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Background: Empyema is the collection of purulent exudate within the pleural space. Overall, 36%–65% of 

patients with empyema cannot be treated by medical therapy alone and require surgery. Multiloculated em-

pyema is particularly difficult to treat with percutaneous drainage. Therefore, we describe our experiences 

with early aggressive surgical treatment for rapid progressive multiloculated empyema. Methods: From 

January 2001 to October 2015, we retrospectively reviewed 149 patients diagnosed with empyema who re-

ceived surgery. The patients were divided into 2 groups according to whether they underwent emergency 

surgery or not. We then compared surgical outcomes between these groups. Results: The patients in group A 

(emergency surgery, n=102) showed a more severe infectious state, but a lower complication rate and short-

er length of hospital stay. The incidence of lung abscess was higher in group A, and abscesses were asso-

ciated with diabetes and severe alcoholism. Conclusion: Early aggressive surgical treatment resulted in good 

surgical outcomes for patients with rapid progressive multiloculated empyema. Furthermore, we suspect that 

the most likely causes of multiloculated empyema are lung abscesses found in patients with diabetes mellitus 

as well as severe alcoholism.
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Introduction

Empyema is defined as a collection of purulent 

exudate within the normally sterile pleural space. 

The most common cause of empyema is para-

pneumonic effusion (approximately 66% of all cases) 

[1]. The natural history of the disease has been 

classified. The early or exudative phase (stage I) is 

simple fluid or pus collection. Without treatment, this 

will soon evolve into a loculated, fibrinopurulent ef-

fusion (stage II) complex, which is an organized col-

lection of pus trapping the underlying lung (stage III) 

[2]. Initial medical treatment usually consists of in-

travenous antibiotics and drainage of the pleural cav-

ity by needle aspiration or tube thoracostomy [3]. 

Nevertheless, 36% to 65% of cases are not cured 

with medical therapy alone and require surgery [4,5]. 

In particular, multiloculated empyema is difficult to 

treat with traditional medical intervention strategies 

(Fig. 1). To achieve adequate pus evacuation, more 

than 1 catheter may be necessary. Pleural empyema 

and lung abscess are both forms of lower respiratory 

tract infections. According to clinical observations, it 

is possible for both pleural empyema and lung ab-
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Fig. 1. Radiologic findings of multi-

loculated empyema. (A) Simple X- 

ray and (B, C) computed tomography

showed multiloculated empyema. 

Images from one of our patients 

who failed percutaneous drainage 

treatment.

scesses to occur in the same patient [6]. In such cas-

es of empyema with lung abscess, because of its rap-

id progression, there is not sufficient time to wait for 

the intravenous antibiotics to have an effect on the 

patients. This paper describes our experiences of sur-

gery for rapidly progressive acute multiloculated 

empyema.

Methods

A review of a thoracic surgical database identified 

177 patients who underwent surgery for the manage-

ment of acute and subacute empyema between 

January 2001 and October 2015. The diagnosis for all 

patients was based initially on a chest X-ray, fol-

lowed by a computed tomography (CT) scan. Cases 

associated with trauma were excluded. Patients with 

an underlying thoracic malignancy, who had under-

gone pulmonary resection surgery, or who had se-

vere neurological problems were also excluded. 

Indications for surgery were as follows: sudden wor-

sening of symptoms that could not be tolerated, rap-

id progressive multiloculated empyema that could 

not be drained percutaneously, no improvement in 

the chest X-ray after tube thoracostomy, failure of 

medical treatment, existence of a definite lung lesion 

such as a lung abscess on the CT scan, progression 

to sepsis, or septic shock. We analyzed age, gender, 

past medical history, laboratory findings, surgical pa-

rameters, postoperative course, and surgical outcomes. 

All operations were performed under general anes-

thesia in the lateral decubitus position. A transverse 

skin incision (about 4–5 cm) was made laterally at 

the largest empyema cavity level, and the rib was 

partially resected. A thoracoscope was used for addi-

tional visibility. Pleural fluid was drained and any fi-

brinous debris was curetted out. Some cases required 

decortication. Pneumonotomy, wedge resection, or lo-

bectomy was performed if there was a lesion on the 

lungs, such as a lung abscess. Copious washout of 

the pleural cavity was carried out using a povi-

done-iodine solution. One or two 28F chest drains 

were inserted, and the lung was reflated under direct 

vision. The decision to remove the drainage catheter 

was made when clinical symptoms improved, it was 

identified as having a serous nature, or drainage de-

creased to less than 100 mL/day. The data were ana-

lyzed using PASW SPSS statistics ver. 18.0 (SPSS Inc., 

Chicago, IL, USA). The independent t-test, chi-square 

test, Mann-Whitney test, and multivariate logistic re-

currence analysis were used for statistical analysis. A 

p-value＜0.05 was considered statistically significant.

