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Abstract

Background: Bronchiectasis clinically manifests airway mucus hypersecretion as mucopurulent sputum produotion%
chronic cough. In the past decade, Tanreqging injection (TRQ) has been often used in clinical practice as an add-on treatment for
bronchiectasis in China. Several in vivo studies have indicated that TRQ is effective in improving sputum expectoration and cough
in acute exacerbation of bronchiectasis but results of individual studies are inconsistent. Therefore, systematically and critically
evaluating the effectiveness and safety of TRQ on mucus hypersecretion and cough in bronchiectasis is necessary.

Methods: Randomized controlled trials examining the treatment of bronchiectasis with TRQ were systematically searched
from databases including PubMed, Cochrane Library, Embase, Web of Science, Chinese National Knowledge Infrastructure,
Vip Information Database, Wanfang data, and Chinese Biomedical Literature Database, based on a preregistered protocol and
adhering to Cochrane methods. Pertinent data were taken out from the included studies and a methodological quality assessment
was done. R language (version 4.4.1) was used to perform the meta-analysis.

Results: Twenty randomized controlled trials involving 1544 patients were analyzed. The results demonstrated that TRQ
significantly improved mucus hypersecretion, shortened the duration of cough and phlegm, reduced symptom scores, and
enhanced both forced expiratory volume in 1 second and forced vital capacity. Additionally, TRQ effectively lowered inflammatory
markers, including C-reactive protein, procalcitonin, white blood cell count, neutrophil count, interleukin-6, and tumor necrosis
factor-alpha. Moreover, TRQ increased the partial pressure of oxygen and decreased carbon dioxide pressure.

Conclusion: The findings suggest that TRQ positively impacts mucus hypersecretion and mucociliary clearance, leading to
improvements in sputum production and cough during bronchiectasis exacerbations, without increasing the risk of adverse
effects. TRQ may be considered a viable option for managing bronchiectasis and could serve as a novel mucus-modifying agent.

Abbreviations: Cl = confidence intervals, CRP = C-reactive protein, CWM = conventional Western medicine, ESR = erythrocyte
sedimentation rate, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, IL-6 = interleukin-6, MD = mean
differences, MUC5AC = Mucin 5AC, NEUT% = neutrophil percentage, PaCO, = carbon dioxide pressure, PaO, = partial pressure of
oxygen, PCT = procalcitonin, PEF = peak expiratory flow, RCTs = randomized controlled trials, SMD = standard mean differences,
TNF-a = tumor necrosis factor-alpha, TRQ = Tanreqing injection, WBC = white blood cell.
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2003, the prevalence has increased by 40%, with estimates
reaching up to 566/100,000 population in the UK (2013) and
174/100,000 in China.** A recent prospective cohort study
found that individuals with bronchiectasis experienced a
median of 2 exacerbations per year (IQR 1-4), with 26.4%

1. Introduction

Bronchiectasis is radiographically characterized by the perma-
nent dilation of the bronchi and clinically by chronic cough,
sputum production, and recurrent lung infections.''! Since
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requiring hospitalization for exacerbations in the preceding
year, significantly deteriorating their health status and esca-
lating the healthcare burden.’! However, the management of
bronchiectasis remains challenging due to its heterogeneous
etiology, diverse clinical manifestations, and complex patho-
physiological mechanisms.! Notably, most treatments for
bronchiectasis have been adapted from cystic fibrosis therapies
rather than being specifically developed for bronchiectasis,!”!
and there are currently no licensed treatments specifically for
this condition.!®!

Patients suffering from bronchiectasis exacerbations man-
ifest airway mucus hypersecretion as mucopurulent sputum
production, cough, dyspnea, and respiratory failure.”!” Mucus
hypersecretion represents a key pathophysiological feature and
a treatable trait of the disease.!'!! It is burdensome to patients
and associated with lower forced expiratory volume in 1 second
(FEV1), higher inflammatory markers, greater bacterial infec-
tion, poor quality of life, and higher risk of exacerbation, hos-
pitalization, and mortality."'""31 The relevant pharmacological
and nonpharmacological treatments focus on enhancing mucus
clearance, reducing airway inflammation, and tackling chronic
bacterial infections, mainly based on the use of antimicrobials,
bronchodilators, mucolytics, inhaled hyperosmolar agents, and
airway clearance techniques.[>'*!51 Although effective airway
clearance remains the cornerstone of its management, the avail-
ability and use of devices, mucoactive drugs and specialist chest
physiotherapy are limited in many countries.''!) Consequently,
these existing approaches provide only limited relief from air-
way mucus hypersecretion and its associated symptoms.

