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Abstract

Objective: Pneumonia is the leading cause of morbidity and mortality in children under 5 years

old, with an increasing incidence of parapneumonic pleural effusion. Pleural effusion is a com-

mon complication, sometimes requiring surgical intervention. A literature review was conducted

on parapneumonic pleural effusion and its treatment in the pediatric population, and an institu-

tional protocol for intrapleural fibrinolysis was developed.

Data sources: Articles from the past 15 years were reviewed in the databases PubMed-MEDLINE,

LILACS, Cochrane, and Scielo using the terms pleural effusion, empyema, pneumonia, fibrino-

lytic, and children. A protocol for intrapleural fibrinolytic use in cases of parapneumonic pleural

effusion was established.

Summary of findings: Fifteen studies were included in the review. Chest ultrasound was the

imaging modality used for diagnosis and monitoring. Most studies evaluated and compared the

use of pleural drainage combined with fibrinolytics and video-assisted thoracoscopic surgery

(VATS). The most used fibrinolytics were tissue plasminogen activator and urokinase. Hospitaliza-

tion duration and adverse effects were similar across groups. The therapeutic failure rate of

chemical debridement ranged from 0 to 37.2%. VATS and drainage combined with fibrinolytics

were safe and well-tolerated, offering advantages over simple pleural drainage.

Conclusions: Chemical debridement is cost-effective and less invasive, with complication rates

and hospitalization times similar to VATS, making it preferable as a first-line treatment. The cre-

ated protocol will standardize institutional practices and support evidence-based decision-mak-

ing.
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1 Introduction

2 Community-acquired pneumonia (CAP) is the leading cause
3 of morbidity and mortality in children aged 28 days to
4 5 years, and it usually occurs in healthy children, although it
5 tends to be more severe in patients with comorbidities.1

6 Despite a decrease in pneumonia mortality over the past
7 decade due to advances in medicine and the introduction of
8 the pneumococcal vaccine, there has been an increase in
9 the incidence of parapneumonic effusion, reaching rates of

10 0.6% to 2% among patients with pneumonia. The reasons for
11 this increase are not fully understood, but it is believed that
12 several factors play an important role, such as increased
13 bacterial resistance, climate change, and the indiscriminate
14 use of broad-spectrum antibiotics.1-13

15 The main causative agents of CAP are viruses, which
16 rarely cause complicated pneumonia. Among bacteria, the
17 most common etiological agent is Streptococcus pneumo-
18 niae, whose incidence has decreased following the introduc-
19 tion of the pneumococcal vaccine, yet it remains the
20 primary bacterial cause of pneumonia. Other bacteria that
21 can cause CAP include Streptococcus pyogenes, Staphylococ-

22 cus aureus, Haemophilus influenzae, Mycoplasma pneumo-

23 niae, Pseudomonas aeruginosa, and Mycobacterium

24 tuberculosis.4,10,12

25 Parapneumonic effusion is the most common complica-
26 tion of pneumonia and can be divided into three stages:
27 Stage I - exudative, characterized by inflammatory and ster-
28 ile fluid that typically resolves with antibiotic therapy; Stage
29 II - fibrinopurulent, which begins when fibrin is deposited in
30 the pleural space; and Stage III - organizing phase, during
31 which a thick membrane forms over the visceral pleura, lim-
32 iting lung expansion.1,3,6,9,14 The presence of parapneu-
33 monic effusion should be suspected in children who remain
34 febrile or show no clinical improvement after 48�72 h of
35 appropriate antibiotic therapy.4,6,10,12,15

36 The traditional treatment for empyema consists of antibi-
37 otic therapy and pleural drainage, which has a failure rate of
38 up to 40% and often results in prolonged hospital stays,
39 depending on the stage of the effusion, as this treatment
40 does not allow adequate drainage of loculated areas. In such
41 cases, surgical debridement using video-assisted thoraco-
42 scopic surgery (VATS) has been proposed as an alternative to
43 avoid thoracotomy, followed by chemical debridement with
44 the intrapleural instillation of fibrinolytic
45 agents.1,3,5,7,9,14,16,17 The indications for either method vary
46 significantly from one service to another and remain a sub-
47 ject of controversy in the relevant literature.
48 The objective of this study was to conduct a narrative
49 review of the literature on parapneumonic effusion and its
50 treatment in the pediatric population, with an emphasis on
51 the use of intrapleural fibrinolytics, their indications and
52 methods of use, as well as a comparison with the use of
53 VATS. Based on this review, an institutional protocol for the
54 use of intrapleural fibrinolysis was developed to standardize
55 the management of complicated parapneumonic effusion

56cases in the Pediatric Surgery Department of the State Uni-
57versity of Campinas (UNICAMP).

