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INTRODUCTION 

Over 2,400 years ago the Greek physician Hippocrates described empyemas 
and emphasized the importance of surgical drainage for a successful outcome. Since 
then our understanding of the microbiology, pathophysiology, and molecular biology of 
empyema has advanced considerably, but the principal of adequate empyema drainage 
remains as important now as it was in Hippocrates time. An empyema represents one 
end of the spectrum of a parapneumonic effusion. An exact empyema definition, 
applicable to all cases, does not exist but most authorities consider either gross pleural 
pus, a positive bacterial culture or gram stain of pleural fluid, or a parapneumonic 
effusion requiring drainage as evidence of an empyema. This review will concentrate 
on recent developments in empyema pathophysiology and treatment, concluding with 
discussion of a new surgical technique, video assisted thoracoscopic surgery or VATS. 

MICROBIOLOGY 

Most empyemas occur after an underlying pneumonia or lung abscess infects 
the ipsilateral pleural space. Unusual routes of infection include esophageal rupture, 
spread of an intra-abdominal abscess across the diaphragm, and iatrogenic infection 
following chest surgery or instrumentation of the pleural space. Although empyemas 
are generally considered to represent infected pleural fluid, both gram stains and 
culture are often negative, even in patients with clinically evident pleural pus. Some 
sterile empyemas are due to prior antibiotic administration, failure to properly collect 
anaerobic specimens for culture, or failure to request anaerobic cultures (1 ). Table 1 
lists the frequency with which bacterial pneumonias are complicated by empyema. 

TABLE 1 

Empyema as a Pneumonia Complication 

Microbe 

"' Group A Streptococci 
Anaerobic bacteria 
Aerobic gram-negative 
Staphylococcus aureus 
Streptococcus pneumonia 

Empyema(%) 

59 
33 
32 
10 
3 

Reference 

2 
3 
4, 5 
6 
7 

Of all bacterial pneumonias Group A streptococcal (Streptococcus pyogenes) 
pneumonias are most often complicated by empyema but are rare, occurring in closed 
populations such as military recruits. Multiple species of commensal oral anaerobic 
bacteria cause anaerobic pneumonia and lung abscess, and these often progress to 
empyema formation. Aerobic gram-negative pneumonias usually occur in critically ill 
medical and surgical patients and thus are usually nosocomial infections; similarly 
Staphylococcus aureus is usually a nosocomial pathogen but can cause community 
acquired infections in diabetics and intravenous drug addicts. S. pneumonia is the 
commonest cause of community acquired pneumonia and was a common cause of 
empyema prior to the introduction of penicillin, but in the modem antibiotic era 
pneumococcal empyemas have become rare. In one recent series of 35 hospitalized 
pneumococcal pneumonia patients 20, or 57%, had parapneumonic effusions but most 
of these were small, developed after hospital admission while the patients were 
receiving antibiotics, and resolved without drainage procedures. Three of the 
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parapneumonic effusions were empyemas and in these three cases the effusion was 
present on the initial chest radiograph f:lnd the patients had been symptomatic for >48 
hours (8). Thus, although parapneumonic effusions commonly complicate 
pneumococcal pneumonias, empyemas are rare, unless the effusion was present on 
initial evaluation. Atypical pneumonias are caused by viruses, Mycoplasma pneumonia 
and Chylamidia pneumonia and are rarely complicated by empyema. 

Most recent investigators, using careful anaerobic culture techniques, have 
found that anaerobic bacteria, either in pure culture or mixed with aerobic bacteria, 
cause about 75% of empyemas (Table 2). 

TABLE2 

Microbiology of 83 Empyemas 

- Anaerobes only 29 ( 35%) 
- Anaerobes plus aerobes 34 (41%) 
-Aerobes only 20 (24%) 
- Average 3 anaerobic species/case 

Prevotella melaninogenicus 
Fusobacteria 
Bacteroides fragilis 
Peptostreptococci 

The data in Table 2 came from a series of adult patients on medical wards in a 
Veterans Administration Hospital and Cook County Hospital in Chicago (9). As shown 
in the table most anaerobic empyemas are polymicrobial, with an average of 3.0 
anaerobic and 0.6 aerobic species isolated per case. The common anaerobic species 
isolated, which are listed on Table 2, are all present in healthy people as normal oral 
flora. The aerobic bacteria present in mixed anaerobic infections are usually aerobic 
gram-negative bacteria or S. aureus. Anaerobic bacteria cause most of the empyemas 
admitted to Parkland Hospital. 

