after repeated episodes of pneu
monia . In older series most cases began under two years of age, but in more 
recent series symptoms are likely to begin later in childhood and in adults. 
Chronic cough is almost invariably present with 75 to 85 percent of patients 
reporting a daily occurrence. In the remainder it is intermittently present 
over several years, especially in winter months. Bronchiectasis can be 
differentiated from chronic bronchitis by the expectoration of purulent, 
yellow or green , sputum. Chronic bronchitics usually report mucoid , white 
sputum. However, localized bronchiectasis has been reported in 27 percent of 
patients with cor pulmonale due to bronchitis and emphysema (85), and in these 
patients purulent sputum may intermittently be present. A putrid odor indi 
cating anaerobic organisms is uncommon. It is difficult to quantitate the 
amount of sputum by the patient 1 s history . In a study of 122 patients in whom 
the sputum volume was measured, the average was found to be 43 ml per 24 hours 
with a low of 7 ml and a high of 230 ml (80). However, the volume of sputum 
produced correlates poorly with other symptoms and progression of disease. 
Many patients have recurrent, localized episodes of pneumonia with chills, 
fever, increase in purulent sputum production and a radiographic infiltrate. 
Of patients followed for protracted intervals approximately 40 percent have at 
least one episode. Purulent sinusitis with its usual signs and symptoms 
occurs in about a third of patients. Between 30 and 50 percent of adult 
patients have at least one episode of hemoptysis during the course of their 
illness, and in many blood spitting is repetitive. During most episodes the 
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sputum is merely blood streaked or there are only a few milliliters of blood. 
In a small fraction, however, hemoptysis may be extensive and life threatening. 
Hemoptysis is less common in children, occurring in about 5 to 10 percent of 
cases. Dyspnea on exertion, a commonly reported symptom before the 1960's, is 
no longer frequently observed. 

Table 11 

Physical Findings in Patients with Bronchiectasis 

Localized inspiratory rales 
Chronic or recurrent wheezing 
Clubbing 
Chest deformity 

Rales, often described as "crackling" or "bubbling", localized to one or 
more areas of one or both lungs , and present at the same site or sites on 
repeated examination are heard in about 90 percent of patients. It is the 
persistence rather than the character or location of these adventitious sounds 
which suggests the diagnosis. In many cases no other abnormal sign can be 
found on physical examination of the chest. However, as many as a quarter of 
patients may have wheezing at some time during their illness, with a tendency 
to be chronic or recurrent . In a minority of patients with bronchiectasis, 
wheezing indicates coexisting asthma. However, in most instances this physical 
finding indicates secretions in airways. Digital clubbing was quite common in 
patients seen in the preantimicrobial era. In 1949 Field (79) reported that 
43.7 percent of her 160 patients demonstrated this finding. When these patients 
were seen again in 1956 (22) only 12.8 percent showed clubbing. On her final 
follow -up of the patients in 1969 (83) only 6.5 percent had evidence of clubbing. 
This latter frequency is similar to that of other current series and suggests 
that control of infection with antimicrobials has resulted in a near disappearance 
of this physical finding. Similarly, patients in older series who developed 
childhood bronchiectasis frequently had some type of chest deformity, but 
this finding is now relatively rare. Thus, the physical findings in patients 
with bronchiectasis are neither dramatic or specific. 
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Table 12 

Percentage of 53 Bronchiectatic, 50 Chronic Bronchitic and 
33 Asthmatic Patients with Increased Immunoglobulins 

Immunoglobulin Bronchiectasis Bronchitis Asthma 
m age 47 years 63 years 49 years 

IgA 41 % 30 % 9 % 
IgG 40 % 20 % 3 % 
IgM 51 % 14 % 21 % 
Two Ig levels increased 28 % 14 % 3 % 
Three Ig levels increased 15 %' 
Total number with increases 79 % 50 % 30 % 

Angela, Hilton and Doyle: Br. J. Dis. Chest 72:207, 1978 

Routine laboratory investigation is of no benefit in making a diagnosis 
or in following patients with bronchiectasis. During acute exacerbations of 
infection there is usually a polymorphonuclear leukocytosis and an elevated 
erythrocyte sedimentation rate, but neither finding is constant (79) . Recent 
comparisons of immunoglobulins in patients with bronchiectasis which is not 
secondary to hypogammaglobulinemia, patients with chronic bronchitis, and 
patients with asthma are of some interest (86), although not helpful diagnosti
cally. In patients with bronchiectasis immunoglobulin A was increased above 
normal values in 41 percent of patients which was significantly greater than 
in both the chronic bronchitic and asthmatic groups. Similarly patients with 
bronchiectasis had increased concentration of IgG or IgM significantly more 
frequently than the other patients. Seventy-nine percent of patients with 
bronchiectasis had at least one abnormality of immunoglobulin concentration. 
Moreover, 52 percent of patients with bronchiectasis demonstrated rheumatoid 
factor and 10 percent antinuclear factor. Fifteen percent of patients with 
bronchiectasis suffered from one or more autoimmune diseases. In each instance, 
the pulmonary disease had existed for protracted intervals before the onset 
of the autoimmune disease. Although the exact significance of these changes 
is unknown, it is conjunctured that chronic infection is the cause. Recently, 
the serum concentration of IgD in children with bronchiectasis was found to be 
elevated six-fold when compared to healthy children (87). 
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Radiological Findings 

1. 

2. 

3. 
4. 

5. 

Table 13 

Radiological Manifestations of Bronchiectasis 

Increased si ze and loss of definition of the markings 
specific segmental areas 

Loss of segmental or lobar volume 
a. Crowded markings 
b. Shift of mediastinum , hil ae or fissures 
c . Gross atelectasis 
1 Honeycomb 1 pattern 
Pleural changes 

Cystic spaces 

Gudbjerg : Acta Radiol . 43 :209, 1955 
Gudbjerg: Acta Radiol . 143(Suppl):1, 1957 
Fraser and Pare: Diseases-of the Airways . In: 

Diagnosis of Diseases of the Chest 1979:1443 

in 

The most common radiological manifestations of bronchiectasis are indicated 
in Table 13 (8, 88, 89). In a normal chest x- ray the only peripheral lung 
markings are pulmonary vessels . In patients with bronchiectasis there is 
frequently an increase in size and loss of definition of the markings in 
specific segmental areas. In a study of radiographic-anatomical correlations 
Gudbjerg (88, 89) found this change to relate to peribronchial fibrosis and to 
a lesser extent retained secretions. There is frequently a loss of segmental 
or lobar volume manifested by crowded markings, a shift of the mediastinum, 
hilae or fissures, or gross atelectasis with consolidation. In a severe area 
of disease there is the formation of a coarse 11 Honeycomb 11 pattern consisting 
of round or polygonal rarified areas 2 to 5 mm in diameter surrounded by 
water densities of 1 or 2 mm in thickness. These areas do not fill with 
contrast medium at time of bronchography and were found by Gudbjerg to be 
emphysematous spaces surrounded by fibrosis. Thickened pleura without free 
fluid is frequently observed radiographically, although it is always more 
extensive anatomically than demonstrated on the chest film. In very advanced 
disease there may be cystic spaces of up to 2 em in diameter which may contain 
air-fluid levels . These spaces fill with contrast medium at the time of 
bronchography and represent dilated bronchi . 