58Methods

59The search for articles was conducted in the databases
60PubMed-MEDLINE, LILACS, SciELO, and Cochrane, using the
61following terms: empyema, pneumonia, fibrinolytic agents,
62and children. The study was submitted to and approved by
63the Research Ethics Committee (CAAE no.
6476244123.4.0000.5404).

65Inclusion criteria

66Studies published in the last 15 years, in Portuguese and
67English. This period was chosen because it coincides with
68the increased use of intrapleural fibrinolytics in the treat-
69ment of parapneumonic effusion. Clinical trials, simple liter-
70ature reviews, non-randomized experimental studies,
71cohort studies, case-control studies, and observational stud-
72ies were included. Only studies that evaluated the use of
73intrapleural fibrinolytics were selected.

74Exclusion criteria

75Articles published more than 15 years ago, case reports, and
76studies published in other languages were excluded, as well
77as studies that did not assess the use of intrapleural fibrino-
78lytics in the treatment of parapneumonic effusion.

79Data analysis from the literature

80The data from the selected studies were organized into
81tables, and the results were analyzed descriptively. Based
82on the collected information, an institutional protocol was
83developed for managing cases of patients with complicated
84parapneumonic effusion (Stages II and III), aiming to specify
85the indications for the use of intrapleural fibrinolytics, as
86well as their method of use and follow-up.

87Results

88Fifteen articles were selected, consisting of 9 retrospective
89cohorts, 3 randomized clinical trials, 2 prospective cohorts,
90and 1 national surveillance study and guideline creation.
91The most relevant information from each study (study type,
92participant sex, mean age, imaging exams used for diagnosis
93and follow-up, stages of pleural effusion, patient comorbid-
94ities, length of hospital stay, type of therapy, adverse effects
95related to therapy, treatment failure rates, and mortality) is
96presented in Tables 1 and 2.
97The number of patients evaluated in each study ranged
98from 35 to 645, and the mean age varied from 3.7 to
998.7 years. The male sex was predominant in 9

ARTICLE IN PRESS
JID: JPED [mSP6P;March 1, 2025;1:09]

2

F.G. Frogeri, A.M. Fraga, F.A. Marson et al.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Table 1 Demographic and diagnostic characteristics of participants included in the studies evaluated in the review.

Article Study type N Mean age (years) Male Imaging exam Stage of the

effusion

Comorbidities

Segerer et al.18 National surveil-

lance study

645 5 49% US in 87% I (40%), II (39%), III

(8%)

38% (11% prematu-

rity)

Nandan et al.7 Retrospective

cohort

84 7.1 54.5% US in 100% II, III Malnutrition in

78.5%

Gautam et al.13 Retrospective

cohort

153 3.7 60% US (71.2%), CT

(45%)

II, III -

Angurana et al.19 Retrospective

cohort

205 66.4% < 5 70% - II, III 36% no imuniza-

tion, 17.6% malnu-

trition, 15.6% viral

infections

Van Loo et al.17 Retrospective

cohort

60 4.7 57.1% (PDF), 60%

(VATS/T)

US (74% PDF and

58% VATS/T) and

CT (9% PDF and 8%

VATS/T)

II, III -

Oyetunji et al.11 Retrospective

cohort

48 4.5 56% US and CT II, III -

Marhuenda et al.12 Randomized clini-

cal trial

103 4.6 (PDF), 4.1

(VATS/T)

59.2% US and CT II, III -

Livingstone,

Colozza et al.5
Retrospective

cohort

67 6.1 (PDF) 5.2

(VATS/T)

