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Apparent cavitation of intrapulmonary lesions is commonly observed radiographically. 
This review is centered upon the differential diagnosis of certain radiographic patterns; while 
this classification holds true for the classical presentations of a given disease it should be 
emphasized that wide areas of over-lap occur and any disease, notably tuberculosis and 
bronchogenic carcinoma, may produce a variety of radiographic abnormalities. 

Definition 

The term "cavity" refers to a non-anatomical space within the lung, usually at least 
partially air-filled, and surrounded by tissue of greater density. This definition does not 
stipulate any restrictions on the nature of the cavity wall; thus, lung cysts or bullae would 
be included as cavitary lesions. 

I. Conditions simulating tuberculosis 

Chronic diseases, with fibronodular infiltrates showing a predilection for the upper 
lobes, usually associated with single or multiple cavities. 

A. Tuberculosis 

The radiographic abnormalities which follow initial contact with the tubercle bacillus 
differ markedly from those associated with chronic disease. Primary tuberculosis is characterized 
by parenchymal consolidation due to an exudative inflammatory reaction which does not show a 
strong predilection for any particular region of the lungs. The localization of this tuberculous 
pneumonia is determined by the site of deposition of inhaled tubercle bacilli. Caseous necrosis 
of lung tissue and of the inflammatory exudate occurs after 3-8 weeks and coincides with the 
development of delayed skin hypersensitivity. Healing of such lesions is usually prompt and not 
associated with evident cavitation. Weber et al found cavities in only 1 of 83 well documented 
cases of primary tuberculosis in children (1). Hilar adenopathy occurs in most children with primary 
tuberculosis and in perhaps 40% of adults, although the primary nature of such infection in adults 
is more difficult to substantiate. 

Stead has estimated that direct progression from exudative primary infection to cavitary, 
fibre-caseous disease of the upper lobes occurs in 100/o of adults during this initial encounter with 
the tubercle bacillus (2). He has documented the appearance of fibre-cavitary disease of the 
upper lobes within 4 months of infection in an individual previously skin test negative with a 
normal chest radiograph. Whether or not temporally related to the pri~ry infection, chronic 
cavitary tuberculosis has a very consistent anatomical localization. Adler studied 423 patients 
with tomography and found predominent involvement of the apical or posterior segments of the 
upper lobes in 85% and in the superior segment of a lower lobe in 9,.5% (3). Cavitary disease 
limited to other lung segments strongly suggest nontuberculous disease. 

Radiographically the basic pulmonary lesions of tuberculosis (excluding miliary) may be 
classified as either exudative or fibroproductive; cavitation may occur in either. Exudative 
tuberculosis appears as any air-spoce pneumonia involving the lung segments described earlier 



and cannot be differentiated from other pneumonias radiographically. However, the fibre
productive lesions, which are discrete nodular or linear densities, are commonly present and 
point to the diagnosis. Tuberculous cavities develop when caseous materia I I i quifies and is 
drained endobronchially. Since such caseation is usually present at the center of tuberculous 
lesions the cavities appear to have thick walls, surrounding infiltrates, and rarely contain 
air-fluid levels. Tomography will reveal cavitation in at least 10% of patients in whom such 
cavitation is not suspected from the routine films (4). 

The discharge of caseous materia I into the bronchia I tree may result in the endobron
chial spread of disease with the appearance of so-called acinar densities in other lung segments. 
An acinar density is due to consolidation of a lung unit distal to a terminal bronchiole (5). 
Such units are less than 5 mm in diameter and typically are rosette shaped. The radiographic 
findings of a cavitary lesion 'plus acinar filling in a different lung segment is virtually patho
pneumonic of tuberculosis (6). Tuberculous cavities may rapidly enlarge and become thin
walled as a result of a valve-type bronchial obstruction due to tuberculous bronchitis (7). 
The resulting atelectasis in adjacent areas appear radiographically to represent extension of 
active disease. 

Active tuberculosis cannot be ruled out by a negative skin test to PPD-S. Recent reports 
have indicated that as many as 33% of patients with culturally proven disease may have reactions 
of 0-4 mm to 5 T. U. of PPD (8). This high frequency of negative reactions is in part due to 
adsorption of PPD onto glass and plastic syringe and vial surfaces with the consequent delivery 
of a markedly reduced amount of antigen into the skin (9). Cognizance of the rapidity of such 
adsorption has lead to the recommendation that, if tablet form PPD is used at all, it should be 
injected within 30 minutes of reconstitution (10). The problem of adsorption of antigen is 
largely eliminated with Tween-stabilized PPD (9) and biologically standardized, Tween
stabilized antigens have been made commercially available recently. However, tuberculin 
negativity may still be found in up to 17% of patients with active disease (8). Some of these 
tuberculin negative patients have infections with atypical mycobacteria and not M. tuberculosis 
(11). However, it is clear that a small percent of patients with active tuberculosis do not react 
to 5 T. U. of PPD. Conversely, approximately 20% of all adults in this area are PPD reactors, 
emphasizing the lack of diagnostic information obtained from the skin test. 

Identification of acid-fast bacilli in sputum smears provides a prompt diagnosis and 
a I lows the immediate institution of chemotherapy. However, the frequency of positive smears 
is directly related to the numbers of organisms present and the interest of the examiner. Fluo
rescent microscopy, using auramine-rhodamine stained smears, increases the sensitivity of the 
smear technique and is readily adapted to routine laboratory use (12). In field trials in India, 
fluorescent smears identified 15% more culture positive sputa than the same smears stained 
with the Ziehi-Nielson technique while only 2% of smears were fluorescence negative, Ziehi
Nielson positive (13). Fewer false positive smears with the fluorescent technique were also 
noted. 

