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A B ST R AC T 
 

 

Background. Thoracic empyema is an inflammatory condition of the pleura that 

can cause many complications and can even threaten people's lives. So, choosing 

the right treatment method from all available methods can improve the prognosis, 

reduce costs and post-treatment complications, thus improving the health of 

patients after the disease. Video-assisted thoracoscopic surgery (VATS) and open 

thoracotomy are the most commonly used surgical methods. In this study, these 

two surgical methods have been investigated, in terms of duration of 

hospitalization, postoperative pain level and the possibility of air leakage (as 

postoperative complications). Methodology. Patients with thoracic empyema stage 

II referred (between 2011 and 2020) to the Poursina and Razi Hospital Medical 

Center, Rasht, Iran were included in a retrospective cohort study. SPSS software 

and other statistical tests such as the Shapiro-Wilk test, Mann-Whitney non-

parametric test, and Chi-square test were used for statistical analysis, and a P-value 

of less than 0.05 was considered an acceptable value. Results. The investigation on 

different qualitative and quantitative factors and complications after surgery 

showed that patients who underwent a VATS procedure had a shorter hospital stay 

(5.09±1.67 vs. 7.61±2.03), had a lower pain level (4.81±2.22 vs. 8.24±2.39), and 

the possibility of air leakage as a postoperative complication (41% vs. 56%) was 

lower than in the case patients who have undergone open thoracotomy. 

Conclusions. It can be concluded that choosing the VATS method instead of the 

open thoracotomy can reduce postoperative complications (such as length of hospital 

stay, pain level and possibility of air leakage) and can reduce the costs of treatment 

and the degree of health system use, especially during Covid-19 pandemic.   
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Introduction  

Thoracic empyema is an inflammatory process defined 

as the accumulation of pus in the anatomical space between 

the visceral layer and the partial layer of the pleura. This 

disease and its initial treatment, which was purulent 

drainage, was first discovered in Hippocrates and has since 

been considered a significant therapeutic challenge [1]. 

This disease could be caused by several causes, including 

pneumonia, penetrating chest trauma, thoracic surgery, and 

esophageal rupture [2]. Risk factors for this disease include 

age under 60 years old, poor oral hygiene, disorders with a 

predisposition to aspiration (seizure, alcoholism, and 

central nervous system disease), intravenous drug misuse, 

diabetes, cardiovascular disease, liver cirrhosis, and other 

immunocompromised states such as HIV infection and 

malignancy [3]. 

Thoracic empyema consists of three separate stages. 

The first stage (I) is an acute exudative phase in which the 

visceral pleura stays elastic, and the physiological 

dimensions of the thoracic cavity are preserved. The 

second stage (II) is the subacute fibrinopurulent phase. 

This stage, investigated in this article, is characterized by 

turbid, infected fluid with fibrin deposits constructing 

bridges that separate the effusions. Finally, the last stage 

(III) is the chronic organizing phase, in which this construct 

is superseded by formal granulation tissue [4].  

Patients who experience re-expansion or lung failure in 

the second stage should receive intrapleural fibrinolytic 

such as streptokinase and alteplase or early surgical 
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treatment as soon as possible [4,5]. Different surgical 

methods used for treating these patients include 

thoracentesis, tube thoracostomy, video-assisted 

thoracoscopic surgery (VATS), open decortication, open 

thoracostomy, and vacuum-assisted therapy [6]. Among 

the most widely used surgical methods are open 

thoracotomy and VATS. The main goal in treating this 

disease is to remove and evacuate pus from pleural space 

in different methods. The use of any of these methods 

depends on the patients' conditions and the decision of the 

surgical team [5]. If not treated promptly and adequately, 

the disease can progress rapidly, indicating the importance 

of choosing the correct method for treatment [7]. 

Numerous studies have been performed to compare the 

effective factors and postoperative complications after 

surgery of different surgical methods, incredibly open 

thoracotomy and VATS, to treat thoracic empyema, and 

divers and different consequences have been reported  

[8-11]. 

Therefore, this study was performed due to the issue's 

importance. In this study, 218 patients, half of whom 

underwent open thoracotomy and half underwent VATS in 

terms of postoperative complications such as duration of 

hospitalization after surgery, postoperative pain level, 

bleeding from the operation site, air leakage from the 

operation site, and postoperative fever. In addition, during 

this study, some individual factors such as sex, age, 

preoperative fever, preoperative dyspnea, preoperative 

chest pain, past medical history of diabetes, history of 

tuberculosis, and smoking were considered. 