Chinese herbal expectorant preparations, such as Tanreqing
injection (TRQ), may play a key role in reducing mucus secre-
tion and enhancing its clearance. TRQ is an intravenous herbal
preparation known for its anti-inflammatory,'”! antibacterial,!'$!
and expectorant properties.'! It is derived from 5 Chinese med-
icines: Scutellariae Radix, Lonicerae Japonicae Flos, Forsythiae
Fructus, bear bile powder, and goral horn.?” The formulation
has been approved by the National Drug Regulatory Authority
of China (State Medical Permit No. Z20030054), and its
quality is assessed using high-performance liquid chromatog-
raphy.22 Tt is primarily used to alleviate symptoms such as
cough, fever, and excessive mucopurulent sputum production,
and is widely utilized in China for treating various respiratory
diseases, including acute bronchitis,?* bronchiectasis,'*! chronic
obstructive pulmonary disease,’?*! pneumonia,®! and even den-
gue fever.'”l Recently, some studies have shown that TRQ can
improve mucociliary clearance,?® against mucus hypersecre-
tion and Mucin SAC (MUCSAC) production,/*! alleviate cough
symptoms, reduce airway inflammation and elevate lung func-
tion in patients with bronchiectasis.?” However, the results of
individual studies are inconsistent, and the efficacy and safety
of TRQ in treating bronchiectasis with mucus hypersecretion
are not yet fully established. Therefore, this study employs an
evidence-based approach to systematically evaluate the efficacy
and safety of TRQ on mucus hypersecretion and cough in bron-
chiectasis, thereby providing a foundation for clinical practice.

2. Materials and methods

2.1. Search strategy

This study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.”?®! The pro-
tocol was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) under registration num-
ber CRD42024564507. The keywords utilized in this study
included “Tanreqing injection,” “TanReQing,” “acute exacer-
bations of bronchiectasis,” “acute exacerbations,” “bronchi-
ectasis,” “mucus hypersecretion,” “cough,” and “Randomized
Controlled Trials” as Chinese and English subject headings.
A comprehensive computerized search was independently
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conducted by 2 authors across 8 databases: PubMed, Cochrane
Library, Embase, Web of Science, Chinese National Knowledge
Infrastructure, VIP Information Database, Wanfang Data, and
Chinese Biomedical Literature Database. The search encom-
passed publications from the inception of each database up to
June 2024. Medical Subject Headings and free-text terms were
adapted as necessary for each database. The search was limited
to randomized controlled trials (RCTs) published in English and
Chinese, with no restrictions on publication year. Detailed search
strategies and screening processes are provided in Appendix 1,
Supplemental Digital Content, http://links.lww.com/MD/N878.

2.2. Inclusion criteria

(1) Study population: bronchiectasis exacerbation patients.
The diagnosis of patients with adult bronchiectasis (>18
years) was based on the European Respiratory Society/
the British Thoracic Society guidelines. High-resolution
computed tomography served as the gold standard for
confirming bronchiectasis. The consensus definition of
exacerbation is as follows: a person with bronchiectasis
with a deterioration in 3 or more of the following key
symptoms for at least 48 hours: cough; sputum volume
and/or consistency; sputum purulence; breathlessness
and/or exercise tolerance; fatigue and/or malaise; hemop-
tysis and a clinician determines that a change in bron-
chiectasis treatment is required, generally referring to the
prescription of antibiotics.

(2) Intervention and control
Both the control and experimental groups received con-
ventional Western treatment, which included bronchodi-
lators, anti-infection medications, mucolytics, continuous
low-flow oxygen, and correction of water and electrolyte
imbalances. In addition to conventional Western treat-
ment, the experimental group was administered TRQ
injection.

(3) Outcomes
Primary outcomes included time to symptom disappear-
ance (including cough, sputum production, fever, lung
rales), symptom scores (including breathlessness, cough,
and sputum expectoration), and FEV1; secondary out-
comes included forced vital capacity (FVC), peak expira-
tory flow (PEF), partial pressure of oxygen (PaO,), carbon
dioxide pressure (PaCO,), white blood cell (WBC) count,
erythrocyte sedimentation rate (ESR), C-reactive pro-
tein (CRP), procalcitonin (PCT), neutrophil percentage
(NEUT%), interleukin-6 (IL-6), tumor necrosis factor-
alpha (TNF-a). Safety outcomes were assessed by evalu-
ating adverse events.

(4) Study design: RCTs.

