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Background: Pleural loculation in childhood pleural tuberculosis (TB) remains a problem

in practice, it is usually associated with failure drainage. Therefore, to improve the

management of childhood pleural TB, a retrospective study was conducted to identify

the risk factors associated with loculated effusion in childhood pleural TB.

Methods: Between January 2006 and December 2019, consecutive children (≤15

years old) with tuberculous pleural effusion (definite and possible) were included for further

analysis. The demographic, clinical, laboratory, and radiographic features were collected

from the medical records. Univariate and multivariate logistic regressions were used to

explore the factors associated with the presence of pleural loculation in children with

pleural TB.

Results: A total of 154 children with pleural TB (definite, 123 cases; possible, 31 cases)

were included in our study and then were classified as loculated effusion (n = 27) and

non-loculated effusion (n = 127) groups by chest X-ray or ultrasonography. Multivariate

analysis revealed that male gender (age-adjusted OR = 3.903, 95% CI: 1.201, 12.683),

empyema (age-adjusted OR = 4.499, 95% CI: 1.597, 12.673), peripheral monocytes

≤0.46 × 109/L (age-adjusted OR = 4.122, 95% CI: 1.518, 11.193) were associated

with the presence of loculated effusion in children with pleural TB.

Conclusion: In conclusion, several characteristics, such as male gender, empyema,

and peripheral monocyte count have been identified as risk factors for pleural loculation

in children with pleural TB. Our findings may be helpful to improve the management of

pleural loculation in childhood pleural TB.

Keywords: children, pleural tuberculosis, loculation, risk factor, empyema

INTRODUCTION

Tuberculosis (TB) remains a serious threat to children health. Every year, an estimated 1 million
children become sick with TB and most of these children are newly diagnosed or never treated
(1). In addition, childhood TB is known as a paucibacillary form of TB disease and children might
have extrapulmonary TB (2, 3), make the TB control in children more complicated. As a common
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extrapulmonary TB in adulthood, pleural TB was also present in
children (4). In addition, unfortunately, during the past decade,
the proportion of pleural TB among childhood TB showed an
increasing trend (4). However, on the other side, the good news
is that its overall treatment completion rate was up to 94.3% and
no deaths (5).

Because few cases are confirmed by microbiological
investigations (6), tuberculin skin test remains a useful tool
in establishing the diagnosis of childhood pleural TB. Moreover,
like adulthood pleural TB, childhood pleural TB could also
develop into loculated effusion, even though effective anti-TB
therapy is easily obtained (7). Loculations may impair pleural
drainage and sequester the infectious agents. These areas of
loculation can ultimately become a source of ongoing pleural
sepsis (8). Although intrapleural fibrinolytic therapy is effective
in the management of patients with loculated pleural effusion
(9), a significant proportion of patients remain in no response
to the therapy (9, 10). In addition, complications, such as chest
pain may reduce the availability of fibrinolytic therapy (5).
Besides these, due to the severity of the disease state, failure also
occurred and needed a second procedure when patients were
treated with fibrinolytics (11). Hence, surgical excision remains
an important tool in the management of children with loculated
pleural effusion (11, 12).

Until now, few studies have been conducted examining the
risk factors associated with loculated effusion in childhood
pleural TB. Therefore, in this study, we aimed to identify the
risk factors regarding this may aid to initiate timely treatment for
children at a high risk of pleural loculation.

MATERIALS AND METHODS

Between January 2006 and December 2019, consecutive
children (≤15 years old) diagnosed as pleural TB were
included in our study. Subsequently, the data, including
demographic, clinical (symptoms, vital signs, comorbidities,
etc.), laboratory (hematology, biochemistry, flow cytometry,
etc.), and radiographic features (such as effusion site) were
collected from the medical records, and these data were all
collected on admission.

