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tion bias.

(10.09,15.24); P<0.00001] were significantly different.

effusion absorption.

Objective To evaluate the efficacy of urokinase (UK) treatment for tuberculous pleural effusion (TPE).

Methods We searched Chinese biomedical literature database, WanFang data, CNKI, PubMed, EMbase, Web of Sci-
ence and The Cochrane Library for the randomized controlled trials (RCTs) of urokinase treatment for tuberculous
pleurisy from January 2000 to February 2023. Pleural tuberculosis, urokinase and randomized controlled trial were
used as keywords. The eligible studies were meta-analyzed by using Revman 5.4.1: risk of bias was assessed, mean
difference (MD) and 95% Cl were used for continuous variables, pooled studies were conducted using random-effects
or fixed-effects models, forest plots were drawn to analyze efficacy, and funnel plots were drawn to discuss publica-

Results Twenty-nine RCTs were included. The meta-analyzed results showed that, on the basis of routine anti-tuber-
culosis, comparison between the treatment group treated with urokinase and the control group treated with antitu-
berculosis alone, the time of pleural effusion absorption [MD-5.82, 95%Cl (—7.77, —3.87), P<0.00001] and the residual
pleural thickness [MD-1.31, 95%Cl (— 1.70, — 0.91); P<0.00001], pleural effusion drainage volume [MD 822.81, 95%Cl
(666.46,977.96); P<0.00001], FVC%pred [MD 7.95, 95%Cl (4.51,11.40); P<0.00001], FEV1%pred [MD 12.67, 95%Cl

Conclusion The clinical effect of urokinase is better than that of antituberculous therapy alone: it can increase total
pleural effusion, decrease residual pleural thickness, improve the pulmonary function, and shorten the time of pleural

Keywords Pleural tuberculosis, Urokinase, Randomized controlled trial, Meta

Introduction

Tuberculous pleural effusion is the most common
infectious pleural disease and one of the major res-
piratory diseases in China [1]. The global tuberculo-
sis report 2022 shows that, an estimated 10.6 million
people became ill with tuberculosis in 2021, and 1.6
million people died from tuberculosis in 2021, among
which about 64,000 died in China [2]. Tuberculous
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pleurisy is more prevalent in those countries with high
prevalence of tuberculosis, and in China, tuberculous
pleurisy accounts for about 50% of pleural effusion
cases [3]. The traditional treatment for TPE is systemic
anti-tuberculosis therapy combined with local fluid
extraction, but many patients may easily develop pleu-
ral hypertrophy, adhesions, and encapsulated effusion
due to delayed treatment [4, 5]. In addition, the resid-
ual pleural hypertrophy (RPT) after treatment is quite
common, affecting up to 50% of the total patients. In
clinical practice, there are often TPE patients with
pleural hypertrophy who suffer from chest collapse
on the affected side, resulting in pulmonary restric-
tive ventilation disorders. Therefore, the prevention
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and early treatment of RPT is of great significance for
the long-term recovery of the patient’s quality of life
and work ability. In recent years, research on the treat-
ment of RPT with urokinase injection has been draw-
ing increasing attention. In such a context, this study
aimed to conduct a meta-analysis on the efficacy of
UK in the treatment of TPE, in order to clarify the
therapeutic effect of UK on TPE patients. The stud-
ies included in this meta-analysis were randomized
controlled trials that were identified from a compre-
hensive literature search across multiple databases
according to the inclusion criteria established based
on the TPE Diagnosis and Treatment Guidelines of
China [6].

Materials and methods

Search strategy

The PubMed, CBM, EMbase, CNKI, Wanfang, Web
of Science, and Cochrane Library databases were
searched for RCTs related to the UK treatment for TPE
that were publicly published from 2000 to 2023. The
literature search was carried out by combining subject
words and keywords. Specifically, the English search
terms include “Tuberculous Pleurisies”, “Tuberculous
Pleural Effusion”, “Urokinase”, and “RCT” We have
used corresponding keywords in the Chinese database.
Taking CBM as an example, the detailed search strat-
egy is shown in Table 1.

Table 1 Search strategy of CBM
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Inclusion and exclusion criteria
Inclusion criteria

(1) Participant:Patients with clinical symptoms and
imaging diagnosis who meet the diagnostic crite-
ria for tuberculosis pleuritis in the Guidelines for
Primary Diagnosis and Treatment of Tuberculosis
(2018) or in Internal Medicine [7, 8].

(2) Intervention:Routine anti-tuberculosis therapy +
thoracic puncture drainage or thoracic tube drain-
age + intrapleural injection of UK;

(3) Comparison:Routine anti-tuberculosis therapy +
thoracic puncture drainage or thoracic tube drain-
age * intrapleural injection of an equal amount of
0.9% sodium chloride

(4) Outcome:Absorption time of pleural -effusion,
residual pleural thickness, pleural drainage volume,
FEV1% pred, and FVC% pred.

(5) Study Design:RCT

(6) All subjects in the experimental had no contraindi-
cations for the use of UK, such as abnormal coagu-
lation function, hypersensitivity to UK, or history of
hemorrhagic diseases within the past month.