38% (PDF), 46%

(VATS/T)

US II -

Griffith et al.6 Retrospective

cohort

115 4.9 47.8% US in 82.6% and CT

in 1.7%

II, III 13.9% (25%

asthma)

Cobanoglu et al.14 Randomized clini-

cal trial

54 7.3§2.76 (PDF),

8.7§2.6 (VATS/T)

59.2% US and CT II, III 20.3%

Baram et al.9 Prospective cohort 95 6.3 47.4% - II, III -

Rodriguez et al.1 Retrospective

cohort

35 4 51.4% XR and US II, III -

Peter et al.16 Randomized clini-

cal trial

36 5.2§4.2 (PDF),

4.8§4.3 (VATS/T)

- US and CT II, III -

Livingstone et al.20 Retrospective

cohort

314 5.3 50% XR and US I (9%), II and III

(91%)

9% (asthma)

Grasior et al.21 Prospective cohort 102 5.8§4.6 (PDF),

7.7§4.9 (VATS/T)

58% (PDF), 24%

(PDF+VATS)

- II, III -

PDF, Pleural drainage + fibrinolytic; VATS/T, VATS or Thoracotomy; T, Thoracotomy; XR, Chest X-ray; US, Thoracic ultrasound; CT, Chest computed tomography; N, number of participants; -, No
data or doesn’t apply; %, percentage.
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100studies.1,2,3,7,11,13,14,17-19 The imaging exam most used for
101the diagnosis and follow-up of parapneumonic pleural effu-
102sion was chest ultrasound, while computed tomography of
103the chest was used to evaluate complex cases, with sus-
104pected lung abscess or bronchopleural fistula. The stages of
105pleural effusions were predominantly II and III, with only 2
106studies including effusions at stage I.18,20 The categorization
107of the effusion was primarily based on ultrasound character-
108istics, defined as stage I for a fluid effusion, stage II for an
109effusion with loculations and septations, and stage III when
110thickening of the visceral pleura was identified, already
111showing suggestive signs of pulmonary entrapment. Only 6
112studies provided information on the comorbidities of the
113patients,6,7,14,18-20 with the most frequent being malnutri-
114tion, asthma, and prematurity.
115Regarding the established therapy, most studies evalu-
116ated and compared the use of pleural drainage associated
117with intrapleural fibrinolytics and VATS, with only 4 studies
118also including patients who underwent isolated pleural
119drainage.7,13,18,19 All patients received antibiotic therapy,
120with varying treatment durations, which were not specified
121in most studies. The most used fibrinolytics were tissue plas-
122minogen activator (tPA)2,5,9,11,16,20 and urokinase.1,3,6,7,17

123Streptokinase was used in only 2 studies.14,19 The type of
124fibrinolytic used was not specified in 2 studies.13,18

125The method of using the fibrinolytics was uniform among
126studies considering each substance used. Streptokinase was
127administered as a solution of 250,000 U/100 mL in saline,
128with an infused volume of 70-120 mL per application, once a
129day, keeping the drain clamped for 4-6 hours after infusion,
130for 3-5 consecutive days. Drains were maintained on contin-
131uous suction with pressures between -15 to -20 cm H2O.

14

132Urokinase was administered in two ways. The first consisted
133of a dose of 10,000 UI/kg/day for 3 days, diluted to 1000 UI/
134mL1. The second used 40,000 UI of urokinase diluted in
13540 mL of saline, every 12 hours for 3 days for those over one
136year of age, and 20,000 UI diluted in 20 mL of saline for
137those under one year, with the drain kept closed for 4 hours
138after the instillation of the fibrinolytic. Some studies main-
139tained the drains in continuous suction.3,6,7,17 tPA was also
140administered in two different ways, the first being used by
141most studies, with a dosage of 4 mg of tPA diluted in 20-
14240 mL of saline, maintaining the drain clamped for 1 hour
143and starting continuous suction afterward at -20 cmH2O,
144once a day, for 3 consecutive days.5,11,16,20 The second
145method of administering alteplase, used in one study, was a
146dosage of 0.1 mg/kg/dose diluted in 10-30 mL of saline, also
147given once a day for 3 consecutive days, with the drain kept
148clamped for one hour.9