Definite pleural TB was defined as positive mycobacterial
culture (sputum, pleural effusion, or pleural tissue), or suggested
by pathological evidences (such as caseous necrosis, or Langhans’
giant cells). Possible pleural TB was diagnosed based on the
combinations of clinical symptoms and TB assays [TB RT-
PCR, acid-fast bacilli (AFB) smear, or both]. Pleural effusion
was defined as a collection of fluid limited by the diaphragm
and the pleura. Then, the effusions were divided into loculated
or free-flowing effusions by chest X-ray and ultrasonography
(US). Loculated effusion was defined if an effusion met at least
one following criteria: (1) failure to shift on decubitus film; (2)
loculation demonstrated by chest X-ray or real-time chest US
(13, 14). Usually, lateral and antero-posterior views of chest X-
ray were performed in parallel and read by two experienced
radiologists in our center. In addition, empyema was defined as
grossly purulent pleural fluid (15). All patients were administered

with first line anti-TB drugs (isoniazid, rifampicin, ethambutol,
and pyrazinamide) for 9 months.

Statistical analysis was performed by SPSS version 16.0 (SPSS,
Chicago, IL, USA). Continuous data were presented as mean
± standard deviation (SD) and categorical data were presented
as number (percentage). Univariate logistic regression analysis
was performed to assess risk factors responsible for the presence
of loculated effusion and variables having a P < 0.1 were
included for multivariate analysis to calculate the odds ratios
(OR) and corresponding 95% confidence interval (CI) (16).
To allow a better interpretation, continuous variables were
transformed into categorical variables defined by cut-off value,
which was determined by receiver operating characteristic curve
(ROC) analysis. In addition, the accuracy of the multivariate
model was evaluated by the Hosmer-Lemeshow goodness-of-
fit test. All tests were 2-sided, and a P < 0.05 was considered
statistically significant.

The study protocol was approved by the Ethics Committee
of Shandong Provincial Chest Hospital (Jinan, China) and was
conducted retrospectively at the hospital in accordance with the
Declaration of Helsinki. Due to the retrospective nature and
anonymous data collection, written informed consent was waived
by the Ethics Committee of Shandong Provincial Chest Hospital.

RESULTS

Patients Characteristics
The detailed patient characteristics were listed in Table 1 and
Supplementary Table 1. During the study period, 1,577 children
with TB were hospitalized at the hospital. Of them, a total
of 154 (9.8%) children with pleural TB (definite, 123 cases;
possible, 31 cases) were eligible for the study and then were
classified as loculated effusion (n= 27, 17.5%) and non-loculated
effusion (n= 127, 82.5%) groups.

One hundred and eight (70.1%) patients were culture positive
for TB, 57 (37.0%) were TB RT-PCR positive, 51 (33.1%) were
found to have pathological evidence of TB, 15 (9.7%) were AFB
positive, and 1 (0.6%) was Xpert positive. The mean age was 12.4
± 3.3 years, mean weight was 46.1 ± 16.2 Kg, and 64.9% (100
patients) of them were male. Among the 154 children, 93 (60.4%)
of themwere from rural areas, 103 were tested for HIV status, and
all were HIV-negative. The vital signs were recorded as follows:
temperature, 37.2 ± 0.9◦C; heart rate, 97.6 ± 16.0 beats/min
(tachycardia, n = 52); respiratory rate, 22.5 ± 2.7 breaths/min;
blood pressure, 111.4± 12.3/69.2± 8.5 mmHg.

Twenty (13.0%) patients were reported with a TB contact
history and surgical treatment was given to 29 (18.8%) patients.
Prior to our center, most of patients (91, 59.1%) were treated at
a teaching hospital, and the mean frequencies of hospitalization
were 2.0 ± 1.6. The mean time between first symptoms and
anti-TB therapy was 12.4 ± 3.3 days. Fever (134, 87.0%) was
the most frequent symptom, followed cough (84, 54.5%), chest
pain (69, 44.8%), dyspnea (42, 27.3%), and sputum production
(29, 18.8%). Among the 154 study patients, 89 (57.8%) of them
had pulmonary TB, 13 (8.4%) had tuberculous lymphadenitis, 7
(4.5%) had miliary TB, 4 (2.6%) had tuberculous meningitis, and
3 (1.9%) had bronchial TB. Surgical treatment was given to 29
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TABLE 1 | Univariate analysis of the demographic data associated with loculated effusion in childhood pleural TB.