Exclusion criteria
(1) Non-cross-sectional studies, etc.;

(2) Abstracts, lectures, reviews, repetitive reports,
studies with incomplete clinical information, stud-

#1 “Tuberculosis, plewra" [unweighted: extended]

#2 Plewral tuberculosis

#3 Tuberculosis plewisy

#4 Tuberculosis, Pleural

#5 Tuberculosis pleural effusion

#6 Tuberculosis pleural

#1 tuberculous pleural effision

#3 (#7) OR (#6) OR (#5) OR (#4) OR (#3) OR (#2) OR (#1)
#9 "Urinogenk mase-type fibrmolytic activator" [unweighted: extended]
#10 U plasma enzyme agonist

#11 U-PA

#12 Urine fibrinolytic activator

#13 Urinakinase

#14 Yakinase

#15 Kidrey fibrinolytic activator

#16 Single-chain wrokinase-type plasminogen activator

#17 Renokinase

#18 Urokmase-Type Plasminogen Activator

#19 (#18) OR (#17) OR (#16) OR (#15) OR (#14) OR (#13) OR (#12) OR (#11) OR (¥10) OR (#9)
#20 "Random Control Test" [unweighted: extended]

#21 Randomized Controlled Trial

#22 Random

#23 Controlled clinical trials

#24 RCT

#5 (#24) OR (#23) OR (#22) OR (#21) OR (#20)

#26 (#25) AND (#19) AND (#8) AND 2000-2023[Date]
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ies with incomplete data, studies in languages other
than Chinese and English;

(3) Non-tuberculous pleural effusion (e.g.hemothorax,
non-tuberculous empyema, pleural effusion caused
by other reasons);

(4) Studies involving combined intrathoracic injection
of drugs that may affect the efficacy evaluation of
UK, such as heparin and hormones;

(5) Studies whose data could not be utilized due to the
fact that the data did not match the efficacy indi-
cators in the inclusion criteria, and studies that did
not clearly describe the experimental group and the
control group.

Outcome indicators

Absorption time of pleural effusion, residual pleural
thickness, pleural drainage volume, FEV1% pred, and
FVC% pred.

Literature screening and data extraction

The titles and abstracts of the preliminarily-retrieved
studies from literature search were independently
reviewed by two researchers. After excluding studies that
were obviously irrelevant, the full texts of the remaining
studies were examined and cross-checked by these two
researchers for further screening. Disagreements, if any,
were resolved by discussing with a third researcher. The
study quality was evaluated by the Jadad scale method,
where a score of 1-3 indicates low-quality and a score of
3-5 indicates high-quality [9] . The data of interest were
extracted using a self-developed table, mainly including
the basic study information, the baseline characteristics
of study subjects, intervention measures, and outcome
indicators. The bias risk ratio chart and the quality

Random sequence generation (selection bias)
Allocation concealment (selection bias) |
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias
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evaluation summary of the 29 included studies are shown
respectively in Figs. 1 and 2 [4, 5, 10-36] .

Statistical methods

The Review Manager 5.4.1 software was used for data
processing and analysis. Continuous variables were rep-
resented by mean difference (MD) and the corresponding
95% CI [37]. When P>0.05, it indicated no statistically
significant heterogeneity between studies, and a fixed
effects model was used for meta-analysis. When P<0.05,
heterogeneity between studies was confirmed. Accord-
ingly, the sources of heterogeneity were analyzed. If there
was no significant clinical heterogeneity between studies,
a random effects model was used for combined analysis,
and the results were explained and discussed. After com-
bined analysis, P<0.05 indicated a statistically significant
difference [38]. When there was significant clinical and
statistical heterogeneity in the results of the included
studies, only descriptive analysis was performed. The
funnel plot was used to analyze possible publication bias.
If the plot was symmetrical, it indicated no publication
bias; if the plot was asymmetrical, it indicated the pos-
sible existence of publication bias.

Results

Literature search results

A total of 1087 Chinese studies and 13 English studies
were retrieved from the preliminary literature search.
After screening the titles and abstracts and excluding
reviews and non-clinical studies, 317 articles were iden-
tified for full-text review and 105 articles met our inclu-
sion and exclusion criteria. Further, through quality
evaluation screening, 29 RCTs were finally included in
our meta-analysis, covering a total of 2903 TPE patients
(1459 in the UK treatment group and 1444 in the control

0% 25% 50% 75% 100%

. Low risk of bias

D Unclear risk of bias

B High risk of bias

Fig. 1 Risk of bias graph. The vertical axis of the figure is the risk assessment entry, and the horizontal axis is the percentage of “yes’,"no’,

and “unclear”in the evaluation entry



Jing et al. BMC Infectious Diseases

Fig. 2 Risk of bias summary
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group). The literature screening process and the search
results are shown in Fig. 3. Basic Characteristics (Table 2)
and Bias Risk Evaluation Results (Table 3).

Efficacy analysis

Absorption time of pleural effusion

For the analysis of absorption time of pleural effusion,
18 RCTs were included. The heterogeneity test indicated
the existence of heterogeneity among included studies
(x>=1581.44, I> =99%, P<0.00001), so a random effects
model was used for combined analysis. It was found that
there was a statistically significant difference between the
treatment group and the control group [MD-5.82, 95%CI
(=7.77, —3.87); P<0.00001], suggesting that the treat-
ment group was superior to the control group in reduc-
ing the absorption time of pleural effusion (Fig. 4).

Residual pleural thickness after treatment

A total of 16 RCTs reported the effect of UK on the pleu-
ral thickness [4, 5, 11, 13-15, 17, 19, 22, 23, 27, 29, 30, 33,
35, 36]. The heterogeneity test indicated the existence
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of heterogeneity among included studies (x*>=1476.75,
12 =99%, P<0.00001)], so a random effects model was used
for combined analysis. It was found that there was a statis-
tically significant difference between the treatment group
and the control group [MD-1.31, 95%CI (—1.70, —0.91);
P<0.00001], suggesting that the treatment group was supe-
rior to the control group in reducing pleural thickness
(Fig. 5).

