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Abstract 

Background: Despite advances in antimicrobial therapy and a range of drainage techniques for the infected pleural 
area, thoracic empyema continues to be a serious reason behind morbidity and mortality. Although chest ultrasonog-
raphy has been found to be an efficient diagnostic tool for pleural effusion features, it is rarely utilized to predict the 
outcomes of pleural illnesses.

Aim of the work: To determine the impact of sonographic patterns in predicting the outcomes of thoracic empy-
ema patients.

Patients and methods: In this retrospective study, patients were divided into four groups based on their sono-
graphic patterns: (I) complex non-septated effusions (plankton sign), (II) complex fixed septated effusions, (III) com-
plex mobile septated effusions, and (IV) homogenously echogenic effusions (hematocrit sign). These sonographic 
patterns were compared to the patients’ co-morbidities, length of stay in the hospital, chest tube drainage, and 
medicinal or surgical therapy effectiveness.

Results: In comparison with other sonographic pattern groups, patients in group I (70.6%) and group IV (45.5%) had 
effective thoracic tube drainage with a very high statistically significant difference (P value < 0.001). For patients in 
group II (75%) (P value < 0.001), open thoracotomy was a very highly significant effective therapy (P value 0.001).

Conclusion: The sonographic pattern of thoracic empyema is a useful tool for guiding treatment decisions in these 
patients.

Keywords: Chest ultrasonography, Thoracic empyema, Tube drainage, Medical thoracoscopy, Video-assisted thoracic 
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Introduction 
Pleural empyema is a condition in which pus accumu-
lates in the pleural space and is associated with a 2–30% 
morbidity and death rate [1]. Patients are commonly 
seen by a doctor when their purulent process has pro-
gressed to the fibrinopurulent or chronic stage, which is 
still controversial. These people are typically subjected 
to various treatments and protracted hospitalization 
before their empyema is effectively managed [2]. Empy-
ema can be treated by using chest tube drainage, medical 

thoracoscopy, video-assisted thoracic surgery (VATS), or 
thoracotomy with or without pleural fibrinolysis. Despite 
the fact that early intervention is universally recom-
mended, there is still debate on the best management 
approach for multiloculated empyema, as well as when 
and how to intervene. Pleural shadowing determined by 
chest radiography or contrast-enhanced thoracic CT can 
be, in addition, described with pleural ultrasonography. 
Solid portions and septae can be separated from liquid 
loculations [3].

Even for assessing the diagnostic puncture of minor 
pleural effusions, chest ultrasonography is a safe, con-
venient, and fine approach. Transudative and exudative 
effusions can be amazing by using sonographic patterns 
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of pleural effusions: a transudate is normally anechoic, 
whereas exudates can be anechoic, complicated (either 
complex septated constant or cell septae or complicated 
non-septated), or echogenic sample [4].

Pleural ultrasonography simply exceeds CT when it 
comes to figuring out an empyema. Based on the ultra-
sound pattern, a therapeutic method using pleural ultra-
sonography would possibly be devised. Ultrasonography 
would consequently be capable to stratify therapeutic 
modalities at the time of admission to the hospital, rather 
than numerous days later after a failed first-line treat-
ment with chest tube drainage [5].

Thus, we analyzed the one-of-a-kind sonographic pat-
terns of patients with thoracic empyema to examine 
its position in predicting thoracic empyema patients’ 
outcomes.

Patients and methods
This retrospective cohort study included 72 thoracic 
empyema patients (42 adult males and 30 females with a 
mean age of 43.1 ± 13.3), who had been previously admit-
ted to the Chest Department, Zagazig University Hospi-
tals, within the period between April 2018 and October 
2019. The study was once approved by the institutional 
review board of the hospital (ZU-IRB #9235-2-1-2018).

Inclusion criteria
Patients enrolled in this study had thoracic empyema ret-
rospectively which was described as frank pus on thora-
centesis with or without positive smear and bacteriologic 
culture findings, or pH < 7.2 with signs of infection [6]. 
The patients’ data were estimated and reviewed carefully 
from their previous hospital medical records.