Serologic identification of patients with active tuberculosis continues to be reported 
by a few investigators (14, 15). While circulating antibody probably plays little role in host 
resistance to tuberculosis, the presence of antibody has been demonstrated in 96% of 248 
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patients with culture positive disease, as compared to 2.5% of controls (15). These results 
suggest that the presence of circulating antibodies may serve to indicate the presence of 
active infection and could be a useful diagnostic maneuver in patients whose sputum smears 
are negative. 

B. Atypical mycobacterial infection 

Pulmonary infection due to Mycobacterium kansasii (photochromogens) is common 
in the Dallas area constituting 14% of new tuberculosis suspects hospitalized at Woodlawn 
Hospital {16). The radiographic findings in individual patients with these infections cannot 
be reliably differentiated from tuberculosis. When findings in groups of patients are compared 
however, certain features are found to be more characteristic of one process or the other. 
Pleural disease and calcification of old lesions are distinctly unusual in M. kansasii infections 
{16, 17). Cavitary lesions tend to have thinner walls and lesser surrounding parenchymal 
infiltration and there is radiographic evidence of endobronchial extension less often . Bilateral 
cavitary disease is present in as many as 22% of patients (16). 

Evidence of extrapulmonary disease due toM. kansasii is exceedingly uncommon (18); 
most of the few cases in which disseminated disease has occurred have had miliary processes 
without cavitary disease of the lungs (19). Skin testing with several mycobacterial antigens 
may be helpful in establishing a tentative diagnosis, but cultural confirmation of the causative 
organism is essential. Studies in guinea pigs experimentally sensitized with various mycobacterial 
species (20} and in children with clinical infections due to several different species (21) have 
shown that skin reactions are greatest to the homologous antigen. However, cross reactions are 
usually present and the differences between different antigens may be small. PPD-B (Battey 
bacillus, Runyon's Group Ill) is the only atypical antigen which has been extensively field 
tested, standardized, and made available by the Center for Disease Control. The CDC has 
analyzed the occurrence of tuberculosis among 625,000 Naval personnel who were tested with 
both PPD-S and PPD-B on induction into the service; skin test reactions were divided into <6mm, 
6-11 mm, and> 11 mm groups (22). (Table 1). 

Table 1. Tuberculosis Morbidity (per 100,000) 

PPD-S 5 12 mm 330 

PPD-S 6-11 mm 128 
PPD-B = PPD-S + 2 mm 17 
PPD-S = PPD-B + 2 mm 298 
PPD-S = PPD-B ± 2 mm 95 

PPD-S < 6 mm 25 
PPD-B > 11 mm 12 
PPD-B 0- 10 mm 26 
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Extrapolating from these findings to clinical situation, the CDC recommends that 
patients whose skin reactions to PPD-S exceed 12 mm be presumed to have tuberculosis; 
patients whose reaction to PPD-S is less than 12 mm, and whose PPD-B reaction exceeds 
PPD-S by 2 mm or more probably have atypical infections; patients in whom skin tests to 
PPD-S and PPD-B are similar and measure less than 12 mm should be presumed to have tuber
culous infection. It must be remembered, however, that cultural confirmation and antimi
crobial sensitivity studies are essential in the management of patients with lung disease due 
to mycobacteria. 

C. Fungal infection 

The increasing mobility of the general public suggests that cases of infection due to 
agents not endemic in the Dallas area will likely become more numerous. As with tuberculosis, 
primary infection with Histoplasma capsulatum and Coccidioides immitis differs markedly from 
the chronic forms of infection. Since both fungi are distributed with air-borne dust, the 
extent of infection radiographically depends in part on the number of organisms deposited in 
the lungs; cases associated with epidemic outbreaks, generally resulting from earth moving 
construction projects, frequently manifest multiple areas of lung involvement, suggesting that 
a large number of organisms had been inhaled (23). Milder infections or non-epidemic cases 
may show 'isolated areas of parenchymal consolidation. Hilar adenopathy is common, espe
cially in acute histoplasmosis, which serves as a distinguishing feature from viral or mycoplasma 
infection (24-26). The prognosis of acute histoplasmosis is obviously excellent, since, judging 
from the prevalence of skin test reactivity, over 30,000,000 people in the U.S. have experi
enced such infections (27). Similar lines of evidence have suggested that pulmonary cavitation 
occurs in 1 in 1000 persons recently infected with C. immitis (28, 29). 

However, chronic cavitary histoplasmosis is a serious disease with a 5 year mortality of 
at least 30% in untreated patients (30). Goodwin et al classified 176 cases of culturally proven 
histoplasmosis who required hospitalization (Table 2), (31). Within their group of 135 patients 
with chronic pulmonary disease, they attempted to separate slowly changing, late stage ill
nesses from more dynamic lesions which they felt were earlier stages of infection. Patholog
ically, the latter lesions were characterized by dense consolidation, usually sharply demarcated, 
and cavitation produced by ischemic necrosis secondary to vascular involvement. Cultures of 
sputum from these patients rarely revealed the causative organism except after incubation in 
mice in contrast to patients with the chronic form in which sputum cultures readily yield 
H. capsulatum. The key in differentiating the syndrome of 11early chronic histoplasmosis" 
from tuberculosis was the relatively rapidly changing radiographic appearance of the former 
disease. 
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Table 2. Clinical forms of histoplasm osis among hospitalized patients (28) 

Acute pulmonary 

Chronic pulmonary 
early 
in termed ia te 
late 

Combi ned w ith Tb 

O ther organ system 

Disseminated 

28 
31 
76 

Number of patients 

5 

135 

14 

11 

11 

176 

Cavitation due to histoplasmosis usually results from necrotizing pneumonia and hence 
is surrounded by air space consolidation and fibrosis resulting from healing lesions (32). In 
contrast, cavitation in coccidioidomycosis usually involves more circumscribed, nodular 
lesions, resulting in characteristic thin walled cavities with little surrounding infiltration 
(33). Chronic cavitary histoplasmosis predominately affects the same bronchopulmonary seg
ments as tuberculosi s but coccidioidomycosi s is more var ia ble; coccidiodomycosis cavities 
have been reported to be in the lower lobes in up to two-thirds of patients (29). 