Pleural effusion drainage volume

A total of 22 RCTs reported the effect of UK on the pleu-
ral effusion drainage volume [4, 5, 10, 12-17, 20, 21, 23,
24, 26-28, 30-32, 34—36]. The heterogeneity test indi-
cated the existence of heterogeneity among included
studies (x*=429.96, I =95%, P<0.00001), so a random
effects model was used for combined analysis. Compared
with the control group, the pleural effusion drainage vol-
ume was obviously increased in the treatment group and
the difference was statistically significant [MD 822.81,
95%Cl (666.46, 977.96); P<0.00001] (Fig. 6).

Chinese Database:n=1087
CNKIn=345
YWanFang Data:n=449

CBM:n=293

English Database:n=13
Pubmed:n=4
Embase:n=4

Cochrane Library:n=2

YWeb of science:n=3

!

Primary screening of literature in each database:n=1100 ]

Repetitive literature was excluded and
primary literature was screened:n=515

Repetitive publications
were excluded:n=585

198 of records excluded

Overview n=6

The inclusion criteria

Read the title and abstractn=317 ]

were not met:n=192

Further screening of literature:n=105

.4.[21 2 of records excluded

29 of studies included in quantitative synthesis(meta—analysis)]

Fig. 3 Study Flow Diagram
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Table 3 Results of risk of bias assessment
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Author Year Random Allocation Hidden  Blind Selective Reporting Of  Integrity Resulting Of ~ Sources Bias

Method Research Findings The Other Data Of

Ren HW 2021 Random Number Unclear Undlear Not Not Not
Table

Zhang XY 2021 Random Number Unclear Unclear Not Not Not
Table

Luo LQ 2021 Random Number Unclear Unclear Not Not Not
Table

Wang G 2020 Random Number Unclear Unclear Not Not Not
Table

Zhang XW 2020 Just Mention Random  Unclear Completely ~ Not Not Not

Double Blind

ChenYC 2019 Random Number Unclear Unclear Not Not Not
Table

LiYYy 2018 Random Number Unclear Unclear Not Not Not
Table

Zhou GS 2018 Random Number Unclear Unclear Not Not Not
Table

Du L 2017  Random Number Unclear Unclear Not Not Not
Table

Liu HD 2016 Random Number Unclear Unclear Not Not Not
Table

Cao.G.OLi.L,Wang Y.B. 2015 Random Number Unclear Unclear Not Not Not
Table

Wang CM 2015 Random Number Unclear Unclear Not Not Not
Table

Liu JC 2014 Random Number Unclear Unclear Not Not Not
Table

Hu ZF 2014 Random Number Unclear Unclear Not Not Not
Table

Jiang B 2013 Random Number Unclear Unclear Not Not Not
Table

Liy 2013 Drawing of lots Unclear Unclear Not Not Not

ShiYH 2012 Random Number Undlear Undlear Not Not Not
Table

Wei) 2011 Random Number Unclear Unclear Not Not Not
Table

Wang MZ 2010  Random Number Unclear Unclear Not Not Not
Table

YuanX 2010 Random Number Unclear Unclear Not Not Not
Table

YuanX 2009 Random Number Undlear Unclear Not Not Not
Table

Zheng FD 2008 Random Number Undear Undlear Not Not Not
Table

LiCH 2007 Drawing of lots Unclear Unclear Not Not Not

Cases,V.E.;Lorenzo,D.M. 2006 Just Mention Random  Undear Unclear Not Not Not

Gonzalez-Molina,A

Kwak, SM.; Park,C.S.; 2004 Just Mention Random  Unclear Undlear Not Not Not

Cho, J. H.