... 
CLINICAL FEATURES OF ANAEROBIC PLEUROPULMONARY INFECTIONS 

Anaerobic pleuropulmonary disease usually occurs in a selected group of 
patients, easily identifiable by the presence of one (or more) of the following risk factors. 

TABLE 3 

Risk Factors for Anaerobic Pleuropulmonary Disease 

- Periodontal disease 
- Decreased level of consciousness 
- Bronchial obstruction 

Most patients have both poor oral hygiene and an impaired sensorium, which 
predisposes them to aspirate saliva into their lungs. The commensal normal oral 
anaerobic bacteria which cause most empyemas colonize the gingival crevice, the area 
where the gums reflect off teeth. Normal saliva contains about 108 anaerobic 
bacteria/mi. whereas concentrations of 1010-1011/ml are not uncommon in saliva 
obtained from subjects with significant gingivitis; therefore gingivitis is associated with a 
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larger anaerobic inoculum when saliva is aspirated (1 0). Alcoholism, a seizure 
disorder, ·or illicit use of sedative drugs are the usual conditions causing loss of 
consciousness and aspiration. Occasionally anaerobic infections develop in patients 
without these risk factors and in such cases one should suspect the presence of an 
endobronchial obstruction impairing normal bronchial clearance. This is especially 
germane for edentulous patients, since they have relatively few oral anaerobic bacteria; 
in recent large series of anaerobic lung disease, about 50% of the edentulous patients 
were diagnosed with bronchogenic cancer (3). 

The combination of known risk factors and certain distinctive clinical features 
usually enables rapid diagnosis of anaerobic pleuropulmonary disease on clinical 
grounds alone. 

TABLE 4 

Clinical Features of Anaerobic Empyema 

Feature 

Periodontal disease 
Aspiration 
Symptoms > 7 days 
Right sided disease 
Putrid sputum/pleural fluid 
Hematocrit <38% 

Percent 

64 
55 
70 
72 
64 
81 

Amer. Rev. Resp. Dis. 110:56-77,1974 

The data in Table 4 came from a series of 47 anaerobic empyemas, 46 of which 
had an identifiable lung abscess or anaerobic pneumonia. A striking feature of 
anaerobic empyemas is their chronicity. In the above referenced series the mean 
duration of symptoms 'prior to hospital admission was 23 days, with a median of 10 
days; such prolonged symptoms reflect both the low grade nature of anaerobic 
symptoms as well as socioecormmic factors hindering health care access in empyema 
prone populations. The right-sided predominance is due to bronchial anatomy because 
most aspirated material drops down the straighter right main stem bronchus. Foul, fetid 
smelling sputum originates from the underlying anaerobic lung infection and is 
diagnostic when present. An anemia of chronic disease is common and secondary to 
chronic inflammation. 

VIRULENCE FACTORS OF ANAEROBIC BACTERIA 

Most empyemas are caused by commensal oral anaerobes which are relatively 
avirulent until they enter the lower respiratory tract. What factors account for the 
propensity of anaerobes to produce necrotizing infections such as lung abscesses and 
empyemas, and why are anaerobes so often found as part of a mixed infection with 
aerobic pathogens? Investigation of anaerobic virulence factors has focused on 
Bacteroides species and Fusobacteria, since these two are isolated from clinical sites 
far out of proportion to their presence in the normal anaerobic flora (10). The three best 
established anaerobic virulence factors are synergy between anaerobic and aerobic 
pathogens, succinic acid, and polysaccharide capsule formation. 
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BACTERIAL SYNERGY - Both empyemas and abdominal abscesses usually contain 
multiple anaerobic and aerobic species. Synergy, where two bacterial species facilitate 
each others growth, probably explains the polymicrobial nature of anaerobic infections 
(Table 5). 