Total (n) Loculated effusion (n) Non-loculated effusion (n) P-value OR (95% CI)

N 154 27 127

Demographic characteristics

Age (years) 12.4 ± 3.3 12.0 ± 4.2 12.4 ± 3.1 0.575

Sex (male) 100 (64.9%) 23 (85.2%) 77 (60.6%) 0.021 3.734 (1.218, 11.442)

Weight (Kg) 46.1 ± 16.2 44.7 ± 15.9 46.4 ± 16.3 0.608

Rural area 93 (60.4%) 18 (66.7%) 75 (59.1%) 0.464

Signs and symptoms

Cough 84 (54.5%) 16 (59.3%) 68 (53.5%) 0.589

Fever 134 (87.0%) 23 (85.2%) 111 (87.4%) 0.756

Chest pain 69 (44.8%) 11 (40.7%) 58 (45.7%) 0.640

Dyspnea 42 (27.3%) 8 (29.6%) 34 (26.8%) 0.762

Sputum production 29 (18.8%) 4 (14.8%) 25 (19.7%) 0.558

Cavity 7 (4.5%) 3 (11.1%) 4 (3.1%) 0.091 3.844 (0.808, 18.283)

Empyema 27 10 (37.0%) 17 (13.4%) 0.005 3.806 (1.497, 9.679)

Clinical Chemistry (serum)

Total protein (g/L) 68.7 ± 6.9 69.2 ± 6.8 68.6 ± 6.9 0.669

Albumin (g/L) 38.8 ± 4.8 38.9 ± 4.2 38.8 ± 4.9 0.936

Blood urea nitrogen

(mmol/L)

3.9 ± 1.2 4.2 ± 1.1 3.8 ± 1.2 0.097 1.353 (0.947, 1.935)

Creatinine (µmmol/L) 52.3 ± 15.3 55.9 ± 16.1 51.5 ± 15.0 0.185

Glucose (mmol/L) 4.8 ± 1.2 4.8 ± 0.7 4.9 ± 1.3 0.757

Lactate dehydrogenase

(U/L)

219.8 ± 71.1 213.7 ± 79.8 220.9 ± 69.7 0.691

Blood analysis

White blood cell (109/L) 7.3 ± 2.6 6.8 ± 2.3 7.4 ± 2.6 0.248

Red blood cell (1012/L) 4.4 ± 0.5 4.5 ± 0.4 4.4 ± 0.5 0.307

Hemoglobin (g/L) 121.2 ± 14.2 123.3 ± 13.6 120.8 ± 14.3 0.397

Hematocrit 36.6 ± 3.9 37.0 ± 3.7 36.5 ± 4.0 0.507

Mean corpuscular volume

(fL)

82.4 ± 5.1 81.7 ± 3.9 82.6 ± 5.3 0.430

Mean corpuscular

hemoglobin (pg)

27.3 ± 2.1 27.2 ± 1.7 27.4 ± 2.2 0.773

Mean corpuscular

hemoglobin concentration

(g/L)

331.3 ± 12.7 332.8 ± 10.7 331.0 ± 13.1 0.506

Platelet (109/L) 352.8 ± 129.0 350.8 ± 134.1 353.2 ± 128.4 0.929

Neutrophil (109/L) 5.1 ± 6.2 4.1 ± 1.6 5.3 ± 6.8 0.121

Lymphocyte (109/L) 1.7 ± 0.9 1.9 ± 1.4 1.7 ± 0.8 0.184

Monocyte (109/L) 0.8 ± 0.4 0.6 ± 0.4 0.8 ± 0.4 0.054 0.254 (0.063, 1.021)

Coefficient of variation of red

cell distribution width (%)

13.9 ± 1.8 13.8 ± 1.3 13.9 ± 1.9 0.852

Erythrocyte sedimentation

rate (mm/h)

40.8 ± 26.4 38.7 ± 28.9 41.2 ± 25.9 0.657

TB, tuberculosis; OR, odds ratio; CI, confidence interval.

(18.8%) patients, including debridement (n = 4), decortication
(n = 21), and thoracic surgery (n = 4). The successful treatment
was seen in 94.8% (146/154) of children. There were eight relapse
events (5.2%) and no death occurred during the study.

