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Abstract
AIM
To retrospectively compare the outcomes of catheter 
drainage, urokinase and ozone in management of 
empyema. 

METHODS
Retrospective study included 209 patients (111 males 
and 98 females; age range 19 to 72 years) who 
were diagnosed with empyema. The patients were 
divided into 3 groups based on the therapy instituted: 
catheter drainage only (group I); catheter drainage and 
urokinase (group II); catheter drainage, urokinase and 
ozone (group III). Drainage was considered successful 
if empyema was resolved with closure of cavity, clinical 
symptoms were resolved, and need for any further 
surgical procedure was avoided. Success rate, length 
of stay (LOS), need for further surgery and hospital 
costs were compared between the three groups using 
the Kruskall-Wallis nonparametric test, with P  < 0.05 
considered significant.

RESULTS 
Of the 209 patients with empyema, all catheters were 
placed successfully under CT guidance. Sixty-three 
patients were treated with catheters alone (group I), 
64 with catheters and urokinase (group II), and 82 with 
catheters, urokinase and ozone (group III). Group I, 
group II and group III had success rates of 62%, 83% 
and 95% respectively (P  < 0.05). Group I and group 
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II had statistically longer LOS (P  < 0.05) and higher 
hospital costs (P  < 0.05) compared to group III. There 
were statistically significant differences between the 
three groups when comparing patients who converted 
into further surgery. 

CONCLUSION
The combination of chest tube drainage, urokinase and 
ozone is a safe and effective therapeutic modality in 
thoracic empyema. 

Key words: Computed tomography-guided; Catheter 
drainage; Urokinase; Ozone; Empyema 

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The use of ozone as an auxiliary antibacterial 
agent has achieved a relative good result. CT imaging-
based guidance offers precise targeting, which is crucial 
to the success rates of therapeutic treatment. The 
combination of chest catheter drainage, urokinase and 
ozone is a safe and effective therapeutic treatment in 
thoracic empyema.

Li B, Liu C, Li Y, Yang HF, Du Y, Zhang C, Zheng HJ, Xu 
XX. Computed tomography-guided catheter drainage with 
urokinase and ozone in management of empyema. World J Radiol 
2017; 9(4): 212-216  Available from: URL: http://www.wjgnet.
com/1949-8470/full/v9/i4/212.htm  DOI: http://dx.doi.org/10.4329/
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INTRODUCTION
Empyema refers to a collection of pus in the pleural 
cavity that can occur due to lung infection, trauma 
or surgery, with a mortality rate approaching 20% in 
adults[1]. Treatment options in the management of 
empyema include antibiotic therapy, thoracocentesis, 
drainage using intercostal catheter (ICC) with or without 
adjunctive fibrinolytic therapy, thoracoscopy, and open 
thoracotomy and decortications[2]. 

Image-guided percutaneous catheter drainage 
(IGP­CD) has been shown to be a safer and more effec
tive alternative to ICC, because IGPCD provides direct 
demonstration of the fluid collection. Thus, considering 
the advantages of IGPCD, which has less pain and 
lower postoperative morbidity as well as fewer com
plications, it has become a reasonable procedure to 
address various stages of empyema. But there remains 
much controversy, especially in multiloculated pleural 
empyema[3-6]. Some studies showed a higher rate of 
conversions to open decortications during the drainage 
procedure. 

Intrapleural administration of fibrinolytic agents 
have been used both in pediatric and adult populations 
without subjection to surgical procedures[7,8]. Ozone has 
bactericidal, antiviral and antifungal properties and is 

used empirically for the treatment of chronic wounds, 
such as trophic ulcers, ischemic ulcers and diabetic 
wounds[9]. The purpose of this study was to compare the 
outcomes of simple catheter drainage alone against its 
treatment with urokinase and the combined treatment of 
urokinase with ozone for the management of empyema. 
To our knowledge there has not been a similar study 
published to date.

MATERIALS AND METHODS
Approval was obtained from the Hospital Institutional 
Review Board to perform a retrospective review of 
patients between January 2012 and September 2016. 
The study included 209 patients (111 males, 98 fe
males; mean age: 34.5 years, range: 19-72 years) 
who were diagnosed with empyema. All patients were 
at the fibropurulent stages of empyema. Patients who 
were at organizational stage were excluded. Of the 
209 patients, 75 patients had postoperative empyema, 
and 134 had para-pneumonic empyema. Patients with 
tuberculosis or diabetes were excluded from this study. 

The patients were divided into three groups based 
on the therapy instituted: Catheter drainage only 
(group I); catheter drainage with urokinase (group II); 
and catheter drainage with the combined treatment 
of urokinase and ozone (group III). CT scans were 
performed on all patients to define the extent, location, 
and number of locations.

All catheters were placed by CT-guided procedures 
and were performed under local anesthesia. By using 
the Seldinger technique, 8F to 14F pigtail catheters 
(total 240) were placed into the patients. The choice of 
catheter depended on the viscosity of the initial aspirate. 