Materials and Methods 

Patients with stage II thoracic empyema were referred 

to the Poursina and Razi Hospital medical centers between 

2011 and 2020 was identified through a retrospective 

cohort review. This study was conducted as an analytical 

cohort study after the approval of the research assistant and 

receiving the code of ethics (IR.GUMS.REC.1397.425). 

Patients' medical histories were reviewed, and 218 of them 

whose medical information was complete and available 

were examined in this research project. 

Inclusion criteria: 

 Patients over 18 years old with dyspnea, fever, sputum 

cough, or chest pain and patients that pleural fluid was 

seen on thorax Chest X-ray (CXR) or thorax computed 

tomography (CT) scan. 

 Patients diagnosed with pneumonia followed by stage 

II empyema and were candidates for surgery. 

 Patients who had seen free pleural fluid on their thorax 

CXR or thorax CT scan. 

 Presence of lacrimal pleural fluid (cell chamber) in 

thorax CT scan of the patients. 

 The patients' thoracentesis fluid pH is below 7.2. 

 Patients' thoracentesis concentration glucose less than 

60 mg/dL.   

 Positive gram staining or positive microbial culture in 

the patients' thoracocentesis fluid. 

 Existence of significant pus in the patient's 

thoracocentesis fluid. 

 If patients' thoracentesis concentration lactate 

dehydrogenase (LDH) level was more than three times 

average (normally it should be under 280 in adults). 

However, among patients who were referred to our 

medical centers, patients with stage I or III empyema, 

patients who did not consent to surgery due to empyema, 

patients with stage II thoracic empyema who died before 

the time of surgery, patients with a history of receiving 

anti-tuberculosis treatment who have been diagnosed with 

empyema due to tuberculosis, and or patients who had 

pleural fluid in chest X-ray or CT-scan of the thorax but the 

diagnostic thoracentesis for them was dry. No specific fluid 

was seen in it (Dry Tap), which was a sign that these 

patients with stage III empyema were not entered into the 

project. In addition, patients who died during surgery or 

before surgery, or after surgery but during hospitalization, 

patients with empyema who did not consent to surgery, 

patients who did not cooperate properly to answer 

questions and clinical examination related to research data 

postoperatively, patients who had contracted empyema due 

to trauma, patients infected with viral respiratory 

infections, and or patients with empyema for unknown and 

idiopathic reasons were excluded from the study. 

The collected data were first encoded and then analyzed 

using the statistical package for the social sciences (SPSS 

edition 21) software in this study. Mean and standard 

deviation and median and quartile amplitude were used to 

describe the quantitative variables. Qualitative variables 

were also described based on number and percentage. The 

subgroups' normal distribution of quantitative variables 

was measured using elongation and skew values, Q-Q Plot, 

and Shapiro-Wilk test. Mann-Whitney non-parametric test 

was used to compare quantitative variables due to 

abnormal distribution in them. On the other hand, Chi-

Square non-parametric test was used to compare 

qualitative variables due to abnormal distribution in the 

two groups. The significance level in all tests was 

considered 0.05, which means P-value < 0.05 was 

significant.  

Results 

This retrospective cohort study selected 218 patients, 

which met the inclusion criteria with stage II empyema 

admitted to the Poursina and Razi Hospital Medical Center, 

between 2011 and 2020. Our population consisted of 144 

males (66.1 %) and 74 females (33.9 %), while the mean 

age was 38.96 years old. The patients were divided into two 

equal groups. The first group was the patients with Stage II 
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thoracic empyema who underwent open thoracotomy, and 

the second group was the patients with stage II thoracic 

empyema who underwent VATS procedure. 

In continue, various qualitative and quantitative factors 

were investigated among both groups. Quantitative factors 

were included items such as age, pain level after surgery, 

and duration of hospitalization after surgery. Qualitative 

factors were included items such as sex, fever before 

surgery, dyspnea before surgery, chest pain before surgery, 

past medical history of diabetes and tuberculosis, history 

of smoking, bleeding from the operation site, air leakage 

from the operation site, and postoperative fever. Our study 

showed that among all of these factors, just the differences 

in the duration of hospitalization after surgery, air leakage 

from the operation site, and patients' pain level after 

surgery between two patients' groups were significant, as 

can be seen in Tables 1-3 presented below. One of the most 

valuable ways to assess and measure the severity of 

patients' pain is to use the visual analog scale (VAS) [12]. 