Exclusion criteria
Patients were excluded if thoracic empyema was caused 
by any invasive procedure, such as trauma or surgery. 
Moreover, the patients who had unfulfilled medical 
records were excluded.

On the first day of hospitalization, full medical his-
tory with laboratory investigations and plain chest 
radiographs were recorded from the files, and most of 
the patients additionally underwent contrast-enhanced 
thoracic computed tomography (CT). Transthoracic 
ultrasonography with sonar-guided thoracentesis was 
executed for all patients retrospectively, after having 
their consent, through Sonoscape SSI 4000 color Doppler 
ultrasound machine with (3.5 to 5.0 MHz) curvilinear or 
phased array probe in supine or sitting position, with the 
transducer scanning through the intercostal space. The 
aspirated fluid samples were collected below aseptic con-
ditions and dispatched for biochemical examination and 

were cultured for each aerobic and anaerobic microor-
ganisms [7].

We evaluated the echogenicity of the empyema from 
the recorded sonographic guided thoracentesis pattern.

The classification of sonographic patterns
The recorded findings of chest ultrasonography pat-
terns for all 72 enrolled patients were classified into four 
groups (Fig. 1) as follows: group I (17 patients)—complex 
non-septated and exceedingly hyperechoic pattern, with 
hyperechoic swirling debris deposited inside the effu-
sion and agitated by using cardiac or respiratory move-
ment in a pleural effusion (plankton sign); group II (14 
patients)—complex fixed septated effusion, the place the 
fibrous bands were fixed inside the effusion; group III (19 
patients)—complex mobile septated effusion, where the 
septa were mobile with undulating moves inside the ane-
choic pleural space; and group IV (22 patients)—homog-
enously echogenic pattern, with echogenic spot density 
in the pleural fluid. This exceedingly cellular fluid obvi-
ously created a layering effect by means of gravity (hema-
tocrit sign) (Fig. 2) [4, 8].

A third-generation cephalosporin plus metronidazole 
or beta-lactam/beta-lactamase inhibitor combinations 
antibiotics were prescribed from the start for all patients 
in this study. Antimicrobial therapy for hospital-acquired 
empyema should be the focal point for covering methi-
cillin-resistant Staphylococcus aureus and Pseudomonas. 
Vancomycin, metronidazole, and antipseudomonal 
cephalosporin were real-looking alternatives. Intrave-
nous antibiotic therapy was frequently suitable at first; 
however, when objective clinical (e.g., temperature) and 
biochemical (e.g., C-reactive protein) improvement was 
established, the administration route was changed to 
oral. Antibiotic therapy had to be continued for 2 to 6 
weeks, depending on the severity of the infection and the 
clinical response to the remedy [9].

Tube thoracotomy
Our patients with empyema underwent standard tube 
thoracotomy, unless there were fixed septated effusions 
with the aid of chest ultrasonography (group II) in only 
fourteen patients who withstood medical thoracoscopy 
with fibrinolytic therapy directly.

Reevaluation was done for our patients on the fifth day 
by chest radiography and ultrasonography.

Tube thoracotomy was viewed as a successful method 
when a chest radiograph indicated improved lung expan-
sion and the tube had to be removed when there was no 
drain or modifications of the fluid into serious effusion. 
When there is radiological proof of loculated effusion 
with poor drainage, medical thoracoscopy is done.
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Medical thoracoscopy
Thoracoscopy is used to be carried out in our endoscopic 
unit with the services of ultrasonography. With the 
empyema facet up and the arm over the head, the patient 
is positioned in a lateral or dead lateral decubitus posi-
tion. Throughout the procedure, the patient’s vitals and 
oxygen saturation were continuously monitored. Thora-
coscopy was performed in the lateral decubitus position 
with 1% lidocaine local anesthesia and analogue seda-
tion with midazolam and pethidine or morphine. Under 
ultrasonographic guidance, a 1.5-cm incision was made, 
and a 10-mm trocar was introduced into the proper 
intercostal space. A 0° optical telescope was inserted 
and connected to a videotape camera and monitor. The 
pleura was examined carefully using a thoracoscope 
(KarlStorz, Germany) and supplementary  CO2 insuffla-
tions if needed. All pleural fluid was suctioned out, and 
the pleural cavity was closely examined. Fibrinous sep-
tae were dissected and removed with straight Maryland 
forceps. The pleural cavity was irrigated with saline, and 
the fluid and fibrinopurulent material were aspirated 
and removed from the cavity. A drain (30 to 32 F) was 
introduced at the end of the procedure and connected to 
underwater seal suction with a negative pressure suction 
of 20 cm  H2O. When there was no more drainage and the 

chest X-ray improved, the tube was withdrawn. After the 
procedure, all patients were given IV antibiotics for at 
least one week [10].