TABLE 5 

Bacterial Synergy in an Animal Abscess Model 

Aerobic Species 

E. coli 
K. pneumonia 
P. aeruginosa 
S. aureus 
H. influenza 

Increase Increase 
Aerobe Anaerobe 

3.3 
2.4 
2.2 
2.8 
2.1 

(log 10 CFU) 
1.0 
0.8 
1.2 
2.1 
1.8 

The data shown in Table 5 came from a study of subcutaneous abscess 
formation in mice (11 ) . . Animals were infected with either only anaerobic bacteria, 
aerobic bacteria, or a mix of one aerobe and one anaerobe and the number of bacteria 
in the abscess measured five days later; the anaerobes used were Bacteroides species 
commonly found in normal oral flora. The data in the columns is the increase in 
bacterial growth which occurred during a mixed infection, compared to bacterial growth 
in a single-species abscess. In general, anaerobes increase aerobic bacterial growth 
more than aerobes increase anaerobes, but both types of bacteria benefited. Aerobes 
facilitate anaerobic growth because they use up the available oxygen, thereby reducing 
oxidation-reduction potential in the infected site (12). Aerobes benefit from the 
propensity of anaerobes to form abscesses; an abscess is a protected area where host 
defenses and antibiotic penetration is impaired. The clinical relevance of synergy is 
supported by the observation that antibiotic therapy of mixed infections will usually 
succeed if an anti-anaerobe drug is administered; adding antibiotics active against the 
aerobic pathogen is usually not required (3). 

Succinic acid is a low molec1Jiar weight, short chain fatty acid produced by many 
anaerobic bacteria which also contributes to synergy. It is present in millimolar 
concentrations in anaerobic abscesses and accounts for the characteristic odor of 
anaerobic pus. Concentrations of succinic acid identical to those measurable in 
abscess fluid decrease human neutrophil chemotaxis by 90% and significantly reduce 
both phagocytosis and killing of aerobic gram-negative bacteria (13-15) (Figure 1 ). 
Succinic acid also markedly decreases neutrophil superoxide generation and, since 
oxygen radicals are important for bacterial killing, reduced superoxide generation 
probably accounts for decreased bactericidal activity (16). 
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FIGURE 1. Phagocytic Killing of E. coli by Human Neutrophils Incubated with 
Succinic Acid. 

Infect. lmmun. 57:747, 1989 

POLYSACCHARIDE CAPSULE - A number of in vivo and in vitro observations have 
implicated capsule formation as a major virulence factor. Most commensal anaerobes 
are unencapsulated when obtained from their normal mouth environment but are 
covered with a thick acidic polysaccharide capsule when isolated from abscesses (17). 
In animal models unencapsulated oral anaerobes are avirulent whereas encapsulated 
strains of the same species proquce abscesses. Serial passage of unencapsulated 
strains through an animal host eventually produces an encapsulated and virulent 
anaerobe and, if an unencapsulated strain is injected subcutaneously with aerobic 
bacteria such as E. coli, the anaerobe quickly becomes encapsulated and abscess 
formation occurs (17). This is another example of bacterial synergy in which aerobic 
bacteria facilitate abscess formation. Bacteroides species, Prevotella, Fusobacteria, 
and peptostreptococci all produce capsules. 

How does the polysaccharide capsule promote abscess formation? For many 
years its major effect was thought to be protective; encapsulated bacteria resist 
opsonophagocytic killing by neutrophils (18). Encapsulated bacteria also adhere better 
to mesothelial cells in vitro ( 18 ). Recently the Bacteroides capsular polysaccharide 
(CPS) has been purified and experiments have shown that the CPS itself stimulates 
abscess formation through an interaction with the hosts immune system. Bacteroides 
CPS is a heteropolymer composed of a tetrasaccharide (polysaccharide A) and a 
hexasaccharide (polysaccharide B) (19). Both polysaccharides contain positively 
charged amino groups and negatively charged carboxyl groups; the structure of 
polysaccharide A, which is the more bioactive of the two, is shown on Figure 2. 
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FIGURE 2. Structure of Bacteroides CPS A 