Other characteristics, such as radiographic findings, clinical
chemistry analysis (serum or pleural effusion), blood cell analysis,
and flow cytometry analysis, were summarized in Table 1

and Supplementary Table 1. There was no difference in these

features (P > 0.05). However, due to P < 0.1, presence of
lung cavity, blood urea nitrogen, and peripheral monocytes were
included for further analysis.

Univariate and Multivariate Analysis
Table 1 shows the results of univariate analysis by a comparison
between loculated and non-loculated effusion groups. It was
found that the presence of loculated effusion was associated with
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TABLE 2 | Age-adjusted OR for risk factors associated with loculated effusion in

childhood pleural TB.

Adjusted (age) OR P-value

Male, female 3.903 (1.201, 12.683) 0.024

Empyema 4.499 (1.597, 12.673) 0.004

Monocytes (≤0.46 × 109/L) 4.122 (1.518, 11.193) 0.005

TB, tuberculosis; OR, odds ratio.

male gender (OR = 3.734, 95% CI: 1.218, 11.442) and empyema
(OR= 3.806, 95% CI: 1.497, 9.679; all P < 0.05).

The corresponding optimal cut-off values were 0.42 mmol/L
and 0.46 × 109/L, for UREA and peripheral monocyte,
respectively. Further multivariate analysis (Hosmer–Lemeshow
goodness-of-fit test: χ2 = 4.832, df = 7, P = 0.680) revealed that
male gender (age-adjusted OR = 3.903, 95% CI: 1.201, 12.683),
empyema (age-adjusted OR = 4.499, 95% CI: 1.597, 12.673),
peripheral monocytes ≤0.46 × 109/L, age-adjusted OR = 4.122,
95% CI: 1.518, 11.193) were associated with the presence of
loculated effusion in children with pleural TB (Table 2).

DISCUSSION

Usually pleural loculations are associated with failed drainage.
However, an early use of intrapleural fibrinolytics is advocated
to prevent the development of loculations (17). Therefore, to
identify the risk factors of loculated effusion in childhood pleural
would aid to improve its management. In our study, several
risk factors, such as male gender, empyema, and peripheral
monocytes ≤0.46 × 109/L were identified to have an association
with the presence of loculated effusion in children with pleural
TB. To our knowledge, this research is the first study investigating
the risk factors associated with loculated effusion in children.

Until now, in terms of the treatment of loculated effusion,
fibrinolytic therapy is recommended for the relief of distressing
dyspnea due to loculations (18, 19). Surgical intervention could
clear the loculations, drain serous fluid, and remove the fibrinous
peel with satisfactory lung expansion. Although these have a
number of limitations, such as invasive nature and increased
adverse events, patients with loculated effusion would benefit
from these approaches for early use (20, 21). Hence, our findings
would be helpful to identify children at a high risk of loculated
effusion, timely interventions are then given, and a significant
improvement is performed in the management of childhood
pleural TB.

In our study, male gender was identified as a risk factor of
loculated effusion among children. The gender difference has
been widely evaluated in research involving pleural diseases
(such as PPE, pleural TB, and mesothelioma). For example,
first, several observational studies suggested that more males
were found with complicated PPEs and pleural empyema than
female adults or children (22–24). Second, an epidemiological
investigation of childhood TB demonstrated that pleural TB
was found to be significantly more common in males (25).
Third, besides the above mentioned, gender differences in

outcomes were also validated in patients with mesothelioma and
male individuals were found with a poor overall survival (26).
Therefore, compared with female adults, males may have a high
risk of the development of pleural TB and easily progressed
into a serious presentation of pleural diseases, such as empyema
and loculated effusion. However, until now, the biologically
plausible mechanism of gender distribution among patients with
pleural disease remains unknown and further research may
be required.