In this study, patients were asked to describe their pain in 

VAS and give it a score from zero to ten. The lowest score 

was one, and the highest score was nine. 

Statistical analysis of data showed that age, sex, 

preoperative fever, dyspnea, chest pain before surgery, 

bleeding from the site of surgery, postoperative fever, and 

history of smoking, diabetes, and tuberculosis did not have 

any significant differences between the two patients' 

groups. 

Table 1. Duration of hospitalization after surgery 

(open thoracotomy vs VATS). 

Surgical 

method 

Mean 

± 

standard  

deviation 

Middle (first 

quarter-third 

quarter) 

P-Value 

Open 

thoracotomy 
7.61±2.03  8.00 (7.00-9.00) 

001/0>  
VATS 5.09±1.67  5.00 (4.00-6.50) 

 

Table 2. Patients’ pain level after surgery  

(open thoracotomy vs VATS). 

Surgical 

method 

Mean 

± 

standard  

deviation 

Middle (first 

quarter-third 

quarter) 

P-Value 

Open 

thoracotomy 
8.24±2.39 7.00 (3.00-9.00) 

0.015 

VATS 4.81±2.22 5.00 (3.00-7.00) 

 

Table 3. Air leakage from the surgical site  

(open thoracotomy vs VATS). 

Air leakage 
Open 

thoracotomy 

VATS 

procedure 
P-Value 

Yes 56 (51.4%) 41 (37.6 %) 
0.041 

No 53 (48.6%) 68 (62.4 %) 

As the results of statistical analysis of data show, in all 

these three factors, the patients who underwent the VATS 

procedure, had significantly better conditions. 

Discussion 

Thoracic empyema is a life-threatening disease caused 

by pneumonia, penetrating chest trauma, thoracic surgery, 

and esophageal rupture [1,2]. This condition can lead to 

high mortality and morbidity rates [13-15]. Therefore, if 

not diagnosed correctly and in time, this disease can 

progress to higher stages and endanger a patient's life; it is 

essential to pay attention to this disease, evaluate and 

diagnose it accurately, and choose the appropriate 

treatment method for its treatment [6]. As mentioned, many 

studies have been done on the influential factors and 

postoperative complications of different surgical methods 

to treat thoracic empyema [8-11]. Statistical analysis of 

results which were obtained from the research in this study, 

which was performed on the effect of different factors and 

differences in postoperative complications between the 

two surgical methods open thoracotomy and VATS 

procedure, in patients with stage II thoracic empyema, 

showed that the choice of VATS procedure method, could 

reduce duration length of hospitalization after surgery, 

patients' pain level after surgery, and suspicion of air 

leakage from the surgical site.  

Our results showed that patients with stage II thoracic 

empyema who had undergone VATS procedure with an 

average of 5.09±1.67 days were hospitalized for a shorter 

time after the surgery than patients who had undergone 

open thoracotomy with an average of 7.61±2.03 days. 

Therefore, it can be concluded that the VATS procedure 

significantly reduces the time length of hospitalization of 

these patients after surgery. 

Our results also showed that patients with stage II 

thoracic empyema who had undergone VATS procedure 

with an average of 4.81±2.22 had less pain after the surgery 

than patients who had undergone open thoracotomy with 

an average of 8.24±2.39. Therefore, it can be concluded 

that the VATS procedure significantly reduces patients' 

pain after surgery. 

In addition, the results also showed that VATS 

procedure selection to treat these patients could reduce the 

probability of air leakage from the surgical site compared 

to patients who had undergone open thoracotomy. The 

possibility of air leakage from the surgical site was 37.6 % 

in patients who had undergone VATS procedure and 

51.4% in patients who had undergone open thoracotomy, 

respectively. 

Nowadays, the world is affected by the COVID-19 

pandemic, which is viral pneumonia that affects many 

organs, especially the lungs. Until know, few studies have 

been performed on the association between COVID-19 and 

thoracic empyema and have emphasized the existence of a 
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relation between COVID-19 and thoracic empyema [16-

18]. Furthermore, these studies showed that COVID-19 

could increase the length of hospitalization. Furthermore, 

increasing the length of hospitalization can increase the 

risk of developing COVID-19 disease between patients 

referred to the medical centers for any reason [19-21]. 