Treatment success was defined as survival without the 
need for further surgical interventions.

Chemical fibrinolysis after medical thoracoscopy
After 24 h of medical thoracoscopy, 250,000 IU of strep-
tokinase was diluted in 100 cc saline and 20 cc lidocaine 
1% and injected through the chest tube once daily then 
the tube was clamped for 6 h. The process was repeated 
for 3 consecutive days [11].

Surgical procedures (VATS or open thoracotomy)
The thickened pleural peel was found in 13 patients by 
medical thoracoscopy, so video-assisted thoracoscopic 
surgical operation (VATS) was carried out on them 
(Fig. 1).

VATS was performed with a patient in lateral decubitus 
position under general anesthesia and single lung ven-
tilation. Three incisions were made in a triangular con-
figuration for the camera and instruments. A lysis of all 
adhesions creating the pleural area into one cavity was 
done. Decortication of the lung and a generous wash of 
the pleural cavity with saline were carried out, and then 

Fig. 1 The flow diagram showing the sonographic patterns of studied empyema patients and their final outcome
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two pleural drains related to an underwater seal were 
once inserted after confirmation of lung expansion [12].

Five patients were presented with multiple loculations 
and extreme adhesions in the pleural cavity through 
medical thoracoscopy, so these patients underwent open 

thoracotomy for further decortication and drainage while 
attaining full lung expansion.

Outcomes
The perioperative mortality was defined as patients 
who died due to causes related to the empyema or the 
operative complications, while profitable strategies were 
defined as the improvement of empyema with no need 
for additional intervention [2].

The principal outcomes that we examined in our find-
ings have succeeded or failed procedures and/or in-hos-
pital mortality of cases. Regarding the recorded chest 
sonographic findings, duration of chest tube insertion 
with or barring intra-pleural fibrinolytic therapy and 
surgical interventions  were encountered and analysed. 
In addition, the length of stay in the hospital was once 
reviewed as a secondary outcome.

Statistical analysis
The data were collected and analyzed using the commer-
cial Statistical Package for Social Sciences, version 25. 
Tables were used for existing data such as frequencies, 
proportions, mean, and standard deviation (SD). Inde-
pendent samples of Student’s t-test and one-way analy-
sis of variance were used, as appropriate, for quantitative 
data. The chi-square test and Fisher’s exact test were 
used to analyze the categorical variables. All outcomes 
were assessed to be statistically significant when a value 
of P ≤ 0.05.

Results
Table  1 summarizes the demographic characteristics 
of the four sonographic groups that enrolled in this 
study with no significant statistical difference between 
them. The majority of studied patients were males 
(58.3%) and the most frequent underlying comorbidity 
was hypertension (25%) followed by diabetes mellitus 
(23.6%).

In 58 of 72 patients (80.6%), positive bacteriologi-
cal results were detected. The most frequent isolated 
pathogenic bacteria were gram-negative germs (34.7%) 
followed by mixed organisms (22.2%) as shown in 
Table 2.

The mean hospital stay (16.6 ± 6.9) and the mean 
period of chest tube drainage (9.2 ± 5.4) of the patients 
with complex non-septated sample (group I) were 
shorter than those with different sonographic sample 
groups with high statistical differences between them 
(Table 3).

