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ABSTRACT
Background: Video-assisted thoracoscopic surgery (VATS) has become the standard treatment method
for pleural empyema’s surgical treatment. Postoperative pain, length of hospital stay, and cosmetic
results are satisfactory, especially with the uniportal approach. In this study, we retrospectively evaluated
and compared outcomes of patients treated with uniportal and biportal VATS.
Materials and Methods: A total of 73 patients who underwent VATS for empyema in our clinic between
January 2017 and October 2020 were retrospectively evaluated. Patients who underwent uniportal and
biportal VATS were compared in terms of age, sex, side and stage of empyema, length of hospital stay,
comorbidities, smoking history, American Society of Anesthesiologists (ASA) physical status score,
number of chest tubes placed postoperatively, postoperative Heimlich valve placement, postoperative
complications, postoperative drainage volume, recurrence, preoperative and 72-h postoperative C-reactive
protein (CRP) and white blood cell (WBC) values, and postoperative 24-h and 72-h VAS (visual analog
scale) pain scores. Univariate comparisons were done with R-based Jamovi statistical software.
Results: Fifty-two (71.2%) of the patients were male, and the mean age was 57 (IQR 41-67). Empyema
was stage 2 in 38 (52.1%) patients and stage 3 in 35 (47.9%) patients. VATS was uniportal in 52
patients (71.2%) and biportal in 21 patients (28.8%). The uniportal VATS group had significantly lower
drainage volume (p = 0.006) and VAS scores (p < 0.001). There were no statistical differences in the
other parameters.
Conclusions: Our data indicate that uniportal VATS was superior to biportal VATS for the treatment of
empyema in terms of postoperative pain and drainage.
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Introduction
Pleural empyema is defined as the presence of pus in the
pleural space or positive Gram staining of pleural effusion and/or isolation of a microorganism in pleural fluid
culture [1]. It usually occurs secondary to pneumonia,
and morbidity and mortality rates are between 2% and
30% [2]. Other causes are surgery, thoracic interventions, esophageal diseases, and abdominal sepsis [3].
Parapneumonic effusion develops in 14% to 19% of
patients with community-acquired pneumonia, and approximately one-third of these cases occur as complicated parapneumonic effusion or empyema [4,5]. The
American Thoracic Society classified pleural empyema
in three stages: stage 1 is the exudative stage, stage 2 is
the fibrinopurulent stage, and stage 3 is the organizational stage [6]. The British Thoracic Society recommends
drainage (thoracentesis/tube thoracostomy) and medical
treatment for stage 1 empyema. In contrast, for stage 2
and stage 3 cases, removal of debris and purulent tissues
to enable re-expansion is recommended, with deloculation and decortication if necessary [7]. Thoracotomy
and video-assisted thoracoscopic surgery (VATS) are the
preferred approaches when surgical treatment of empyema is required, with VATS yielding satisfactory results
[7,8]. Different publications on this popular topic have
concluded that the VATS technique is effective and safe
for treatment regardless of the stage [9-11]. Early surgical
intervention was also shown to significantly reduce the
length of hospital stay, costs, and mortality and morbidity
rates, especially in patients with stage 2 and stage 3 empyema [12]. A few studies in the literature compare the
effectiveness and outcomes of U-VATS and B-VATS in
pneumothorax patients [13-15]. There are also reports in
the literature of the results and features of lung resection
performed with U-VATS [16,17].
Our study is the first to compare U-VATS and BVATS in the treatment of empyema; our paper retrospectively evaluates the efficacy and clinical outcomes
of empyema treated with uniportal VATS (U-VATS) and
biportal VATS (B-VATS) techniques.

Material and Methods

This retrospective chart review included 73 patients
who underwent VATS for empyema between January 2017 and October 2020. In this period 324 VATS
performed for different indications. Five patients with
missing data were not included (Figure 1). The patients’
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age, sex, side and stage of empyema, length of hospital
stay, comorbidities, smoking history, American Society of Anesthesiologists (ASA) physical status score,
surgical technique (U-VATS or B-VATS), postoperative Heimlich valve placement, number of chest tubes
placed postoperatively, postoperative complications,
postoperative drainage volume, recurrence, preoperative and 72-h postoperative C-reactive protein (CRP)
and white blood cell (WBC) values, and visual analog
score (VAS) at postoperative 24 and 72 hours were analyzed. These parameters were compared between the UVATS and B-VATS groups.