2.3. Exclusion criteria

(1) Studies not involving TRQ injection as the primary interven-
tion; (2) non-randomized or observational studies; (3) studies
with duplicate data; and (4) Studies with incomplete data, spe-
cifically those lacking outcome measures for symptom scores,
lung function, inflammatory markers, or blood gas analysis.

2.4. Data collection process

The search criteria were implemented in 2 stages: initially, stud-
ies deemed clearly ineligible were excluded based solely on an
abstract review. Subsequently, a thorough review of full manu-
scripts was conducted to ascertain final eligibility. Only stud-
ies meeting the specified inclusion criteria were incorporated.
Furthermore, the ClinicalTrials.gov registry was queried using
the term “bronchiectasis,” and reference lists from pertinent
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publications, prior meta-analyses, and relevant guidelines were
examined to enhance the comprehensiveness of the search.

2.5. Data extraction

Two reviewers extracted data independently, and disagreements
were settled by consensus. The following data were extracted
from each study: (a) first author; (b) publication year; (c) patient
characteristics; (d) sample size; (e) interventions and controls; (f)
treatment duration; (g) outcome measures; (h) adverse events.

2.6. Risk of bias assessment

The methodological quality of the included studies was
assessed using the Cochrane Risk of Bias tool, which evaluates
6 domains: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, incomplete out-
come data, and selective reporting. The risk of bias for each
study was categorized as “low risk,” “high risk,” or “unclear.”
Additionally, evidence quality was appraised using the Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE) system, which classifies evidence into 4 levels: high,
moderate, low, and very low. Evidence quality could be down-
graded based on 5 factors: risk of bias, imprecision, inconsis-
tency, indirectness, and publication bias. Any discrepancies were
addressed through discussion and resolved by consensus, with
the involvement of a third party as necessary.

2.7. Data synthesis and analysis

The meta-analysis was conducted using RStudio, an integrated
development environment for the R programming language
(version 4.4.1). Continuous outcomes were reported as mean
differences (MD) with 95% confidence intervals (CI), while
dichotomous outcomes were reported as risk ratios with 95%
CI. Heterogeneity among studies was evaluated using the 12 sta-
tistic, with values exceeding 50% indicating significant hetero-
geneity. A random-effects model was employed to account for
potential heterogeneity. In cases of low heterogeneity (P > .03,
[2<50%), a fixed-effects model was utilized. Conversely, a
fixed-effects model is used. Sensitivity analyses were performed
to assess the robustness of the findings, and publication bias was
investigated using funnel plots. For outcome indicators with
more than 10 studies, funnel plots were specifically employed
to detect publication bias. A z-test was conducted to determine
whether TRQ as adjunctive therapy significantly outperformed
Western medicine alone in the treatment of bronchiectasis.
Statistical significance was set at P < .05.

3. Results

3.1. Selection and inclusion of studies

A comprehensive search across databases initially identified
675 potential studies. After removing duplicates, 336 studies
remained. Of these, 290 studies were excluded since they were
reviews, animal experiments, and conference papers. Based on
the eligibility criteria, the full texts of 28 studies were meticu-
lously screened. Ultimately, 20 RCTs were included for further
quality assessment and meta-analysis. The results are shown in
Figure 1.

3.2. Basic characteristics of the included studies

Atotal of 1544 patients were included across the 20 studies, 727!
with 811 patients in the experimental group and 790 patients
in the control group. No statistically significant differences in
baseline characteristics were observed between the experimen-
tal and control groups (all P > .05). The studies, published from
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2013 to 2024, were all conducted in China. Sample sizes varied
between 48 and 126 participants, and the treatment durations
ranged from 4 to 14 days. In terms of interventions, the control
group in all 20 studies received conventional Western medicine
(CWM), primarily consisting of B-lactam antibiotics. Routine
therapies were administered as needed, including bronchodila-
tors, cough suppressants, expectorants, postural drainage, and
oxygen inhalation treatments. The experimental group received
TRQ in combination with CWM. All studies were RCTs and
were published in full text. The fundamental characteristics of
the included studies are presented in Table 1.

