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Abstract

Aim: Empyema is a dense, sticky inflammation of the pleural cavity. Many treatment approaches have been reported so far. A 3% hydrogen peroxide solution
administered orally does not cause serious toxicity. We aim to share the effects of intraoperative intrapleural diluted 3% hydrogen peroxide on the surgical
outcomes of patients who underwent decortication.

Materials and Methods: Of patients who underwent decortication due to empyema, those with or without intraoperative, intrapleural administration of diluted
3% H202 were randomly selected and divided into two groups. A total of 36 patient cases were analyzed.

Results: In terms of duration, the results of Group 1 were more significant compared to Group 2. Regarding postoperative drainage catheter removal, the
results for Group 1 were more significant than Group 2. In terms of the mean hospital stay, the results of Group 1 were statistically more significant compared
to Group 2 (p<0.05).

Discussion: In patients with empyema with pleural thickening and loculations, the use of intraoperative intrapleural diluted 3% hydrogen peroxide shortens the
mean operation time, time to removal of the drainage catheter, and hospital stay. It also has a positive effect on the recovery period.
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Introduction

Empyema is a dense, sticky inflammation of the pleural cavity.
The most common cause is the infection of parapneumonic
effusions with infective agents in cases of bacterial or viral
pneumonia [1]. The American College of Chest Physicians
(CHEST) classified parapneumonic effusions based on the
anatomy, bacteriology, and chemistry of the fluid and divided
into 4 categories (1,2, 3,4) [2]. If left untreated, empyema causes
morbidity and has a mortality rate of more than 10% [3, 4].
There are no specific symptoms in empyema cases. Laboratory
examinations show elevated leukocytes, sedimentation, and
CRP levels as well as anemia. Radiological examinations include
posteroanterior and lateral chest radiographs, lateral decubitus
radiographs, US, CT, and MRI [1].

The main principles in empyema treatment are the control
of infection and sepsis with appropriate antibiotic therapy,
drainage of purulent fluid, prevention of resistant or recurrent
disease by obliterating the empyema cavity, and reexpansion
of the underlying lung tissue. Many treatment approaches
have been reported so far. Thoracotomy-decortication is a
surgical method applied in the presence of multiple loculations
unresponsive to fibrinolytic therapy that cannot be drained by
tube thoracostomy or video-assisted thoracoscopic surgery
(VATS). However, the main problems with the decortication
procedure are prolonged operation time, pulmonary parenchyma
damage, prolonged air leaks, extended hospitalization, and the
development of reloculations and infections [5].

Hydrogen peroxide is a natural bactericide used by leukocytes [6].
It is used in medicine for wound irrigation and the sterilization
of ophthalmic and endoscopic instruments [7]. A 3% hydrogen
peroxide solution administered orally does not cause serious
toxicity [8]. In our study, we aimed to share the effects of
intraoperative intrapleural diluted 3% hydrogen peroxide on the
surgical outcomes of patients who underwent decortication.
Statistical Analysis

In statistical analysis, continuous variables were expressed as
mean + standard deviation, while categorical variables were
stated as numbers and percentages. Results were evaluated
using Mann-Whitney U tests. A p-value of <0.05 was considered
significant.

Materials and Methods

Patients who underwent decortication due to empyema,
were randomly selected and divided into two groups based
on whether they received intraoperative, intrapleural, and
diluted 3% H20:2. A total of 36 patients were analyzed. Group
1 (G1; n=21) consisted of patients who received H202, while
Group 2 (G2; n=15) included patients who did not H202 The
study investigated the age, gender, symptoms, localization of
the disease, radiological findings, diagnosis and treatment,
complications, and mortality and morbidity of the patients.
Obtained results were compared between the two groups.
Ethical Approval

This study was approved by Firat University Ethics Comitee
(Date: 2021-09-23, No: 2021/10-35).

Results
The most common symptoms in both groups were fever, cough,

chest pain, and shortness of breath. All patients were diagnosed
by chest X-ray and mostly by computed tomography (CT) of the
thorax.

All patients had air trapping and, fluids could not be obtained
by thoracentesis or with catheter/tube thoracostomy (Figure
1, 2). Consequently, all patients underwent posterolateral
thoracotomy.