149Chest drains were removed according to the clinical sta-
150tus of the patients and the drainage output. Angurana et al.
151(2019) established a drainage output of < 10-15 mL/day,19

152Oyetunji et al. (2020) and Gasior et al. (2013) < 1 mL/kg/
153day,2,11 and Rodriguez et al. (2022) < 20�40 mL/day.1

154The length of hospital stay did not differ between the
155groups undergoing VATS and pleural drainage associated
156with intrapleural fibrinolytics, except for the study by Coba-
157noglu et al. (2011), which identified a shorter hospital stay
158in the VATS group (7.41§1.45 vs. 10.37§ 2.29).14

159Regarding the adverse effects of therapies, 4 studies
160reported no complications,7,16,17,21 6 studies did not report
161these data,9,11,13,18-20 and in the remaining studies, the
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162 incidence of side effects varied from 1-18.9%.1,3,5,6,14 Identi-
163 fied complications included chest pain, fever, tachycardia,
164 bleeding, aforia, bronchopleural fistula, and bronchospasm.
165 Two studies compared complication rates post-VATS and
166 post-pleural drainage associated with intrapleural fibrino-
167 lytics, finding no significant differences.3,8 One of them was
168 a meta-analysis that found no difference between the inci-
169 dence of adverse events (RR = 0.6 [95% CI = 0.3�1.2]) but
170 identified a lower need for reintervention in the VATS group
171 (RR = 0.55 [95% CI = 0.34�0.88]).8

172 The rate of therapeutic failure for chemical debridement
173 (pleural drainage associated with intrapleural fibrinolytics)
174 varied from 0 to 37.2% and was not quantified in one study.13

175 After the failure of chemical debridement, VATS was mostly
176 used as a rescue therapeutic option. The failure rate for
177 VATS varied from 0 to 22.2% and was not quantified in nine
178 studies.2,6,7,9,11,13,17,19,20

179 The mortality rate, analyzed in 15 articles, varied from 0
180 to 3.9%. Four articles did not assess mortality.9,13,17,18

181 Discussion

182 The results of this review showed that the treatment of para-
183 pneumonic pleural effusion in children varies from publication
184 to publication, with some controversies regarding the best way
185 to evaluate and treat this complication of pneumonia.
186 From a clinical perspective, the diagnosis of parapneu-
187 monic effusion should be suspected when there is no improve-
188 ment or there is the clinical deterioration of the patient
189 despite appropriate antibiotic therapy for at least 48 hours
190 and can be confirmed by a chest X-ray. According to the
191 guidelines from the Outcomes and Clinical Trials Committee
192 of the American Pediatric Surgery Association (APSA), chest
193 ultrasound is the best imaging study to assess the pleural
194 space in children, as it is more sensitive than X-ray for detect-
195 ing small effusions and can evaluate septations and differenti-
196 ate effusions from pulmonary consolidations, and it should be
197 used to establish the stage of pleural effusion. Computed
198 tomography of the chest, in addition to exposing patients to
199 radiation and potentially increasing the long-term cancer
200 risk, does not provide additional information to ultrasound
201 and should only be performed in cases of diagnostic uncer-
202 tainty or in complex cases when there is suspicion of lung
203 abscess or bronchopleural fistula.2,4,6,10,12,15,22

204 The treatment of pneumonia complicated by pleural
205 effusion consists of clinical support and antibiotic therapy,
206 which may or may not be associated with interventional pro-
207 cedures. Antibiotic treatment is usually effective in patients
208 with small effusions, without mediastinal shift or respiratory
209 compromise, and the choice of antibiotic should take into
210 account local antibiotic resistance patterns and the child’s
211 comorbidities.10 Supportive treatment includes oxygen sup-
212 plementation if needed, respiratory physiotherapy, ade-
213 quate nutrition, and correction of electrolyte disturbances,
214 with many patients often requiring intensive care
215 treatment.4,6,10,12,15,18,23-25

216 One of the procedures that can be useful in cases of pneu-
217 monia complicated by pleural effusion is diagnostic and
218 therapeutic thoracentesis, which has been less utilized in
219 pediatric patients because multiple thoracenteses are usu-
220 ally necessary, reducing its advantage over pleural drainage.