Results

A total of 149 patients underwent surgery due to 

empyema. The demographics of the patients are out-

lined in Table 1. Their mean age was 50.8 years 

(range, 1 to 82 years), and there were 124 men and 

25 women. Chest pain was the most common main 

complaint. All patients had a fever of up to 37.5° be-

fore surgery. The mean arterial oxygen saturation 
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Table 2. Intraoperative findings

Variable Value

Surgery time (day) 202.0±87.4

Operation site (right:left) 83:66

Presence of lung abscess 92 (61.7)

Operation

  Drainage 31 (20.8)

  Drainage+pneumonotomy 36 (24.6)

  Drainage+wedge resection 45 (30.2)

  Lobectomy 6 (4.0)

  Decortication 31 (20.8)

Values are presented as mean±standard deviation or number (%).

Table 1. General characteristics of patients (n=149)

Characteristic Value

Age (yr) 50.8±15.3

Gender (male:female) 124:25

Chief complaint

  Chest pain 80

  Dyspnea 35

  Cough 12

  Chill 19

  Other 3

Past medical history

  Diabetes mellitus 52

  Tuberculosis 12

  Hypertension 34

Values are presented as mean±standard deviation or number.

Fig. 2. Relationships between the presence of a lung abscess and comorbidities. DM, diabetes mellitus; HA, heavy alcoholism.

was 92.1% (range, 21% to 99%), the mean arterial 

oxygen concentration was 64.1 mm Hg (range, 38 to 

82 mm Hg), and the mean systemic inflammation re-

action syndrome score was 2.2 (range, 0 to 4). Forty- 

five patients received preoperative antibiotic treat-

ment only, and 42 patients received preoperative an-

tibiotic treatment with tube thoracostomy. The mean 

preoperative treatment duration was 6.9 days. Sixty- 

two patients underwent surgery just after their diag-

nosis, without any preoperative treatment. The mean 

surgery time was 202 minutes. During the operation, 

a lung abscess was found in 92 cases. Patients with 

a lung abscess showed significant comorbidities. 

Patients in whom a lung abscess was discovered dur-

ing surgery showed a significantly higher incidence 

of diabetes mellitus and severe alcoholism (Fig. 2). 

The most common operation was open drainage with 

wedge resection of the lung abscess. Six patients un-

derwent lobectomy due to having an extremely large 

abscess and consolidation sufficiently severe that re-

covery seemed impossible (Table 2). Bacterial cul-

tures of pleural empyema were performed in all 

patients. However, only 21.4% of cultures (32 cases) 

showed positive results. The principal pathogen iso-

lated in our series was Streptococcus species (Table 

3). Moreover, not surprisingly, methicillin-resistant 

Staphylococcus aureus was cultured in patients with 

community-acquired infections. Seven patients were 

diagnosed with tuberculosis pleurisy. After con-

firmation, antituberculosis medications were initiated 

immediately. The mean length of the hospital stay af-

ter surgery was 19.8 days. Postoperative complica-

tions occurred in 11 cases (Table 4). Wound in-

fection was the most common complication, and 

among those cases, 7 patients underwent tube thor-

acostomy before surgery. The number of preopera-

tive tube thoracostomy procedures was significantly 
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Table 5. Risk factors for postoperative complications

Risk factors
Odds ratio 

(confidence interval)
p-value

Age 1.060 (1.004–1.120) 0.035

Preoperative tube 

thoracostomy

4.406 (1.037–18.721) 0.044

Table 3. Organisms identified from the pleural fluid

Organisms No. of cases

Streptococcus spp. 13

Staphylococcus spp. 5

Klebsiella 3

Other 4

Tuberculosis 7

spp., species.