Figure 1. Study flow chart.

ASA scores were obtained from the anesthesiologist’s
consultation notes, and VAS scores were obtained from
the patients’ follow-up charts.

All patients were evaluated with chest computed
tomography (CT) and ultrasound (US). Pleural fluid
and/or sputum culture samples were collected from all
patients, and empiric broad-spectrum antibiotic therapy
was administered until the results were obtained.
Specific antibiotic treatment was administered according
to culture results.
During this period, if the amount of free fluid
detected in chest CT or US was 1000-1500 mL or more,
drainage was performed by tube thoracostomy. VATS
was performed in patients who could not be re-expanded
and showed no clinical improvement after drainage and
those with intense septation and fluid volume less than
1000 mL [18]. All operations were initiated as uniportal,
either using the existing drain incision or through an
incision made at the site of the most significant free fluid
detected on chest US. In necessary cases (e.g., difficult
manipulation), a second entry site was made, and the
procedure was completed as biportal. After deloculation
and complete removal of the tissue debris, patients
whose lungs were easily expanded were evaluated
as stage 2, while those who had limited ventilation
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and incomplete expansion and required decortication
were evaluated as stage 3. Patients with impaired
postoperative lung expansion (incomplete expansion
despite decortication due to intraparenchymal infection
severity) and immobile patients (e.g., home care,
neurological patients) were discharged with Heimlich
valve and followed up. Approval for this retrospective,
descriptive, single-center study was obtained from the
Clinical Research Ethics Committee of Recep Tayyip
Erdogan University Faculty of Medicine (decision no:
2020/193, dated 03.09.2020).
VATS Technique

All surgical procedures were performed under general
anesthesia with one-lung ventilation using a selective
double-lumen endotracheal tube. The patients were
positioned in lateral decubitus with the upper arm
suspended in flexion and abduction. The day before the
procedure, chest US was performed at the bedside with
patients in the lateral decubitus position, and the site of
most abundant loculation or fluid was marked, preferably
on the midaxillary line. Chest exploration was performed
with a 10-mm 30° thoracoscope introduced through an
incision at the marked location or through the existing
drain incision if present. Adhesions at the entry site
were bluntly dissected using fingers and endoscopic
instruments to create space. If this space was considered
suitable after exploration, the incision was extended
to 3 cm, and a tissue-protective retractor (Alexis O
wound protect/retractor) was placed. The endoscopic
instruments were introduced through this port, and sharp
and blunt dissections were performed. If space was not
considered adequate for dissection and decortication and
manipulation was difficult, a second port incision was
made at an appropriate site determined intraoperatively.
The procedures started with rupturing the septa
(deloculation), debridement, and evacuation of the
effusion. All infected tissues on the pleural surfaces,
diaphragm, and sinuses were gently cleared using
ovarian forceps. Effusion and tissue samples were
obtained for simple culture, tuberculosis culture,
cytology, and pathologic examination. Adhesions
were separated by sharp and blunt dissection from
the diaphragm to the apex. The thoracic cavity was
washed several times with warm saline and cleared
of infectious tissue and fluid residues by aspiration.
After the lung tissue was released within the thoracic
cavity, the parietal pleura’s thickened sections were
decorticated using Kelly forceps and gauze balls. The

affected areas of the visceral pleura were detected by
venting the lung. While the lung was ventilated at a
low volume, the visceral pleura was separated from the
lung surface at a suitable site using Kelly forceps, gauze
balls, and ovarian forceps. Starting dissection from this
site, all affected pleural surfaces were decorticated. No
intervention was performed for minimal leaks from
lacerated parenchymal surfaces. Deeply lacerated
parenchymal surfaces with massive leaks were repaired
by primary suture or reinforced with tissue adhesive.
Local analgesia with 3 mL of 0.5% isobaric
bupivacaine (5 mg/mL) was administered by
thoracoscope at two intercostal levels above and
below the utility incision and at the drain incision. At
the end of the procedure, in most cases, a single chest
drain (preferably 32 F) was placed after confirming the
lung was fully ventilated and expanded. Patients who
were expected to have more prolonged postoperative
expansion and recovery time received two drains, a 32
F tube at the basal position and 28 F at the apex.

