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Eighty patients required surgical drainage of
infections in the pleural space or lung during a
four-year period (1984-1987). Thirty-nine
patients had a history of heavy intravenous
drug use and 28 of those not addicted to drugs
were addicted to alcohol. Impaired immunity
was believed to be present in 72 (90%) due to
malnutrition (45 patients), acquired immuno-
deficiency syndrome (AIDS) or AIDS-related
complex (13), hepatic cirrhosis (1), diabetes (1),
or multiple causes (12). Sixty-four patients had
acute purulent empyema; 9, tuberculous
empyema (often a mixed infection); 2, tuber-
culous pleural effusion with complications; 2,
lung abscesses requiring open drainage; 2,
chronic bronchopleural fistulae; and 1,
empyema secondary to an esophageal perfora-
tion. Fifty-three (66%) were treated with tube
thoracostomy only and 27 required additional
procedures, including open drainage (19
patients), decortication (5), lung resection (2),
chest wall resection (1), and parietal pericar-
diectomy (1). Overall mortality was high (30%);
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mortality had a strong correlation with malnutri-
tion or immune deficiency. Very low serum
albumin levels were common and were the most
important single determinant of a fatal out-
come:

Albumin Deaths
< 2.0 10/14 (71%)

2.0 - 2.9 10/44 (27%)
¢ 3.0 2/20 (10%)

Other important determinants of mortality were:
total lymphocytes <1000 (50% mortality);
anergy to tests for delayed hypersensitivity
(39% mortality); AIDS or AIDS-related complex
(54% mortality).
Analysis of the records of the 24 patients who

died has led to the conclusion that despite the
advanced disease present and the poor con-
dition of most patients at least one third of the
deaths could have been avoided if important
errors in diagnosis and medical or surgical
management could have been prevented. Early
and adequate drainage of pus, aggressive treat-
ment with appropriate antibiotics, and intensive
nutritional support are particularly important in
malnourished and immune-depressed patients.

Empyema is a complication of infections adjacent to
the pleural space, usually pneumonia, but sometimes
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TABLE 1. ETIOLOGY OF EMPYEMAS
No.

Etiology Patients

Postpneumonic 52
Tuberculosis 11
Lung abscess 8
Posttrauma 3
Postbacterial pericarditis/

endocarditis 3
Postsurgical 1
Postendoscopic sclerotherapy 1
Bronchogenic carcinoma 1

arising in the liver, subphrenic space, mediastinum,
pericardium, or bone. If the original infection is ade-
quately treated, empyema should not occur, so it is rare
in populations with adequate access to medical care.
Delayed and inadequate medical treatment continue to
be problems in US inner cities, and empyema is fre-
quently encountered in hospitals serving these popula-
tions.

The same individuals who do not receive early and
adequate treatment of their infections are liable to be
malnourished. This review of 80 patients requiring sur-
gical treatment for empyema showed that for 71% mal-
nutrition was severe enough to affect their medical out-
come. The degree of malnutrition correlated closely
with the severity of infection and the mortality rate. The
majority of patients were admitted with infection of
relatively short duration, so the observed malnourished
state appears to have preceded the infection.

METHODS AND PATIENTS
We reviewed the clinical records of 80 patients ad-

mitted to Harlem Hospital Center between January 1984
and December 1987 who required surgical drainage for
intrathoracic infections. Pericardial infections not sec-
ondary to pleural or pulmonary infections were
excluded.

Patients included 62 men and 18 women ranging in
age from 22 to 77 years with a mean of 42 years. Patients
were usually admitted to the medical or general surgical
services, and chest surgical consultation was sought if
tube drainage was thought to be indicated. Closed drain-
age with tube thoracostomy was recommended for
patients with grossly purulent fluid and for those with
effusions containing organisms on Gram's stain,
glucose level below 40mg/lOOmL, or pH less than 7.00.

TABLE 2. BACTERIOLOGY OF EMPYEMAS
No.

Bacteriology Patients

Staphylococcus aureus 19
Anaerobes 1 8
Mycobacterium tuberculosis 11
Pneumococcus 9
Klebsiella 2
Pseudomonas 2
Streptococcus 1
Hemophilus 1
Escherichia coli 1
Proteus 1
Multiple organisms 2
No growth 13