In group II, 50000 units of urokinase (Everbright 
Pharmaceutical Co., Ltd. Shengyang, China) diluted 
in 20.0 mL normal saline was injected into the pleural 
space via a pigtail catheter. The catheter was clamped 
for 4 h following urokinase injection. Then, the catheter 
was left unclamped for 20 min to allow for open drain
age. In group III, in addition to urokinase, 10.0-20.0 mL 
(according to the size of the empyema cavity) oxygen-
ozone gas mixture (ozone concentration 25 μg/mL) was 
administered through the catheter per day. The oxygen-
ozone gas mixture was produced immediately prior 
to injection by using an ozone generator (Herrmann, 
Kleinwallstadt, Germany).

Drainage was considered successful when: (1) clinical 
symptoms were resolved; (2) the empyema cavity was 
closed; and/or (3) no further surgical procedure was 
needed. The patients were referred for further surgical 
management when: (1) the empyema failed to resolve; 
(2) if the follow-up imaging showed the development 
of a thick pleural peel with the absence of re-expansion 
of the lung; or (3) if the patients failed to show clinical 
improvement.

The difference of patient characteristics among the 
three groups were evaluated as well as the technical 
success of catheter placement and length of hospital 
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stay (LOS). Clinical details such as hospital stay, fever 
(morning oral temperature of > 37.5 ℃), conversion 
into further surgery and average hospital charges were 
also recorded. 

Statistical analysis was used to compare the three 
groups. Mean and standard deviation (SD) of variables 
from each group were obtained. Statistical differences 
among groups were calculated by using the Kruskall-
Wallis non-parametric test, with a P value < 0.05 con
sidered significant. Descriptive statistical analysis was 
also performed. All statistical analyses were conducted 
with SPSS software (version 19.0; IBM Corporation, 
Armonk, NY, United States).

RESULTS
For the 209 patients with empyema, all catheters 
were successfully placed under CT-guidance (Figure 
1). Sixty-three (30.1%) patients were treated with 
catheters alone (group I), 64 (30.6%) with catheters 
and urokinase (group II), and 82 (39.3%) patients with 
catheters, urokinase and ozone (group III). All of the 
different variables from the three treatment groups 
are listed in Table 1. The three groups of patients were 
similar in mean age. 

Although duration of symptoms, initial white blood 
cell count, and lymphocytes were different in three 
groups, the differences were not significant among 
the three groups. Groups I, II and III demonstrated a 
success rate of 62%, 83% and 95% respectively (P 

< 0.05) (Table 2). Moreover, compared to group III, 
groups I and II had a statistically longer LOS (P < 0.05), 
longer duration of fever (P < 0.05) and higher hospital 
costs (P < 0.05). Hospital charges for groups I and II 
were statistically higher than for group III. 

There were also statistically significant differences 
between the three groups when comparing patients 
who converted into further surgery. There were no 
statistically significant differences between groups I and 
II when comparing LOS, duration of fever, and hospital 
charges. Complications appeared in 4 patients who had 
a small amount of asymptomatic pneumothorax. No 
other complications were noted.

DISCUSSION
Many institutions are now using antibiotics with image-
guided catheter drainage and fibrinolytics as first-
line therapy[10,11]. However, higher mortality rates 
(10%-15%) have been reported for drainage and 
irrigation of empyema even in early stages, whereas 
decortications in series including chronic cases have 
produced a mortality rate of 4%-13% only[7]. The 
study by Maskell et al[12] showed that the intra-pleural 
instillation of fibrinolysis did not reduce mortality. They 
associated the failure of conservative treatment with 
loculated collections; fibrinolysis alone did not produce 
sufficient clearance of pleural fluid, possibly because the 
infected pleural fluid was viscous, lumpy, and resistant 
to tube drainage[12]. 

A B

C D

Figure 1  A 36-year-old male presented with fever and chest pain after right lung cancer resection. A and B: Unenhanced transverse CT shows empyema in 
right pleura with liquid-gas plane, and infections can be seen in right lung; C: Catheater was placed under CT-guidance; D: Empyema and infections were absorbed 
after 2 mo.

Li B et al . Catheter drainage with ozone in management of empyema
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To improve the effects of treatment, in the present 
study, catheter drainage was combined with urokinase 
and ozone treatment for empyema, and achieved an 
overall success rate of 95%. This was a relatively higher 
success rate than reported from previous studies, 
which had 72%-87% success rates in various smaller 
series[11,13]. And, as a result, LOS and hospital costs 
were decreased significantly in our series.

Ozone therapy has been utilized and its benefits 
studied for more than a century now. Ozone, in the 
gaseous or aqueous phase, has been shown to be 
a powerful and reliable anti-microbial agent against 
bacteria, fungi, protozoa and viruses[14]. It acts by 
inactivating bacteria, viruses, fungi, yeast and protozoa, 
which stimulates oxygen metabolism and the immune 
system[14]. The oxidant potential of ozone induces the 
destruction of cell walls and the cytoplasmic membranes 
of bacteria and fungi by acting on glycoproteins, glyco
lipids and other amino acids, as well as inhibiting the 
key enzymes of the cells resulting in the increased 
membrane permeability and death[14].