Science 262:417, 1993 

Nanogram concentrations of purified CPS cause macrophages to release TNF, 
IL-1, and IL-8, and these CPS -elicited cytokines stimulate mesothelial cell expression 
of leukocyte adhesion molecules such as ICAM-1 (20, 21 ). All of these effects could 
potentiate abscess formation and indeed CPS by itself. without any added bacteria, is 
sufficient for abscess formation (Table 6). ~oreover, the presence of one positive and 
one negatively charged group on CPS A is required; as shown on Table 6, removing 
either of the charged moieties, by chemical reduction or N-acetylation, markedly 
reduces abscess formation in vivo (22). 

Table 6 

Bacteroides CPS and Abscess Formation 

CPSA 
CPSB 
CPS A. reduced 
CPS A, N-acetylated 

Abscess dose 50 
ug 

0.67 
25 

>200 
>200 

Exactly how the zwitterionic characteristics of CPS A promote abscess formation 
remains to be determined, but interactions with host T cells are involved. T cell 
depleted animals inoculated with live Bacteroides do not develop abscesses (23). CPS 
immunized animals also do not develop abscesses when challenged with live 
Bacteroides, and the CPS immunized · animals also do not form abscesses when 
inoculated with other, non-Bacteroides anaerobes or with mixed cecal bacteria (24) 
(Table 7). The latter observation suggests that most pathogenic anaerobes have 
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capsules similar to Bacteroides fragilis. As observed with abscess formation, the 
charged nature of CPS A is essential for immunity, as removal of a charged group 
destroys CPS immunogenicity. The alternating positive and negative charges on CPS 
must promote either recognition or signaling by T cells. Other bacterial polysaccharides 
with similarly arranged charged groups also cause abscess formation in animal models 
(25). 

TABLE 7 

CPS A Immunization and Abscess Formation 

Immunization Challenge Abscess Formation 
N (%) 

Saline 
CPSA 
Saline 
CPSA 
Saline 
CPSA 

B. fragilis 
B. fragilis 
Fusobacteria + Enterococcus 
Fusobacteria + Enterococcus 
Cecal contents 
Cecal contents 

15/18 ( 83) 
1/19( 5) 

13/15 ( 87) 
5/17 ( 29) 

18/18 (100) 
12/25 ( 48) 

PATHOGENESIS OF EMPYEMA FORMATION 

Empyemas evolve over time from an initial collection of thin, free flowing fluid to 
the thick, loculated pus of a full blown empyema. Dividing empyema formation into 
three stages is artificial, since the three stages all evolve concurrently, but the concept 
is helpful for understanding clinical features and choosing appropriate treatment. The 
initial stage, or Stage 1, is marked by acute pleural space inflammation and is followed 
by Stages 2 and 3. Animal models and clinical experience suggest that empyemas 
proceed rapidly through these stages; marked fibrin formation is present within 48-72 
hours and collagen formation can be observ~d within 96 hours of intrapleural bacterial 
inoculation (26-28). Thus empyemas, especially when seen early in their course, are 
not static conditions. The cellular and molecular characteristics of the three stages are 
detailed in the following sections. 

Stage 1 - An exudative pleural effusion forms in response to the presence of bacteria 
and/or bacterial products. Initially pleural fluid is free flowing, contains many serum 
proteins, has normal pH and glucose concentrations, and contains measurable and 
physiologically relevant amounts of the inflammatory cytokines TNF, IL-1, IL-8, and 
TGF-B (29,30). TNF is released by many lung cells early during bacterial infections and 
rapidly induces IL-8 production by pleural mesothelial cells (31 ). IL-8 is a chemokine 
which both attracts neutrophils into the pleural space and activates them to release 
toxic oxygen radicals and proteolytic enzymes; these substances are bactericidal but 
also damage pleural mesothelial cells. The importance of IL-8 for neutrophil 
recruitment is shown by the direct correlation between pleural fluid IL-8 concentration 
and neutrophil counts (Figure 3) (32). 
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FIGURE 3. IL-8 Concentration and Pleural Neutrophil Counts 