Exami nation of sputum smears for histoplasmosis is gen erally unrevealing; in fact, in 
most reviews, the resul ts of smears are not even mentioned. However, positive direct 
smears have been noted in two-thirds of act ive cases, us ing Wright•s stained smears of sputum 
(34)o Immunofluorescence techniques have been described but are not widely used (35). 
Confusion of H. capsulatum with other organ isms, notably candida renders the diagnosis 
by smear qu ite uncerta in unless multiple 2-4 micron budding yeast cells can be demonstrable 
within photocytes. In contrast , the characteristic spherule of C. immitis can be occasionally 
identified in spu tum smea rs following clearing of the specimen with lOO/o KOH. Spherules 
range from 5 to 200 microns in diameter, have thick refractile walls, and contain numerous 
endospores ranging from 2 to 5 microns in diameter . Suggestive growth can usually be ob
tained with in 1-2 weeks in the laboratory; however , if cocc idioidomycosis is suspected 
clinically, the laboratory should be so alerted since maturing cultures of C. immitis are 
highly infectious if accidentally aerosolized . 

Immunolog ic tes ts in theory provide a means of rapid diagnosis of pulmonary mycoses. 
However, the frequenc y of positive skin tests as a manifestation of delayed hypersensitivity 
to the suspected agent approaches 70-80% among individuals who have resided in endemic 
areas. Additiona lly, it has been shown that skin testing with histoplasmosis may cause an 
increase in circ ula ting antibody, thus making c hanges in a ntibody titer impossible to evaluate 
(36, 37). Interesting ly, cocc ididioidin skin testing does not appear to influence circulating 
antibody titers (38). Further, the phenomenon of negative delayed hypersensitivity in the 
presence of disseminated disease is well known . Thus histoplasmin skin testing should be 
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avoided in the evaluation of an ill patient; coccidioidin testing may be useful to indicate 
past or present infection. 

Whil e circulating antibody prol::ably plays little role in host resistance to these infections, 
its concentration in serum is a useful guide to the presence of active infection. Some of the 
variety of serologic techniques devised to detect such antibody are listed in Table 3. 

Histoplasmosis 

Latex agglutination 
(tube, micro, slide) 

Complement fixation* 

Cocc idioidomz:cosis 

Precipitin 

Latex agglutination 

Complement fixation* 

Table 3. Selected serologic tests for anti-fungal 
antibody (39-45) 

Initially 
Positive 

1-3 weeks 

4 weeks 

2-4 weeks 

2-4 weeks 

5-8 weeks 

Duration 

6 months 

? years 

5-12 weeks 

6 months 

? years 

Significant 
Titer 

:> 1 :32 
:!:"1:16 

:> 1 :32 
(:!:"1:8) 

1 :2 

? 1:2 

1 :2 

Comments 

lgM; negative in chronic 
disease, positive with 
rheumatoid factor, pos
itive in 95-JD/o acutely 

Increased by skin test; 
lgG 

lgM 

As in Histo 

Mild infections may 
be negative, increasing 
titer means dissemination 

*Immunodiffusion techniques have been developed which are less difficult to perform, are 
probably more sens itive, and depending on technique, correlate with CF titers or agglutination/ 
precipitin titers . 

Cross reactions, especially with sera of patients with histoplasmosis or blastomycosis, 
and to a lesser extent with coccidioidomycosis, are common and the highest titer obtained 
may be with a cross-reacting antigen (39). Both histoplasmosis and coccidioidomycosis serol
ogies are most useful in management of patients with disseminated disease and may be negative 
in patients with only pulmonary involvement. Serologic results must be evaluated in the context 
of geography, clinical illness, and results of cultures. An interesting problem in differential 
diagnosis is the occurrence of coccidioidomycosis in individuals who have not traveled to an 
endem ic area; transmission of the organism via fomites transported across the country is the 
apparent mechanism in such cases (46, 47). 
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Pulmonary involvement by Blastomyces dermatiditis may take any form (48-50), but 
cavitary lesions may be present in 25% of patients and the disease may be indistinguishable 
radiographically from tuberculosis. Associated organ involvement is common with one-third 

· of patients having ulcerated or verrucous cutaneous lesions (51). Skin tests and serologic 
eva luation appears to offer little diagnostic aid with current antigens (51). However, 
B. dermatiditis is readily recovered in sputum smears and cultures from patients with lung 
involvement, and occasionally from patients without evident radiographic abnormalities (51). 
In KOH cleared smears, the fungus appears as a large (8-15 in diameter), thick walled yeast 
with a single bud attached with a wide base. 

