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Background: Empyema thoracic is a common surgical disease which increasing every year in worldwide
especially in developing countries. Surgical technique is very challenging due to technical demanding and time
consuming. The aim of this study is to compare surgical outcomes between open thoracotomy (OT) and video-
assisted thoracoscopic surgery (VATYS) in bacterial empyema thoracic based on Thailand experience.
Methods: The retrospective cohort study from 6 tertiary-care hospitals in Thailand was conducted. Patients
were diagnosed with bacterial empyema thoracis (BET) and underwent VATS or OT approach between
January 2015 to December 2017 were included in this study. Patient characteristics, operative procedures,
perioperative complications and postoperative outcomes were retrospectively reviewed from medical recording
system. Patients were divided into two groups; VATS and OT group. The endpoints were postoperative
outcomes. The analysis was performed using multilevel model stratified by propensity score (PS).

Results: There were 300 patients; 98 in VATS group and 202 in OT group, enrolled in this study. There
were statistically significant differences in gender, comorbidity index, smoking status, stage of empyema
thoracis, clinical presentation, duration of symptoms before diagnosis, and proportion of patients underwent
decortication between two groups. In postoperative outcomes, the proportion of patients who had complete
decortication and fully expanded lung was not different between VATS and OT (92.9% vs. 96%; P=0.236
and 89.9% vs. 88.1%; P=0.867). After using multilevel model stratified by PS, VATS was associated with
decreased risk of re-intubation [risk ratio (RR) =0.29, 95% CI, 0.09-0.98], wound infection (RR =0.09, 95%
CI, 0.01-0.71), duration of intensive care unit (ICU) stay [mean difference =-4.36; 95% CI, (-8.55 to -0.18)]
and ventilator dependence (RR =0.61, 95% CI, 0.38-0.96) whereas hospital stay, composite post-operative
rate, mortality rate and discharge status were no difference between two groups.

Conclusions: VATS decortication is safe and effective procedure for bacterial empyema thoracic and
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may reduce risk of re-intubation, wound infection, duration of ICU stays and ventilator dependence. The

prospective randomized controlled trial with larger sample size is warranted.
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Introduction

Empyema thoracic is a common disease in worldwide (1-6).
An incidence of this disease has been gradually increased
every year (7-12). In 1962, the American Thoracic Society
was described the 3 phases of empyema as exudative (stage I),
fibrinopurulent (stage II), and organizing (stage III) (13,14).
An exudative phase which can be treated by intercostal chest
drainage and appropriate antibiotic coverage (10). However,
failure in medical treatment of this stage will require a
surgical approach (15). Patients with stage II and III usually
require a surgical intervention due to thick fibrin peel which
deposits at visceral pleural surface causing entrapment
of lung or loculated pleural effusion. Gold standard
surgical approach for these stages is a conventional open
thoracotomy (OT), however over past decade video-assisted
thoracoscopic surgery (VATS) has increasing popularity
and become a safe procedure for thoracic operations with
showing a benefit of reducing pain, and morbidity as well as
shorter length of hospital stay (16). Despite of those benefit,
VATS also had drawbacks such as increased operative time,
increased cost, steeper learning curve, and incomplete
treatment. For role of VATS in empyema thoracic is
still questionable due to technical demanding and time
consuming (10,17,18).

This current study, we review the results of surgical
outcomes in bacterial empyema thoracis (BET) comparing
between VATS and OT approach from our country
experience.

Methods

Cardiothoracic surgery units from six hospitals; Vajira
Hospital, Ramathibodi Hospital, Thammasat Hospital,
Chiangmai University Hospital, Siriraj Hospital and
Bangkok Hospital in Thailand were collaborated in this
study. This study was reviewed and approved by local
research ethics committee in each hospital. All patients were
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confirmed to diagnose BET by diagnostic thoracentesis
and radiologic imaging (computed tomography). Patients
who have thoracic malignancy causing empyema thoracis,
confirmed tuberculous empyema, and empyema thoracis
associated with procedures were excluded from this study.

Preoperative management of BET in all hospitals
was treated according to the British Thoracic Society
guidelines (15). All patients who received decortication or
drainage procedure either OT approach or VAT approach
were depended surgeon preference. VATS approach was
recommended as a first line for treatment in empyema
thoracic. For those patients who had previous history
of thoracotomy or pleurodesis or empyema thoracic or
fibrothorax and inability for tolerate single lung ventilation
were relative contraindication for VATS approach.