The mean age of Group 1 patients was 53.38 + 19.52 years.
Twelve (57%) of the patients were male, while nine (43%) were
female. The disease was located on the right side in 11 (52%)
patients and on the left side in 10 (48%) patients. The mean age
of Group 2 patients was 50.93 + 16.38 years. Seven (47%) of
the patients were male while 8 (53%) were female. The disease
was located on the right side in 9 patients (60%) and left side in
6 patients (30%) (Table 1). The obtained fluids were exudative
in both groups. There was no statistically significant difference
between the groups in terms of blood values (p>0.05) (Table 2).

Table 1. Demographic distribution of patients who underwent
thoracotomy for empyema

VELEL [

H202, (Group 1; 21)

No H202, (Group 2; 15)

Men 12, %57 7, %47

Women 9, %43 8, %53

The average age SD 53,38 SD19,52 50,93 SD16,38

Right 11, %52 9, %60

Left 10, %48 6, %30

who underwent

Table 2. Laboratory values of patients
thoracotomy for empyema

Group 1; 21 Group 2; 15 z-:?:re

Average leukocytes 11,58 SD4,58 11,79 SD6,35 156.482 11876
Average neutrophil 8,96 SD4,1 8,85 SD5,84 0.07424 9442
Average lymphocyte 1,94 SD2,23 1,65 SD0,79 -0.33124 7414
Average platelet 427,38 SD178,72 366,66 SD181,20 125141 2113
Average hemoglobin 11,84 SD2,31 11,86 SD1,29 -0.83707 14009
Average hematocrit 53,55 SD76,46 36,98 SD3,30 0.11389 9124
Average ALT 29,47 SD21,32 20,93 SD14,02 109.097 27572
Average AST 29,14 SD17,30 21,46 SD8,77 125141 2113
Average glucose 104,76 SD20,68 86 SD19,4 -0.03643 9681

Average total protein 6,2 SD0,98 6,59 SD0,96 0.05325 96012
Average albumin 3,46 SD0,60 4,41 SD2,34 -120367 23014
Average ure 42,80 SD37,20 33,80 SD23,08 133.358 18352
Average creatinin 0,93 SD1,10 4,72 SD15,56 0.39187 69654
Average CRP 186 SD22,62 124,93 SD71,15 0.42294 67448
Average Sedimantation 101,75 SD35,70 129 SD 23,42 0.37189 56389
Average procalsitonin 7,6 SD1,1 0,11SD 1,3 0.24772 .80258

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, CRP: C-reactive protein,
LDH: Lactate dehydrogenase, Av: Average

Table 3. Results of patients using and not using H,0,

The P
Groups (] G2
z-score value
Time of operation 67,61+9,30 119+18,34 -502.168 <0,00001
Postoperative length of stay 6,28+2,12 11,8+4,60 -335.313 0.0008
Length of stay of thoracic drain 4,52+1,03 7,53+2,61 -357.774 0.00034
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ARB results were negative in both groups. Enterobacter cloacae
was seen in one patient and Escherichia coli in one patient in
Group 1, while Klebsellia pneumonia growth was identified in
only one patient in Group 2.

The mean operation duration was 67.61 + 9.30 minutes in
Group 1, while it was 119 + 18.34 in Group 2 patients. The
results of Group 1 were significantly better compared to Group
2 (p<0.05) (Table 3).

The mean postoperative drainage catheter termination was
452 + 1.03 days in Group 1 patients, while it was 7.53 +
2.61 days in Group 2 patients. The results for Group 1 were
significantly better than Group 2 (p<0.05) (Table 3).