Zhao RZ 2004 Random Number Unclear Unclear Not Not Not
Table

Yao ZY 2003 The envelope drawing  Unclear Unclear Not Not Not
of lots

Huang YM 2003 Drawing of lots Unclear Unclear Not Not Not

Ding D 2001 CoinToss Unclear Unclear Not Not Not
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Experimental Control Mean Difference Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V. Random, 95% Cl
Chen YC 2019 83 21 30 125 23 30 5.7% -4.20 [-5.31, -3.09] -
Dul 2017 139 241 20 16.7 33 20 5.6% -2.80 [-4.51, -1.09]
Huang YM 2003 11.7 55 20 107 53 20 5.0% 1.00 [-2.35, 4.35] ]
Jiang B 2013 72 15 20 139 24 20 5.7% -6.70 [-7.94, -5.46] -
Liu HD 2016 13.29 297 30 22.15 4.43 30 5.5% -8.86 [-10.77, -6.95] -
Liu JC 2014 125 2 88 21 3 88 5.8% -8.50 [-9.25, -7.75] -
LiY 2013 112 49 30 104 5.1 30 5.3% 0.80 [-1.73, 3.33] -
LiYY 2018 8.51 1.41 50 105 2.13 50 5.8% -1.99 [-2.70, -1.28] -
Shi YH 2012 16 08 130 114 6.3 130 5.7% -9.80 [-10.89, -8.71] -
Wang CM 2015 57 08 50 123 37 50 5.7% -6.60 [-7.65, -5.55] -
Wang MZ 2010 46 23 40 1.2 2 40 5.7% -6.60 [-7.54, -5.66] -
WeiJ 2011 14.38 0.36 40 25.87 0.45 40 5.8% -11.49[-11.67,-11.31] =
Yuan X 2009 16 08 139 114 6.3 139 5.7% -9.80 [-10.86, -8.74] -
Yuan X 2010 131 141 36 173 1.6 36 5.8% -4.20 [-4.83, -3.57] -
Zhang XY 2020 71 141 18 146 1.8 18 5.7% -7.50 [-8.47, -6.53] -
Zhao RZ 2004 254 87 32 307 82 31 4.6% -5.30 [-9.47, -1.13] -
Zheng FD 2008 183 4.2 30 226 56 30 5.3% -4.30 [-6.80, -1.80] -
Zhou GS 2018 10.17 2.29 59 16.43 3.35 55 5.7% -6.26 [-7.32, -5.20] -
Total (95% Cl) 862 857 100.0%  -5.82[-7.77, -3.87] -
Heterogeneity: Tau? = 17.00; Chiz = 1581.44, df = 17 (P < 0.00001); |2 = 99% - 1 o 5 o 5 1’0
Test for overall effect: Z = 5.85 (P < 0.00001) Favours [experimental] Favours [control]
Fig. 4 Meta-analysis forest plot of pleural effusion absorption time
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random.95% Cl IV, Random, 95% CI
Chen YC 2019 1.17 0.25 30 2.04 0.32 30 6.5% -0.87 [-1.02, -0.72] -
Ding D 2001 11 0.2 42 14 03 39 6.5% -0.30 [-0.41, -0.19] -
Huang YM 2003 133 085 20 306 12 20 56% -1.73[-2.37,-1.09] -
Jiang B 2013 17 04 20 39 13 20 5.7% -2.20 [-2.80, -1.60] -
Li CH 2007 1.16 0.23 40 1.98 0.41 36 65% -0.82[-0.97,-0.67] -
Liu HD 2016 0.39 0.08 30 0.56 0.13 30 65% -0.17[-0.22,-0.12] "
LiY 2013 2.33 0.85 30 4.06 0.76 30 6.1%  -1.73[-2.14,-1.32] -
LiYY 2018 121 051 50 4.21 0.25 50 6.5% -3.00 [-3.16, -2.84] -
Ren HW 2021 141 05 205 2.03 0.83 205 6.5% -0.62 [-0.75, -0.49] -
Wang CM 2015 15 04 50 43 1.6 50 6.0% -2.80 [-3.26, -2.34] -
Wang G 2020 2.27 0.73 57 4.88 1.57 55 6.0% -2.61[-3.07, -2.15] -
Yuan X 2010 19 04 36 37 12 36 6.1% -1.80 [-2.21, -1.39] -
Zhang XY 2021 1.08 0.16 30 1.98 0.41 30 6.5% -0.90 [-1.06, -0.74] -
Zhao RZ 2004 13 03 32 16 0.5 31 6.4% -0.30 [-0.50, -0.10] -
Zheng FD 2008 1 025 30 1.9 0.46 30 6.4% -0.90 [-1.09, -0.71] -
Zhou GS 2018 1.04 0.25 59 1.62 043 55 6.5% -0.58 [-0.71, -0.45] -
Total (95% CI) 761 747 100.0%  -1.31[-1.70, -0.91] ‘
Heterogeneity: Tau? = 0.62; Chi? = 1476.75, df = 15 (P < 0.00001); |2 = 99% 4 2 0 2 j‘

Test for overall effect: Z = 6.48 (P < 0.00001)

Fig. 5 Meta-analysis forest plot of residual pleural thickness

FVC% pred after treatment and FEV1% pred after treatment

A total of 4 RCTs reported the effect of UK on the FVC%
pred [10, 15, 18, 34]. The heterogeneity test indicated
the existence of heterogeneity among included stud-
ies (x2=17.29, I> =83%, P=0.0006), so a random effects
model was used for combined analysis. It was found that
there was a statistically significant difference between the
treatment group and the control group [MD 7.95, 95%CI
(4.51, 11.40); P<0.00001], suggesting that UK was able to
significantly improve. A total of 5 RCTs reported the effect
of UK on the FEV1% pred [4, 10, 13, 15, 34]. The heteroge-
neity test indicated the existence of heterogeneity among

Favours [experimental] Favours [control]

included studies (x?=11.26, I> =64%, P=0.02), so a ran-
dom effects model was used for combined analysis. It was
found that there was a statistically significant difference
between the treatment group and the control group [MD
12.67, 95%CI (10.09, 15.24); P<0.00001], suggesting that
UK was able to significantly improve lung function (Fig. 7).