Conclusions 

Based on this study, it can be concluded that it is 

essential to choose an adequate treatment method in 

treating patients with stage II thoracic empyema to enhance 

the prognoses and decrease postoperative complications. In 

this study, 218 patients' medical and surgical histories, half 

of the underwent VATS procedure, and half of the 

underwent open thoracotomy, were investigated about age, 

pain level after surgery, duration of hospitalization after 

surgery, sex, fever before surgery, dyspnea before surgery, 

chest pain before surgery, past medical history of diabetes 

and tuberculosis, history of smoking, bleeding from the 

operation site, air leakage from the operation site, and 

postoperative fever.  

On the other hand, the risk of COVID-19 increases  

by increasing the duration of hospitalization and being  

in hospital areas. The obtained results showed that  

the selection of the best method between VATS  

and open thoracotomy could reduce the need for  

treatment and hospitalization and subsequently the  

risk of COVID-19 by reducing the pain level after  

surgery and postoperative complications such as the 

possibility of air leakage from the surgical site and 

reducing the duration of the time required for postoperative 

hospitalization.  

The results of this study which is the only case of such 

studies in Iran, confirm the results of other studies in this 

field from other regions and countries. Based on these 

results, it can be concluded that choosing the VATS 

method can eventually reduce the patients' health costs and 

the double pressure on the treatment system, especially 

these days that the COVID-19 pandemic spread 

worldwide.  

Conflict of interest disclosure 

There are no known conflicts of interest in the 

publication of this article. The manuscript was read and 

approved by all authors. 

Compliance with ethical standards 

Any aspect of the work covered in this manuscript has 

been conducted with the ethical approval of all relevant 

bodies and that such approvals are acknowledged within 

the manuscript. All authors contributed equally to  

the manuscript and read and approved the final version  

of the paper. 

References 

1. Cheng YF, Cheng CY, Huang CL, Hung WH, Wang 

BY. Pleural Peels Tissue Culture plus Pleural Fluid 

Culture Help to Improve Culture Rate for Empyema.  

J Clin Med. 2022 Mar 28;11(7):1882. doi: 

10.3390/jcm11071882 

2. Petrusevska-Marinkovic S, Kondova-Topuzovska I, 

Milenkovic Z, Kondov G, Anastasovska A. Clinical, 

Laboratory and Radiographic Features of Patients with 

Pneumonia and Parapneumonic Effusions. Open 

Access Maced J Med Sci. 2016 Sep 15;4(3):428-434. 

doi: 10.3889/oamjms.2016.091 

3. Chalmers JD, Singanayagam A, Murray MP, et al. Risk 

factors for complicated parapneumonic effusion and 

empyema on presentation to hospital with community-

acquired pneumonia. Thorax. 2009 Jul;64(7):592-7. 

doi: 10.1136/thx.2008.105080 

4. Higuchi M, Suzuki H. Current status and prospect of 

medical and surgical management for thoracic 

empyema. Curr Chall Thorac Surg. 2020; 2(39). doi: 

10.21037/ccts.2020.02.09 

5. Luh SP, Chou MC, Wang LS, Chen JY, Tsai TP. 

Video-assisted thoracoscopic surgery in the treatment 

of complicated parapneumonic effusions or empyemas: 

outcome of 234 patients. Chest. 2005 Apr;127(4):1427-

32. doi: 10.1378/chest.127.4.1427 

6. Makdisi T, Makdisi G. Contemporary surgical 

management of thoracic empyema. J Thorac Dis. 2018; 

10:3069-70. doi: 10.21037/jtd.2018.08.55 

7. Kwon YS. Pleural infection and empyema. Tuberc 

Respir Dis (Seoul). 2014 Apr;76(4):160-2. doi: 

10.4046/trd.2014.76.4.160 

8. Sokouti M, Ghojazadeh M, Sokouti M, Sokouti B. 

Surgical and nonsurgical outcomes for treating a cohort 

of empyema thoracis patients: A monocenteric 

retrospective cohort study. Ann Med Surg (Lond). 2017 

Oct 13;24:19-24. doi: 10.1016/j.amsu.2017.10.002 

9. Bijur PE, Silver W, Gallagher EJ. Reliability of the 

visual analog scale for measurement of acute pain. 