The decision to remove the chest tube was made
by evaluating the patient’s medical treatment duration,
radiological evidence of lung expansion, clinical
condition (fever, dyspnea, deterioration of inflammatory
markers), decrease of daily drainage below 100 mL
and absence of air leak. Clinically stable patients had
completed medical treatment and showed normal
inflammatory parameters but had lung expansion defect,
those with persistent air leak (even minimal), and
home care (bed-bound) patients were discharged with
a Heimlich valve. These patients’ drains were removed
upon demonstration of clinical and radiological
improvement during follow-up.
The mean postoperative follow-up time of the patients
was 141 days. Contrast-enhanced chest CT scans were
performed at 3rd and 6th months of follow-up.

Statistical Analysis

R-based Jamovi statistical software (Version 1.6.5 for
Mac OS; https://jamovi.org) was used for statistical
analysis. The distribution characteristics of continuous
data were evaluated using the Shapiro-Wilk test, and Q-Q
plots. Non-normally distributed data were expressed as
the median and interquartile range (25th percentile75th percentile) and compared between the U-VATS
and B-VATS groups using the Mann-Whitney U test.
Categorical variables were reported as number (n) and
frequency (%) and compared between the groups using
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Pearson’s chi-squared (χ2) test. A statistical significance
level of p < 0.05 was used for all tests.

Results

Fifty-two (71.2%) of the patients were male, and the
mean age was 57 (IQR 41-67). Twenty-seven patients
(36.9%) were smokers. In terms of comorbidities, 10
patients (13.7%) had chronic obstructive pulmonary
disease, 20 (27.4%) had ischemic heart disease, 12
(16.4%) had hypertension, and 9 (12.3%) had diabetes.
Empyema was on the right side in 49 patients (67.1%)
and was stage 2 in 38 patients (52.1%) and stage 3 in 35
patients (47.9%). Preoperative ASA score was ASA-2
in 25 patients (34.2%), ASA-3 in 31 patients (42.5%),
and ASA-4 in 17 patients (23.3%).

The most common symptoms were fever in 46
(63.0%), cough in 25 (34.2%), dyspnea in 9 (12.3%),
and chest pain in 7 patients (9.6%). Empyema occurred
due to bronchopleural fistula secondary to lung cancer
in 1 patient, while all other patients had complicated
parapneumonic effusion.
A total of 52 patients (71.2%) underwent U-VATS,
and 21 (28.8%) underwent B-VATS. A single chest
drain was placed in 54 patients (74.0%), while 19
patients (26.0%) had two chest drains. Nine (12.3%)
of the patients were discharged with a Heimlich valve,
and 64 (87.7%) were discharged after drain removal.
The median postoperative follow-up time was 141 (IQR
105-176) days (Table 1).
The patients were divided into uniportal and biportal
groups and compared in terms of age, sex, smoking,
empyema side, drainage, recurrence, preoperative
and postoperative CRP (mg/L; normal range 0-5
mg/L), preoperative and postoperative WBC (×103/
uL), empyema stage (stage 2 or 3), preoperative and
postoperative hospital stay, discharge with Heimlich
valve, number of chest tubes placed postoperatively,
VAS at postoperative 24 and 72 h, and procedure times.
Of these findings, U-VATS was only beneficial in
terms of drainage volume and VAS scores (p < 0.001
and p = 0.006, respectively). There were no statistical
differences in the other characteristics (Table 2).