221Therapeutic alternatives include simple pleural drainage or
222intrapleural instillation of fibrinolytic agents and VATS.
223These interventions are usually performed by pediatric sur-
224geons and are typically necessary in cases of symptomatic
225pleural effusions, loculated effusions, or moderate to large
226volume effusions. The protocol proposed by APSA indicates
227pleural drainage for large effusions (> 2 cm thickness on X-
228ray in the supine position), loculated effusions, and symp-
229tomatic moderate effusions (1�2 cm), or when there is clini-
230cal deterioration despite appropriate treatment.
231Additionally, it is recommended that small drains (less than
23214 Fr) be used whenever possible, as they are better toler-
233ated, cause less discomfort for the patient, and have the
234same efficacy as the thicker drains.2,26

235The use of intrapleural fibrinolytics aims to facilitate
236more effective drainage of infected fluid by acting on the
237pathophysiology of empyema formation, as infected pleural
238space leads to fibrin deposition and reduced activity of fibri-
239nolytics, forming septations and loculations that are dis-
240solved by external fibrinolytic agents.2,4,15,18,26,27 The first
241fibrinolytic used for empyema treatment was streptokinase;
242however, the risk of delayed hypersensitivity reaction led to
243its replacement by urokinase, a very effective fibrinolytic,
244however not available in many hospitals in Brazil. tPA
245emerged in 2000 as an alternative to urokinase.8,9,28

246The success rate associated with fibrinolytic treatment in
247the consulted literature varied from 62.8% to 98.9%. One
248study20 aimed at evaluating predictors of treatment failure
249in children with empyema treated with drainage associated
250with fibrinolytics indicated that early admission to the inten-
251sive care unit and the presence of positive blood cultures
252were associated with a higher likelihood of treatment failure
253(53% vs. 28% if these factors were absent).
254VATS can be used as a first treatment option for compli-
255cated pleural effusions or as an alternative after failure of
256chemical debridement, which is diagnosed when there is no
257clinical improvement, insufficient drainage of pleural fluid,
258and persistence of empyema in imaging studies.1

259Regarding complications of chemical and mechanical
260fibrinolysis, a meta-analysis evaluated a total of 1654 proce-
261dures (81% VATS and 19% drainage associated with fibrino-
262lytic) and identified that the most common complication
263associated with VATS was persistent bronchopleural fistula,
264while in patients undergoing chemical debridement, the
265complications were chest pain and change in drain position,
266with only one patient in the studies experiencing bleeding
267after tPA.8 A randomized clinical trial found a complication
268incidence of 12.8% in the group undergoing chemical
269debridement, with the main complications being hyperten-
270sion, hemorrhage, chest pain, and aforia, and a complication
271rate of 11.1% in the VATS group, with the main complications
272being prolonged air leak and surgical site infection.14

273The data collected in this literature review suggest
274that both VATS and drainage associated with fibrinolytics
275are safe, well tolerated, and have advantages over sim-
276ple pleural drainage in cases of complicated effusions
277(stages II and III).8,17 The use of intrapleural fibrinolytics
278was cheaper in 3 studies evaluated by Pacilli et al.
279(2019) in their systematic review, which was also noted
280by Peter et al. (2019), who showed a cost of $7.600 §
281$5.400 for drainage associated with fibrinolytics and
282$11.700 § $2.900 for VATS.8,16 In the study by Cobanoglu
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283 et al. (2011), fibrinolytics also had a lower cost ($386,672
284 § $72,060 vs. $957,487 § $137,238).14

285 Considering that chemical debridement has a lower cost
286 and is a less invasive procedure that can be performed with-
287 out the need for general anesthesia, the service has opted
288 to use it as a first-line treatment for complicated effusions,
289 reserving VATS for cases of failure of fibrinolytic use or in sit-
290 uations where the use of fibrinolytics is contraindicated
291 (bleeding or evident bronchopleural fistula at diagnosis).2,29