Subgroup analysis

Subgroup analyses were conducted in terms of UK dos-
age among the 29 included RCTs. Specifically, there were
2 articles with UK dosage<100,000IU [16, 18] 22 articles
with UK dosage=100,0001U [4, 5, 11-14, 17, 19-28, 30,
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV. 95% Cl
Cases,V.E.;Lorenzo,D.M.;Gonzalez-Molina,A2006 1487 711 12 795 519 17 34%  692.00 [220.09, 1163.91] —_—
Chen YC 2019 2,375.25 41816 30 1,830.27 31012 30 4.6%  544.98[358.69, 731.27]
Ding D 2001 3,891 573 42 3,045 498 39 45%  846.00 [612.64, 1079.36] —
Dul 2017 24685 3097 20 1,763.2 2564 20 47%  705.30[529.09, 881.51] E—
Huang YM 2003 2465 423 20 1,828 460 20 43%  637.00[363.12, 910.88]
Hu ZF 2014 3,354 1,000 42 2120 924 42  37% 1234.00 [820.23, 1647.77] —
Kwak, S. M.; Park, C. S.; Cho, J. H. (...)2004 936 724 21 470 466 22 3.9%  466.00[100.21, 831.79]
Li CH 2007 3125 423 40 2237 318 36 4.7%  888.00 [720.74, 1055.26] -
Liu HD 2016 3,580.28 243.56 30 2,124.63 264.37 30  4.8% 1464.65[1336.02, 1593.28] >
Liu JC 2014 3689 362 8 2,057 352 88  4.9% 1632.00[1526.50, 1737.50] 4
Liy 2013 2663 462 30 1915 430 30 45%  748.00[522.15, 973.85] -
LiYY 2018 264551 562.61 50 1,927.5 34357 50 47%  718.01[535.29, 900.73]
Luo LQ 2021 2,817.35 31015 43 2,066.72 353.46 43 4.8%  750.63[610.08, 891.18] -
Ren HW 2021 2380 720 205 1,820 610 205 4.8%  560.00 [430.82, 689.18] -
Shi YH 2012 3,891 571 130 2,874 493 130 4.8% 1017.00 [887.32, 1146.68] I
Wang MZ 2010 1,780 330 40 1,360 270 40 4.8%  420.00 [287.87, 552.13] -
Yao ZY 2003 1217 310 19 419 121 13 47%  798.00[643.87, 952.13] —
Yuan X 2009 3891 571 139 2,874 493 139  4.8% 1017.00 [891.59, 1142.41] -
Yuan X 2010 1421 208 36 756 216 36 49% 66500 [567.05, 762.95] -
Zhang XY 2020 3,300 550 18 2,300 300 18  4.2% 1000.00 [710.58, 1289.42] —
Zhang XY 2021 245346 43122 30 198544 32429 30 46%  468.02[274.95, 661.09]
Zhou GS 2018 282865 31617 59 205826 309.89 55 4.8%  770.39 [655.43, 885.35] -
Total (95% CI) 1144 1133 100.0%  822.21 [666.46, 977.96] -
Heterogeneity: Tau? = 126936.47; Chi? = 429.96, df = 21 (P < 0.00001); 2 = 95% F t t i

o -1000 -500 0 500 1000
Test for overall effect: Z = 10.35 (P < 0.00001) Favours [experimental] Favours [control]

Fig. 6 Forest plot of meta-analysis for comparison of drainage volume of pleural effusion
Experimental Control Mean Difference Mean Difference
_ Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI

Cao, G. Q,; Li, L.; Wang, Y. B. 2015 872 89 86 83.7 10.6 85 25.8% 3.50 [0.56, 6.44] =
Luo LQ 2021 82.06 4.62 43 7523 4.19 43 29.0% 6.83 [4.97, 8.69] =
Yao ZY 2003 749 73 19 638 7.3 13 18.6%  11.10[5.95, 16.25] e
Zhou GS 2018 7495 8.23 59 63.67 6.15 55 26.7% 11.28 [8.62, 13.94] =
Total (95% Cl) 207 196 100.0% 7.95 [4.51, 11.40] —~
Heterogeneity: Tau? = 9.75; Chiz = 17.29, df = 3 (P = 0.0006); I = 83% 1’0 5 p 5 1’0

Test for overall effect: Z = 4.52 (P < 0.00001)

Experimental Control

Mean Difference

Favours [experimental] Favours [control]

Mean Difference

Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen YC 2019 76.59 7.21 30 62.77 7.4 30 19.9% 13.82[10.12,17.52] "
Luo LQ 2021 86.71 4.49 43 77.06 5.63 43 27.4% 9.65 [7.50, 11.80] -
Ren HW 2021 751 3122 205 64.06 27.19 205 12.8%  11.04[5.37,16.71] -
Yao ZY 2003 80.1 6.6 19 654 83 13 13.6%  14.70[9.30, 20.10] -
Zhou GS 2018 80.11 5.46 59 6543 7.31 55 26.2% 14.68[12.30, 17.06] B
Total (95% Cl) 356 346 100.0% 12.67 [10.09, 15.24] <>

ity: 2 = . i2 = = = -2 = o) t t t t
Heterogeneity: Tau? = 5.10; Chi? = 11.26, df =4 (P = 0.02); I> = 64% 20 10 0 10 20

Test for overall effect: Z = 9.64 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 7 Forest plot of meta-analysis comparing FVC% pred and Forest plot of meta-analysis comparing Fev1% pred

32-34, 36], 1 article with UK dosage=125,0001U [31], 3
articles with UK dosage=200,0001IU [10, 15, 29], and 1
article with UK dosage =250,0001U [35].

UK on FEV1% pred

For the subgroup analysis of UK on the FEV1% pred,
there were 2 articles with UK dosage of 200,0001U [10,
15], and 3 articles with UK dosage of 100,0001IU [5, 13,
34]. Both subgroups were analyzed using a random
effects model. The differences in the 200,000 1U subgroup
[MD 12.14, 95%CI (7.21, 17.07); P<0.0001] and in the
100,000IU subgroup [MD 13.41, 95%CI (10.73, 16.10);
P<0.00001] were both statistically significant (Fig. 8).