Patients with complex non-septated pattern (group 
I) (70.6%) followed by those with homogenously echo-
genic pattern (group IV) (45.5%) underwent successful 
thoracic tube drainage in relation to other sonographic 

Fig. 2 The chest ultrasound patterns of empyema patients. Top 
left: A group (I)—complex non-septated and relatively hyperechoic 
pattern. Top right: B group (II) or group (III)—complex septated 
effusion (either fixed or mobile septa). Bottom: C group (IV)—
homogenously echogenic pattern, with echogenic spot density in 
the pleural fluid
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patterns with very high statistically significant differ-
ence (P value < 0.001), while surgical thoracotomy was 
more frequently used in complex fixed septated effusion 
patients (group II) (21.4%) than it was used with other 
sonographic pattern groups with statistically significant 
difference (P value <0.05) as shown in Table  3. There 
were 2 patients died in this study, one of them in group 
II (7.1%) due to postoperative persistent hemorrhage 
and the other one in group IV (4.2%) by septic shock 
(Table 3).

Table  4 clarified that the tube drainage was hugely a 
successful management in group I patients (44.4%) in 
relation to the other therapeutic modalities of thoracic 
empyema (P value = 0.006), while the open thoracos-
tomy proved its effectiveness in patients with complex 
fixed septated effusion pattern (group II) (75%) (P value 
< 0.001). Medical thoracoscopy with fibrinolytic ther-
apy was a remarkably effective therapeutic modality in 
patients with complex mobile septated effusion pattern 
(group III) (46.2%).

Table 1 The demographic characteristics of patients with different sonographic groups

Group I (17) Group II (14) Group III (19) Group IV (22) Total (72) P value

Age
 Mean ± SD 41.3 ± 15.9 47.9 ± 11.7 42.6 ± 13.3 41.8 ± 12.2 43.1 ± 13.3 0.5

Sex, No. (%)

 Male 10 (58.8%) 9 (64.3%) 11 (57.9%) 12 (54.5%) 42 (58.3%) 0.95

 Female 7 (41.2%) 5 (35.7%) 8 (42.1%) 10 (45.5%) 30 (41.7%)

Comorbidities
 No 8 (47.1%) 3 (21.4%) 11 (57.9%) 12 (54.5%) 34 (47.2%) 0.17

 DM 4 (23.5%) 5 (35.7%) 3 (15.8%) 5 (22.7%) 17 (23.6%) 0.62

 HPN 4 (23.5%) 5 (35.7%) 4 (21.1%) 5 (22.7%) 18 (25.0%) 0.78

 IHD 1 (5.9%) 2 (14.3%) 0 (0.0%) 1 (4.5%) 4 (5.6%) 0.36

 COPD 2 (11.8%) 2 (14.3%) 0 (0.0%) 1 (4.5%) 4 (5.6%) 0.34

 Malignancy 1 (5.9%) 0 (0.0%) 0 (0.0%) 1 (4.5%) 2 (2.8%) 0.61

 Liver disease 0 (0.0%) 1 (7.1%) 3 (15.8%) 1 (4.5%) 4 (2.8%) 0.29

 Renal disease 0 (0.0%) 1 (7.1%) 1 (5.3%) 2 (4.5%) 4 (2.8%) 0.66

Table 2 Bacteriological results of pleural effusions in different sonographic groups

Type of germs Group I (17), no. (%) Group II (14), no. (%) Group III (19), 
no. (%)

Group IV (22), 
no. (%)

Total (72), no. (%)

Gram-positive 2 (11.8%) 2 (14.3%) 0 (0.0%) 3 (13.6%) 7 (9.7%)

Gram-negative 5 (29.4%) 6 (42.9%) 8 (42.1%) 6 (37.3%) 25 (34.7%)

Mixed germs 4 (23.5%) 2 (14.3%) 5 (26.3%) 5 (22.7%) 16 (22.2%)

Anaerobic germs 2 (11.8%) 0 (0.0%) 4 (21.1%) 4 (18.2%) 10 (13.9%)

No germs identified 4 (23.5%) 4 (28.6%) 2 (10.5%) 4 (18.2%) 14 (19.4%)

Table 3 Clinical course, treatment, and outcomes for thoracic empyema in different sonographic groups

* means significant

Group I (17) Group II (14) Group III (19) Group IV (22) Total (72) P value

Hospital stay (days), mean ± SD 16.6 ± 6.9 25.4 ± 7.2 23.6 ± 4.9 21.7 ± 6.5 21.7 ± 7.0 0.002*