Among patients with long standing bronchiectasis Gudbjerg found only 7 
percent with entirely normal chest x- rays, while Wynn -Williams (80) reported 
only 3 of 166 patients with normal f i ndings. A more recent study, however, 
was specifically designed to compare chest roentgenograms to bronchographically 
proven bronchiectasis (90). 
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Table 14 

Comparison of Unilateral Bronchography with Chest X-ray 

Chest X-ray Bronchography 
Positive Negative Total 

Positive 19 18 37 
Negative 7 58 65 

Total 26 76 102 

Sensitivity: 0.73 Specificity : 0.76 

Vandevivere , et al.: Pediatr. Radial . 9:193, 1980 

These investigators performed 102 unilateral bronchograms in 76 children. 
Twenty-six bronchograms revealed bronchiectasis , while 76 did not. The chest 
x-ray had abnormalities in the area of the lesion in 19 instances and was 
normal when no lesion was found in 58 . From these data the authors calculated 
that the sensitivity of a chest radiograph is 73 percent while the specificity 
is 76 percent. · Thus, in a patient with appropriate symptoms and the presence 
of radiographic findings, the diagnosis is virtually assured without . the 
necessity of a bronchogram . If the radiographic findings include cystic 
spaces, the probability of bronchiectasis approaches 100 percent. 

Table 15 

Av·erage Reductions in Pulmonary Function Following 
Bronchography in Adults 

FVC FEV 1 oLeo Pa0 2 Sat PaC0 2 

ill ill_ __w_ (mm Hg) _(!}_ (mm Hg increase ) 

Unilateral 15-20 15 4 
19 8 

Bilateral 15-33 23 47 

Motley and Tomashefski: Am . J . Physiol. 167:812, 1951 
Christoforidis, et al.: Am . Rev. Tuberc.-s5:127, 1962 
Bhargava and Woolf: Am . Rev. Respir. Dis. 96:827, 1967 

8 

Despite the relative reliability of chest radiographs, the only definitive 
procedure for the diagnosis of bronchiectasis is a bronchogram. The technique 
of this examination has been well summarized (91) and will not be reviewed in 
detail. In essence, following sedation and local anesthesia of the airway a 
liquid radioopaque mater ial which contains either iodine or barium is instilled 
into the trachea and coats the mucosa of the airways. As indicated in Table 
15, the liquid may substantially reduce pulmonary function owing to airways 
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obstruction (92 - 94). The blood gas abnormalities are due to changes in 
ventilation and perfusion (95). As might be expected, the decrement is worse 
following bilateral than unilateral bronchograms. These changes revert 
toward normal in about 3 hours, but the prebronchographic baseline may not be 
reached for 24 hours . Thu s , it is recommended that bronchography be carried 
out on only one side at a time with a delay of 2 or 3 days between proGedures. 
Additionally, bronchograms with an iodine containing compound may lead to 
allergic or anaphylatic reactions, and any of the commercially available 
substances may lead to acute pneumonia . Because of the potential of these 
deleterious affects, and because the diagnosis can usually be made with relative 
certainty without bronchograms , this procedure is infrequently indicated. 
Should surgery be contemplated, however , bilateral bronchograms are necessary 
to delineate the extent of the disease. 

Pulmonary Functions 

Tabl e 16 

Ventilatory Function in Adults with Bronchiectasis 

Study 

Cherniack and 
(n=35) 

Pande, et al . 
(n=31) 

FEV1 MMF FVC 
(m ± SEM %VC) (Iii ± SEM % Predicted 

Carton 64 .3 ± 2.3 79.5 ± 3.4 

67.4 ± 2. 1 35 .6 ± 4.8 62.6 ± 2.6 

Cherniack and Carton : Am . J . Med . 41:562, 1966 
Pande, et al .: Thorax 26 :727, 1971--

RV/FRC 
Value ) 

111.5 ± 

100.5 ± 

5.7 

3.9 

The effect of bronchiec ta sis on lung function has been reported by several 
groups of investigators (96 - 101) , and representative values of ventilatory 
function in adults are presen t ed in Table 16 . Although ventilatory function 
may be normal, there is commonly an obstructive lung defect. Thus, the forced 
expiratory volume in one second is usually reduced as a percentage of its pre
dicted value and is also less than 75 percent of the vital capacity. The 
maximum mid flow is even more reduced as a percent of its predicted value 
indicating that there is obs t ruction of small airways. These findings are 
similar to those that one would expect in patients with chronic bronchitis and 
emphysema. Indeed, more sophisticated studies (99 , 100) suggest that the 
mechanism of air flow limitation is essentially the same as that in the more 
usual form of COPD and may in part result from coexisting bronchitis. However, 
unlike patients with the usual COPD , patients with bronchiectasis do not tend 
to have hyperinflated lungs. The pulmonary function studies in Table 16 reflect 
this lack of hyperinflation by the f inding of a relatively normal residual 
volume measurement. Normal or slightly elevated residual vo lumes with small 
vital capacities indicate that the total lung capacity was normal or slightly 
reduced. The airway collapse that l eads to airways obstruction has been shown 
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to .impair effective cough and clearance of secretions, especially in patients 
with varicose and cystic bronchiectasis (100). It should be noted that a 
significant fraction of these patients have an increase in the FEV 1 after 
inhaled or systemic bronchodilators (101). The patients who tespond to broncho
dilators cannot be predicted from the clinical features of their disease, and 
specifically there is no evidence of coexisting asthma. 