UK on pleural thickness

For the subgroup analysis of UK on the pleural thickness,
there were 13 articles with UK dosage of 100,0001IU [4, 5,
11, 13, 14, 17, 22, 23, 27, 30, 32, 33, 36], and 2 articles with
UK dosage of 200,0001U [15, 29]. Both subgroups were ana-
lyzed using a random effects model. Similarly, the differ-
ences in the 200,000IU subgroup [MD-0.73 (—1.05, —0.42),
P<0.0001] and in the 100,000IU subgroup [MD-1.28 (—1.76,
—0.80), P<0.0001] were both statistically significant (Fig. 9).

UK on pleural effusion drainage volume
For the subgroup analysis of UK on the pleural effusion
drainage volume, there were 17 articles with UK dosage



Jing et al. BMC Infectious Diseases (2024) 24:258

Experimental Control

6.1.1 100000U UK

Chen YC 2019 76.59 7.21 30 62.77 7.4 30 19.9%
Ren HW 2021 75.1 3122 205 64.06 27.19 205 12.8%
Yao ZY 2003 80.1 6.6 19 654 8.3 13 13.6%
Subtotal (95% ClI) 254 248 46.4%
Heterogeneity: Tau? = 0.00; Chi? = 0.94, df =2 (P = 0.63); I? = 0%

Test for overall effect: Z =9.79 (P < 0.00001)

6.1.2 200000V UK

Luo LQ 2021 86.71 4.49 43 77.06 5.63 43 27.4%
Zhou GS 2018 80.11 5.46 59 6543 7.31 55 26.2%
Subtotal (95% Cl) 102 98 53.6%

Heterogeneity: Tau? = 11.31; Chi? = 9.43, df = 1 (P = 0.002); I* = 89%
Test for overall effect: Z =4.83 (P < 0.00001)

Total (95% CI) 356 346 100.0%
Heterogeneity: Tau? = 5.10; Chi? = 11.26, df = 4 (P = 0.02); I> = 64%

Test for overall effect: Z = 9.64 (P < 0.00001)

Test for subgroup differences: Chi? = 0.20, df = 1 (P = 0.66), I> = 0%

Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI

Page 12 of 17

Mean Difference

IV, Random, 95% Cli

13.82[10.12, 17.52] ——

11.04 [5.37, 16.71] I

14.70 [9.30, 20.10] —
13.41 [10.73, 16.10] <&

9.65 [7.50, 11.80] -

14.68 [12.30, 17.06] -

12.14[7.21, 17.07] -
12.67 [10.09, 15.24] <

40 0 10 20
Favours [control]

-20
Favours [experimental]

Fig. 8 Forest plot for meta-analysis of Fev1% pred in UK subgroups compared with controls

Favours [experimental] Control

Mean Difference Mean Difference

r r Mean SD Total Mean SD_Total Weight V. Random. 95% CI IV. Random, 95% CI
8.1.1 100000V UK
Chen YC 2019 1.17 0.25 30 204 032 30 7.3% -0.87[-1.02,-0.72] -
Ding D 2001 1.1 0.2 42 14 0.3 39 7.3% -0.30[-0.41, -0.19] h
Jiang B 2013 17 0.4 20 39 13 20 64%  -2.20[-2.80,-1.60] -
Kwak, S. M.; Park, C. S.; Cho, J. H. (...)2004 4.59 5.93 21 186 26.37 22 04% -14.01[-25.32,-270]
Li CH 2007 1.16 0.23 40 198 041 36 7.3% -0.82[-0.97,-0.67] -
Liu HD 2016 0.39 0.08 30 056 0.13 30 74%  -0.17[-0.22,-0.12] 1
LiY 2013 233 0.85 30 4.06 0.76 30 6.9% -1.73[-2.14,-1.32] -
LiYY 2018 1.21 0.51 50 421 025 50 7.3%  -3.00[-3.16,-2.84] -
Ren HW 2021 1.41 0.5 205 203 083 205 7.3% -0.62[-0.75,-0.49] -
Wang G 2020 227 0.73 57 488 157 55 6.8% -2.61[-3.07, -2.15] -
Yuan X 2010 1.9 0.4 36 37 12 36 6.9% -1.80[-2.21,-1.39] -
Zhang XY 2021 1.08 0.16 30 1.98 041 30 7.3%  -0.90[-1.06,-0.74] *
Zhao RZ 2004 1.3 0.3 32 1.6 0.5 31 7.2% -0.30 [-0.50, -0.10] b
Subtotal (95% CI) 623 614 854%  -1.28 [-1.76, -0.80] ’
Heterogeneity: Tau? = 0.71; Chi? = 1370.37, df = 12 (P < 0.00001); I> = 99%
Test for overall effect: Z = 5.18 (P < 0.00001)
8.1.2.200000U UK
Zheng FD 2008 1 0.25 30 19 046 30 73% -0.90[-1.09,-0.71] -
Zhou GS 2018 1.04 0.25 59 1.62 043 55 7.3%  -0.58[-0.71,-0.45] N
Subtotal (95% Cl) 89 85 14.6% -0.73[-1.05,-0.42] ]
Heterogeneity: Tau? = 0.04; Chi? = 7.55, df = 1 (P = 0.006); I> = 87%
Test for overall effect: Z = 4.58 (P < 0.00001)
Total (95% Cl) 712 699 100.0%  -1.19 [-1.60, -0.78] ’
Heterogeneity: Tau? = 0.59; Chi? = 1381.26, df = 14 (P < 0.00001); I2 = 99% _150 5 . 5 1’0

Test for overall effect: Z =5.71 (P < 0.00001)
Test for subgroup differences: Chi? = 3.45, df = 1 (P = 0.06), I?=71.0%