3.3. Risk bias of included studies

The Cochrane Risk of Bias Assessment Tool was used to eval-
uate the quality of the 20 included studies. (1) Selection bias
(random sequence generation and allocation concealment):
4 RCTsP354247 grouped patients based on the time of admis-
sion, resulting in a “high risk” evaluation for selection bias.
Seven RCTs?7:32-3437:40:461 ytilized randomization methods such
as drawing lots or using random number tables, leading to a
“low risk” evaluation for selection bias. The remaining RCTs
mentioned random grouping but did not provide detailed meth-
ods, thus selection bias was assessed as “unclear risk.” Due to
the lack of information on allocation concealment, this aspect
was also evaluated as “unclear risk.” (2) Performance bias: none
of the studies reported on blinding procedures, resulting in an
“unclear risk” evaluation for performance bias. (3) Detection
bias: blinding of outcome assessment was evaluated as “low
risk” since the outcome indicators were objective measures. (4)
Attrition bias: none of the included RCTs had incomplete data,
so attrition bias was assessed as “low risk.” (5) Reporting bias:
for selective reporting, all data in the literature were complete
and therefore rated as “low risk.” (6) Other bias: this was eval-
uated as “unclear risk” due to insufficient information. The bias
assessment of the included RCTs is shown in Figure 2.

3.4. Time to symptom disappearance

3.4.1. The time for the disappearance of cough and
sputum. Five RCTs, 30414244451 including a total of 409 patients,
reported the time to disappearance of cough and sputum.
The heterogeneity test revealed significant variability among
the included studies (I2=83%, P <.01). Therefore, a meta-
analysis was performed using a random-effects model. The
results demonstrated that TRQ significantly reduced the time
to symptom disappearance, including the duration for cough
symptoms to subside and the time required for improvement in
sputum production (standard mean differences [SMD] = -1.04,
95% CI (~1.25, -0.84), P < .0001, Fig. 3).

3.4.2. The time for defervescence. Five RCTs,30:41:42,44.431
including 409 patients, reported the results of the time for
defervescence. The heterogeneity test indicated high variability
among the studies (12 = 88%, P <.01), prompting the use of a
random-effects model for the meta-analysis. The results revealed
a statistically significant reduction in the time to defervescence
in patients with bronchiectasis exacerbation following TRQ
treatment compared to the control group (SMD = -1.22, 95%
CI (-1.50, -0.94), P < .0001; see Fig. 4).

3.4.3. The time for the disappearance of lung rales. Five
RCTs, 30414244451 including 409 patients, reported the results of
the time for the disappearance of lung rales. The heterogeneity
test revealed substantial variability among the included studies
(I2=89%, P <.01), necessitating the use of a random-effects
model for the meta-analysis. The findings indicated a statistically
significant reduction in the time for the disappearance of lung
rales in patients with bronchiectasis exacerbation treated with
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Figure 1. Flowchart for selection of randomized controlled trials.

TRQ, compared to the control group (SMD = -1.47, 95% CI
(-1.69, -1.25), P <.0001, Fig. 5).

3.5. Symptom scores

3.5.1. Symptom score for cough. Five RCTs,27:29:31:36:431
comprising 419 patients, reported data on cough symptom
scores. Due to high heterogeneity (12 =95%, P <.0001), a
random-effects model was employed for the analysis. The
meta-analysis indicated that TRQ combined with CTM
significantly reduced cough symptom scores compared to
Western medicine alone (SMD =-1.48, 95% CI (-2.63,
-0.34), P = .01, Fig. 6).

3.5.2. Symptom score for phlegm. Five RCTs,27:2%:31,3643]
encompassing a total of 419 patients, reported on the severity
of phlegm-related symptoms. A test for heterogeneity revealed
moderate heterogeneity among the included studies (12 = 58%,
P =.05). Consequently, a meta-analysis was conducted using a
random-effects model. The findings demonstrated a statistically
significant reduction in phlegm symptom scores in patients with
bronchiectasis following treatment with TRQ compared to the
control group (MD = -1.52,95% CI (-1.72, -1.32), P < .0001,
Fig. 7).

3.5.3. Dyspnea symptom score. Two RCTs,?”*! involving
120 patients, reported on dyspnea symptom scores. The
heterogeneity test indicated low heterogeneity between the
included studies (I2 = 0%, P = .49), allowing for a meta-analysis
using a fixed-effects model. The results showed no statistically
significant difference in the dyspnea symptom scores between
the treatment group and the control group (MD =-0.17, 95%
CI (-0.40, 0.06), P < .0001, P = .14, Fig. 8).

3.6. Lung function

3.6.1. FEV1. Eight RCTs,33:36-4042461 comprising a total
of 653 patients, reported on FEV1. The heterogeneity
analysis revealed significant variability among the included
studies (I2 = 95.5%, P <.0001), necessitating the use of a
random-effects model for the meta-analysis. The findings
demonstrated a statistically significant improvement in
FEV1 in patients with bronchiectasis following treatment
with TRQ compared to the control group (SMD = 2.0, 95%
CI (0.74, 3.25), P = .002, Fig. 9).