Table 17 

Arterial Oxygenation in 7 Adults with Bronchiectasis 

rii ± SEM 

Alveolar oxygen tension 92.1 ± 3.1 mm Hg 
Arterial oxygen tension 55.5 ± 3.9 mm Hg 
Alveolar -arterial gradient 36.6 ± 3.6 mm Hg 
Steady state diffusion capacity 60.0 ± 3.9 % 
Right to left shunt 13.6 ± 1.5 % 

Pande, et al.: Thorax ~:727, 1971 

Representative values of arterial oxygenation are demonstrated in Table 
17 (97). The arterial oxygen tension is more reduced than expected for a 
patient with chronic bronchitis and emphysema with the same amount of airways 
obstruction. The large alveolar-arterial gradient indicates that the hypoxemia 
is not due to hypoventilation. A loss of diffusion surface is manifested by a 
modest reduction in the diffusion capacity, but this finding would not be 
expected to lead to significant hypoxemia. Most of the hypoxemia is due to 
mismatching of ventilation and perfusion. However, in bronchiectasis there is 
also a significant component of right to left shunting of blood through the 
lungs. In the series in Table 17 a shunt fraction of 14 percent of the cardiac 
output was found. This is a larger shunt than would be expected in pati,ents 
with COPD and accounts for about 25 percent of the total hypoxemia observed. 
A marked hypertrophy of the bronchial arteries can be demonstrated anatomically 
(102-104). The increase in bronchial blood flow to areas of chronic suppuration 
which have no ventilation causes partially deoxygenated blood to enter the 
pulmonary veins. In addition, some patients develop plexiform enlargements of 
the bronchial arteries in the areas of suppuration which result in the episodic 
hemoptysis previously indicated (104). 

When patients with bronchiectasis have repeated pulmonary function measure 
ments over the ceurse of years, most show relatively few changes (105). 
However, patients w.ith frequent or protracted episodes of 1 ower respiratory 
infection tend to show progressive worsening of lung function. These patients 
are al .so more likely to develop pulmonary insufficiency, the most common cause 
of death from bronchiectasis. Thus, therapy must be directed at suppressing 
infectious episodes not only to decrease morbidity but also to decrease the 
potential of respiratDry failure . 
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Therapy 

Table 18 

Assessment of 165 Patients with Childhood Bronchiectasis 
Followed an Average of 22 Years 

No Habitual Occasional 
Treatme.nt Symptoms . Cough Resp. Ill ness 

Medical 31.5% (53.2%) 38 .9% 27.8% 
n=54 (79) 
Surgical 33.3% 45.9% 17.2% 
n=111 

Field: Arch . Dis. Child. 44:551, 1969 

Always 
Ill 

1.8% 

3.6% 

Before the advent of antimicrobial agents the major cause for death in 
patients with bronchiectasis was pne~monia or some related infectious episode. 
Moreover, the morbidity of the disease was primarily related to persistent 
infection. The surgical removal of chronically infected areas of lung represented 
the only potential cure and the major hope for amelioration of symptoms (38, 
39). Indeed, very favorable results have continued to be reported from several 
surgical services (106- 109). However, studies involving repeated bronchography 
found that airways which had apparently been normal preoperatively frequently 
demonstrated bronchiectasis postoperatively (23, 110-112) . Other studies 
suggested that the prognosis was much improved with antimicrobial therapy 
(80), and yet others reported unfavorable results from resectional surgery 
(113). Thus, a variety of editorials appeared through the years suggesting a 
more limited role for surgery (114 - 119). 

The best data of which I am aware in regard to the long term results of 
therapy are those of Field (83) who followed 165 patients with childhood 
bronchiectasis an average of 22 years, Table 18. The patients had originally 
been operated if their disease was sufficiently localized for complete anatomic 
cure (120). Three medically treated and 4 surgically treated patients had 
died. Among the surviving patients the degree of disability was remarkedly 
similar . Indeed, Field had dropped from her survey 25 medically treated 
patients whose disease was so mild that they had experienced no symptoms since 
childhood. When these cases are returned to the medically treated group, as 
indicated by the figures in parenthesis in Table 18, the results of medical 
therapy are substantially improved. Others have also reported that symptoms 
tend to improve dramatically during adolescence in patients with childhood 
bronchiectasis (80 , 121). The relatively benign nature of the .disease in many 
patients treated with antimicrobials with or without surgery has been sub
stantiated by others (122, 122a). Thus, surgery is usually reserved for 
patients with recurrent episodes of pneumonia in a localized area of lung with 
no obvious bronchiectasis elsewhere and for the occasional patient with life
threatening hemoptysis. 
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Table 19 

Medical Therapy for Bronchiectasis 

Antimicrobials 
Chest physical therapy 
Bronchodilators 

Medical therapy for bronchiectas i s include~ antimicrobials , chest physical 
. therapy and bronchodilators . As previously indicated, the usual organisms 

implicated during exacerbations of symptoms include St r ept ococcus pneumoniae ~ 
Hemophi lus influenzae~ Streptococcus pyogenes and Staphylococcus aureus ; 
Hemophi lus is felt to be particularly important (105, 123). A recent study 
utilizing transtracheal aspiration in 11 patients indicated the additional 
presence of gram negative bacilli in pure culture in 4 patients and anaerobic 
organisms in 2 (124). 

In addition to the morbidity caused by acute exacerbations of infection, 
there is evidence that repeated infections lead to functional deterioration 
(105). Thus, it is the recommendation of most authorities that antimicrobials 
be administered during acute exacerba t ions of increased purulent sputum pro 
duction as well as during overt episodes of pneumonia (8, 17 , 25, 84) . The 
salutary results of medical therapy reported in Table 18 were achieved with 
such a regimen (83) . However, a therapeutic trial of prolonged antibiotic 
treatment of severe bronchiectasis by the British Medical Research Council 
suggested that more protracted use of antimicrobials might be of benefit in 
some patients (125) . 

Table 20 

Clinical Features of 122 Patients with Bronchiectasis in a 
Prolonged Antibiotic Treatment Trial 

1. Average age 33 years with range 15- 55 years . 
2. Bronchiectasis of at least two bronchopulmonary 

segments . 
3. At leas t 75 ml sputum production daily . 
4 . Average duration of symptoms 20 years with none 

less than 2 years . 