Duration of chest tube drainage 
(days), mean ± SD

9.2 ± 5.4 15.4 ± 4.8 13.6 ± 3.4 11.8 ± 5.9 12.4 ± 5.3 0.012*

Tube drainage, no. (%) 12 (70.6%) 0 (0%) 3 (15.8%) 10 (45.5%) 25 (34.7%) < 0.001*

Medical thoracoscopy, no. (%) 4 (23.5%) 5 (35.7%) 12 (63.2%) 7 (31.8%) 28 (38.3%) 0.7

VATS, no. (%) 1 (5.9%) 5 (35.7%) 4 (21.1%) 3 (13.6%) 13 (18.1%) 0.2

Surgical thoracotomy, no. (%) 0 (0%) 3 (21.4%) 0 (0%) 1 (4.5%) 4 (5.6%) 0.03*

Mortality, no. (%) 0 (0%) 1 (7.1%) 0 (0%) 1 (4.5%) 2 (2.8%) 0.5
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Discussion
Thoracic empyema is a long-standing condition that 
remains a large clinical issue. Despite advances in anti-
microbial remedies and a variety of drainage methods for 
the contaminated pleural area, thoracic empyema contin-
ues to be a cause of morbidity and mortality [13].

Although chest ultrasonography has been found to be 
a high-quality diagnostic device for pleural effusion fea-
tures, it is hardly ever utilized to predict the results of 
pleural illnesses [14]. Increased septations as measured 
with the aid of thoracic US may be predictive of medical 
outcomes, according to only two researches [3, 5].

In the current study, the demographic characteristics 
of the 4 sonographic groups that enrolled in this study 
were clarified with no significant statistical distinction 
between them, and the majority of studied patients were 
males as shown in Table 1. This is in agreement with both 
studies that classified their patients in accordance with 
sonographic patterns in merely two groups (septated and 
non-septated) with no significant statistical distinction 
between them involving the demographic traits and the 
majority of patients were adult males [3, 5].

In thoracic empyema, antibiotic therapy is commenced 
empirically, apart from the fact that the choice of antibi-
otics primarily has to be based on culture. In the current 
study, the initial empirical antibiotics were in concord-
ance with the subsequent bacteriological results as shown 
in Table 2.

The majority of patients with thoracic empyema, 
whether or not suspected or proven, were treated with 
broad-spectrum antibiotics. Antibiotics needed to be 
adjusted to target infections depending on epidemiology, 
antibiotic resistance patterns, the supply of infection, and 
whether or not the patients were from the community or 
a healthcare facility. The most usually reported organism 
was Staphylococcus aureus. The most usually reported 
isolates from tropical and temperate locations were 
respectively pneumococci and viridians streptococci. The 
microbiological pattern differed substantially between 
community and hospital-acquired infections, with hos-
pital-acquired illness reporting more gram-negative and 
drug-resistant isolates [15].

In this study, in 14 of 72 sufferers (19.4%), sterile cul-
tures were detected (Table  2). These outcomes are in 
agreement with Pilav et al. [16] that 24% (24/100) of cases 
had poor results. The use of antibiotics prior to admis-
sion to the chest department or the technical mistakes in 
the collection and storage of sample material can be the 
purpose of bad microbiologic results.

The current study, in concordance with much other 
research [17–19], highlighted that aerobic gram and 
micro-organisms emerged as the most frequent patho-
gens in empyema (34.7%) as shown in (Table 2).

The hazard of empyema was accelerated via a variety of 
a number of concomitant illnesses that change systemic 
or local pulmonary host defenses, such as cancer and 
chronic obstructive pulmonary disease [20]. Gram-neg-
ative bacterial infection of the pleural space was linked 
to a higher incidence of underlying illness in the current 
study.

Brutsche et  al. [21] enrolled 216 patients of empyema 
between 2000 and 2003; most of them were successfully 
treated by simple drainage (75%). In case of multilocu-
lated disease, either medical thoracoscopy (15%) or sur-
gical VATS/thoracotomy with pleurectomy (11%) was 
performed. While in the current study, successful treat-
ment was provided by tube drainage (34.7%), medical 
thoracoscopy (38.3%), VATS (18.1%), and open thora-
cotomy (5.6%) as shown in (Table  3). The difference in 
successful treatment modalities can be diagnosed by 
early detection and intervention of empyema in Brutsche 
et al. [21] study, as they were concerned with hospitalized 
pneumonia patients.