ARRD 146:825, 1992 

Stage 2 - This stage is marked by increasing neutrophil counts, pleural fluid acidosis 
and hypoglycemia, massive pleural fibrin deposition, and fibrinous adhesion formation 
between the visceral and parietal pleura. Both neutrophils and bacteria consume the 
available glucose and produce lactic acid and carbon dioxide; efflux of these metabolic 
end products is blocked and their accumulatioh results in pleural fluid acidosis (33). 
Several factors combine to promote fibrin formation. Human pleural mesothelial cells 
spontaneously express tissue factor activity; tissue factor activates Factor VII thereby 
causing fibrin formation via the extrinsic clotting pathway (34 ). In vitro unstimulated 
pleural mesothelial cells form fibrin when the necessary clotting factors are present 
(35). Large amounts of Factor VII, other clotting factors, and fibrinogen are present in 
exudative pleural effusions, and large amounts of tissue factor and activated Factor VII 
are present in empyema fluid (36,37). The net result is fibrin formation through extrinsic 
clotting pathway activation. 

Normal homeostatic mechanisms, which involve activation of plasminogen by 
tissue and urokinase type plasminogen activators, usually are activated when fibrin 
forms and cause fibrinolysis, which limits fibrin formation (38). These mechanisms fail 
in empyemas. Investigators at the University of Texas Health Science Center in Tyler 
have extensively studied pleural fluid fibrin formation and have measured large 
amounts of plasminogen, increased levels of urokinase type plasminogen activator, and 
normal levels of tissue type plasminogen activator in empyemas. Despite the presence 
of all the necessary substrates for plasmin generation fibrinolytic activity of empyema 
fluid is zero (Figure 4). Fibrinolysis does not occur because excess plasminogen 
activator inhibitor 1 (PAI-1 ) is present (Figure 5); PAI-1 inhibits both UPA and TPA 
catalyzed plasmin formation. Alpha-1 anti-plasmin, a circulating inhibitor of plasmin, is 
also present in empyema fluid (37). Since little plasmin can be generated in the 
inhibitor-rich empyema mileu fibrin deposits remain on the pleural surface and fibrinous 
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adhesions bridge the pleural space between the visceral and parietal pleura. These 
fibrin deposits act as scaffolds for subs~quent pleural space loculation. 
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FIGURE 4. Fibrinolytic Activity in Pleural Fluid (IU/ml) 
EMP = empyema LOC = loculated parapneumonic effusion 
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Stage 3- In this final stage collagenous .loculations form, walling off empyema fluid and 
forming a thick abscess capsule. Histologically fibroblasts enter the pleural space from 
both pleural surfaces and deposit collagen as they migrate along the fibrin matrix, 
converting fibrin locules to collagen. 

Transforming growth factor - beta (TGF-B) and empyema formation - TGF-B is 
produced and released during tissue inflammation and is measurable in infected pleural 
fluid (29, 39). It plays an important role in wound repair, promoting healing and scar 
formation by its unique ability to stimulate connective tissue formation. Figure 6 
illustrates the effects of TGF-8. 
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FIGURE 6. Effects of Transforming Growth Factor Beta (TGF-B) 