The only mortality occurred in the patient with
empyema due to bronchopleural fistula secondary to
lung cancer. This patient underwent B-VATS and died
in the intensive care unit due to poor general condition
during postoperative follow-up. Empyema recurred in 3
patients, of whom 2 were treated with re-VATS, and 1
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underwent open decortication (OD) in the early period.
Two patients with relapse underwent U-VATS, and the
other underwent B-VATS. Both patients who underwent
re-VATS were in the uniportal group, and a new port
incision was not required in the second operation.
No late relapse was observed. In terms of minor
complications, inadequate expansion persisting longer
than 5 days was observed in 2 patients (9.5%), anemia
in 2 patients (2.7%), air leak persisting for longer than 5
days in 3 patients (8.1%), and surgical site infection in 1
patient (4.1%) (Table 3).
Table 1. Demographic and clinical characteristics of
the patients (n=73).
Median (IQR) or
Characteristic
n (%)
Age (years)
56 (41-67)
Sex
Male
52 (71.2%)
Female
21 (28.8%)
Smoker
27 (36.9%)
Mean follow-up time (days)
141 (105-176)
Comorbidity
COPD
10 (13.7%)
Ischemic heart disease
20 (27.4%)
Arterial hypertension
12 (16.4%)
Diabetes
9 (12.3%)
Side of empyema
Right
49 (67.1%)
Left
24 (32.9%)
ASA score
ASA 2
25 (34.2%)
ASA 3
31 (42.5%)
ASA 4
17 (23.3%)
Empyema stage
Stage 2
38 (52.1%)
Stage 3
35 (47.9%)
VATS technique
Uniportal
52 (71.2%)
Biportal
21 (28.8%)
Number of chest tubes
One
54 (74.0%)
Two
19 (26.0%)
Discharged with Heimlich valve
Yes
9 (15.1%)
No
62 (84.9%)

Abbrev.: IQR: Interquartile range (25th-75th percentile), COPD:
Chronic obstructive pulmonary disease, ASA: American Society
of Anesthesiologists, VATS: Video-assisted thoracoscopic surgery.
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Table 2. Comparison of demographic and clinical characteristics of empyema patients by VATS port number.
Uniportal (n=52)
Biportal (n=21)
Parameter
p
Median (IQR) or n (%)
Age (years)
55.5 (41.5-67)
58 (41-65)
0.98
Sex
0.58
Male
38 (73.1%)
14 (66.7%)
Female
14 (26.9%)
7 (33.3%)
Smoking history
0.90
Yes
19 (36.5%)
8 (38.1%)
No
33 (63.5%)
13 (61.9%)
Side
0.54
Left
16 (30.8%)
8 (38.1%)
Right
36 (69.2%)
13 (61.9%)
Drainage volume (mL)
465 (287-600)
750 (550-1050)
0.006
Relapse
2 (3.9%)
1 (4.8%)
0.86
C-Reactive protein (mg/L)
Preop
13.9 (7.52-26.25)
13 (8.27-27)
0.76
Postop Day 3
5 (1.99-13.73)
7.38 (2.53-13.4)
0.55
White blood cell count (×103/µL)
0.83
Preop
13.9 (11.3-19.1)
13.4 (9.5-16.9)
0.95
Postop day 3
8.7 (6.9-12.1)
8.7 (6.5-14.7)
Empyema stage
0.62
Stage 2
28 (53.8%)
10 (47.6%)
Stage 3
24 (46.2%)
11 (52.4%)
Hospital length of stay (days)
Total
15 (13-24)
18 (17-23)
0.32
Preop
7 (6.7-10)
7 (6-10)
0.99
Postop
8 (6-12)
11 (9-12)
0.07
Discharge with Heimlich valve
7 (14%)
2 (9.5%)
0.20
Number of chest tubes
0.36
One
40 (76.9%)
14 (66.7%)
Two
12 (23.1%)
7 (33.3%)
VAS Pain Score
Postop day 1
3 (3-4)
3 (2-3)
<0.001
Postop day 3
5 (4-6)
4 (3-5)
<0.001
Procedure time (min)
143 (132-169.2)
154 (134-169)
0.069

Abbrev.; VATS: Video-assisted thoracoscopic surgery, IQR: Interquartile range (25th-75th percentile), VAS: Visual analog score, Preop:
Preoperative, Postop: Postoperative.