Two deaths were recorded (2.8%) in this study, one 
of them in group II due to postoperative chronic hem-
orrhage and the other one in group IV by way of septic 
shock with no significant distinction between the other 
studied groups, while Chen et al. [3] reported 22 deaths 
(13.5%) out of 163 patients (11% in septated and 16% in 
non-septated groups); however, no patient who under-
went surgical intervention died. Vaziri and Abed [2] 
announced that there was no intra-operative death and 
12 of 112 patients (10.7%) died in the hospital which 
included one patient who had undergone thoracotomy. 
Surgical complications included significant air leak in 

Table 4 Successful outcome of thoracic empyema in relation to different sonographic patterns

* means significant

Success tube drainage 
(no. = 25)

Success medical 
thoracoscopy (no. = 28)

Success VATs (no. 
= 13)

Success open 
thoracotomy (no. = 4)

P value

Group I, no. (%) 12 (44.4%) 4 (15.4%) 1 (7.7%) 0 (0%) 0.006*

Group II, no. (%) 0 (0%) 5 (19.2%) 5 (38.5%) 3 (75%) < 0.001*

Group III, no. (%) 3 (11.1%) 12 (46.2%) 4 (30.8%) 0 (0%) 0.04*

Group IV, no. (%) 10 (37%) 7 (26.9%) 3 (23.1%) 1 (25%) 0.6
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two patients, persistent hemorrhage (> 400 ml/day over 
3 days) in one patient in the VATS group and wound 
infection required local debridement and drainage in one 
patient.

This study is considered the first one to classify tho-
racic empyema into 4 groups in accordance with its 
sonographic appearance. Implementations of this classi-
fication in the management of thoracic empyema add on 
value to the most useful interventions in those patients; 
tube drainage, clinical thoracoscopy with fibrinolytic 
therapy and open thoracotomy, which correlate signifi-
cantly with a successful outcome in different groups (P 
value 0.006, 0.04, and < 0.001, respectively) as shown in 
(Table  4). Chen et  al. [3] sonographically classified the 
empyema into septated and non-septated groups. Their 
study reported that the non-septated group showed sig-
nificantly shorter hospital stay and mean duration of 
chest tube drainage in agreement with the current result 
(P value 0.002 and 0.012, respectively), taking into con-
sideration the non-septated group presented as groups I 
and IV (Table 3). Overall patients in groups I and IV were 
39, 33 patients (84.6%) of them successfully managed 
without surgical interventions [tube drainage (P value < 
0.001) and medical thoracoscopy] and 6 patients (15.4%) 
needed further surgical procedures. The study of Ravaglia 
et al. [22] reported non-surgical successful management 
(medical thoracoscopy) of thoracic empyema in organ-
ized and free-flowing empyema (76.5%) and successful 
surgical management in 23.5%. The surgical interventions 
in these groups (I and IV) might be attributed to the pres-
ence of fibrous thickening of the pleura (pleural peel).

In complex fixed septated effusion patients (group II) 
and complex mobile septated effusion pattern (group 
III), which was previously classified as septated effusion, 
tube drainage was never initiated as a therapeutic option 
in group II while medical thoracoscopy with fibrinolytic 
therapy was the first therapeutic choice. In group III, 
chest tube drainage was used as a therapeutic option than 
medical thoracoscopy with fibrinolytic therapy. Overall 
patients in groups II and III were 33, 8 patients (24.2%) 
of them successfully managed without surgical interven-
tions. This highlights the benefit of further division of 
septated empyema into fixed and mobile.

It was noted that the very small sample size of four 
groups may limit the findings, potentially lowering the 
data’s reliability.

In conclusion, transthoracic ultrasonography is a safe, 
feasible bedside tool. The early interpretation and differ-
entiation of the pattern of thoracic empyema can inde-
pendently guide the therapeutic options.
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