3.6.2. FVC. Six RCTs,3336-3%421 inyolving 465 patients,
reported on FVC. The heterogeneity analysis indicated
substantial variability among the included studies (12 = 95%,
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Figure 2. Risk of bias in the included studies.

P <.0001), leading to the application of a random-effects
model for the meta-analysis. The results demonstrated
a statistically significant improvement in FVC levels in
bronchiectasis patients treated with TRQ compared to the
control group (SMD = 1.87,95% CI (0.72, 3.02), P = .0015,
Fig. 10).

3.6.3. PEF. Six RCTs,B33373%42461 including 474 patients,
reported PEF results. The heterogeneity analysis revealed
substantial heterogeneity among the included studies (12 = 97%,
P <.0001), prompting the use of a random-effects model for
the meta-analysis. The results demonstrated that combined TRQ
with CWM showed no statistically significant difference in PEF
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chen(A) 2017 35 7.85 25400 35 11.47 3.4600 — -1.18 [-1.69;-0.67] 16.6%
Zhu(A) 2018 48 547 12300 47 6.53 1.1900 —E— -0.87 [-1.29;-0.45] 242%
Wang 2016 42 6.72 25200 42 10.25 3.1500 —H— 123  [-1.69;-0.76] 19.7%
Zhou 2014 24 430 19000 24 6.50 2.3000 —— -1.03  [-1.63;-0.42] 11.8%
Deng 2013 56 4.80 1.4000 56 6.70 2.3000 = -099 [-1.38;-060] 27.8%
1
Random effects model 205 204 e 1.04 [1.25;-0.84] 100.0%
Heterogeneity: = 0%, = 0,p=0.81 I ! ! ! ! ! !
15 1 05 0 05 1 15
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Figure 3. Meta-analysis of cough and sputum disappearance time.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chen(A)2017 35 265 11600 35 4.75 1.2500 —— 172 [[227,-1.17) 17.0%
Zhu(A)2018 48 273 0.6900 47 3.42 0.7500 - -095 [-1.38;-0.53] 232%
Wang 2016 42 38512400 42 571 14500 —&— 137 [-1.84;-089] 20.4%
Zhou 2014 24 230 08000 24 460 2.3000 — & 131 [-1.94;-0.69] 14.2%
Deng 2013 56 240 0.7000 56 4.20 2.5000 T -097 [-1.37;-058] 252%
1
Random effects model 205 204 . -1.22 [-1.50;-0.94] 100.0%
Heterogeneity: /> = 40%, t° = 0.0408, p = 0.16 : ! ' ! '
-2 -1 0 1 2
Favours Tanreqing Favours NO-Tanreqing
Figure 4. Meta-analysis of the time for defervescence.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chen(A)2017 35 720 21500 35 10.12 2.3600 —4— -1.28 [-1.80;-0.76] 18.1%
Zhu(A)2018 48 3.58 0.8700 47 4.97 1.1400 = -1.36  [-1.81;-091] 24.1%
Wang 2016 42 6.84 24400 42 996 2.1700 —— 134 [-1.81;-086] 21.4%
Zhou 2014 24 530 1.1000 24 890 2.7000 — & 172 [-2.39;-1.05] 10.8%
Deng 2013 56 520 1.0000 56 8.50 2.5000 —EET 172 [-216;-1.29] 255%
1
Random effects model 205 204 > -1.47 [-1.69; -1.25] 100.0%
Heterogeneity: = 0%, = 0,p=0.58 I ! ! ! !
-2 -1 0 1 2
Favours Tanreqing Favours NO-Tanreqing
Figure 5. Meta-analysis of the time for lung rales disappearance.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Li 2019 63 211 03700 63 2387 0.5200 - -167 [-2.08;-1.27] 20.3%
Zhang 2019 42 204 0.3900 42 2.90 0.5300 = -1.83 [-234;-132] 20.0%
Chen(B) 2023 30 1.07 1.0200 30 1.73 1.1400 I 8 -060 [-1.12;-0.08] 20.0%
He 2024 44 123 01900 45 293 0.6700 - ! 341 [4.06;-2.75] 19.5%
Zhu(B) 2014 31 206 1.2000 29 2.00 0.9200 1 006 [-045; 0.56] 20.1%
1
Random effects model 210 209 —=agiiiee— -1.48 [-2.63;-0.34] 100.0%

Heterogeneity: /> = 95%, t° = 1.6389, p < 0.01

Figure 6. Meta-analysis of cough symptom score.
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compared to CWM alone (SMD = 3.50, 95% CI (-0.40, 7.39),
P =.079, Fig. 11).