Because most patients have mixed infections, the 
use of antibiotics cannot reach adequate results. Also, 
the longtime use of antibiotics can lead to bacterial 
resistance[15]. Even then, sometimes the causative 
organism may not be identified as the patients might 
have been partially treated before any specimen could 
be obtained for sensitivity testing. The use of ozone as 
an auxiliary antibacterial agent has achieved a relatively 
good result. 

In the management of chronic wounds, such as 
trophic ulcers, ischemic ulcers and diabetic wounds, 
ozone has been used empirically as a clinical therapeutic 
agent[16]. The beneficial effects of ozone on wound 
healing might be assumed to be due to ameliorated 
impaired dermal wounds healing or increased oxygen 
tension by ozone exposure in the wound area[16]. 

Ozone exposure has been associated with activation 
of transcription factors that are required for regulation 
of the inflammatory response and the entire process of 
wound healing[14]. In addition, ozone can be fully diffused 
into the abscess cavity, causing abscess wall dehydration. 
It can also split the inflammatory separations and expand 
drug solution distribution[14]. So, the combined treatment 
with urokinase and ozone has a synergistic effect in the 
treatment for empyema.

The present study was performed under CT-

guidance. CT imaging-based guidance offers precise 
targeting, which is crucial to the success rate of 
therapeutic treatment. By such procedures, a better 
therapeutic effect was obtained compared to the stand
ard ICC treatment. The use of CT imaging was also 
advantageous when the presence of air resulted in 
poorly defined collection under ultrasound guidance or 
collection volume was small and adjacent to mediastinal 
structures. CT imaging can display the package of 
empyema clearly, and provide the best puncture path 
for the use of the catheter to separate the loculated 
empyema. 

Complications of catheter drainage include hemorr
hage from intercostal vessel injury, subcutaneous emphy
sema, pneumothorax and catheter-related pain[1,3,6]. 
The patients in this study did not encounter any major 
complications nor did any of the patients in group II and 
III have any significant clinical bleeding. 

The results presented in this study are retrospective 
and represent an institutional bias. A larger prospective 
randomized trial is warranted to further evaluate the 
role of urokinase with ozone in treating this important 
clinical scenario.

In conclusion, urokinase and ozone are a useful 
adjunct in the management of empyema. This technique 
used early in the exudative and fibropurulent stage of 
effusion, can decrease the rate of surgical interventions 
and the length of hospital stay, with minor associated 
morbidity. It can be concluded that the combined 
treatment of chest catheter drainage, urokinase and 
ozone is a safe and effective therapeutic procedure in 
thoracic empyema, rather than catheter drainage only.

COMMENTS
Background
In daily clinical work, the treatment of empyema is not satisfactory. And, 
according to recent reports, the mortality rates range from approximately 10% 
to 15% in early stages of drainage and irrigation of empyema. The authors 
sought to improve the effects of this treatment further. Ozone, in the gaseous 
or aqueous phase, has been shown to be a powerful and reliable antimicrobial 
agent against bacteria, fungi, protozoa and viruses. 

Research frontiers
Now, many institutions are using antibiotics with image-guided catheter drainage 
and fibrinolytics as first-line therapy of empyema. And, to date, the application of 

  Variable Group I Group II Group III

  Patients, n 63 64 82
  Average age in years   36.7 (14.3)  29.6 (12.6)   38.2 (19.1)
  Duration of   
  symptoms in days

12.4 (8.2) 14.8 (6.3) 13.7 (5.9)

  Initial WBC, × 103 16.4 (8.8) 16.9 (7.6) 17.1 (8.7)
  Total lymphocytes, × 103 13.2 (6.9) 14.4 (7.4) 14.7 (7.3)

Table 1  Comparison of preadmission variables among 
treatment groups

Data are presented as mean (SD). WBC: White blood cell count.

  Variable Group I Group II Group III

  Technical success of catheter 
  placement

100% 100% 100%

  Success rate of management 62% 83% 95%
  Length of hospital stay in days 21.0 (7.4) 19.4 (5.7) 12.8 (5.4)
  Duration of fever in days   4.2 (3.0)   3.7 (2.6)   2.1 (1.8)
  Converted into further surgery        8 (32%)        8 (25%)        5 (12%)
  Average hospital charges in 
  RMB¥

25057 19814 15871

Table 2  Comparison of hospitalization and outcome variables 
among treatment groups

 Data are presented as mean (SD) or n (%).

 COMMENTS
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ozone in the treatment of empyema has been infrequently reported.

Innovations and breakthroughs
The use of ozone combined with urokinase in the management of empyema is 
unusual. The authors compared the outcomes of three groups and found that 
the combination of chest catheter drainage, urokinase and ozone is a safe and 
effective therapeutic treatment of thoracic empyema. In addition, CT imaging-
based guidance offers precise targeting, which is crucial to the success rate of 
therapeutic treatment.

Applications
Urokinase and ozone are a useful adjunct in the management of empyema, and 
the patients in this study obtained a preferable outcome.

Terminology
IGPCD: Image-guided percutaneous catheter drainage; LOS: Length of hospital 
stay.

Peer-review
The article is good.
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