The lung is probably the usual site of initial infection with Cryptococcus neoformans, 
although cases limited to the lungs are not frequently recognized. The fungus is widely 
distributed in nature, with pigeons representing a particular hazard. C. neoformans was 
isolated from excreta in 24 of 26 pigeon coops• samples in one study (52). It has been 
estimated that 5-15,000 clinical or sub-clinical cases of pulmonary cryptococcosis occur 
each year in New York City. Radiographically, pulmonary cryptococcosis does not char
acteristically resemble tuberculosis, but usually presents as a mass lesion or parenchymal 
consolidation (53, 54). Compared with other fungal infections, cavitation is uncommon, 
being reported in 16 of 107 cases reviewed by Campbell (55). Hilar adenopathy and pleural 
effusion are also uncommon. Most cases, including 62 of the cases reviewed by Campbell, 
and 13 of 13 cases reported from the Mayo Clinic (56) have been diagnosed following lung 
resection. 

A variety of serologic tests for cryptococcosis have been developed including detec 
tion of circulating fungal antigen by complement fixation or latex particle agglutination and 
anti-cryptococcal antibody by agglutination, hemagglutination, bentonite, and immuno
fluorescent techniques (57). The value of these tests in the preoperative diagnosis of pulmonary 
cryptococcosis is unclear. Skin testing with cryptococcal antigen has produced positive titers 
of circulating antibody by an immunofluorescent technique in 31% of previously negative 
subjects tested (57) and thus would not seem advisable in investigation of patients with possibly 
active infections. 

D. Pulmonary fibrosis with cavitation 

Davies reviewed 67 patients who had cavitary disease of the upper lobes in whom 
tubercle bacilli could not be demonstrated (58). Tuberculosis was considered the etiology in 
26 patients based on other considerations. In 4 patients ankylosing spondylitis was associated 
with fibrosis of the upper lobes, an association noted previously by others (59, 60). In 13 
patients, no etiologic factor for the fibrosis was apparent despite progressive disease in 8 
patients. However, aspergilloma and/or serum precipitins to aspergillus were more commonly 
found in these patients than among patients with documented tuberculous cavitation suggesting 
the possibility that this ubiquitous fungus played an etiologic role in some of these cases. 
Chronic pulmonary aspergillosis was diagnosed in 21 of 3227 (0.6%) patients with chronic 
pulmonary diseases who were admitted to sanatoria in the South Central U.S. in a prospective 
study, based on serum CF titers and isolation of the organism from sputum or tissue (61). 
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Whether these cases represent primary fungal infections or secondary invasion of damaged pul
monary tissue is unclear; the latter possibility seems more likely. 

Sarcoidosis is occasionally associated with cavitation radiographically. Scadding 
lists a) bacterial infection in the walls of emphysematous bullae, b) intercurrent pyogenic 
abscess, and c) necrosis of masses of hyaline fibrosis as the usual mechanisms of this finding, 
although he feels most thick-walled sarcoid cavities result from the latter mechanism (62). 
Such cavities are generally found only in association with extensive fibrosis and the walls 
may be composed of epithelioid cells initially (63) and later are lined only by fibrous tissue. 
Obviously, specific infectious etiologies of such cavitation occurring in sarcoidosis and other 
interstitial diseases need to be excluded with great care. 

E. Apical bullous disease 

Bullae occur most frequently at the apices and anterior surfaces of the lung. When 
the surround ing lung is involved with an inflammatory process, fluid levels develop in the 
bullae. Thus radiographically these patients demonstrate varying degrees of parenchymal 
consolidation and single, or more often, multiple cavities with fluid levels. This picture was 
occasionally observed in patients with tuberculosis and co-existing bullae (64). However, in 
other patients, no evidence for tuberculosis has been found despite the characteristically 
slow evoluti on of the process (65, 66). Radiographic differentiation from lung abscess may 
be difficult in some patients, but the illness associated with 11 infected bullae 11 is usually 
mild. Littl e or no information on the etiology of the presumed infection present in these 
patients has been reported. Previous radiographs revealing the presence of bullae are most 
he lpfu l in di fferential diagnosis. 

F. Chronic l::octerial infection 

A number of reports in the older I iterature described patients with chronic, slowly 
progressive cavitary pulmonary disease in whom tuberculosis could not be proven but klebsiella 
was repeatedly isolated from sputum or lung tissue (67). Since this syndrome of chronic kleb
sie lla pneumonia usually followed a more acute illness it seems likely that its virtual disappearance 
has been due to antim icrobia I therapy. 

Melioidosis is a chronic infection due to Pseudomonas pseudomallei which is endemic 
in Southeast Asia. Cavitary pulmonary disease is common and may be part of an acute illness 
or may present as a chronic debilitating infection (68-70). Cases have been reported years 
after return from endemic areas. The diagnosis is made by the identification of the causative 
orga nism in sputum cultures. However, the presence of a chronic pulmonary infection, with 
or wi thout cavitation, i.n a person who has served in Southeast Asia should raise a high index 
of. suspic ion . 

II. Conditions simulating lung abscess. 

Segmental or lol::or consolidation, occasionally multiple, with single or multiple areas 
of centra I ca vitation. 
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Ao Anaerobic lung abscess 

That both putrid and non-putrid lung abscesses virtually always contain anaerobic 
bacteria originating in the upper respiratory tract when appropriate bacteriologic techniques 
are employed has been known for 30 years (71-74). However, the role of these organisms 
in lung abscess has been reluctantly recognized in the literature. Several large series of 
patients with "simple lung abscess" have been reported recently (75-81); while a variety 
of aerobic l::acterial species were found, no anaerobes were isolated from these 551 patients, 
although several authors comment on their possible role. Most of the patients represented by 
these reports fit the classic description of lung abscess due to aspiration, as defined by Brock 
(82). Over half of the patients had some episode in which aspiration might have occurred. 
Poor dental hygiene was commonly reported. Seventy-five percent of abscesses involved the 
right lung, predominately the posterior and apical segments of the upper lobe and superior 
segment of the lower lobe. The chronicity of symptoms was striking; in one report 30% of 
patients had symptoms for one week or less (75), while the duration of symptoms exceeded 
four to eight weeks in over 50% of patients in the other series. 