The mean hospital stay was 6.28 + 2.12 days in Group 1, while
it was 11.8 + 4.60 days in Group 2. The results for Group 1 were
significantly better compared to Group 2 (p<0.05) (Table 3).
The pathological diagnosis was pleuritis in 12 patients,
mesothelioma in 6, and granulomatous infection in 3 in Group
1, while in Group 2, there were 9 patients with pleuritis, 3 with
mesothelioma, and 3 with granulomatous infection.
Metronidazole and cephalosporins were given as routine
postoperative treatment. This treatment was sufficient for all
of the patients in Group 1. However, 3rd generation single or
combined antibiotics were needed in 6 patients in Group 2.

f

Figure 1. Chest X-ray of a patient with empyema

Figure 2. Computed tomography of the thorax of a patient
with empyema

No serious complications were observed in Group 1 patients
following the operation. In contrast, purulent discharge in the
chest drain necessitated, long-term antibiotic washing and
long-term 3rd generation antibiotics in 3 (20%) patients in
Group 2. One patient (6.6%) was admitted to the intensive care
unit due to high fever, respiratory distress, tachycardia, and
hypotension and subsequently died.

Discussion
Causes of empyema include lobar pneumonia, lung abscess,
bronchiectasis, previous thoracic, cardiac, or esophageal
surgery, septic pulmonary embolism, trauma, mediastinitis,
abdominal infections, spontaneous pneumothorax, improper
thoracentesis, malignancy, esophageal perforation, and sepsis
[9]. If left untreated, it can cause morbidity as well as mortality,
with a rate of more than 10% [3,4]. In our study, nonspecific
pleuritis was found in 12 patients in Group 1, mesothelioma
in 6, and granulomatous infection in 3, while nonspecific
pleuritis was seen in 9 patients in Group 2, mesothelioma in
3, and granulomatous infection in 3. Since our study included
postoperative data, our postoperative morbidity rate was 20%
and the mortality rate was 6.6% in Group 2 patients.

There are no specific symptoms of empyema. Symptoms that
are similar to those of pneumonia, include shortness of breath,
pleuritic chest pain, cough, purulent sputum, fever, chills, and
weight loss. Radiological examinations include posteroanterior
and lateral chest radiographs, lateral decubitus radiographs,
ultrasonography, and computed tomography (CT) of the thorax.
Thoracic tomography is particularly important due to its
contribution to determining the appropriate treatment method
[1,10]. In our study, the most common symptoms in both groups
were fever, cough, chest pain, and shortness of breath. It was
observed that all patients were diagnosed with computed
tomography of the thorax, while chest X-ray was less preferred.
pH, protein, glucose, and
dehydrogenase are checked in the pleural fluid taken from
patients with empyema. Demonstrating that the fluid
characteristic is exudate is important for the diagnosis [11]. In
addition, ADA level, cell count, Gram stain, aerobic and anaerobic
cultures, cytological examination, and ARB should be checked in
these materials and the etiology should be investigated. In most
patients, many microorganisms together cause empyema, with
Gram-positive aerobes being the most common among these
[9,12,13]. In our study, while the characteristics of the fluids
were exudate in both groups, there was no statistical difference
between the groups in terms of blood values. While ARB results
were negative in both groups, Enterobacter cloacae was found
in one patient in Group 1, and Escherichia coli in one patient,
while Klebsellia pneumonia growth was seen in only 1 patient
in Group 2.

Empyema due to parapneumonic effusions includes three
periods called exudative, fibrinopurulent, and organization.
Its classification was made by the American College of Chest
Physicians in 2000 and it was divided into 4 groups: 1, 2, 3, and
4 [2]. The patients included in our study were fibrinopurulent,
mostly in the organization stage, and were classified as 3 and
4.

The general

Parameters such as lactic

principles of empyema treatment are the
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control of infection and sepsis with appropriate antibiotic
therapy, drainage of purulent fluid, prevention of resistant
or recurrent disease by obliterating the empyema cavity, and
reexpansion of the underlying lung tissue. The main methods
are observation, thoracentesis, tube thoracostomy, fibrinolytic
therapy, thoracoscopic interventions, decortication, and open
drainage methods. In category 1 parapneumonic effusions,
specific and effective antibiotic therapy is usually sufficient and
close observation is required. Although pleural drainage with
tube thoracostomy still plays a major role in the treatment of
empyema, it is not sufficient in 36-65% of patients. If clinical
and radiological improvement is not observed within 24 hours
with tube thoracostomy, it indicates that either pleural drainage
is insufficient or the appropriate antibiotics are not being used
for the causative microorganism.