All patients were given appropriate intravenous
antibiotics (broad-spectrum) based on the result from pus
culture. No fibrinolytic therapy was used in any patient.

Patient demographics and clinical parameters were
retrospectively reviewed from medical recording system
included age and sex, Charlson comorbidity index, smoking
status, stage of empyema, laterality, cause of empyema
thoracic, underlying tuberculosis, symptoms (fever, cough,
chest pain and dyspnea), antibiotic prior surgery, duration
of antibiotic administration prior surgery and operation
types. Chest radiographs and computed tomography were
obtained in all patients.

The intraoperative parameters and postoperative
outcomes were monitored to assess the progress and
outcomes of patients included complete decortication,
immediate extubating, duration of intensive care unit (ICU)
stay, duration of tube drainage, duration of hospital stay,
blood loss in operative, blood transfusion, perioperative
complications, and rate of lung expansion.

The primary outcomes were postoperative complications
included re-intubation, prolonged air leak, atelectasis,
pneumonia, tracheostomy, wound infection, sepsis shock
and 30-day mortality.
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Figure 1 Location of instrument port of two-port VAT'S approach.
VATS, video-assisted thoracoscopic surgery.

Figure 2 Decortication under VATS approach. VATS, video

assisted thoracoscopic surgery.

Surgical technique

All procedures were performed with general anesthesia
using lung isolation technique with a double-lumen
endotracheal tube or bronchial blocker. Surgical operations
were performed by board-certified cardiovascular thoracic
surgeons. The principle of both surgical approaches is to
drain all loculated fluid collections and enable full lung
re-expansion by removal of pleural peel from visceral
pleura known as decortication. For OT approach,
standard technique of posterolateral thoracotomy, lateral
thoracotomy or muscle sparing thoracotomy with rib
spreading was used. For VATS approach, the number
of ports was depended on surgeon techniques in each
hospital. For my approach, we routinely performed 2
port VATS. First, 4 cm incision was incised at 5™ ICS in
anterior axillary line for utility port (Figure I) and then the
operator’s index finger was introduced into the thoracic
cavity for digital exploration which will assess was found

© Journal of Visualized Surgery. All rights reserved.

jovs.amegroups.com

Page 3 of 9

Sira Laohathai, Sulfi:
Ngodngamtaweesu

Mantraworasin®, et al.

CardioThoracic Surgery Unit, Department of
Surgery, Faculty of Medicine Ramathibodi Hospital,
Mahidol university, Bangkok, Thailand

Figure 3 VAT decortication (19). VAT, video assisted thoracoscopic.
Available online: http://www.asvide.com/article/view/29470

to be helpful in assessing the stage of the empyema and
dissection circumferentially. During cautiously blind
dissection, we usually ventilate both lung using low
tidal volume to prevent false dissected plane causing
parenchymal lung injury. Camera port was inserted near
utility port. All fibrin, loculated and septate of effusion
were removed by suction under endoscopic control.
Then, lung parenchyma should be dissected completely
free from the parietal pleura, diaphragmatic surface and
mediastinum pleura. Decortication (Figure 2) was done
with dissector holding a peanut, Maryland gasper and
suction. After the procedure, lung should be fully expanded.
If inadequate drainage was suspected or uneventful was
occur, conventional thoracotomy will be performed. After
completion of the procedure, two large-bore chest tubes
(28- or 32-French) were inserted through the ports and
placed under endoscopic vision in the costodiaphragmatic
sulcus and posterior chest wall, respectively, to drain fluid
and air leaks after the operation (Figure 3). Extubation was
performed immediately after operation, in the recovery
room or in the ICU depending on the consideration of the
anesthesiologists. Chest X-ray was done within 8-12 hours
postoperatively. Routine postoperative care included
adequate pain control, pulmonary toilet exercise and early
mobilization was performed. Chest drain was removed if the
content drainage was clear (no fresh blood or pus), less than
200 mL/day and no air leakage. All patients were followed
and evaluated the clinical symptoms with chest X-ray at the
cardiovascular thoracic clinic 2 weeks after discharged.