Fig. 9 Effects of UK subgroup and control group on pleural thickness

of 100,0001U [4, 5, 12-14, 17, 20, 21, 23, 24, 26-28, 30, 32,
34, 36]. The heterogeneity test indicated the existence of
heterogeneity among these studies (x*=413.68, P<0.0001,
I> =96%). Accordingly, a random effects model was used
for combined analysis, and the difference was found to
be statistically significant [MD 852.58 (658.051047.10),
P<0.0001]. In addition, there were 2 articles with UK dos-
age of 200,000IU [10, 15], including 102 subjects in the
UK treatment group and 98 subjects in the control group.
Th heterogeneity test indicated no heterogeneity among
these two studies (x2=0.05, P=0.83, I> =0%). A random
effects model was used for combined analysis, and the

Favours [experimental] Favours [control]

difference was also statistically significant [MD 762.47
(673.48851.46), P<0.0001] (Fig. 10).

Publication Bias

Funnel plots were drawn with the sample size as the
vertical axis and the effect size as the horizontal axis.
It was found that the funnel plots for the complete
absorption time of pleural effusion (Fig. 11), the resid-
ual pleural thickness (Fig. 12) and the pleural thickness
(Fig. 13) all appeared to be asymmetric, indicating the
presence of publication bias [38]. As only a small num-
ber of studies were included in the subgroup analyses
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Experimental Control Mean Difference Mean Difference

_Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Rand 95% ClI IV, Rand 95% ClI
9.1.1 100000V UK
Chen YC 2019 2,375.25 418.16 30 1,830.27 310.12 30 5.3% 544.98 [358.69, 731.27] -
Ding D 2001 3,891 573 42 3,045 498 39 5.1% 846.00 [612.64, 1079.36] _—
Hu ZF 2014 3,354 1,009 42 2,120 924 42 4.2% 1234.00 [820.23, 1647.77] i
Kwak, S. M.; Park, C. S.; Cho, J. H. (...)2004 936 724 21 470 466 22 4.5% 466.00 [100.21, 831.79]
Li CH 2007 3,125 423 40 2,237 318 36 5.4% 888.00 [720.74, 1055.26] ——
Liu HD 2016 3,589.28 243.56 30 2,124.63 264.37 30 5.5% 1464.65[1336.02, 1593.28] 4
Liu JC 2014 3,689 362 88 2,057 352 88 5.5% 1632.00 [1526.50, 1737.50] 4
LiY 2013 2,663 462 30 1,915 430 30 5.1% 748.00 [522.15, 973.85] -
LiYY 2018 2,645.51 562.61 50 1,927.5 343.57 50 5.3% 718.01 [535.29, 900.73]
Ren HW 2021 2,380 720 205 1,820 610 205 5.5% 560.00 [430.82, 689.18] -
Shi YH 2012 3,891 571 130 2,874 493 130 5.5% 1017.00 [887.32, 1146.68] -
Wang MZ 2010 1,780 330 40 1,360 270 40 5.5% 420.00 [287.87, 552.13] -
Yao ZY 2003 1,217 310 19 419 121 13 5.4% 798.00 [643.87, 952.13] -
Yuan X 2009 3,891 571 139 2,874 493 139 5.5% 1017.00 [891.59, 1142.41] -
Yuan X 2010 1,421 208 36 756 216 36 5.6% 665.00 [567.05, 762.95] I
Zhang XY 2020 3,300 550 18 2,300 300 18 4.9% 1000.00 [710.58, 1289.42] —
Zhang XY 2021 2,453.46 431.22 30 1,985.44 324.29 30 5.3% 468.02 [274.95, 661.09] -
Subtotal (95% Cl) 990 978 89.0% 852.58 [658.05, 1047.10] ’
Heterogeneity: Tau? = 156586.18; Chi? = 413.68, df = 16 (P < 0.00001); I* = 96%
Test for overall effect: Z = 8.59 (P < 0.00001)
9.1.2200000U UK
Luo LQ 2021 2,817.35 310.15 43 2,066.72 353.46 43 5.4% 750.63 [610.08, 891.18] -
Zhou GS 2018 2,828.65 316.17 59 2,058.26 309.89 55 5.5% 770.39 [655.43, 885.35] -
Subtotal (95% CI) 98 11.0%  762.47 [673.48, 851.46] <>
Heterogeneity: Tau? = 0.00; Chi? = 0.05, df = 1 (P = 0.83); I?=0%
Test for overall effect: Z = 16.79 (P < 0.00001)
Total (95% Cl) 1092 1076 100.0% 842.61[672.03, 1013.19] ’
Heterogeneity: Tau? = 133858.30; Chi? = 422.49, df = 18 (P < 0.00001); I> = 96% ’_1000 _5’00 . 530 1000’

Test for overall effect: Z = 9.68 (P < 0.00001)
Test for subgroup differences: Chi? = 0.68, df = 1 (P = 0.41), I?=0%

Favours [experimental] Favours [control]

Fig. 10 Effect of UK subgroup and control group on drainage volume of pleural effusion
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Fig. 11 Pleural effusion time to complete absorption, funnel plot

for FVC% pred and FVE1% pred, funnel plot analysis
was not conducted.