Table 4. Postoperative course of patients

Variable Value

Length of hospital stay (day) 19.8±13.4

Need for ventilator care 112 (75.2)

Complications

  Wound infection 8

  Pneumonia 2

  Prolonged air leak 2

Values are presented as mean±standard deviation, number (%), 

or number.

higher in patients with complications (72% versus 

36%, p=0.02). The risk factors of postoperative com-

plications were analyzed by multivariate logistic re-

gression analysis (Table 5). Two patients suffered 

from prolonged air leakage, and it was necessary to 

discharge them with a drainage catheter. No in-hos-

pital mortality occurred. Long-term outcomes were 

evaluated with a simple chest X-ray after 3 and 6 

months. No recurrence was reported, and all patients 

showed satisfactory results.

Discussion

The treatment of empyema has 2 objectives: (1) 

evacuation of the infected material and (2) re-ex-

pansion of the lung [7]. Therefore, empyema is usu-

ally treated with intravenous antibiotics and tube 

drainage. In this study, the initial antibiotic treatment 

was a triple antibiotic regimen. The third-generation 

antibiotics cephalosporin, aminoglycoside, and metro-

nidazole are used against anaerobic bacteria. The 

yield of bacterial culture of pleural fluid in empyema 

is low with conventional laboratory methods [8-10]. 

In our study, only 21.4% of pleural cultures showed 

positive results. According to Nyambat et al. [8] in 

2008, due to the low culture rate, the use of cultures 

in the majority of cases may not be a sufficiently 

sensitive diagnostic method in determining the 

etiology. Multiloculation implies that patients either 

did not receive the proper initial treatment or that 

further medical treatment was likely to fail [11]. 

Despite the proper positioning of the tube thor-

acostomy, it is possible for the pleural cavity to be 

filled with gelatinous material that cannot be drained 

if thoracentesis fails to adequately drain the pus. 

Therefore, any additional catheter insertion may not 

be helpful, and at this point, it is good to perform 

surgery within 1–2 days [12,13]. Another paper 

showed that tube thoracostomy for more than 7 days 

increases the likelihood that a staged procedure 

(from antibiotics to thoracotomy and decortication) 

will be necessary. Hence, the decision to perform 

surgery should be determined within a few days af-

ter initiating the drainage. The staged approach to 

treatment leads to an unnecessarily prolonged in-

fective process in patients who may be debilitated by 

malnutrition, diabetes, or other disease processes. 

Moreover, prolonged use of antibiotics results in op-

portunistic infections [14]. Furthermore, in our study, 

we showed that preoperative tube thoracostomy was 

associated with complications such as wound 

infection. Therefore, it is imperative to perform sur-

gery within an appropriate period of time and with-

out hesitation. A lung abscess is defined as a circum-

scribed collection of pus in the lung, which leads to 

the formation of a cavity. This develops when a lo-

calized area of parenchymal infection becomes ne-

crotic and then cavitates. Huang et al. [6] examined 

empyema with an abscess, and they reported that 

patients with pleural empyema and lung abscess 

have a higher intensive care unit admission rate, and 

higher overall mortality, than patients with pleural 

empyema. In our study, a lung abscess was identified 

in 92 patients. During the operation, we saw fresh 

pus leaking from the abscess, which could have led 

to a more rapid accumulation of pleural fluid. There-

fore, physicians must pay close attention to patients 
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who show clinically severe features with rapid pro-

gressive multiloculated empyema, particularly with 

an abscess. Although we obtained satisfactory surgi-

cal outcomes, a comparison with patients who under-

went only chest tube drainage or antibiotic treatment 

is needed to make conclusions about the efficacy of 

surgical treatment. To date, there have only been a 

few randomized controlled trials comparing surgery 

and tube thoracostomy as the primary intervention 

for empyema [13,14]. These studies showed that pa-

tients undergoing surgery as the primary manage-

ment strategy had fewer treatment failures and 

shorter hospital stays [2]. Nevertheless, a large, mul-

ti-institute, prospective comparative study is still nec-

essary to determine the efficacy of surgical treatment.

In conclusion, surgery played an important role in 

the treatment of empyema in addition to traditional 

medical therapy. In our study, there were 11 cases 

(7.4%) of postoperative complications, and no in-hos-

pital mortality occurred. In patients with complica-

tions, more patients underwent tube thoracostomy 

before surgery. Therefore, if medical treatment fails, 

we urge that the decision to perform surgery be 

made without hesitation.
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