British Medical Res earch Counci l: Br i t . Med . J . 2:255 , 1957 

The clinical features of 122 patients entered in this prolonged antibiotic 
treatment trial are indicated in Table 20 . The patients were mostly young 
adults with an average age of 33 years but with a range of 15 -55 years. 
Bronchiectasis was demonstrated bronchographically in at least 2 bronchopulmonary 
segments. Each patient had at least 75 ml of sputum production daily. The 
average duration of symptoms was 20 years with none less than 2 years. Thus, 
these patients had clinically severe disease . 
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Table 21 

Results of a One Year Antibiotic Treatment Trial 
in Patients with Bronchiectasis 

Deaths 
Defaulters 
No. pts. completing trial 
Decrease in sputum volume 
Change in % with severe cough 
Hemoptysis during treatment 
Bedfast illness/year 
Lost work days/year 

Penicillin 

1 
2 

38 
74% 

40 to 20 
69% 
2.95% 
3.7% 

Oxytetracycline 

1 
4 

44 
64% 

34 to 10 
40% 
0.84% 
5.7% 

British Medical Research Council: Brit. Med. J. ~:255, 1957 

Lactose 

1 
4 

40 
76% 

37 to 25 
61% 
3.45% 
8.2% 

The results during 1 year of antibiotic treatment are indicated in Table 
21 . The patients were randomized in a double - blind manner to take a half a 
gram of penicillin, oxytetracycline or lactose 4 times a day on 2 non-consecutive 
days a week. Randomization resulted in essentially similar groups of patients. 
Each group had one death and a small number of defaulters leaving the number 
of patients completing the trial roughly comparable. The results suggested 
that there is a modest advantage to giving tetracycline by this regimen. 
The patients receiving this agent faired somewhat better than those receiving 
the placebo in every clinical parameter assessed. Little toxicity was observed, 
and resistant organsims did not emerge. No statistical analysis was performed 
by the investigators, and the method of presentation does not allow one to 
retrospectively perform such an analysis. Although this study could hardly be 
considered definitive, it suggests that long term antimicrobial therapy might 
be beneficial in patients with serious incapacity. Ampicillin, trimethoprim
sulfamethoxazole and amoxicillin have all also been suggested for acute 
exacerbations and for chronic prophylaxis (126-128). 

This study also indicated that patie~ts treated with placebo improved in 
some parameters. More frequ~nt patient visits leading to a more faithful 
adherence to the prescribed chest physical therapy was the reason given for 
this improvement. 
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Table 22 

Effect of Chest Physical Therapy on Patients Producing 
Large Daily Volumes of Sputum 

Study Diseases 

Lorin and Denning Cystic fibrosis 

Tecklin and Holsclaw Cystic fibrosis 

Wong, et al .* Cystic fibrosis 

Cochrane, et al. Bronchiectasis, cystic 
fibrosis 

Bateman, et al. COPD 

Feldman, et al. Cystic fibrosis , 
chronic bronchitis 

* CPT was postural drainage alone 

Improvement 

2-fold increase in 
sputum over cough alone 

Increase in peak 
expiratory flow 

Increased tracheal 
mucus clearance 
Increased airways conductance 
by 18% in 74% of patients 
Improved central and 
peripheral airways clearance 
Increased maximal flows at 
50 and 25% of FVC 

As recently summarized by Rochester and Goldberg (129), chest physical 
therapy has been shown to improve lung function in patients who produce a 
large amount of sputum daily (130-135). The definition of a large volume of 
sputum is an excess of 30 ml per day . Chest phys i cal therapy included postural 
drainage and either vibration or percussion in each of the studies except that 
of Wong and his colleagues (132) who used only postural drainage. The improve
ments noted included an increase in sputum production per unit time, an 
increased mucus clearance by radioactive aerosol techniques , and improvement 
in lung function. On the other hand , in patients who do not produce at least 
30 ml of sputum per da'Y there are no beneficial effects (129) . These studies 
support the use of che5t physical therapy in patients with bronchiectasis and 
large volumes of sputum. However , one must agree with the summary by Murray 
(136) that no study has clearly demonstrated a beneficial effect of chest 
physical therapy on the natural history of di sease . 

It has already been indicated that a significant fraction of patients 
with bronchiectasis have partially reversible airways obstruction when treated 
with inhaled or systemic bronchodilators (101) . A separate rationale for the 
use of these drugs in patients with bronchiectasis is an augmentation of 
mucocilary clearance. It has been shown that patients with chronic bronchitis 
(137 -139 ) bronchiectasis (140) or cystic fibrosis (141, 142) have a defect in 
mucocilary transport. mechanisms so that particles are cleared from the 
tracheobronchial tree at a less rapid rate than normal . It has also been 
demonstrated in patients with chronic bronchitis (139 , 143) and in patients 
with cystic fibrosis (139) that the administration of a beta agonist drug 
improves mucocilary airway clearance . Although no study has assessed clinical 
improvement from this phenomon, the use of bronchodilator agents seems rational 
in patients with bronchiectasis . 
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Table 23 

Genetic or Congenital Lesions Associated 
with Bronchiectasis 

Cystic fibrosis 
Young 1 s syndrome 
Immotile cilia syndrome 
Tracheobronchomegaly 
Deficiency of bronchial cartilage 
ol 1 antitrypsin deficiency 
Yellow nail syndrome 

To this point I have described bronchiectasis as it occurs in persons 
without other demonstrable defects, with the exception of those with immunoglobulin 
deficiency. There are, however, a number of genetic or congenital lesions 
which are associated with the ultimate development of bronchiectasis; these 
are indicated in Table 23. In some of these patients the bronchiectasis is 
likely to produce more devasting pulmonary disease than that described previously, 
and in others the disease is likely to be less severe. I shall briefly describe 
these syndromes. 
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The most common genetic disease associated with bronchiectasis is cystic 
fibrosis . CF occurs in approximately 1 in 2,000 white births, approximately 1 
in 17,000 black births, and in 1 in 90,000 births among full-blooded orientals 
(144). There are estimated to be over 30,000 patients with cystic fibrosis in 
the United States today (145) . As indicated in Figure 5, the improved therapy 
of these patients has resulted in the median survival of this disorder increasing 
from less than 2 years old in the 1940's to more than 20 years old today. There 
are at least 1,500 adult patients with CF in the United States, and it has 
been estimated that the equilibrium population of adults will be 54,000 (146). 
There is not sufficient time to review cystic fibrosis in its entirety, so 
I shall only indicate some of the features of the pulmonary disease in adults 
that differ from the usual forms of bronchiectasis. 

Table 24 

Respiratory Manifestations of Cystic Fibrosis 
in Adolescents and Adults 

Total Pulmonary Pneuma-
Series Age Patients Disease Hemoptysis (No.) thorax 

(yrs.) (No.) (No.) Minor Massive (No.) 