NEJM 331:1287, 1994 

Excess or unregulated TGF-B may be harmful and it has been implicated in the 
pathogenesis of many fibrotic diseases, including pulmonary fibrosis, 
glomerulosclerosis, and hepatic fibrosis (40). TGF-B acts rapidly; histologically evident 
collagen deposition is present within 48 hours of subcutaneous administration in 
animals (41). TGF-B causes collagen deposition by simultaneously increasing 
fibroblast collagen production and decreasing collagen removal; the latter effect is due 
to increased release of protease inhibitors which inhibit metalloenzymes such as 
collagenase (42). Of particular relevance to empyema formation are TGF-B effects on 
protease inhibitors and fibroblasts. In addition to collagenase inhibitors, another 
protease inhibitor upregulated by TGF-B is PAI-1, which is released by TGF-B 
stimulated cells within 24 hours (43). Human pleural mesothelial cells release PAI-1 
when stimulated with either TNF or TGF-B (35). As previously reviewed, high PAI-1 
concentrations are present in empyemas and prevent pleural fibrinolysis, and fibrin acts 
as a matrix for activated fibroblasts. Transgenic animals which overexpress PAI-1 
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develop pulmonary fibrosis after bleomycin-induced inflammation (44). TGF-B is 
chemotactic for fibroblasts, bringing them into sites where TGF-B is present, and it 
simultaneously activates them. Activated fibroblasts are characterized by collagen 
production and expression of a cell-surface adhesion molecule called CD 44. Activated 
human lung fibroblasts, obtained from ARDS patients, express CD 44 and use it to 
adhere to and move along fibrin matrices (Figure 7) (45). 
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FIGURE 7. Movement of Human Lung Fibroblasts on a Fibrin Matrix 
The open squares and open circles repj\esent fibroblast movement in the presence of 
an anti-CD 44 antibody; the closed circles and open triangles show fibroblast movement 
without antibody present. 

J . Clin. Invest. 98:1713, 1996 

In addition to fibrin , CD 44 mediates fibroblast adherence to fibronectin and 
proteoglycans. Transgenic animals with organ-specific TGF-B expression develop 
fibrosis and increased PAI-1 levels in affected organs (46). TGF-B plays a central role 
in the rapid development of fibrosis occurring during bleomycin-induced injury, 
Idiopathic Pulmonary Fibrosis, and ARDS (47-49). Microgram amounts of TGF-B 
promote peritoneal loculation in an animal model of postoperative adhesion formation 
(50) . . Thus, it is likely that TGF-B is a central mediator driving both fibrin deposition and 
loculation in the infected pleural space. 
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As shown on Figure 8, early Stage 1 empyemas are referred to as 
uncomplicated parapneumonic effusions because they usually resolve with antibiotic 
therapy alone. Stage 2 and especially 3 empyemas are referred to as complicated 
parapneumonic effusions because external drainage with a chest tube or surgery is 
often required (51, 52). Unfortunately there is no single clinical feature or laboratory 
test result able to prospectively distinguish uncomplicated from complicated 
parapneumonic effusions, so that the distinction is usually a retrospective one. 
However, the findings shown on Table 8 are usually present. 

TABLE 8 

Features of Uncomplicated Parapneumonic Effusions 

- Small effusion 
- Free flowing,effusion 
- Negative gram stain 
-pH >7.20, glucose >60 mg% 

Parapneumonic effusions which deveihp after a patient has been started on 
appropriate antibiotic therapy will usually resolve, as will small, free-flowing fluid 
collections (53). If the effusion is large enough to be tapped then a negative gram stain 
and normal pH and glucose levels predict an uncomplicated course, but only if the fluid 
is free flowing; pH and glucose measurements are not reliable in loculated effusions, 
probably because the sampled fluid often comes from relatively uninvolved areas 
around the loculated main empyema collection (54). 

TABLE9 

Complicated Parapneumonic Effusions 

- Symptoms > one week 
- Anaerobic infection 
- Effusion present on initial chest radiograph 
- Loculated effusion 
-pH <7.00, glucose <40 mg% 

A relatively long period of symptoms, which usually indicates the presence of an 
anaerobic infection, and the presence of a significantly sized effusion on the initial chest 
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radiograph suggest a complicated effusion. Loculations can usually be detected by 
performing decubitus chest radiographs; if inconclusive, a chest ultrasound examination 
or CT scan can be performed (55). As previously reviewed acidosis and hypoglycemia 
are due to pleural bacteria and neutrophils and thus reflect the degree of acute 
inflammation. An initial measurement of pH and glucose has been proposed as a 
useful way to differentiate uncomplicated from complicated effusions; in one study of 37 
patients, all of whom had free-flowing effusions, all effusions with pH values <7.00 or 
glucose <40mg% required drainage, whereas none with pH >7.20 or glucose >60 mg% 
did (56, 57). Other studies have not confirmed these results and some investigators 
have reported that as many as 75% of low pH, low glucose effusions resolve without 
drainage (54, 58). Since normal pH and glucose values may be obtained when frank 
empyemas are tapped, neither normal nor abnormal values are diagnostic and should 
not be exclusively relied on to classify parapneumonic effusions or guide therapy. 
Pleural fluid white blood cell count and protein content are also rarely helpful in 
distinguishing complicated from uncomplicated effusions (56). 