Open drainage with rib resection was performed for
loculated empyema or for inadequate drainage of
infected fluid, usually after two to three weeks of drain-
age of multiple tube thoracostomies. Decortication was
performed for thickened pleura with inadequate lung
expansion after resolution of acute inflammatory reac-
tions. One patient each had pneumonectomy for carci-
noma, pleuropneumonectomy for extensive lung
destruction secondary to resistant pulmonary tuber-
culosis, chest wall resection for costochondritis, and/or
pericardial window for purulent pericarditis. Two
patients with lung abscesses requiring surgical drainage
of the abscess or an associated empyema are included.
Specimens obtained from the pleural space were sent for
aerobic, anaerobic, fungal, and mycobacterial cultures.
The following immunodepressant risk factors were iden-
tified for all patients: malnutrition, acquired immuno-
deficiency syndrome (AIDS) or AIDS-related complex
(ARC), cancer, cirrhosis, diabetes mellitus, steroids or
other immunosuppressive chemotherapy, and chronic
renal failure. Malnutrition was considered to be present
if documented on the admission physical examination, if
it was the admitting diagnosis, or if the admission serum
albumin was less than 3.0 mg/100mL, after other possi-
ble causes for protein loss (nephrotic syndrome, protein
losing enteropathy, and cirrhosis) were excluded.

Delayed skin hypersensitivity was performed in 35
patients by intradermal injection of three recall antigens:
purified protein derivative, mumps, and Candida.
Anergy was considered present if no reaction to any of
the three recall antigens was noted. Peripheral lympho-
cyte count was determined by total and differential white
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TABLE 3. TREATMENT OF EMPYEMAS
No.

Treatment Patients

Tube thoracostomy only 53
Open drainage 18
Decortication 5
Pneumonectomy 1
Pleuropneumonectomy 1
Excision of costal cartilage 1
Pericardial window 1

blood cell count. Statistical significance was calculated
by the chi-square test.

RESULTS
Pathogenesis

Sixty-four patients (80%) had acute purulent
empyema and 9 (12%) had tuberculous empyema often
mixed with other bacterial organisms. Two patients each
had tuberculous effusion with complications, lung
abscesses, or chronic bronchopleural fistulae. One
patient had empyema secondary to an esophageal per-
foration. The etiology of empyemas are presented in
Table 1.

Bacteriology
Pleural fluid culture was usually negative, but in each

case cultures of pleural fluid, blood, and sputum were
taken to establish the etiology. Staphylococcus aureus
was the most frequent probable cause of infection.
Organisms isolated are listed in Table 2.

Risk Factors
Immunosuppressing factors present were malnutri-

tion, 45 patients (56%); AIDS/ARC, 13 (16%); cir-
rhosis, 1 (1.2%); diabetes mellitus, 1 (1.2%); and
multiple causes, 12 (15%). The 12 patients with multiple
causes were malnourished in addition to chronic renal
insufficiency (5), diabetes mellitus (3), cirrhosis (2),
cancer (1), and high-dose steroid for chronic obstructive
pulmonary disease (1). Of all patients, 84% were heavy
users of drugs, alcohol, or both, 39 patients (49%) were
intravenous drug abusers, and 28 (35%) of those not
addicted to drugs were addicted to alcohol.

Nutritional Measurements
Malnutrition was present in 57 patients (71%). Evi-

dence for malnutrition was determined by: laboratory
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Figure. Correlation of albumin and mortality.

analysis (serum albumin <3.0mg/lOOmL), 31 patients;
laboratory analysis and physical examination, 9; labora-
tory analysis, physical examination, and admitting diag-
nosis, 17. Serum albumin levels (available for 78
patients) ranged from 1.5 to 4.2 with a mean of 2.5.
Three patients with low serum albumin also had cir-
rhosis.

Immunologic Measurements
Twenty patients (25%) had a total peripheral lympho-

cyte count of less than 1000 and 59 (74%) had counts
equal to or greater than 1000. One patient's count was
unavailable. Twenty-eight of 35 patients (80%) tested for
delayed skin hypersensitivity reaction were anergic.

Treatment
All 80 patients had initial closed drainage with tube

thoracostomies. Twenty-seven patients (35%) required
additional surgical procedures; 18 (25%) underwent
open drainage following inadequate drainage with tube
thoracostomies; 5 (6%) underwent pleural decortica-
tion-2 for infected hemothorax following chest trauma,
2 for aureus empyema, and 1 for tuberculous empyema.
One of the 2 patients undergoing lung resection was
noted to have lung carcinoma following initiation of
treatment for empyema and underwent pneumonectomy.
Another patient with resistant pulmonary tuberculosis
and extensive lung destruction underwent pleuro-
pneumonectomy. One patient with empyema necessitatis
complicated by costochondritis required excision of the
second costal cartilage. One patient with purulent peri-
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TABLE 4. DETERMINANTS OF MORTALITY
Variable Mortality (%) Risk Ratio

Serum albumin
< 2.0 10/14 (71) 30.0
2.0 - 2.9 12/44 (27) 3.4
¢ 3.0 2/20 (10) 1.0 X2 = 15.3

(P < 0.01)
Lymphocyte
count
< 1000 10/20 (50) 3.2

1000 14/59 (24) 1.0 x2 = 4.9
(P < 0.05)

Anergy
present 11/28 (39) 3.5
absent 1/7 (14) 1.0X2 = 1.5

(P < 0.30)

carditis complicated by empyema required a pericardial
window for effective drainage. Treatment measures are
summarized in Table 3.