Empyema is another risk factor for loculated effusion
identified in childhood pleural TB. This has been well-
characterized in other studies. For example, Shankar et al.
reviewed the experience in the management of children
empyema, and found that from 1986 to 1991, among 13 children
with empyema, 10 of them had loculated collection (27). In a
previous study, children with empyema were all documented
having loculated pleural collections (28). Similar results were
also reported in studies conducted by McLaughlin et al. (29),
Gofrit et al. (30), and Bishwakarma et al. (31). However, in our
study, among the 27 children with empyema, 10 of them (37.0%)
had loculated effusion. Remarkably, the proportion in our study
was lower than that reported in previous studies. Similarly,
Soysal et al. found eight patients (7.7%) with loculated empyema
among 104 children with pleural empyema (32). Therefore, the
difference in the prevalence of loculated effusion in children
with empyema may be associated with geographical distribution,
improved TB treatment strategies, or eligibility criteria for
subjects included.

Interestingly, in the study, low peripheral monocyte count
was also found to be associated with the presence of loculated
effusion. This may be caused by inflammation responses
involving pleural loculation and peripheral bloodmonocytesmay
be then recruited and migrated into the pleural space. Several
explanations may be responsible for it: (1) Mesothelial cells have
the ability to release various mediators and proteins, such as
monocyte chemotactic peptide (MCP) (33). Hence, peripheral
monocytes may be then recruited by MCP into pleural space
(34). (2) Due to excessive production of inflammatory cytokines,
monocytes engaged in the pathogenesis of pleural TB, peripheral
monocytes are then stimulated and recruited (35). Moreover,
loculation may strengthen the inflammatory response and take
part in the stimulation of monocytes. (3) The interplay between
MCP and cytokines may make an increased production of
MCP, and then peripheral monocyte is stimulated and recruited
(36, 37).

The study has several limitations and necessary caution should
be taken. First, retrospective design is an evident limitation
of this study, prospective multicenter studies are warranted to
confirm these findings. Second, due to the observational and
exploratory nature, the results may not be generalized to other
settings. Third, the sample size is relatively small. Therefore,
sample selection bias should be paid attention. Fourth, our study
has a long research period, due to improvement in medical
care, a possible bias which may influence our results may be
made. Meanwhile, for this reason, a prospective study is hard to
perform and then a retrospective method may be appropriate for
this study.
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CONCLUSIONS

Our findings suggest that pleural loculation in childhood pleural
TB remains a problem in practice. Further analysis showed that
several characteristics, such as male gender, empyema, and low
peripheral monocyte count have been identified as risk factors
for the presence of loculation in children with pleural TB. These
findingsmay aid to initiate appropriate treatment earlier and help
to improve the management of pleural loculation.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

This study was conducted at the Shandong Provincial Chest
Hospital and confronted for the Helsinki Declaration. The study
protocol was approved by the Ethics Committee of Shandong
Provincial Chest Hospital. Due to the retrospective nature

of this investigation and the anonymous nature of the data
collection, this retrospective study was exempt from the need for
written informed consent by the Ethics Committee of Shandong
Provincial Chest Hospital.

AUTHOR CONTRIBUTIONS

J-LW, Y-AZ, and M-SW designed the study. M-SW and MZ
collected and analyzed the data. Y-AZ andM-SWwrote the initial
manuscript. All authors read and approved the final manuscript.

FUNDING

This work was supported by the Science Research and
Technology Development Plan of Baise City (20203405) and
Liuzhou City (2020NBAD0803).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fped.
2021.781042/full#supplementary-material

REFERENCES

1. Reuter A, Hughes J, Furin J. Challenges and controversies in childhood

tuberculosis. Lancet. (2019) 394:967–78. doi: 10.1016/S0140-6736(19)32045-8

2. Kitai I, Malloy P, A. clinical approach to paediatric tuberculosis in Canada.

Paediatr Child Health. (2003) 8:162–70. doi: 10.1093/pch/8.3.162

3. Jain SK, Andronikou S, Goussard P, Antani S, Gomez-Pastrana D, Delacourt

C, et al. Advanced imaging tools for childhood tuberculosis: potential

applications and research needs. Lancet Infect Dis. (2020) 20:e289–97.

doi: 10.1016/S1473-3099(20)30177-8

4. Wang MS, Wang JL, Liu XJ. Epidemiological trends in the form of childhood

tuberculosis in a referral tuberculosis hospital in Shandong, China. Biomed

Res Int. (2020) 2020:6142567. doi: 10.1155/2020/6142567

5. Sharma S, Sarin R, Khalid UK, Singla N, Sharma PP, Behera D. Clinical profile

and treatment outcome of tubercular pleurisy in pediatric age group using

DOTS strategy. Indian J Tuberc. (2009) 56:191–200.