Shwachman, et al. ~25 70 70 53 7 8 
Mitchell-Higgs, 

~14 45 44 28 0 8 et a 1. 
di Sant' Agn ese and 

~18 75 71 32 7 15 Davis 
Total 190 185 113 14 31 
Percent 100 97 60 7 16 

Three recent series have reported the respiratory manifestation of cystic 
fibrosis in adolescents and adults (147 -149 ) . About 20 percent of patients 
are not diagnosed until after the age of 15 years. Nevertheless, pulmonary 
disease dominates the clinical picture of adult patients with CF. Ninety 
seven percent of CF patients in these series had pulmonary i nvolvement, and 
mortality was always secondary to respiratory failure . The small number of 
patients over age 18 without pulmonary disease emphasizes that the onset may 

Nasal 
Polyps 
(No.) 

34 

13 

44 

91 
48 

be late, but experience indicates that all will eventually develop lung disease. 
Minor episodes of hemoptysis are more common in CF than in the usual bron 
chiectasis. Although most episodes of massive hemoptysis can be managed 
medically, it is a serious complication. The mean age of onset in these 
series was 18.8 years, and mean survival from the initial episode was 3.3 
years. Pneumothorax occurs in a significant number of adults with cystic 
fibrosis in contradistinction to children with CF and the usual bronchiectasis 
at any age. The time of first episode averages a little over 20 years, and in 
half of the patients pneumothorax is recurrent. Management of an episode is 
similar to that of patients with COPD, but the high incidence of recurrence 
argues for early pleurodesis. The mean survival of patients from the initial 
episode is a little over 3 years. In adult patients sinusitis is practically 
universal, although symptoms are not troublesome and respond to the antibiotic 
therapy given for pulmonary disease. Nasal polyps are surprisingly common in 
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adults. They are often recurrent and may require surgical removal. However, 
the prevalence of allergy in patients with CF is not greater than in the 
general population. Although not indicated in this table, cardiac catheterization 
and echo cardiographic studies (1 50-152) indicate that cor pulmonale is present 
in virtually all adult patients with serious pulmonary disease. Nevertheless, 
overt cardiac decompensation is unusual. 

Table 25 

Differences in the Pulmonary Manifestations of Cystic 
Fibrosis Compared to the Usual Bronchiectasis 

Radiographic manifestations are predominately 
upper lobe in 70 percent. Mucus plugging 
occurs in a third and lobar atelectasis in a 
quarter. 

Hyperinflation with large RV's, FRC's and 
TLC's is almost always present. 

Dig ital clubbing is almost universal. 

Staphylococcus aureus is the predominant 
organism in sputum early in the course. 
It is gradually supplanted by Pseudomonas 
aeruginosa which is frequently a mucoid 
strain. 

As previously indicated, the usual form of bronchiectasis is predominately 
a lower lobe disease and radiographic changes therefore are most marked in 
basilar regions. In contradistinction, CF is predominately an upper lobe 
disease and occurs in this location in at least 70 percent of cases (153) . 
The most common changes are described as increased interstitial markings, but 
it has been emphasized that these are thickened bronchial walls. The more 
definitive cystic air spaces develop ·in about 50 percent (148 , 153). Mucus 
plugging, mucoid impaction or pus-fill bronchi are seen in about a third of 
patients, and lobar atelectasis develops in about a quarter. The right upper 
lobe is the most frequent area of atelectasis, and the volume loss tends to be 
a permanent change. Hyperinflation is usually present radiographically. This 
finding may be diffuse, but frequently it is only in lower lobes due to the 
upper lobe atelectasis . Pulmonary function tests reveal hyperinflation more 
commonly than in patients with the usual bronchiectasis. In one series of 40 
adult patients with CF the mean residual volume was 288 percent of predicted, 
functional residual capacity 160 percent and total lung capacity 125 percent 
(154) . Digital clubbing is almost universal in patients with CF, while this 
physical finding has almost disappeared among patients with usual bronchiectasis . 
Staphylococcus aureus is the predominate organism in the sputum early in 
the course of patients with CF . With time it is gradua.lly supplanted by 
Pseudomonas aeruginosa which is frequently a mucoid strain. By the time 
serious lung disease exists, virtually all patients are colonized with pseudomonas 
and occasionally other gram negative bacilli. Progressive deterioration is 
the rule after colonization, and patients usually have deterioration of lung 
function following each episode of overt pneumonia. The therapy of patients 
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with CF is similar to that of patients with the usual form of bronchiectasis. 
Antibiotics are of critical importance, and the selection of these agents 
should be made on the basis of sputum culture and sensitivity. Frequently, 
both antistaphylococcal and antipseudomonas agents are necessary. Although 
some CF centers give continuous antibiotic therapy (155), it is not clear that 
the rate of decline of pulmonary function is slowed or that life is prolonged 
by this regimen . In some clinics, patients are treated intermittently with 
antibiotics even if there is no subjective or objective deterioration. In 
other clinics, only exacerbations are treated . 

For comparison with the other syndromes of bronchiectasis related to 
genetic defects , it should be noted that 95 percent of adult GF men are 
infertile. Their ejaculates are low in volume, pH, and fructose and are 
without sperm (156). These findings indicate an obstructive etiology. Patho
logically there is asymmetric obstruction of an underdeveloped epididymis, the 
proximal one-third of the vas and the ejaculatory ducts . 

Table 26 

Characteristics of Men with Young•s Syndrome 

Chronic sinopulmonary infections 
Bronchiectasis 93 Percent 
Sinusitis 62 Percent 

Obstructive azoospermia due to inspissated 
secretions in the epididymides 

Normal testicular function 

Normal spermatozoa 

Hendry , et al .: Br. J. Ural . 50:598, 1978 
Handelsman , et al.: N. Engl. J. Med. 310:3, 1984 

In 1970 in a report of the surgical treatment of male infertility Young 
described 28 men with azoospermia and lung defects, 10 of whom were diagnosed 
as having bronchiectasis (157) . However, Young•s syndrome was not clearly 
defined until the reports of Hendry and his colleagues in 1978 and 1981 (158, 
159). Despite its recent recognition, it has been estimated from the files of 
a male fertility clinic that it is more common than cystic fibrosis or the 
immotile cilia syndrome (160). Considering the method by which these estimates 
were made, it is not likely that it can be stated that it is more common than 
cystic fibrosis, but the data suggest that it may be more common than the 
better recognized immotile cilia syndrome. 