Mortality
Serum albumin was the single most important deter-

minant of a fatal outcome, especially when levels were
below 2.0mg/lOOmL (Figure). The risk ratio for death
with an albumin less than 2.0 was 30.0 (10 of 14 patients
died). Total lymphocyte count less than 1000, anergy to
three recall antigens, and AIDS/ARC were other deter-
minants of an unfavorable outcome, although the x2 was
not high enough to indicate statistical significance in all
circumstances (Table 4). Overall mortality (including
one late mortality) was 24 of 80 patients (30%). Only 2 of
24 patients who died had none of the three major risk
factors.

Analysis of the records for the patients who died
revealed important contributing medical and surgical
errors. Inadequate or late antibiotic treatment of an-
aerobic infection was noted in 8 patients. Five patients
had badly placed chest tubes or an error in operative
technique.

DISCUSSION
Malnutrition has long been known to increase the risk

of infection. In this study, the degree of malnutrition
proved to be an important predictor of mortality. In most
fatal cases the cause of death was uncontrollable infec-
tion in a patient who appeared to have malnutrition-
related immunosuppression. The exact mechanism of

immunosuppression in the malnourished state is yet to
be clearly defined. Both the humoral and cellular com-
ponents of the immune system are affected, although
depression of cellular immunity is thought to be more
important. Law et all evaluated immune response in
malnourished patients and showed impairment of both T
and B cell functions, with subsequent improvement with
nutritional repletion. Meakins et a12 also showed abnor-
malities of neutrophil chemotaxis, T-lymphocyte rosette
formation and lymphocyte chemotaxis in seriously ill
malnourished patients. Maclean3 showed that anergy
associated with protein calorie malnutrition can be
reversed with adequate nutritional support.

Although malnutrition-related immunosuppression
can be reversed with intensive nutritional support, it is
much more difficult to achieve in severely malnourished
patients4 and is usually impossible in patients with
uncontrolled septic foci. In this series, anergy and lym-
phopenia were also associated with increased mortality
but were less predictive than hypoalbuminemia. The
prognostic nutritional index used by Buzby et a15 ana-
lyzed four variables (serum albumin, transferrin,
delayed hypersensitivity, and triceps skin fold) for their
ability to predict a fatal outcome, and found albumin the
most important.

Although infectious complications remain the most
frequent cause of death in patients with AIDS,6 46% of
our 13 patients with AIDS/ARC recovered from their
infections. Survival is possible in patients with immune
deficiency with aggressive management if pus is ade-
quately drained and the.patient does not have a dissemi-
nated infection resistant to antibiotic therapy.

Tube thoracostomy during the exudative and early
fibrinopurulent phase almost always provides adequate
drainage; in the later fibrinopurulent and chronic phases,
additional surgical procedures may be required. Early
drainage with accurately placed tubes greatly simplifies
case management.

The choice of antibiotics is also of critical impor-
tance, especially in immunosuppressed patients. Ide-
ally, the choice of antibiotic should be guided by deter-
mination of organism sensitivity, but this determination
involves delay in the institution of therapy and is not
always possible or practical. Anaerobic organisms in
particular are difficult to culture accurately. Patients with
putrid (probably anaerobic) infections in the chest
should immediately receive high-dose penicillin plus
clindamycin or chloramphenicol, or another agent
known to be effective against a broad range of the
anaerobic organisms known to be present in the chest.

Although most deaths in our series involved patients
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with extensive disease and severe malnutrition, some
patients with both advanced infection and severe mal-
nutrition survived. The majority of patients with the
three major risk factors-hypoalbuminemia, anergy,
and lymphopenia-can be expected to recover, but the
margin for management error is less. These high-risk
patients require early drainage of the pleural space,
appropriate antibiotics, and intensive nutritional sup-
port. Reversal of malnutrition is not possible until infec-
tion is controlled.

Postpneumonic empyema is commonly thought to
occur due to blockage of pulmonary lymphatics by
inflammatory debris or by the direct extension of the
pneumonic process into the pleural space. However, the
very high incidence of hypoalbuminemia in our senres
suggests that hypoalbuminemia with its concomitant
decrease in serum oncotic pressure may be an important
factor in the pathogenesis ofpostpneumonic empyema in
malnourished patients. It seems likely that patients with
low albumin levels develop "parapneumonic effusions"
earlier, have larger effusions for a longer time, and have a
lower resistance to the development of infection in the
effusion.
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