The chest roentgenograms in these patients all revealed cavitary lesions; cavities in 
multiple lung segments were described in 11 patients; multiple fluid levels in the area of 
primary involvement were much more common. The cavity walls of these abscesses were 
described as thick early in the disease, with varying amounts of surrounding parenchymal 
consolidation, and became thinner and more defined with treatment or chronicity. Size of 
cavities ranged from less than 1 to nearly 15 em in diameter and fluid levels were usually 
present. Hilar adenopathy developed in 11 of 41 patients in one series (77), strongly 
suggesting coexisting carcinomas which were not found at thoracotomy. Hilar adenopathy 
was not reported in the other series. Pleural fluid was described in only 5 patients in the 
combined series. 

However, the clinical features of the patients above differ markedly from those of 
a group of patients reported by Finegold and his co-workers (83-85). These investigators have 
documented anaerobic infections in patients whose courses were characterized by an absence 
of a cause for aspiration, the presence of large areas of pneumonia consolidation with abscess 
formation, and a marked tendency for empyema formation, frequently with bronchopleural 
fistula. Due to the latter complication, the courses of many patients were prolonged and 
ultimately required surgical drainage. Like patients with aspiration lung abscess, these patients 
frequently had symptoms for weeks to months prior to diagnosis. While the source of lung infec
tion was hematogenous or transdiaphragmatic in a few patients, such routes were not apparent 
in most, suggesting that the anaerobes had been derived from the upper respiratory tract. 

It is not clear why this syndrome has been so seldom reported. However, since anaerobic 
infections are frequently accompanied by aerobic organisms, it seems likely that the presence 
of anaerobes has been overlooked and the etiology of the infection attributed to aerobic species. 
Further, since this syndrome does not correspond to the classic pattern of anaerobic lung abscess, 
it seems likely that these patients are excluded from this diagnosis on clinical grounds alone. 

Clinical features which suggest anaerobic pleuropulmonary infection are listed in 
Table 2. 
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Table 2. Clinical and bacteriologic features of anaerobic pleuropulmonary 
infection (84) 

1. Infection with lung necrosis 

2. Fetid sputum or empyema 

3. Suggestive morphology on Gram stain 

4. Failure to culture a likely pathogen, especially when seen 
by Gram stain 

5. Predisposing conditions 
aspiration 
distant anaerobic infection 
pulmonary necrosis (infarct, carcinoma) 
bronchia I occlusion 

The means of obtaining and culturing specimens for anaerobic studies suggested by 
Bartlett and Finegold are shown in Table 3 and the appearance of common anaerobes on Gram 
stain in Table 4. 

Table 3. Diagnostic techniques for suspected anaerobic infections of 
the chest (84) 

Specimens 

1. Transthoracic aspiration of lung or pleura 

2. Transtracheal aspiration (without saline) 

3. Blood 

4. Distant sites, if indicated 

Handling 

1. Transport in oxygen-free tubes (86) 

2. Gram stain 

3. Culture on several different solid and broth media 

4. Incubate at least 3 weeks in an atmosphere of 80% nitrogen, 
10% hydrogen, 10% carbon dioxide 
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Table 4. Gram stain characteristics of common anaerobic organisms (84) 

Bacteroides sp. 

Fusobacterium sp. 

Sphaerophorus sp. 

Anaerobic and micro
aeroph iIi c streptotocc i 
and cocci 

Actinomyces, Eubacterium, 
Bifidobacterium 

Pale, slender, irregular-staining, 
sometimes pleomorphic gram-negative 
rods 

Spear-shaped, slender gram-negative 
rods with pointed ends, often in pairs, 
may have gram - positive granules 

Pleomorphic, filamentous gram-negative 
rods, sometimes with swellings along 
filaments and large, free, round bodies 

Small to tiny gram-positive cocci in 
chains or random groupings 

Filamentous or branching thin gram
positive rods 

As a practical matter, since diagnostic anaerobic laboratories are not always readily 
available, inoculation of thiogycollate broth and an anaerobic blood culture tube or bottle 
with pleural fluid, or transtracheal aspirate will frequently support the growth of the less 
fastidious organisms, and should be used in combination with the gram stain and routine 
cultures. The presence of anaerobes in expectorated sputum, is of no diagnostic significance 
due to contamination by the abundant anaerobic flora of the upper respiratory tract. However, 
Bartlett states that he has not found anaerobic organisms in material obtained by transtracheal 
aspiration except in clinical situations compatible with anaerobic infection; specifically with 
this technique he has not isolated anaerobes from patients with COPD despite the presence of 
other members of the upper respiratory bacterial flora (87). This observation suggests that 
anaerobes are rapidly killed in the lower respiratory tract due to the presence of oxygen and 
that their remova I does not depend on the anti bacteria I defenses of the lung in contrast to 
other members of the normal oropharyngeal flora which are frequently found in the distal air 
ways in patients with chronic lung disease. If substantiated Bartlett•s observation wou ld 
indicate that isolation of anaerobes from a transtrachea I aspiration proves the diagnosis of 
anaerobic lung infection. 