In excess of 90 percent of these men report a history of recurrent cough 
and sputum production which characteristically begins in early childhood and 
is associated with frequent infecti ons and loss of school time. Usually a 
symptomatic improvement is noted after adolescence, and there is little work 
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loss due to infections in adult life. On examination in either childhood or 
adult life, however, bronchiectasis can be demonstrated. Typically the lesion 
is not severe, leads to little incapacity and to minimal derangement of pulmonary 
functions. Standard chest radiographs are abnormal in about 40 percent of 
cases. Over 60 percent of patients also report symptoms of chronic sinusitis 
with onset in early childhood that is likewise not incapacitating. 

On physical examination the testicular volume may be marginally reduced. 
The epididymides are not indurated or tender but are frequently palbably 
enlarged or cystic in the region of the caput. The scrotal vas deferentia 
are normal to palpation. At the time of surgery the epididymal heads are 
dilated bilaterally and contain abundant spermatozoa on puncture. The middle 
region of the epididymides is filled with an amophous, yellow material, but no 
sperm are present at that level or below . The vas deferentia are normal. 
There is no evidence of chronic infection . All tests of testicular function 
are normal, and sperm antibodies are not present. Spermatozoa obtained at 
time of operation are apparently normal, and electron microscopy of bronchial 
mucosa and sperm reveal no ciliary or sperm tail abnormalities. Measurements 
of sweat chloride and serum immunoglobulins are also normal. 

A few men with Young 1 s syndrome have fathered children before developing 
infertility with confirmation of paternity by genotyping. Thus, it is thought 
that intraluminal obstruction may not become complete until years after puberty. 
At the time of presentation the appearance of the mid epididymal lesions of 
Young 1 s syndrome are consistent with progressive obstruction by inspissated 
secretions. In a few instances this has been relieved by micro surgery. 

The relationship between the sinopulmonary and testicular disease in 
these men with this newly recognized syndrome is not known. However, it is 
clear that the genesis is not abnormal cilia. 

Table 27 

Kartagener 1 S Syndrome 

Sinusitis 
Bronchiectasis 
Situs inversus 

In 1933 Kartagener (161) described 11 patients with sinusitis, bron
chiectasis and situs inversus, and his name has subsequently been linked with 
these findings. Approximately 10 percent of all individuals with transposition 
of the viscera also have the respiratory lesions (162). In 1960 4 men with 
Kartagener 1 S syndrome were noted to be infertile, and the one ejaculate studied 
had 91 percent immobile spermatozoa (163). By 1962 Kartagener was able 
to collect 334 cases of the syndrome from the literature (164). The bron
chiectatic airways have the histological appearance of follicular bronchiectasis 
(165) and are frequently localized to a few airways with the majority of 
bronchi demonstrating only chronic bronchitis. Perhaps for this reason patients 
with Kartagener 1

S syndrome frequently have relatively little disability, and 
survival beyond age 72 has been reported (166). Progressive understanding of 
human cilia (167), however, ultimately indicated that Kartagener 1 S triad 
represents only part of a syndrome due to immotile cilia. 
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Table 28 

Clin ical Manifestations 'of 21 Patients with the 
Immotile Cilia Syndrome 

Symptom 

Productive cough 
Sinusitis 
Otitis 
Situs inversus 
Bronchiectasis 
Nasal polyps 
Digital clubbing 

Turner, et al.: 

Present 

100 % 
100 % 
100 % 
48 % 
29 % 
19 % 
19 % 

Pediatrics ~:805, 1981 

The immotile cilia syndrome, the clinical manifestation of which are 
presented in Table 28 (168), was originally described by Afzelius and his 
colleagues in 1975 (169). These investigators, who are reproductive physio
logists, reported 2 brothers who were infertile due to immotile spermatozoa. 
An abnormality of the tail of the sperm was demonstrated by electron microscopy. 
It was noted that the brothers each had chronic bronchitis and sinusitis and 
that one had otitis media, bronchiectasis and situs inversus. Although 
respiratory cilia were not studied, it was suspected that they would be abnormal 
owing to the similarities in structure between cilia and the tail of sperm. 
This group (170-178) and others (179-187) have subsequently defined the syndrome 
and the ciliary lesions leading to it more precisely. 

Patients have a chronic productive cough, sinusitis and otitis media. 
The ineffectiveness of the cilia of the nasal cavity, paranasal sinuses, 
middle ear and respiratory tract lead to repeated infections which are the 
cause of these symptoms. About half of the patients have situs inversus . 
Afzelius has suggested that embryonic cilia cause the normal embryo to bend 
into a right - handed helical twist, shifting the heart to the left. When there 
is no ciliary action, chance alone determines whether the embryo will make a 
left twist (to situs inversus) or a right twist. The productive cough experienced 
by these patients is due to bronchiectasis in about 30 percent while the 
remainder have chronic bronchitis; In either event , respiratory function is 
not seriously deranged , and the prognosis is quite good (168, 188-190). In 
association with rhinitis about a fifth of patients develop nasal polyps. In 
this series, the incidence of digital clubbing was also surprisingly high. 

Although not indicated in this table, almost 100 percent of men with the 
immotile cilia syndrome are sterile. Their ejaculates contain a normal number 
of viable sperm, but they are immotile due to structural abnormalities in 
their tails. There is only one reported man with recurrent episodes of sinusitis, 
bronchiectasis and otitis media , and with situs inversus and defects in respiratory 
cilia motility who had normally motil e sperm (191). There is also reduced 
fertility in women, because cilia are helpful in moving the ova through the 
ovaduct. 
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Figure 6 

Normal Cilia and Spermatozoa Axoneme 

SPOKE 
NEXIN LINK 

DYNEIN ARM 

Eliassen, et al .: N. Engl. J. Med. 297:1, 1977 

Figure 6 is a diagrammatic representation of the ultrastructure of normal 
cilia and spermatozoa, the functional component of which is referred to as the 
axoneme. There is a symmetrical arrangement of a ring of 9 outer doublet 
microtubules and 2 central single tubules. Inner and outer dynein arms are 
associated with the outer doublet microtubules. These arms contain ATPase and 
are thought to be responsible for ciliary movement. Nexin arms connect each 
doublet, and radial spoke linkages connect the outer doublets with the central 
microtubules. The entire axoneme is surrounded by a fibrous sheath. Although 
cilia may be damaged by infection or other injury (177), specific congenital 
defects are noted in this structure in approximately 1 of every 20,000 persons, 
(192), and are thought to be inherited in an autosomal recessive manner. The 
most common abnormality is a lack of dynein arms. However, some patients 
have defective ciliary spokes (176, 183, 185), only one dynein arm per doublet 
(176, 193), replication or transposition of microtubules (185, 187) or a 
general disorientation of cilia (178 , 184). The particular type of defect 
observed does not affect the lack of ciliary function or the clinical course 
(193). Some effected persons have cilia that display erratic movement, and 
this has led some investigators to suggest the term dyskinetic cilia syndrome 
(194, 195). However, even if these defective cilia move, they do not bring 
about a transport of mucous, and there seems to be little reason to change the 
widely accepted term "the immotile-cilia syndrome". It has also been reported 
that movement of polymorphonuclear leukocytes may be abnormal in patients with 
this syndrome (196 -198 ), but this observation has not been confirmed (199). 
Thus, it appears that congenitally defective cilia alone account for this 
syndrome. 
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Table 29 

Features of Patients with Tracheobronchomega ly 
(The Moun ier-Kuhn Syndrome) 

Approximately 65 cases reported. 