Statistical analysis

Categorical variables were presented as frequency and
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percent. Continuous variables were presented as mean
and standard deviation or median and interquartile range
depending on data distribution. Fisher’s exact test and
Student z-test or Wilcoxon’s rank-sum were used to compare
categorical variables and continuous variable respectively.
Two-step analysis was performed. Logistic regression was
used to calculate a propensity score (PS), which evaluates
confounding by indication. The variables included in the
model for PS were age, sex, Charlson comorbidity index,
smoking status, stage of disease, laterality, duration of
symptom prior diagnosis, operative procedures, and surgeon
preference (institutes); the score was then divided into
quintiles, called PS-groups. A multilevel model stratified
by PS-groups was used for comparing the postoperative
outcomes between groups. A multicollinearity test was done.
A P value <0.05 was considered to be statistically significant.
All statistically analysis was performed using STATA
program version 15.1 (STATA Corp, CS, TX, USA).

Results

A total of 300 patients diagnosed with BET were included
in this study. Ninety-eight (32%) patients were undergoing
VATs approach whereas 202 patients (68%) were
undergoing OT approach. Two-third of patients presented
with fever (63.6%), cough (63.3%), and dyspnea (61.3%).
Most of patients had stage II or III of disease. Most
common cause of BET was pneumonia (76%) followed by
lung abscess (10.7%) and trauma (5.7%). Only 28.7% of pus
culture was positive culture for bacteria before operation.

Patient characteristics comparing between two groups
are shown in 7able 1. There was no significant difference
in terms of age, median time of duration of antibiotic
administration before surgery, underlying tuberculosis (T'B)
infection, and drainage procedure. The VATS group had
more patients with female, higher Charlson comorbidity
index, higher active smoker, more diagnosed with stage 11
of disease, shorter duration of symptoms prior to diagnosis,
lower proportion of positive pus culture before surgery, and
lower underwent decortication than in the thoracotomy
group. The PS (probability of receiving certain treatment)
showed a statistically significant difference, therefore the
overall preoperative patient characteristics in each approach
group were different.

Postoperative outcomes comparing between two groups are
shown in Table 2. There was no significant difference in terms
of complete decortication (92.9% in VATS vs. 96.04% in
thoracotomy group), operative time, blood loss, postoperative
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pneumonia, atelectasis, re-operation, tracheostomy, septic
shock, composite postoperative complication, ICU need,
duration of ventilator need, fully expanded lung, recurrence
of disease, length of hospital stays, and in-hospital mortality.
There was also no significant difference in mortality rate
(9.18% in VATS and 7.43% in thoracotomy group). Most
common cause of death in both groups were related to septic
shock. The VATS group had patients with lesser blood
transfusion; lower proportion of peri-operative complications
(hypotension and bleeding), re-intubation, wound infection,
and ventilator need; higher proportion of immediate
extubation; shorter length of ICU stay, and length of retaining
chest drain than in thoracotomy group. Re-operation insulted
from prolong air leak and inadequate drainage. However,
because of difference in preoperative patient characteristics
between two groups, postoperative outcomes comparing
between groups was analyzed using a multilevel model
stratified by PS (Table 3) and showed no significant differences
between groups in terms of blood transfusion, composite
postoperative complications and length of retaining chest tube
drainage. Perioperative complications, re-intubation, wound
infection, and length of ICU stay were significant less in the
VATS group.

Discussion

Empyema thoracic is a pleural cavity infection. Most
common cause is parapneumonic effusion which usually
develop in 50-70% of pre-existing pneumonia patients,
and 20% percent of those effusion will turn into purulent
empyema thoracis (20,21). The effect of empyema thoracic
could cause 10-40% of morbidity and mortality rate
(3,4,22,23). Currently, a standard treatment for BET is still
a conventional OT decortication; however, this traditional
thoracotomy is associated with postoperative pain and
morbidity (24). Recently in 2015, based on expert consensus
statement, the European Association for Cardio-Thoracic
Surgery has recommended VATS-approach is a primary
surgical management for BET (24). The advantages of VATS
approach are less postoperative pain control, shorter length
of stay, less blood loss, less respiratory compromise, and
reduction in postoperative complications as well as 30-day
mortality in VATS approach (25-28).