3.7. Inflammation markers

3.7.1. WBC. Thirteen RCTs,[P7:29-32,35-3842434547] encompassing
a total of 1037 patients, reported on WBC counts. The

heterogeneity analysis indicated significant variability among
the included studies (I2 = 93%, P <.0001), leading to the use
of a random-effects model for the meta-analysis. The results
demonstrated a statistically significant reduction in WBC counts
in bronchiectasis patients treated with TRQ compared to those
in the control group (SMD =-1.21, 95% CI (-1.80, -0.62),
P <.0001, Fig. 12).
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Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Li(A)2019 63 154 0.3600 63 3.20 0.6000 - -166 [-1.83;-149] 30.5%
Zhang 2019 42 157 0.3400 42 3.02 0.5800 - -1.45 [-1.65;-1.25] 28.0%
Chen(B)2023 30 147 0.9000 30 240 1.4300 —— -093 [-1.53;-0.33] 8.6%
He 2024 44 123 01900 45 293 0.6700 = -1.70  [-1.90;-1.50] 28.0%
Zhu(B)2014 31 561 15800 29 6.68 1.7900 S e -1.07  [-1.93;-0.21] 4.8%
1
Random effects model 210 209 @ -1.52 [1.72;-1.32] 100.0%
Heterogeneity: 1 = 58%, t° = 0.0268, p = 0.05 LR
-15-1-050 051 15
Favours Tanreging Favours NO-Tanreqing
Figure 7. Meta-analysis of symptom score for sputum production.
Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Chen(B) 2023 30 0.37 04900 30 0.50 0.5100 e -0.13 [-0.38;0.12] 80.0%
Zhu(B) 2014 31 2770990 29 3.10 1.0100 —_— T -0.33 [-0.84;0.18] 20.0%
|
Random effects model 61 59 —~<=ui@Bs -0.17 [-0.40; 0.06] 100.0%
Heterogeneity: E= 0%, o= 0,p=0.49 f 1
-0.5 0 05
Favours Tanreqing Favours NO-Tanreqing
Figure 8. Meta-analysis of dyspnea symptom score.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl  Weight
Guo 2017 45 258 0.7600 45 219 0.7400 | 0.52 [0.10;0.94] 12.7%
Gu 2017 45 198 02300 45 1.49 0.1400 = 255 [1.99;3.11] 12.6%
He 2024 44 341 05100 45 3.12 0.3800 i 064 [0.21;1.07] 12.7%
Yang 2019 49 259 03800 49 219 0.4100 . 1.00 [0.58;1.43) 12.7%
Ma 2019 40 203 0.1600 40 1.53 0.2200 = 257 [1.98;3.17] 12.5%
Liu 2020 36 261 01400 36 1.52 0.2100 ! . 6.04 [4.93;7.16] 11.7%
An 2016 25 197 02000 25 1.50 0.1600 1 255 [1.79;3.31] 12.3%
Wang 2016 42 241 03200 42 225 0.3700 i 0.46 [0.02;0.89] 12.7%
Random effects model 326 327 200 [0.74;3.25] 100.0%
Heterogeneity: /> = 95%, 7° = 3.1775, p < 0.01 P T T 1
6 4 2 0 2 4 6
Favours NO-Tanreqing Favours Tanreqing
Figure 9. Meta-analysis of forced expiratory volume in 1 second.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl  Weight
Gu 2017 45 239 02500 45 1.87 0.1800 i-'— 237 [1.82;291] 16.8%
He 2024 44 279 06500 45 241 0.8700 = 0.49 [0.07;0.91] 17.0%
Ma 2019 40 264 01700 40 1.96 0.1300 ) = 445 [3.62;5.28] 16.0%
Liu 2020 36 287 12500 36 1.56 0.3400 = 1.41  [0.90; 1.93] 16.8%
An 2016 25 238 02400 25 1.92 0.1900 . 209 [1.39;2.79] 16.4%
Wang 2016 42 3.38 0.3500 42 3.10 0.6000 = o 0.56 [0.13;1.00] 17.0%
Random effects model 232 233 I | ?’ | 1.87 [0.71;3.02] 100.0%

Heterogeneity: /2 = 95%, > = 1.9877, p < 0.01

4 2 0 2 4
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Figure 10. Meta-analysis of forced vital capacity.