Discussion

Our meta-analysis of 29 RCTs showed that the UK
treatment group had a significant increase in the pleu-
ral effusion drainage volume and lung function (FEV1%
pred, FVC% pred), and a significant decrease in the

pleural thickness and absorption time of pleural effu-
sion. All these differences were statistically significant
(P<0.05), suggesting that the combined UK therapy
could significantly increase the pleural effusion drainage
volume, shorten the absorption time of pleural effusion,
reduce pleural thickness, and improve lung function
(FEV1% pred, FVC% pred). However, obvious heteroge-
neity was observed in the results of these 5 indicators,
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Fig. 12 Residual pleural thickness, funnel plot
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Fig. 13 Volume of pleural effusion drainage, funnel plot

which may be related to the length of the patient’s dis-
ease course, the UK dosage, and the injection method.
To reduce the possibility of analysis bias, we conducted
subgroup analyses for various indicators in terms of the
UK dosage. It was found that the results for the decrease
in pleural thickness, increase in pleural effusion drain-
age volume, and improvement in FEV1% pred were sim-
ilar to those of the overall analysis, and the differences
between the treatment group and control group were
statistically significant.

500 1000

Tuberculous pleurisy is the extrapulmonary tubercu-
losis caused by the first invasion of tuberculous bacteria
into the pleural cavity of human body. There are three
ways for tuberculous bacteria to reach the pleural cavity,
namely direct spread of lesions, lymphatic dissemina-
tion, and hematogenous dissemination [39]. At present,
the main methods for treating TPE include routine anti-
tuberculosis therapy, the use of adrenal cortical hor-
mones, puncturing for drainage, thoracic intervention
treatment, thoracoscopic local treatment, and surgical
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treatment [40]. After formal and comprehensive anti-
tuberculosis treatment, the vast majority of TPE patients
could recover. However, due to the high response of the
pleura to tuberculosis toxin, it can easily cause exudation.
Consequently, some patients may develop pleural effusion
in a short period of time due to fibrin cell fragments and
cellulose covering the surface of the pleura in the pleural
fluid [41]. Meanwhile, the continuous production and
excessive accumulation of pleural effusion can further
lead to pleural adhesiveness thickening and increased
compression on the lungs [42] thereby affecting the
patient’s lung function and quality of life [43]. In clinical
practice, the intrathoracic injection of hormones and anti-
tuberculosis drugs can only reduce inflammatory exu-
dation but not treat the already exuded fluid. An earlier
study showed that plasminogen activator inhibitors (PAI)
played a decisive role in the fibrinolytic level of pleural
effusion, especially PAI-1, which might be related to tis-
sue regeneration, repair and fibrosis development after
pleural injury [44] .Pollack reported that UK could exert
a good therapeutic effect when the formation of pleural
fluid had not exceeded 6 weeks and the fibrins had not yet
been widely deposited, adhered or separated [45]. Huang
found that the intrathoracic injection of UK could effec-
tively prevent and treat pleural hypertrophy and adhesion
in clinical practice [46]. Zhang pointed out that the large
amount of fibrin contained in TPE would lead to effusion
thickening and generation of protein clots, which might
induce the occurrence of multiple pathological processes
such as multiloculated and pleural fibrosis [47]. In this
regard, the plasmin activated by UK can crack the fibrin
loculated in the pleural effusion, eliminate the blockage
of the fiberloculated to the puncture needle or drainage
tube, thus facilitating the drainage of pleural effusion [48].
The research by Lin showed that [49], after injection of
UK, the pleura was significantly thinned and the cellulose
deposition and loculated were significantly reduced com-
pared with the situation after simple conventional anti-
tuberculosis treatment. According to the above research
results, UK has an obvious effect in the treatment of TPE.

The results of our meta-analysis suggest that the
intrathoracic injection of UK is able to promote the
absorption of pleural fluid and increase the pleural drain-
age volume for TPE patients, so as to exert a positive
effect in reducing pleural thickness and improving lung
function. This is consistent with the related reports at
home and abroad [31, 32, 49-51], providing additional
evidence for the therapeutic effect of UK on TPE. Com-
pared with the meta-analysis conducted by Xia [52],we
performed a comprehensive screening and quality evalu-
ation on the retrieved studies from literature search. It
was found that two included studies in Xia’s meta-anal-
ysis were questionable: the study by Li Shiying grouped
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the patients according to the sequence of hospitalization
time; the study by Gao Chunrong grouped the patients
according to the sequence of admission in terms of odd
or even numbers, and the results were incomplete with-
out any explanation on the reasons of missing data.

In summary, UK is more effective in treating TPE com-
pared with the conventional anti-tuberculosis therapy
alone. Specifically, it can increase the pleural drainage
volume, reduce the residual pleural thickness, shorten
the absorption time of pleural effusion, and improve lung
function (FEV1% pred, FVC% pred). Our study supports
that UK has good efficacy in the treatment of TPE and
provides a useful reference for clinical practice.

However, some limitations should be highlighted: (D
Our meta-analysis only included Chinese and English
articles without searching studies in other languages; @
There were differences in terms of the conventional anti-
tuberculosis treatment plan, the pleural effusion drain-
age method, the UK dosage, and the injection method
among different studies, so the experimental results were
subjected to bias to some extent; Q) The data provided by
the included studies were limited, and the course of dis-
ease was not investigated; @ Most of the included studies
did not provide a specific description of the double blind
methods implemented to the subjects, experimenters, and
evaluators, resulting in an increased risk of implementa-
tion bias and a generally low Jadad score; B) Most of the
included studies had a small sample size, and there might
be deviations between the results and the actual situation.
Given the limitations of this study, our findings need to be
further verified by more high-quality, large-scale clinical
studies both domestically and internationally.
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