B. Necrotizing pneumonia due to aerobic gram negative bacilli 

Gram negative bacilli, excluding hemophilus, currently account for between 4-20% 
of pneumonias requiring hospitalization (88, 89). Klebsiella pneumoniae remains the most 
common gram-negative in community acquired infections but nonhospital acquired cases of 
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pneumonia due to pseudomonas sp., E. coli, proteus sp. and other enterobacteriaceae ha ve 
been reported. Early necrosis of lung tissue is a feature of all gram negative bacilla;y 
pneumonias . Radiographically, klebsiella pneumonias are usually manifested by dense lobar 
consolida tion, usually of an upper lobe with increased volume; abscess formation is present 
within 48 hours, and pleural effusion is common. Pseudomonas pneumonia more commonly 
presents radiographically as a diffuse bronchopneumonic process involving the lower lobes wi th 
the forma tion of multiple small abscesses which may coalesce (90). Early empyema is commonly 
observed. Although some authors have ascribed specific clinical syndromes to pulmonary 
infec tion with various species of gram negative bacilli (91, 92) most patients in our experience 
ha ve similar findings with a variety of infections. Further, nosocomial lung infec tion with these 
organisms is far more common than community-acquired infection and is usually a less distinct 
d isease . 

In contrast to patients with anaerobic infections, patients with non-hospi ta l acquired 
bac illa ry pneumonia usually present with an acute, severe illness; radiographic findings of 
conso lida t ion, cavitation, and pleural fluid may be similar. Gram nega tive organisms are 
usua lly present in gram stains of sputum and blood cultures are positive in one-third of cases.(89). 
Unde rlying chronic illness is frequently present in patients with bacilla ry pne umonia . Differ
en tia tion of these two syndromes is of more than casual interest since appropriate antimicrobial 
thera py diffe rs; penicillin or cephalosporin plus gentamicin or another a minog lycoside is usuall y 
effec tive initial therapy for a suspected gram negative pneumonia but thi s regimen is likel y to 
be ineffec tive in anaerobic infections, especially those due to Bacteroides fragil is (93) . 
Swenson, however, recently reported that B. fragil is was rarely isolated from patients with 
pr imary respiratory anaerobic infections and that penicillin remains the drug of choice for 
such infec tions (94). 

C . Necrotizing pneumonia due to staphylococcus 

Staphylococcus produces two distinctive syndromes of pulmonary infection, a bilatera l 
confluent bronchopneumonia usually following epidemic influenza A, and bila tera l nodu lar 
infiltrates due to hematogenous dissemination of staphylococci usually in conjunc tion with 
septic emboli. Lung necrosis, empyema, and pneumothorax are common in both types of infect ion . 
Since either may present as localized pulmonary disease with cavitation, staphyl ococca l infec
tions will be considered in this section; diffuse involvement is more common however than 
localized disease. Community-acquired staphylococcal pneumonia is uncommon except in the 
wake of influenza {89). Abscess formation occurs in from 25-75% of cases in a dults (95, 96), 
characteristically appearing as irregular cavities with fluid levels. The formation of pneuma
toceles, which are thin walled cavities which change in size rapidly and may c ontai n f lu id 
le vels, are characteristic of staphylococcal pneumonia in children and young adults (97) but 
are uncommon in adults. Pleural effusion or empyema is present in 50% of staphyl ococca l 
pneumonias in adults (95). Metastatic staphylococcal abscesses in the lung from right -s ided 
endocarditis or septic thrombophlebitis usually presents with multiple nodular lesions whi ch 
rapidly excavate {98). The history of antecedent influenza, or drug abuse, the ra diogra phi c 
findings, and the presence of large gram positive cocci in clumps and frequently w ithin 
le ukocytes in sputum usually clarify the diagnosis. A chronic form of cavita ry pulmonary 
disease due to staphylococcus similar to that which occurs uncommonly with kl e bsi e lla ha s 
been described {99). 
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D. Bronchogenic carcinoma 

Bronchial carcinoma may produce cavitation of the lung either by bronchial ob
struction with distal infection and lung necrosis or by excavation of the tumor itself. In 
Brock•s series of 477 cases of lung abscess, 17.5% were due to carcinoma; 33.5% of 
abscesses in patients over 45 years of age were due to this cause (82). The proportion 
of cases of lung abscess due to carcinoma might be higher at the present time since many 
of Brock 1s cases had developed as a post-anesthetic complication, which is now a rare 
event (81). 

Conversely, pulmonary cavitation is an uncommon presentation of carcinoma of 
the lung. Of the 1930 cases reviewed by Strang and Simpson 70, or 3.6% had radiographic 
evidence of lung abscess (100). Of these 70 patients, 27 (38%) had abscesses distal to 
obstructing carcinoma and in the remainder the neoplasm itself had cavitated. There were 
no particular differentiating clinical features of the patients in these two groups. However, 
compared to 30 patients with 11simple lung abscess 11

, certain features were much more common 
among patients with carcinoma (Table 4). 

Table 6. Clinical.~~ngs in neoplastic and simple lung 
abscess fiJ!If)(l~ 

Neoplastic Simple 

Number of patients 70 30 
Age (mean) 55 years 39 years 
Duration of symptoms (mean) 7 months 2.5 months 
Onset with febrile illness 20% 77% 
Hemoptysis 74% 33% 
Putrid sputum 17% 47% 
Clubbing 590/o 50% 
Improvement with penicillin 7% 70% 

The location of the abscess and tumor was in the upper lobes in 63% of cases. 
Histologically, 82% of the cavitating tumors were squamous cell. An identica I percentage 
of squamous cell tumors were found in the Mayo Clinic experience with malignant lung 
abscesses (101-103). These authors reviewed a large series of cases of lung cancer under
going thoracotomy. Their findings with the three major groups of tumors are summarized in 
Table 5. 