Radiographic tracheal width 30-45 mm in 
adult men (normal 15-22 mm) with 
proportionate enlargement of cartilagenous 
and membranous areas . 

Approximately 12 times more common in men . 

Fifty percent of patients have the onset 
of symptoms over 30 years of age. 

The clinical features are those of 
bronchiectasis . 

There are two congenital defects of cartilage which lead to bronchiectasis . 
The first is tracheobronchomegaly which was first reported in 1932 by 
Mounier -Kuhn (200) . Ap proximately 65 cases of this lesion have now been 
reported . Patients have very large tracheas and main stem bronchi, while 
distal airways are normal in diameter (201 -208) . Both postero-anterior and 
lateral radiographs of the chest demonstrate the tracheal width to be 30-45 mm 
i n adult men ; the normal width is 15-22 mm . There is a proportionate enlarge
ment of both the cartilagenous and membranous areas. Additionally, diverticulae 
of th~ trachea are present in about one-third of cases. These out pouchings 
are wide -mouthed, vary markedly in size and number and arise predominately 
from the right posterior wall. The Mounier- Kuhn syndrome is approximately 12 
times more common in men than women. The lesion is thought to be a congenital 
connective tissue disorder with a defect of cartilage, elastic and muscle 
tissue of the trachea and main bronchi. However, 50 percent of patients have 
the onset of symptoms over 30 years of age causing the congenital nature of 
the lesion to be questioned. The clinical features are those of bronchiectasis 
with cough, purulent sputum production and recurrent attacks of pneumonia. 
The bronchiectasis is thought to result from collapse of the ectactic trachea 
during coughing leading to an inabili_ty to clear infected secretions. 
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Table 30 

Features of Patients with a Deficiency of Bronchial Cartilage 
(The Williams-Campbell Syndrome) 

Approximately 25 cases reported. 

Radiographic hyperinflation, dilated air-filled bronchi 
and segmental or lobar atelectasis. Ballooning on 
inspiration and collapse on expiration of bronchi from 
the 3rd or 4th to the 7th or 8th generations seen on 
bronchography. 

Approximately equal sex distribution . 

Onset of symptoms in infancy or childhood. 

The clinical features are those of bronchiectasis and 
excessive wheezing. 

The other cause of bronchiectasis related to a congenital defect of 
cartilage is termed The Williams-Campbell syndrome. This lesion, which has 
been reported in approximately 25 cases (209-212), is due to a congenital, 
wide-spread absence of cartilage of bronchi beyond segmental bronchi. 
Radiographic examination of the lung demonstrates hyperinflation, dilated air
filled bronchi and frequently segmental or lobar atelectasis . The diagnosis 
is confirmed by bronchography, which demonstrates characteristic ballooning 
on inspiration and collapse on expiration of bronchi from the 3rd or 4th to 
the 7th or 8th generations . Pulmonary function studies corroborate hyper
inflation and marked airways obstruction due to bronchial collapse. The 
syndrome is approximately equal in sex distribution . The onset of symptoms 
are in infancy or childhood. The clinical features are those of bronchiectasis 
with recurrent pulmonary infections and chronic cough with purulent sputum 
production. Wheezing and dyspnea are more common than in other forms of 
bronchiectasis and may lead to an erroneous diagnosis of asthma. The clinical 
course shows considerable variability with patients exhibiting early rapid 
deterioration (209, 211), a stabilization and improvement with increasing age 
(210) or gradual deterioration (212) . The diagnosis may be made at autopsy by 
the wide-spread nature of the cartilage defi~iency even in areas not affected 
by bronchiectasis. 
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Table 31 

Associat ions Between Alpha 1-Antitrypsin Deficiency 
and Bronchiectasis 

Alpha 1-antitrypsin inhibits a broad spectrum 
of proteolytic enzymes including PMN elastase 
and neutral protease which destroy human 
pulmonary tissue in vitro. 

Alpha 1-antitrypsin concentration is determined 
by a series of co-dominant alleles called the 
protease inhibitor (Pi) system. Pi MM is the 
most common and causes normal AAT levels. Most 
disease is associated with Pi ZZ, a few with SZ, 
SS or PZ. 

Familial emphysema and familial infantile 
cirrhosis are the major diseases caused by a 
deficient AAT concentration. 

At least 6 cases of bronchiectasis are reported 
in AAT deficient patients. 

Associations between alpha 1-antitrypsin deficiency and bronchiectasis 
have also been reported . Alpha 1-antitrypsin inhibits a broad spectrum of 
proteolytic enzymes including two polymorphonuclear leukocyte enzymes, elastase 
and a neutral protease, which have been shown to destroy human pulmonary 
tissue in vitro. The major protective function of alpha 1 -antitrypsin in 
humans is currently thought to be related to the ability to inhibit these two 
granulocyte enzymes (213). The alpha 1 -antitrypsin concentration in serum and 
tissues is determined by a series of co-dominant alleles called the protease 
inhibitor or Pi system. This system comprises at least 24 different alleles 
which can be distinguished by a variety of methods (213, 214). Pi type MM is 
found in most individuals and is associated with normal concentrations of 
alpha 1 -antitrypsin. Mos t diseases are associated with Pi ZZ with serum con
centrations of alpha 1 -antitrypsin 10 to 15 percent of normal. The most common 
of these diseases are familial emphysema which usually has its onset in the 
4th and 5th decades of life and familial infantile cirrhosis with onset in 
infancy. However, at least 6 cases of bronchiectasis have been associated 
with low serum concentrations of alpha 1-antitrypsin (215-219). Two patients 
had symptoms of bronchiectasis from childhood, one beginning at 3 months of 
age, while the remainder had the onset as adolescents or adults. Two individuals 
were shown to have a Pi MZ genotype and one Pi ZZ. These findings led other 
investigators (220) to screen 60 patients with bronchiectasis for alpha 1 -
antitrypsin deficiency. Ten percent were found to have a Pi MZ genotype which 
was statistically greater than amor.g a control population. The alpha 1 -
antitrypsin serum levels in these patients were less than 66 percent of normal. 
In a separate study (218) the sera of 23 alpha 1-antitrypsin deficient patients 
were screened for IgA, and levels were normal in all instances . However, when 
15 patients with IgA deficiency were screened, 3 were found to have abnormal 
proteinase inhibitor genotyping, 1 each showing Pi ZZ, Pi MS and Pi MZ. 
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Alpha 1 -antitrypsin levels of sera were not performed. Thus, there is a 
suggestive association between alpha 1-antitrypsin deficiency and bronchiectasis 
and between alpha 1-antitrypsin deficiency and IgA deficiency. The importance 
of these observations has not been investigated further. 