Reasons for inadequate pleural drainage include the incorrect
positioning of the thoracic tube, loculations, or thickening of
the visceral pleura, which prevents lung expansion. Fibrinolytic
therapy is used for difficult-to-drain fluids due to their viscosity
and their multiple loculations with tube thoracostomy. During
this process, drainage is facilitated by breaking down loculated
areas using streptokinase, urokinase, and tissue plasminogen
activators. Side effects include anaphylaxis, hemorrhage, and
pulmonary edema [13-16]. In our study, all patients had air
trapping, and fluids could not be obtained by thoracentesis, nor
were results obtained with catheter/tube thoracostomy and
fibrinolytic therapy. Therefore, posterolateral thoracotomy was
performed in all patients.

Decortication with thoracotomy involves removing all the fibrous
tissue from the visceral and parietal pleura, completely clearing
the purulent fluid and debris, and allowing the underlying lung to
expand. The decortication procedure, which has a high success
rate, is associated with 1.3-6.6% mortality rate. The most
important issues in this procedure include difficulty releasing
the trapped lung, the length of the operation, the parenchymal
leaks that occur during the separation of the fibrous layer from
the visceral pleura of the lung, the prolonged use of thoracic
tubes due to leaks, the formation of re-loculations, and extended
hospitalization [17,18] . In our study, no serious complications
were observed in Group 1
However, purulent discharge in the thoracic drain was seen
in three patients in Group 2, necessitating long-term antibiotic
washing and long-term use of 3rd generation antibiotics, and
one patient experienced a high fever. Additionally, one patient
in Group 2 was admitted to the intensive care unit due to high
fever, respiratory distress, tachycardia, and hypotension and
subsequently died.

Hydrogen peroxide is a natural bactericide used by leukocytes.
It acts by three main mechanisms: corrosive damage, oxygen
gas generation, and lipid peroxidation. Concentrated hydrogen
peroxide solutions are toxic and may cause local tissue damage

patients after the operation.

upon exposure. However, even if a 3% hydrogen peroxide
solution is taken orally, it does not cause serious toxicity [1]. Oral
ingestion of hydrogen peroxide at concentrations greater than
10% results in local damage, and ingestion of concentrations
greater than 35% can result in death. Hyrogen peroxide is also
used in medicine for wound irrigation and the sterilization of
ophthalmic and endoscopic instruments. It has been used in

many general, plastic, and orthopedic surgeries to remove dead
tissue and control infection [6,7,8]. It has also been used in
thoracic surgery to control operation site infections and remove
skin damage. However, it has not been used intraoperatively
in patients with empyema to eliminate the resistance of the
fibrous layer that develops on the lung, to remove loculations, to
facilitate decortication, and to prevent leaks. In our study, the use
of intraoperative hydrogen peroxide facilitated the separation
of fibrotic tissue developing on the visceral pleura from the lung
and chest wall, thus preventing possible complications such as
massive air leaks and bleeding. Very successful results were
obtained in patients who underwent thoracotomy-decortication
with the use of intraoperative intrapleural diluted 3% hydrogen
peroxide. The results for Group 1 patients were found to be
significantly better compared to Group 2 in terms of average
operation time, duration of drainage, and hospital stay.
Limitations

This study has several limitations. First, the sample size was
relatively small, including only 36 patients, which may limit the
statistical power and generalizability of the findings. Second,
although patients were described as “randomly selected,”
the randomization method was not strictly controlled, and
therefore, selection bias may have occurred. Third, the study was
conducted in a single center, which may limit the applicability of
the results to different institutions or surgical teams. Fourth, the
severity of empyema, inflammatory markers, and radiological
staging were not compared between groups in detail, which
may have influenced perioperative outcomes. Additionally, the
lack of long-term follow-up data prevented evaluation of late
complications such as recurrence, fibrothorax, and pulmonary
function recovery. Finally, although intrapleural diluted hydrogen
peroxide was used at a standardized concentration, the optimal
dosage and safety profile require further prospective studies
with larger patient populations.

Conclusion

In patients with empyema characterized by pleural thickening
and loculations, the use of intraoperative intrapleural diluted
3% hydrogen peroxide shortens the mean operation time,
duration of drainage, and hospital stay, and has a positive
effect on the recovery.
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