3.7.2. CRP. Twelve RCTs,/#7:29-323538404547) inyolving 983 patients,
reported on CRP levels. The heterogeneity analysis revealed
considerable variability among the included studies (I2=94.4%,
P <.0001), necessitating the use of a random-effects model for
the meta-analysis. The results indicated a statistically significant
reduction in CRP levels in bronchiectasis patients treated with TRQ

injection compared to the control group (SMD =-1.98, 95% CI

(-2.72,-1.25), P <.0001, Fig. 13).

3.7.3. ESR. ESR was reported in an extractable format in
the 4 trials (N =406),2%314241 with significant heterogeneity
(I2=95.9%). The meta-analysis indicated that TRQ injection
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Gu 2017 45 427 03300 45 3.73 0.2500 | ; 183  [133;232] 16.8%
Yang 2019 49 1293 14300 49 12.01 1.4100 . 064 [0.24; 1.05] 16.8%
Ma 2019 40 443 02900 40 3.56 0.3100 287 [224; 350] 16.8%
Liu 2020 36 467 02200 36 2.11 0.1400 | - 1373 [11.38;16.08] 159%
An 2016 25 426 03200 25 3.66 0.2600 1 203 [133;,272] 16.8%
Wang 2016 42 1294 15000 42 12.26 1.5800 1 044 [0.00; 0.87] 16.8%

1
Random effects model 237 237 3.50 [-0.40; 7.39] 100.0%
Heterogeneity: /2 = 97%, ©° = 23.4473, p < 0.01 U D
-5 10 5 0 5 10 15
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Figure 11. Meta-analysis of peak expiratory flow.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chen(A) 2017 35 6.12 13200 35 962 1.4200 = ' -252 [-3.16;-1.89] 7.5%
Li(A) 2019 63 6.60 1.3200 63 8.38 1.7000 - -1.16  [-1.54;-0.78] 7.9%
Zhang 2019 42 660 13200 42 8.38 1.7000 - -1.16  [-1.62;-0.70] 7.8%
Yu 2021 40 750 22000 40 8.30 2.5000 | - -0.34  [-0.78; 0.11] 7.8%
Chen(B) 2023 30 566 15000 30 5.42 1.5600 - 0.15 [-0.35; 0.66] 1.7%
He 2024 44 715 1.0200 45 10.61 2.4600 = -1.81  [-2.31;-1.32] 1.7%
Ma 2019 40 5.74 1.3000 40 10.76 1.8600 . i -3.10  [-3.76;-2.44] 7.4%
Liu 2020 36 564 14400 36 10.34 1.8200 - -283 [-3.50;-2.17] 7.4%
Wang 2016 42 7.55 13500 42 7.62 1.4800 ' -0.05 [-0.48; 0.38] 7.8%
Zhu(B) 2014 31 6.18 19100 29 7.77 4.2000 ! -0.49  [-1.00; 0.03] 1.7%
Deng 2013 56 6.40 21000 56 7.20 2.4000 1 &5 -0.35 [-0.73; 0.02] 7.9%
Wu(A) 2018 30 7.76 19300 30 8.67 1.6300 | ] -0.50 [-1.02; 0.01] 1.7%
Wu(B) 2018 30 6.04 1.2000 30 8.67 1.6300 -+ -1.81  [-242;1.21] 7.5%

1
Random effects model 519 518 -1.21 [-1.80; -0.62] 100.0%
Heterogeneity: /2 = 93%, 2 = 1.0958, p < 0.01 L L
3 -2 10 1 2 3
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Figure 12. Meta-analysis of white blood cells.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Guo 2017 45 208 0.7600 45 289 0.7400 = -1.07  [-1.51;-0.63] 8.5%
Chen(A) 2017 35 94029300 35 16.80 3.6200 5 N 222 [-2.82;-1.62] 8.3%
Li(A) 2019 63 39.71 6.2000 63 65.30 10.3800 | -2.98 [-3.49; -2.46] 8.4%
Zhang 2019 42 37.71 52000 42 69.30 9.3800 == 413  [4.90;-3.36] 8.0%
Yu 2021 40 97532900 40 11.87 3.1500 | = -0.65 [-1.10;-0.20] 8.5%
Chen(B) 2023 30 306 32300 30 9.21 14.1800 | -0.59 [-1.11;-0.07] 8.4%
He 2024 44 1470 23700 45 1942 1.3900 - 242  [-2.97;-1.86] 8.4%
Ma 2019 40 504 67800 40 36.13 10.0600 = o -359 [4.31;-2.87] 8.1%
Liu 2020 36 5.34 62100 36 35.71 10.2200 = ! -355 [4.31;-2.80] 8.0%
Deng 2013 56 6.30 24000 56 1060 3.4700 1= -143  [-1.85;-1.01] 8.5%
Wu(A) 2018 30 9.87 3.7600 30 13.77 9.8700 1 T -0.52  [-1.03;-0.00] 8.4%
Wu(B) 2018 30 6.73 43900 30 13.77 9.8700 | -0.91  [-1.44;-0.38] 8.4%