In addition to routine EPA and decubitus chest radiographs chest CT scans are 
helpful. It can be difficult to differentiate densely consolidated lung or a lung abscess 
from a pleural effusion on a chest radiograph, but a chest CT will usually easily 
discriminate between parenchymal and pleural disease (59-61 ). An inflamed visceral or 
parietal pleura can often be visualized on a CT scan, especially after administration of 
IV contrast; the split pleura sign, which represents separation of the contrast enhanced 
pleuras around a parapneumonic effusion, and diffuse, >2 mm parietal pleural 
thickening, suggest the presence of a complicated effusion (62). Therefore, unless 
contraindicated, contrast enhanced scans should always be ordered when imaging 
empyemas. Pleural thickening is not a specific sign of empyema and also occurs in 
mesothelioma, mycobacterial infections, and rheumatoid pleural disease (59). 

Most patients with complicated parapneumonic effusions will need some sort of 
pleural fluid drainage. This is especially true if their clinical condition and chest 
radiograph deteriorates or fails to improve on antibiotic therapy alone; in such patients it 
is inadvisable to delay drainage for more than 72 hours. Review of large, recent 
empyema series shows that hospital stays of 20 to 35 days are common, most patients 
get at least two separate drainage proced\Jres, and the average delay between 
procedures is six days (63-65). Appropriate initial selection of an effective drainage 
method should result in shorter hospitalizations and less morbidity and mortality. 
Available drainage methods are listed on Table 10 in order of their invasiveness. 

TABLE 10 

Drainage Procedures for Empyemas 

- Thoracentesis 
- Image guided catheter 
-Thoracostomy tube 
-Video-assisted thoracoscopic surgery (VATS) 
- Open thoracotomy 
- Decortication 

Thoracentesis - A simple thoracentesis, with removal of as much fluid 
as possible at the time of the initial diagnostic tap, may suffice for 
uncomplicated parapneumonic effusions, especially if the pH and glucose 



are normal and the patient has a community acquired pneumococcal 
pneumonia. 

Image guided catheter- Relatively small, 8 to 12 french catheters can 
be inserted with ultrasound or CT guidance directly into loculated fluid 
collections and the fluid drained. Reported success rates for loculated, 
complicated effusions range from 70 to 94% (66-69). Successful 
treatment of even thickly encapsulated empyemas has been reported 
(70). For this technique to succeed proper catheter placement, frequent 
follow-up CT scans to ensure adequate drainage, careful catheter 
irrigation (necessary to maintain patency of these small bore catheters), 
and sometimes multiple catheters are required. Therefore availability of 
experienced interventional radiologists and easy access to a chest CT 
scanner are important. 