- 13-



Table 6. Radiographic features of bronchogenic carcinoma {1 01-103) 

Squamous Cell Large Cell Small Cell Total 

Number of patients 280 97 114 491 

Hilar or perihilar lesion 190 {68%) 31 (31%) 74 (76%) 295(60%) 

Peripheral mass 82 (29%) 59 (61%) 33 (29%) 174 (35%) 

18 (22%) 4 (7%) 0 22 (4.5%) 

Radiographically, excavated lung tumors typically are sharply demarcated from 
surrounding lung tissue, have thick and irregular walls with tumor nodulation, and eccen
trically located cavities. These features however, were noted in fewer than half of the 
patients represented in these series. Good and Holman reported 19 cases of cavitary 
carcinoma of the lung; 3 had walls measuring less than 1 mm which were composed entirely 
of tumor cells histologically {104). Thus, malignant cavities cannot usually be differentiated 
from benign cavities on the basis of a single roentgenogram. 

Cytologic examination of sputum and bronchoscopy are highly useful in the evaluation 
of these patients. Our experience during the past 24 months has been collected by Drs. 
Steven Jay and Kenneth Wehr (Table 7). 

Table 7. Bronchoscopic and cytologic findings 

Number of patients 

Cytology ·positive 

Brush biopsy positive 
{No. positive/No. patients 
biopsied) 

Endobronchial lesion 

Benign cavitary 
disease 

23 

5 (22%) 

1/9 

0 

Tuberculosis 

39 

1 (2%) 

0/6 

0 

Cancer 
_(proven) 

47 

38 (81%) 

Cancer 
(suspected) 

26 

21 (81%) 

18/ 32 (56%) 12/21 

17 {81%) 19 (73%) 

Fiberoptic bronchoscopy with brush or forceps biopsy together with sputum cytology 
provided a diagnosis of lung cancer in 85% of patients in whom this diagnosis was made by 
any means. Indications for early bronchoscopy in a patient with lung abscess include: 
symptoms suggesting cancer, age over 50 in a smoker, absence of a reason for aspiration, 
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and failure of adequate endobronchial drainage. Bronchoscopy is probably not indicated 
in all patients with lung abscess although it should not be ignored if improvement with 
therapy is not prompt and progressive. Forrest used the brush biopsy technique to evaluate 
cavitary lesions in 25 patients in whom other procedures had failed to provide a diagnosis 
(105). In 16 cases it was possible to obtain specimens from the interior of the cavity. 
Diagnostic material was obtained in 12 of these 16 patients and in 15 of the total group. 
These diagnostic procedures are undoubtedly far safer than either transthoracic aspiration 
or diagnostic resection of cavitary lesions of uncertain etiology. 

E. Pulmonary infarction 

Cavitation of infarcted lung is uncommon and it represents an uncommon cause of 
lung abscess; 2 of 141 cases of non-tuberculous cavitation reviewed by Laforet and Laforet 
were associated with infarction (106). Secondary infection of infarcted lung with the formation 
of frank purulent abscesses was reported in 23 of 550 (4.2%) infarcts studied at autopsy at the 
Mayo Clinic (107). Liquefaction and abscess formation in the absence of infection is even more 
rare but c I early does occur as shown by isolated case reports (1 08, 1 09). According to Grieco 
and Ryan who found 16 previously reported cases (109) such cavitation has been reported only 
in infarcts exceeding 4 em in diameter. The presentation of many patients resembled broncho
genic carcinoma and 6 were diagnosed only following thoracotomy. 

F. Amebiasis 

In highly endemic areas lung abscess due to extension of hepatic amebic infection is 
not uncommon. Stephen and Aragoda reported 40 patients from Ceylon; 26 (65%) had lung 
abscess and in 5 (12%) the liver abscess was visible on the chest radiograph (110). Right 
lower lobe involvement occurs in almost all cases due to extension of the infection through the 
diaphragm. Hematogenous spread with the development of abscesses in the upper lobe has been 
reported. Pleural effusion or empyema occurs in at least 60% of cases. Wilson reviewed the 
features of 4 cases occurring in American servicemen in VietNam (111). This report serves 
to warn physicians of another diagnostic possibility in individuals who have served in South
east Asia. Identification of E. histolytica in either sputum or stools is uncommon and treatment 
with Flagyi(R) must usually be begun on clinical grounds alone. Expectoration of 11anchovey 
paste 11sputum, indicative of hepatopulmonary fistula, in association with a cavitary pneumonia 
of the right lower lobe, and hepatomegaly in a foreign traveler are typical findings. 

G. Actinomycosis and nocardiosis 

Lung abscess with early pleural involvement suggests actinomycosis or nocardiosis. 
A. israeli is a normal anaerobic inhabitant of the upper respiratory tract and presumably enters 
the lung by aspiration; a history of recent dental extraction is present in some patients with 
lung infections. However, Slade et al (112) reported 6 cases of pulmonary actinomycosis, 
5 of whom were edentulous, emphasizing that other sites in the mouth are capable of supporting 
the growth of anaerobes. Although disseminated infection with A. israeli is rare, about 50% 
of patients with pulmonary nocardiosis have extrapulmonary disease (113), and a high percentage 
have serious underlying diseases (114). 
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The radiographic features of these infections are similar. Both produce dense consol
idation, frequently in multiple segments, usually in the lower lobes, with central cavitation. 
The cavities have thick, ragged walls and may contain fluid levels. In contrast to 11single lung 
abscess 11 pleural involvement with frank empyema is common and occurs early in the course of 
untreated patients. Burrowing abscesses presenting as subcutaneous masses on the chest wall 
are much less frequent than formerly but are still reported (114). 