Table 3. Minor complications.
Complication (n = 8) (10.8%)
Insufficient expansion > 5 days
Anemia
Air leak > 5 days
Surgical site infection

Discussion

n (%)
2 (2.7%)
2 (2.7%)
3 (4.1%)
1 (1.3%)

Surgical treatment is currently the standard approach
for stage 2 and 3 empyema. VATS decortication
(VATSD) and OD are the preferred techniques for
this purpose. Recent publications have discussed
the superiority of VATS in the treatment of pleural

empyema, but these studies generally compared it
with thoracotomy. The effectiveness of VATSD in the
treatment of pleural empyema has been demonstrated
in many recent studies. In 2001, Waller et al concluded
that in addition to the benefits of the minimally invasive
method (shorter hospital stay, less pain), VATSD was
as effective as OD in the treatment of stage 3 empyema
[19]. Chan et al retrospectively evaluated 77 patients
who underwent surgery for empyema (41 VATSD and
36 OD) and reported that VATSD was as effective as
OD and was superior in terms of length of hospital stay
and postoperative pain [20]. Cardillo et al compared OD
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and VATSD in a retrospective study of 308 patients and
concluded that thoracoscopic methods were the gold
standard for empyema [21]. In their 2010 meta-analysis
of 14 studies, Chambers et al reported that VATSD was
superior to OD in the treatment of empyema in terms of
postoperative pain, hospital stay, 30-day mortality, and
complication and relapse rates [22].

In another recent study, Samancılar et al performed
VATSD in 54 patients and intrapleural fibrinolytic
treatment in 24 patients and reported satisfactory results
in both groups [23]. Pan et al also determined in their
recent review that VATS was as good as thoracotomy for
the treatment of empyema and was superior in terms of
length of hospital stay and postoperative complications.
They reported that thoracotomy might be required in a
very small number of cases [8].

There are few articles on empyema surgery with
U-VATS in the literature. In their 2010 study, Shahin et
al evaluated 81 empyema cases, of which 60 underwent
VATSD and 21 underwent OD. VATS was performed
with 2 or 3 ports, but no comparison was made [24].
Bongiolatti et al evaluated 30 empyema patients
who underwent U-VATS and 34 who underwent OD
according to preoperative US findings and stated that
VATSD was as effective as OD and was associated with
a shorter length of hospital stay [25]. In another recent
study, Ismail et al performed decortication by U-VATS
to a total of 35 patients with stage 2 and 3 empyema.
Their results regarding the length of hospital stay, chest
tube duration, postoperative pain, and complications
were consistent with the literature, and they also
reported favorable cosmetic results [26].
In the present study, 3 patients had an early relapse, and
2 of those patients were treated by re-VATS while the
other required OD. There was no late relapse, and the
rate of minor complications was very low. Our results
are consistent with the literature in terms of relapses
and minor complications. The effectiveness of U-VATS
and B-VATS were found to be consistent with the
literature. As in other studies, U-VATS was associated
with less postoperative drainage and pain than B-VATS.
Although procedure times and postoperative hospital
stays were shorter with U-VATS, the differences were
not statistically significant.

Limitations of the Study

The retrospective design and inability to conduct
multivariate analyses due to the small number of patients
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are limitations of this study. The main limitation is that
our analysis was conducted in a small sample from a
limited area.

In conclusion, VATS decortication is safe and effective
for the treatment of stage 2 and 3 empyema in selected
patients. Numerous studies already confirmed that VATS
is indisputably superior to thoracotomy in terms of less
postoperative pain, rapid recovery, and early discharge.
The results of our study support the literature. The
patients’ compliance with postoperative mobilization
and respiratory exercises was nearly perfect due to the
brief hospital stay and low pain, especially after U-VATS
procedures. We believe that as surgeons gain more
experience, U-VATS will become the gold standard in
the treatment of empyema in the coming years.
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