Thoracostomy tube drainage - Most empyemas are treated initially with 
blind bedside placement of a large bore, 28 to 34 french catheter into the 
pleural space. Reported success rates vary widely but are often <50% 
and may be as low as 11% (63, 71 ). Complications include perforation of 
the diaphragm, insertion of the chest tube into necrotic lung, soft tissue 
chest wall infection, and bleeding (72). The commonest problem is poor 
tube placement resulting in incomplete drainage, which usually occurs 
with loculated effusions. To improve drainage from either a standard 
chest tube or from one of the smaller image-guided catheters many 
investigators advocate administration of a thrombolytic drug, usually 
urokinase or streptokinase, through the tube. Theoretically, large doses 
of thrombolytics should dissolve fibrin in loculations thereby establishing 
drainage even if the chest tube is not inserted directly into the loculated 
fluid . In animal models thrombolytic therapy, if started at the same time 
as intrapleural bacterial inoculation and continued for several days, 
significantly decreases loculation (73). Numerous retrospective series 
have reported success rates of 70 to 90% for loculated effusions treated 
with streptokinase or urokinase for two to six consecutive days; these 
success rates are higher than results obtained with chest tubes alone (74-
77). The choice of agent does not seem to be important; both success 
rates and side effects are similar whefil urokinase has been compared to 
streptokinase, although febrile reactions are more frequent with 
streptokinase (78). However, the only prospective trial in which patients 
were randomly assigned to tube thoracostomy alone or a chest tube plus 
thrombolytic instillation found no difference in outcome, with both 
treatments having a 70% success rate (79). Thrombolytic administration 
is probably most successful when done early, either before loculations 
have formed or when loculations are recent and consist mainly of fibrin; 
disruption of old, collagenized loculations with a thrombolytic drug is 
unlikely. 

Video assisted thoracoscopic surgery - VATS is a minimally invasive 
surgical method for treating empyemas. After general anesthesia the 
underlying lung is collapsed and three small incisions are made; a 
fiberoptic video scope is inserted through one and the other two incisions 
are used to insert instruments. Under direct visualization pleural 
loculations can be mechanically disrupted, all exudate and fibrin deposits 
removed, extensive irrigation performed, and a chest tube inserted at the 
end of the procedure. Surgical morbidity and mortality is minimal and 
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po~toperative recovery rapid . Three series have reported success rates 
of 60-83%, with post-VATS hospital stays of 7 to 12 days, in patients who 
had failed previous chest tube drainage (80-82). VATS failures occur 
when a thick visceral pleural peel traps the underlying lung, a condition 
which is easily recognizable at the time of the VATS; in such cases a 
regular thoracotomy can be performed at the same time, sparing the 
patient a second procedure. 

Thoracotomy/decortication - These are the most invasive procedures. 
They are virtually 100% successful and are sometimes required for 
patients with old, heavily loculated empyemas or trapped lung. Morbidity 
and mortality are a concern, especially in a debilitated or elderly patient, 
and prolonged post-operative stays may result. 
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It is difficult to compare the outcomes reported for these drainage procedures. 
Most of the data comes from retrospective series in which one particular treatment was 
given to selected patients. Variation in both patient population and empyema stage 
exist, and no studies have prospectively compared different procedures. What is clear 
from a review of the literature is that better selection of the initial drainage procedure 
should reduce the need for multiple procedures and get patients out of hospital quicker. 
Recently a prospective, randomized comparison of two empyema therapies has been 
published. The patients had parapneumonic effusions which were either loculated or 
had pH <7.20 and were randomly assigned, within 24 hours of hospital admission, to 
treatment with a chest tube plus streptokinase (CT/SK) or to VATS. The two groups 
were well matched with respect to effusion size, microbiology, loculations, and pleural 
fluid pH (83). Most of the patients had large, loculated empyemas due to an anaerobic 
infection. Outcomes for the two groups are compared on Table 11. 

Number patients 
Hospital days 
ICU days 
Complications 
Success 
Failure 
Cost($1 ,000) 

TABLE 11 

Patient Outcomes 

~ 

11 
8.7 ;- 0.9 
1.8 + 1.1 

1 
11 
0 

17 + 3 

.QILS.K 

9 
12.8 + 1 
4.2 + 1.8 
1 
4 
5 
24 + 3 

These results suggest that VATS works well and should be initial therapy for 
many empyemas. Chest tubes, even when coupled with streptokinase administration, 
often fail and additional procedures are then required. Based on the available imperfect 
literature reviewed in the preceding section a reasonable, clinically useful approach for 
treating patients with parapneumonic effusions is outlined on Figure 9. It requires a 
decubitus chest radiograph, diagnostic thoracentesis, and in some cases a chest CT 
scan. The underlying goal of the algorithm is to ensure effective, timely treatment for 
empyema patients. 
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FIGURE 9. Guideline for Managing Parapneumonic Effusions 
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