6. Bayhan GI, Sayir F, Tanir G, Tuncer O. Pediatric pleural tuberculosis. Int J

Mycobacteriol. (2018) 7:261–4. doi: 10.4103/ijmy.ijmy_91_18

7. Goussard P, Morrison J, Appel IN, Andronikou S. Loculated empyema

due to tuberculosis in a child. BMJ Case Rep. (2017) 2017:220315.

doi: 10.1136/bcr-2017-220315

8. Komissarov AA, RahmanN, Lee YCG, Florova G, Shetty S, Idell R, et al. Fibrin

turnover and pleural organization: bench to bedside. Am J Physiol Lung Cell

Mol Physiol. (2018) 314:757–68. doi: 10.1152/ajplung.00501.2017

9. Barthwal MS, Marwah V, Chopra M, Garg Y, Tyagi R, Kishore K, et al. A five-

year study of intrapleural fibrinolytic therapy in loculated pleural collections.

Indian J Chest Dis Allied Sci. (2016) 58:17–20.

10. Mathew JL, Soni V, Singh M, Mittal P, Singhi S, Gautam V, et al. Intrapleural

streptokinase is effective and safe for children with multi-loculated empyema

regardless of the time from disease onset. Acta Paediatr. (2018) 107:2165–71.

doi: 10.1111/apa.14408

11. Marhuenda C, Barcelo C, Molino JA, Guillen G, Moreno A,

Martinez X. Treatment of loculated parapneumonic empyema. Video

assisted thoracoscopy or fibrinolytics? An Pediatr. (2011) 75:307–13.

doi: 10.1016/j.anpedi.2011.05.014

12. Kang DW, Campos JR, Andrade Filho Lde O, Engel FC, Xavier

AM, Macedo M, et al. Thoracoscopy in the treatment of pleural

empyema in pediatric patients. J Bras Pneumol. (2008) 34:205–11.

doi: 10.1590/S1806-37132008000400004

13. Chung CL, Chen CH, Sheu JR, Chen YC, Chang SC. Proinflammatory

cytokines, transforming growth factor-beta1, and fibrinolytic enzymes

in loculated and free-flowing pleural exudates. Chest. (2005) 128:690–7.

doi: 10.1016/S0012-3692(15)50413-3

14. Ko Y, Kim C, Chang B, Lee SY, Park SY, Mo EK, et al. Loculated tuberculous

pleural effusion: easily identifiable and clinically useful predictor of positive

mycobacterial culture from pleural fluid. Tuberc Respir Dis (Seoul). (2017)

80:35–44. doi: 10.4046/trd.2017.80.1.35

15. Berger HA, Morganroth ML. Immediate drainage is not required for all

patients with complicated parapneumonic effusions. Chest. (1990) 97:731–5.

doi: 10.1378/chest.97.3.731

16. Zhang W, Han C, Wang MS, He Y. Characteristics and factors associated

with treatment delay in pleural tuberculosis. QJM. (2018) 111:779–83.

doi: 10.1093/qjmed/hcy167

17. Rendle DI, Armstrong SK, Hughes KJ. Combination fibrinolytic therapy in

the treatment of chronic septic pleuropneumonia in a Thoroughbred gelding.

Aust Vet J. (2012) 90:358–62. doi: 10.1111/j.1751-0813.2012.00962.x

18. Roberts ME, Neville E, Berrisford RG, Antunes G, Ali NJ. Management of a

malignant pleural effusion: British Thoracic Society Pleural Disease Guideline

2010. Thorax. (2010) 65(Suppl 2):ii32–40. doi: 10.1136/thx.2010.136994

19. Hofmann HS. Modern management of empyema thoracis. Semin Thorac

Cardiovasc Surg. (2013) 25:287–91. doi: 10.1053/j.semtcvs.2013.07.006

20. LeMense GP, Strange C, Sahn SA. Empyema thoracis.

Therapeutic management and outcome. Chest. (1995) 107:1532–7.

doi: 10.1378/chest.107.6.1532

21. Pothula V, Krellenstein DJ. Early aggressive surgical management

of parapneumonic empyemas. Chest. (1994) 105:832–6.

doi: 10.1378/chest.105.3.832

22. Chin NK, Lim TK. Treatment of complicated parapneumonic effusions

and pleural empyema: a four-year prospective study. Singapore Med J.