Our study found that perioperative complications, re-
intubation, wound infection, and length of ICU stay were
significant less in the VATS group. Success rate of complete
decortication can perform via VATS approach comparable
with OT and can achieve fully expanded lung.
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Variables Total (n=300) VATS (n=98) Thoracotomy (n=202) P value
Age (year), mean (SD) 50.32 (18.23) 52.20 (16.02) 49.41 (19.19) 0.213
Gender, n (%) 0.008
Male 231 (77.00) 66 (67.35) 165 (81.68)
Female 69 (23.00) 32 (32.65) 37 (18.32)
CCl index, median (IQR) 1[1-3] 2[1-3] 1[1-2] 0.020
Smoking status, n (%) <0.001
Non-smoker 140 (46.67) 51 (51.52) 89 (44.06)
Ex-smoker 103 (34.33) 18 (18.18) 85 (42.08)
Active smoke 57 (19.00) 30 (30.30) 28 (13.86)
Stage of empyema (%) 0.002
1 2 (0.67) 0 2 (0.99)
2 56 (18.67) 29 (29.59) 27 (13.37)
3 242 (80.67) 69 (70.41) 173 (85.64)
Laterality, n (%) 0.081
Rt 173 (57.67) 64 (64.31) 109 (53.96)
Lt 127 (42.33) 34 (35.69) 93 (46.04)
Presentation, n (%)
Fever 191 (63.67) 72 (73.47) 119 (58.91) 0.015
Cough 190 (63.33) 70 (71.43) 120 (59.41) 0.055
Dyspnea 184 (61.33) 59 (60.20) 125 (61.88) 0.801
Chest pain 122 (40.67) 56 (57.14) 66 (32.67) <0.001
Duration of symptoms prior to diagnosis (day), median (IQR) 14 [6-30] 7 [3-28] 14 [7-30] 0.007
ATB administration before surgery, n (%) 263 (87.67) 77 (78.57) 186 (92.08) 0.001
Duration of ATB administration before surgery (day), median (IQR) 10.5 [4-19] 12 [5-17.50] 10 [4-19.50] 0.630
Cause of Empyema thoracic, n (%) 0.183
Pneumonia 228 (76.00) 80 (81.63) 148 (73.27)
Lung abscess 32 (10.67) 10 (10.20) 22 (10.89)
Trauma 17 (5.67) 5(5.10) 12 (5.94)
Other 23 (7.67) 3 (3.06) 20 (9.90)
Underlying TB, n (%) 26 (8.67) 7 (7.14) 19 (9.41) 0.663
Pus culture positive before operation, n (%) 86 (28.67) 19 (19.39) 67 (33.17) 0.014
Operation, n (%)
Drain 92 (30.67) 36 (36.73) 56 (27.72) 0.142
Decortication 251 (83.67) 74 (75.51) 177 (87.62) 0.012
Propensity score, median (IQR) 0.13 (0.07-0.82)  0.90 (0.56-0.95) 0.09 (0.06-0.15) <0.001

VATS, video-assisted thoracoscopic surgery; CCI, Charlson comorbidity index; ATB, antibiotic; IQR, interquartile range; TB, tuberculosis;

SD, standard deviation; ATB, antibiotic.
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Variables Total (n=300) VATS (n=98) Thoracotomy (n=202) P value
Complete decortications, n (%) 285 (95.00) 91 (92.86) 194 (96.04) 0.264
Operative time (mins), median (IQR) 100 (73.50, 142) 105 (75, 139) 95 (65, 147) 0.176
Blood loss (mL), median (IQR) 300 (150, 500) 300 (200, 600) 300 (100, 500) 0.089
Blood transfusion, (%) 155 (51.67) 35 (35.71) 120 (59.41) <0.001
Peri-operative complications (%) 36 (12.00) 4 (4.08) 32 (15.84) 0.002
Immediate extubating (%) 197 (65.67) 75 (76.53) 122 (60.40) 0.006
Complication, n (%) 79 (26.33) 19 (19.39) 60 (29.70) 0.069
Re-intubation 24 (8.00) 3(3.06) 21 (10.40) 0.039
Pneumonia 22 (7.33) 4 (4.08) 18 (8.91) 0.161
Atelectasis 11 (3.67) 2 (2.04) 9 (4.46) 0.513
Re-operation 29 (9.67) 8 (8.16) 21 (10.40) 0.678
Tracheostomy 14 (4.67) 3 (3.06) 11 (5.45) 0.560
Wound infection 23 (7.67) 1(1.02) 22 (10.89) 0.002
Septic shock 25 (8.33) 6(6.12) 19 (9.41) 0.382
ICU need, n (%) 145 (48.33) 48 (48.98) 97 (48.02) 0.902
Length of ICU stay (days), median (IQR) 3(2,8) 1(1,4) 4(2,11) <0.001
Ventilation dependence, n (%) 105 (35.00) 24 (24.49) 81 (40.10) 0.010
Duration of ventilator need (days), median (IQR) 4(2,8) 4(1,6) 4(2,9) 0.382
Death, n (%) 24 (8.00) 9(9.18) 15 (7.43) 0.652
Discharge status, n (%) 1.000
Not improve 28 (9.33) 9(9.18) 19 (9.41)
Improve 272 (90.67) 89 (90.82) 183 (90.59)
Lung expand, n (%) 0.846
Partial expand 34 (11.33) 10 (10.20) 24 (11.88)
Full expand 266 (88.67) 88 (89.90) 178 (88.12)
Recurrent, n (%) 0.169
No 284 (94.67) 90(91.84) 194 (96.04)
Yes 16 (5.33) 8(8.16) 8 (3.96)
Hospital stay (day), median (IQR) 10(7,17) 9(6,17) 10 (7, 18) 0.191
Chest drain duration (day), median (IQR) 6(4,9) 5(3, 8) 6 (4,10) 0.009