Acad Emerg Med. 2001 Dec;8(12):1153-7. doi: 

10.1111/j.1553-2712.2001.tb01132.x  

10. Reichert M, Pösentrup B, Hecker A, Schneck E, Pons-

Kühnemann J, Augustin F, Padberg W, Öfner D, 

Bodner J. Thoracotomy versus video-assisted 

thoracoscopic surgery (VATS) in stage III empyema-

an analysis of 217 consecutive patients. Surg Endosc. 

2018 Jun;32(6):2664-2675. doi: 10.1007/s00464-017-

5961-7 

11. Redden MD, Chin TY, van Driel ML. Surgical versus 

non-surgical management for pleural empyema. 

Cochrane Database Syst Rev. 2017 Mar 17;3(3): 

CD010651. doi: 10.1002/14651858.CD010651.pub2 

12. Kim TK. Practical statistics in pain research. Korean J Pain. 

2017;30(4):243-249. doi: 10.3344/kjp.2017.30.4.243 

https://dx.doi.org/10.21037/ccts.2020.02.09
https://dx.doi.org/10.21037/ccts.2020.02.09
https://dx.doi.org/10.21037/ccts.2020.02.09
https://dx.doi.org/10.21037/ccts.2020.02.09
https://dx.doi.org/10.21037/jtd.2018.08.55
https://dx.doi.org/10.21037/jtd.2018.08.55
https://dx.doi.org/10.21037/jtd.2018.08.55


Manouchehr Aghajanzade et al.  

 24 

13. Semenkovich TR, Olsen MA, Puri V, Meyers BF, 

Kozower BD. Current State of Empyema Management. 

Ann Thorac Surg. 2018 Jun;105(6):1589-1596. doi: 

10.1016/j.athoracsur.2018.02.027 

14. Shen KR, Bribriesco A, Crabtree T, Denlinger C, Eby 

J, Eiken P, Jones DR, Keshavjee S, Maldonado F, Paul 

S, Kozower B. The American Association for Thoracic 

Surgery consensus guidelines for the management of 

empyema. J Thorac Cardiovasc Surg. 2017 Jun;153(6): 

e129-e146. doi: 10.1016/j.jtcvs.2017.01.030 

15. Ayad S, Gergis K, Elkattawy S, Mirza N, Abdelazeem 

B, Patel L, Remolina C. Loculated Empyema and 

SARS-CoV-2 Infection: A Report of Two Cases and 

Review of the Literature. Eur J Case Rep Intern Med. 

2021 Jul 15;8(7):002706. doi: 10.12890/2021_002706 

16. Keskin A, Karslioglu B. Did Covid-19 pandemic narrow 

the spectrum of surgical indications? J Clin Investig Surg. 

2021;6(1):58-63. doi: 10.25083/2559.5555/6.1.11 

17. Çakır Edis E. Chronic Pulmonary Diseases and 

COVID-19. Turk Thorac J. 2020 Sep;21(5):345-349. 

doi: 10.5152/TurkThoracJ.2020.20091 

18. Yamamoto R, Sato Y, Matsumura K, Sasaki J. 

Characteristics of burn injury during COVID-19 

pandemic in Tokyo: A descriptive study. Burns Open. 

2021 Jul 3. doi: 10.1016/j.burnso.2021.06.007 

19. Rees EM, Nightingale ES, Jafari Y, Waterlow NR, 

Clifford S, B Pearson CA, Group CW, Jombart T, 

Procter SR, Knight GM. COVID-19 length of hospital 

stay: a systematic review and data synthesis. BMC Med. 

2020 Sep 3;18(1):270. doi: 10.1186/s12916-020-

01726-3 

20. Prashanth AT, Lakshmikantha N, Lakshman K. The 

impact of virtual reality training on laparoscopic 

surgical skills; A prospective blinded controlled  

trial. J Clin Investig Surg. 2021;6(1):37-42. doi: 

10.25083/2559.5555/6.1.7 

21. Ahmet V, Nedim KA. D-dimer levels and acute 

pulmonary embolism development in COVID-19 

patients. J Mind Med Sci. 2021;8(1):133-138. doi: 

10.22543/7674.81.P133138 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