(1996) 37:631–5.

23. Paz F, Cespedes P, Cuevas M, Lecorre N, Navarro H, Garcia C,

et al. Pleural effusion and complicated empyema in children.

Evolution and prognostic factors. Rev Med Chil. (2001) 129:1289–96.

doi: 10.4067/S0034-98872001001100008

Frontiers in Pediatrics | www.frontiersin.org 5 December 2021 | Volume 9 | Article 781042

https://www.frontiersin.org/articles/10.3389/fped.2021.781042/full#supplementary-material
https://doi.org/10.1016/S0140-6736(19)32045-8
https://doi.org/10.1093/pch/8.3.162
https://doi.org/10.1016/S1473-3099(20)30177-8
https://doi.org/10.1155/2020/6142567
https://doi.org/10.4103/ijmy.ijmy_91_18
https://doi.org/10.1136/bcr-2017-220315
https://doi.org/10.1152/ajplung.00501.2017
https://doi.org/10.1111/apa.14408
https://doi.org/10.1016/j.anpedi.2011.05.014
https://doi.org/10.1590/S1806-37132008000400004
https://doi.org/10.1016/S0012-3692(15)50413-3
https://doi.org/10.4046/trd.2017.80.1.35
https://doi.org/10.1378/chest.97.3.731
https://doi.org/10.1093/qjmed/hcy167
https://doi.org/10.1111/j.1751-0813.2012.00962.x
https://doi.org/10.1136/thx.2010.136994
https://doi.org/10.1053/j.semtcvs.2013.07.006
https://doi.org/10.1378/chest.107.6.1532
https://doi.org/10.1378/chest.105.3.832
https://doi.org/10.4067/S0034-98872001001100008
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Wang et al. Pleural Loculation in Childhood PTB

24. Eroglu E, Tekant G, Erdogan E, Kuruoglu S, Emir H, Sarimurat N, et al.

Evolving experience in the management of pleural empyema. Eur J Pediatr

Surg. (2004) 14:75–8. doi: 10.1055/s-2004-815851

25. Ben Jmaa M, Ben Ayed H, Koubaa M, Hammami F, Damak J, Ben Jemaa M.

Is there gender inequality in the epidemiological profile of tuberculosis? Tunis

Med. (2020) 98:232–40.

26. Alpert N, van Gerwen M, Flores R, Taioli E. Gender differences in

outcomes of patients with mesothelioma. Am J Clin Oncol. (2020) 43:792–7.

doi: 10.1097/COC.0000000000000745

27. Shankar KR, Kenny SE, Okoye BO, Carty HM, Lloyd DA, Losty PD. Evolving

experience in the management of empyema thoracis. Acta Paediatr. (2000)

89:417–20. doi: 10.1111/j.1651-2227.2000.tb00079.x

28. Grewal H, Jackson RJ, Wagner CW, Smith SD. Early video-assisted

thoracic surgery in the management of empyema. Pediatrics. (1999) 103:e63.

doi: 10.1542/peds.103.5.e63

29. McLaughlin FJ, Goldmann DA, Rosenbaum DM, Harris GB, Schuster SR,

Strieder DJ. Empyema in children: clinical course and long-term follow-up.

Pediatrics. (1984) 73:587–93.

30. Gofrit ON, Engelhard D, Abu-Dalu K. Post-pneumonic thoracic empyema

in children: a continued surgical challenge. Eur J Pediatr Surg. (1999) 9:4–7.

doi: 10.1055/s-2008-1072203

31. Bishwakarma R, Shah S, Frank L, Zhang W, Sharma G, Nishi SP. Mixing it

up: coadministration of tPA/DNase in complicated parapneumonic pleural

effusions and empyema. J Bronchology Interv Pulmonol. (2017) 24:40–7.

doi: 10.1097/LBR.0000000000000334
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