VATS, video-assisted thoracoscopic surgery; IQR, inter quartile range; ICU, intensive care unit.

Tong and his colleague reported a large series comparing
between VATS and OT in BET and demonstrated that
the operation time in VATS was shorter than thoracotomy
(97 vs. 155 min; P<0.001) with fewer postoperative
complications, such as atelectasis, prolong air-leak,
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ventilator dependence and reintubation (10). Cardillo et 4l.
performed a retrospective cohort study and demonstrated
that VATS had a better results compare to OT in terms
of in-hospital postoperative pain (day 1 and 7) (5§ vs. 6;
P<0.0001), postoperative air leak (2.8+2.4 vs. 3.924.3 days;
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Table 3 Postoperative outcomes of the VATS group vs. open thoracotomy group: multilevel model stratified by propensity score

Variables Risk ratio Mean difference 95% ClI P value
Blood transfusion, (%) 0.71 0.26-1.95 0.503
Perioperative complications 0.26 0.09-0.71 0.009
Re-intubation 0.29 0.09-0.98 0.048
Wound infection 0.09 0.01-0.71 0.022
Composite peri-operative complication® 0.99 0.45-2.15 0.977
Duration of ICU stay, (days) -4.36 -8.55t0-0.18 0.041
Ventilator needed, (%) 0.61 0.38-0.96 0.034
Retaining chest drain duration (days) -3.74 -12.23t0 4.74 0.388

*, composite peri-operative complications include re-intubation, pneumonia, atelectasis, reoperation, tracheostomy, wound infection, and
septic shock. VATS, video-assisted thoracoscopic surgery; ICU, intensive care unit; Cl, confidence interval.

P=0.004), operative time (70+7.4 vs. 76.9+6.8 min; P<0.0001),
hospital stay (8.6+1.8 vs. 10£7.8 days; P=0.020) and time to
return to work (25+5.2 vs. 34.1£9.9 days; P<0.0001) (29).
Another study was described by Casali, they showed a benefit
of VATS superior than OT in lower postoperative hospital
stay (6.4 vs. 9 days; P=0.008) and shorter duration of chest
drainage (4 vs. 7.3 days; P=0.006) (30). Our study was also
shown a benefit in less post-operative complication outcome
especially in re-intubation, wound infection, duration of ICU
stays and ventilator dependence.

Based on our result, VAT is a safe and effective approach
for empyema thoracic with success rate of 92.9% in complete
decortication and 89.9% in full lung expansion after operation.
Median operative time was 105 min. An incidence of composite
complication and mortality rate were 19.39% and 9.2%,
respectively. This result is comparable with previous studies
(7,18,26,31). However, there are some limitations of this
study. It was retrospective nature, the sample size of this study
is not enough to perform a propensity match analysis, this is
a reason why we perform multilevel stratified by PS. Some
important variables such as number of loculation, thickness of
visceral pleural peel, body mass index or weight, or presence
of calcified peel which may affect the selection of approach are
not available for analysis. A prospective randomized controlled
trial with larger sample size is warranted to confirm the
equivalent results between the two surgical approaches.

Conclusions

VATS decortication is a feasible surgical treatment for
bacterial empyema thoracic which could decrease incidence
of re-intubation rate, wound infection rate, duration of

© Journal of Visualized Surgery. All rights reserved.

ICU stays and ventilator dependence. However, whenever
adequate decortication cannot achieve in VATS approach,
conversion to thoracotomy should be considered.
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