292 Protocol for the treatment of parapneumonic
293 pleural effusion

294 Based on a literature review and with the aim of standardiz-
295 ing practices, a protocol for managing complicated parapneu-
296 monic pleural effusion (stages II and III) has been created by
297 the Pediatric Surgery Division of the Hospital de Clínicas at
298 Unicamp. The diagnosis is based on clinical examination and
299 chest X-ray in the posteroanterior and lateral views. It has

300been established that the imaging method for staging the
301effusion is thoracic ultrasound, which should preferably be
302performed by the radiology team using a linear probe posi-
303tioned perpendicularly to the patient’s chest and moved
304either perpendicular or parallel to the ribs. The evaluation
305should be performed systematically: the chest should be
306divided into three quadrants—anterior, lateral, and poste-
307rior—defined by the parasternal line, anterior axillary line,
308and posterior axillary line, with the thoracic cavity visualized
309down to the diaphragm. In cases where a simple pleural effu-
310sion (stage I) with thickness > 2 cm is identified, thoracente-
311sis and possible chest drainage should be performed
312(depending on the macroscopic characteristics of the
313effusion).30,31 If ultrasound identifies a simple effusion with a
314maximum thickness of 1-2 cm, the indication for thoracente-
315sis, chest drainage, or isolated antibiotic therapy will depend
316on the clinical conditions of the child, being indicated for
317patients who do not respond adequately to antibiotic therapy
318or who have persistent fever and poor ventilatory patterns.

Figure 1 Patient management protocol.
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319 When a complicated pleural effusion is identified by
320 ultrasound, with thickness > 2 cm or between 1-2 cm in a
321 clinically deteriorating patient, the first-line treatment is
322 pleural drainage with intrapleural instillation of a fibrino-
323 lytic agent. Initially, the preferred drain, in the absence of
324 associated pneumothorax, is the pig-tail drain, as its diame-
325 ter is smaller and it can be placed at the bedside without
326 the need for general anesthesia.
327 The fibrinolytic agent of choice is tPA (Alteplase), as it is
328 available at the institution, has safety documented in the
329 literature, and poses a lower risk of hypersensitivity reac-
330 tions compared to streptokinase. The method of using tPA
331 was chosen based on literature: 4 mg of tPA diluted in 20-
332 40 mL of saline solution and instilled through the pleural
333 drain, keeping the drain clamped for 1 hour and then main-
334 taining the drain in water seal, with rigorous quantification
335 of the output. This procedure should be initiated immedi-
336 ately after pleural drainage and can be repeated for two
337 consecutive days, totaling three doses.
338 Contraindications for the use of tPA include suspected bron-
339 chopleural fistula and blood dyscrasias. During treatment,
340 attention should be paid to adverse effects such as bleeding,
341 chest pain, and dyspnea. If the patient remains febrile, shows
342 clinical deterioration, and has unsatisfactory drainage output
343 after the three doses of intrapleural Alteplase, suspicion of
344 persistent pleural collection should arise, and a chest X-ray
345 should be performed. If there is suspicion of pleural effusion
346 persistence on the X-ray, a new thoracic ultrasound should be
347 carried out for a better assessment of the pleural space. If the
348 hypothesis of maintained pleural collection is confirmed, the
349 possibility of VATS (Video-Assisted Thoracoscopic Surgery) as a
350 rescue therapy may be considered.
351 In patients with good progress, the criteria for drain
352 removal are: good clinical condition, normal body tempera-
353 ture over the past 48 hours, chest X-ray showing no signs of
354 pleural effusion, and pleural drainage output < 1 mL/kg/
355 day. A graphical representation of the protocol is presented
356 in Figure 1.

357 Conclusion

358 The literature review conducted allows us to conclude that
359 pleural drainage associated with intrapleural instillation of
360 fibrinolytic agents constitutes a safe and effective option for
361 the treatment of patients with complicated parapneumonic
362 effusion. Based on these conclusions, a protocol was created
363 to standardize the institution’s practices and facilitate evi-
364 dence-based decision-making aimed at safe, effective, and
365 minimally invasive therapy.
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