Table 32 

Clinical Manifestations of 50 Patients With 
The Yellow Nail Syndrome 

Abnormal it~ No . Pts . Percent 

Yell ow nail s 43 86 
Lymphedema 37 74 
Pleural effusions 19 38 
Bronchiectasis 16 32 
Sinus infections 10 20 

The final type of association between congenital disease and bronchiectasis 
is the yellow nail snydrome. There have been at least 50 patients with this 
syndrome since it was first reported in 1964 (221 -228). The clinical mani
festations are indicated in Table 32. The cardinal abnormalities are deformed 
and discolored nails, primary lymphedema and pleural effusions, although not 
every patient has all three features . Approximately 75 percent of patients 
are women. The earliest age at which nail changes have been noted was 10 
years and the latest 65 with the majority in middle age. Nails are thickened, 
extremely slow-growing, excessively curved from side to side and prone to 
onycholysis. The color varies from a pale yellow to pale green and usually 
involves the entire nail. The lymphedema is nonpitting, frequently follows 
an infectious episode, and is usually in the lower extremities, although it 
may occur in the arms or face . Pleural effusjons may be bilat~ral or unilateral 
on either side . The effusions vary from small to massive, and the rate of 
reaccummulation of fluid after thoracentesis ranges from a few days to several 
months. The fluid has the typical findings of an exudate and is not chylous 
or hemorragic. Bronchiectasis and sinus infections cause their usual signs 
and symptoms which are usually relatively mild. Any of the primary abnor
malities may be the first to become manifest with others appearing from months 
to several years later. Nail changes are the most frequent initial findings. 

The cause of the syndrome is thought to be congenital hypoplasia of 
the lymphatic system, and lymphatic abnormalities are routinely found if 
lymphangiography is performed (221, 228) . Indeed, hypoplastic lymphatics may 
be found by lymphangiography in nonadematous areas of the body (221 ) . The 
nail changes and pleural effusions are also thought to be related to poor 
lymphatic drainage. The cause of the bronchiectasis and recurrent sinus 
infections are totally unknown. 
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SUMMARY 

In summary, bronchiectasis is a pulmonary disorder in which there is 
dilatation of one or more bronchi which leads to a characteristic clinical 
syndrome. The bronchi may be distorted in a cylindrical, varicose or saccular 
manner. Cylindrical changes may revert to normal, especially followi~g an 
episode of pneumonia. However, most cylindrical and all varicose and saccular 
changes are irreversible . The clinical syndrome produced by each is similar, 
and there is no convincing evidence that the etiologies of the three lesions 
differ. There is a destruction of distal airways so that they do not communicate 
with alveoli. The air spaces usually ventilated by these bronchi, however, 
are ventilated by collateral gas flow from alveoli with uninvolved airways. 
The great majority of cases of bronchiectasis are caused by infection which 
may be due to either viral or bacterial agents. Obstruction of airways during 
infection may also be important in the genesis. There has been a marked 
decrease in bronchiectasis since the advent of antimicrobial agents, but it 
still remains a relatively common condition. Bronchiectasis occurs in about 
50 percent of persons with immunoglobulin deficiencies, and it may occur after 
some toxic exposures. 

The majority of cases have the onset of symptoms after an overt pulmonary 
infection. The most suggestive symptoms are chronic cough with purulent 
sputum production. The purulence of the sputum differentiates this lesion 
from chronic bronchitis which causes mucoid sputum. Many patients have 
recurrent episodes of pneumonia localized to the area of bronchiectasis. 
Sinusitis is common, and 30 to 50 percent of adult patients experience 
hemoptysis during the course of their illness. Dyspnea on exertion may be 
present if the disease is wide- spread. The most frequent physical findings 
are rales localized to the area of bronchiectasis and present at the same 
sites on repeated examination . Some patients have chronic or recurrent 
wheezing, and a few patients demonstrate clubbing. Laboratory data are not 
helpful for diagnosis , but a high fraction of patients have an elevation of 
one or more immunoglobulin. About half demonstrate rheumatoid factor and 
perhaps 15 percent develop an autoimmune disease . The radiological manifestations 
include an increased size and loss of definition of bronchopulmonary markings, 
evidence of volume loss in the effected area, a honeycomb pattern, pleural 
changes and cystic spaces. Mo st patients may be correctly diagnosed by typical 
clinical and radiographic findings, and bronchograms are indicated only if 
surgery is contemplated . The patients have an obstructive lung defect 
especially in small airways. In contradistinction to COPD, there is little 
hyperinflation . 

The long term results of medical management is as satisfactory as treat
ment with surgery and medical therapy. Lung resection, therefore, is reserved 
for the few patients who have localized disease with recurrent episodes of 
pneumonia in the same bronchopulmonary segment and for patients with massive 
hemoptysis. The major feature of medical therapy is the use of antimicrobials 
during acute exacerbations of increased purulent sputum production as well as 
during overt episodes of pneumonia. There is suggestive evidence that prolonged 
antibiotic treatment may be of benefit to some patients . Chest physical 
therapy with postural drainage and percussion is indicated in persons who 
produce large volumes of sputum , and bronchodilators may be helpful in some 
patients. 



- 37 -

There are several genetic or congenital lesions assocfated with bronchiectasis. 
In cystic fibrosis , tracheobronchomegaly, deficiency of bronchial cartilage and 
alpha 1-antitrypsin deficiency the bronchiectasis is more severe than the usual 
form ~ In Young's syndrome, the immotile cilia syndrome and the yellow nail 
syndrome the bronchiectasis is relatively mild. 
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