Aspirated pus shows thin, branching gram-positive kyphol forms; either organism may 
appear acid-fast when deodorized with weak acids although this finding is more characteristic 
of nocardia (115). Sulfur granules may be seen in pus or expectorated sputum with actinomycosis; 
nocardiosis of the skin is associated with the formation of sulfur granules but viscera I disease is 
not (115). Anaerobic cultures are necessary to demonstrate A. israeli. 

H. Aspergi I Ius lobar pneumonia 

An interesting but uncommon form of pulmonary aspergillus infection has been observed 
in patients being treated with immunosuppressive agents (116). Dense lobar consolidation with 
central cavitation was observed radiographically; histologically the lesions were characterized by 
extensive vascular invasion and infarction. The significance of this lesion is primarily the recog 
nition that aspergillus can produce such acute, necrotizing consolidation in the absence of other 
infectious agents. 

I. Developmental abnormalities 

Bronchopulmonary sequestrations of the intralobar variety frequently present as cavitary 
lesions abutting on the diaphragm (117). This form of sequestration is contained within the 
visceral pleura of the involved lobe and communicates with the normal airways as a result of 
infection. The diagnosis can be confirmed by aortography which demonstrates the systemic 
arteria I supply of the segment. Extra lobar sequestrations have similar a vascular supply from the 
aorta but have a complete pleural envelopment separate from that of adjacent lobes. As a 
result they rarely cavitate but present as mass densities adjacent to the diaphragm. 

Bronchogenic cysts may be congenital or acquired. Most of the latter form represent 
epithelization of healed lung abscess cavities or localized areas of bronchiectasis. Congenital 
forms do not communicate with the normal airways until infection occurs; air-fluid levels may 
then occur. These uncommon lesions present as sharply circumscribed lesions, containing only 
air, only fluid, or both. 

Ill. Multiple cavitary lesions, not in association with obvious granulomatous or 
infiltrative diseases. 

A. Metastatic carcinoma 

Cavitation of metastatic nodules in the lung is uncommon, reportedly occurring in 4% 
of patients with hematogenous metastases (118). Cavitation is more likely to occur in lesions 
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in the upper lobes than in the lower lobes. About 70% of cavitary metastatic nodules are 
from squamous cell neoplasms. 

B. Wegener's granulomatosis 

Israel and Patchefsky reported the radiographic findings of 12 patients with Wegener's 
granulomatosis involving the lung (119). Diffuse infiltrates were present in 3, unilateral mass 
lesions in 4, and bilateral mass lesions in 3; cavitation was observed in 4 of the 12 patients. 
Seven of 23 (30%) patients with necortizing vasculidites reviewed by Levin had pulmonary 
lesions (120). The typical radiographic picture is one of multiple nodules, some cavitated, 
which tend to progress in some areas while regressing in others. Cavities tend to be thick walled 
and irregular. An interesting sign, the 11shaggy nodule sign 11

1 consisting of lung nodules with 
indistinct edges, has been reported due to Wegener's, as well as septic emboli, lymphoma , 
bronchoalveolar carcinoma, metastatic choriocarcinoma, and early stages of sarcoid (121) . 
The absence of renal disease in the 11 limited 11 forms of Wegener's, and the favorable response to 
immunosuppressive therapy of some of these patients, argue strongly for a prompt diagnosis 
(119, 122, 123) . Biopsy of one of the pulmonary lesions is the procedure of choice since the 
typical histologic appearance of necrotizing, granulomatous vasculitis may not be present in 
lesions elsewhere (122). 

C. Necrobiotic rheumatoid nodules 

While discrete lung nodules are an uncommon form of pulmonary involvement in rheu 
matoid arthritis, when present such nodules frequently cavitate. Histologically they are similar 
to subcutaneous nodules and they may parallel each other in clinical activity. Although lung 
nodules usually occur only in patients with advanced arthritic disease they may appear in the 
presence of clinically mild arthritis (124). In these cases differentiation of the nodule from 
Wegener's granulomatosis on histologic grounds alone may be difficult (122). 

D. Coccidioidomycosis 
E. Septic emboli 

The manifestations of these diseases were discussed in earlier sections. 

IV. Summary 

Cavitation of a pulmonary lesion seen radiographically usually represents a process 
which has produced necrosis of lung tissue. Information helpful in differential diagnosis may ha 
obtained from the location of the lesion, whether single or multiple, presence or absence of 
pleura I involvement, and the character of the lung parenchyma surrounding the cavity. The 
patient's history, particularly the duration of symptoms, and episodes in which aspiration might 
have occurred is also useful. A careful examination of the sputum by smear and culture for the 
predominant IXJcteria, acid-fast species, fungi, and malignant cells is the most direct means 
of diagnosis. Bronchoscopy, particularly with a fiberoptic instrument and brush biopsy of the 
cavity will usually provide a diagnosis when other means do not. Failure to obtain appropriate 
specimens for anaerQbic cultures very likely has underestimated the frequency of infections 
due to these IXJcteria. Tomography is useful to demonstrate cavitation in lesions in which it 
cannot be seen with routine films; tomography adds little diagnostic information if cavitation 
is a I ready known. 
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