1

Random effects model 491 492 | ? : ; 198 [-2.72;-1.25] 100.0%

Heterogeneity: /2 = 94%, 1° = 1.6055, p < 0.01

Figure 13. Meta-analysis of C-reactive protein.
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significantly lowered ESR levels compared to the control group
(SMD = ~1.55, 95% CI (=2.70, -0.39), P = .009, Fig. 14).

3.7.4. NEUT%. NEUT % was reported in an extractable format
in the 5 trials (N = 411),27:30.36.37431 with significant heterogeneity
observed among the studies (I2=95.8%, P <.01). The meta-
analysis revealed that TRQ injection significantly reduced
NEUT% levels compared to the control group (SMD = -1.91,

95% CI (-3.62, -0.21), P =.0281, Fig.15), suggesting its
potential anti-inflammatory effects.

3.7.5. PCT. Seven RCTs,?729-3236421 including 593 patients,
reported the PCT results. Heterogeneity among studies was high
(I2=92%, P < .01), leading to a meta-analysis using a random-
effects model. The analysis found that PCT improvement in
bronchiectasis patients treated with TRQ preparation was
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Li(A) 2019 63 36.82 6.2700 63 61.46 12.9800 45 ! 240 [-286;-194] 251%
Zhang 2019 42 3482 6.1700 42 59.46 11.9200 ! 257 [3.16;-1.99] 24.5%
Wang 2016 42 19.02 40600 42 19.13 4.2100 ! - -0.03 [-045; 040] 252%
Deng 2013 56 6.80 3.4000 56 11.10 3.6000 T 122 [1.62;-0.82] 253%
1
Random effects model 203 203 = e -1.55 [-2.71;-0.39] 100.0%
Heterogeneity: 12 = 96%, 1° = 1.3418, p <0.01 ' J I I ! ! :
3 2 414 0 1 2 3
Favours Tanreqing Favours NO-Tanreqing
Figure 14. Meta-analysis of erythrocyte sedimentation rate.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chen(A) 2017 35 5457 35400 35 7024 22100 = L | 525 [6.26;-4.24] 19.2%
Chen(B) 2023 30 55.17 8.1300 30 57.32 8.9400 | = -0.25 [-0.76; 0.26] 20.2%
He 2024 44 5361 43500 45 6098 1.3700 = 228 [281;-174] 201%
Ma 2019 40 56.19 6.9000 40 60.34 5.7600 | B8 -065 [-1.10;-0.20] 20.2%
Deng 2013 56 55.00 11.0000 56 71.00 13.0000 1 132 [1.73;-091] 20.3%
1
Random effects model 205 206 ~eauiiine-— -1.91 [3.62;-0.21] 100.0%
Heterogeneity: /> = 96%, ° = 3.6984, p < 0.01 T T T T T 1
6 4 2 0 2 4 6
Favours Tanreqing Favours NO-Tanreqing
Figure 15. Meta-analysis of neutrophil percentage.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Chen(A) 2017 35 0.12 0.0300 35 0.25 0.0500 = ' -3.12  [-3.83;-2.41] 13.5%
Li(A) 2019 63 0.47 0.0800 63 0.65 0.1200 = 175 [[217;-1.34] 14.6%
Zhang 2019 42 048 0.0900 42 0.60 0.1300 E o -1.06 [-1.52;-0.61] 14.5%
Yu 2021 40 0.24 0.1300 40 0.34 0.1400 | -0.73  [-1.19;-0.28] 14.5%
Chen(B) 2023 30 0.00 0.0100 30 0.04 0.1200 R -0.46 [-0.98; 0.05] 14.3%
He 2024 44 0.36 0.0700 45 0.97 0.3400 - -245 [-3.01;-1.90] 14.1%
Wang 2016 42 0.35 0.1200 42 0.45 0.2500 | T -0.51 [-0.94;-0.07] 14.6%
|
Random effects model 296 297 -1.42 [-2.17;-0.67] 100.0%
Heterogeneity: /1 = 92%, ©° = 0.9509, p < 0.01 U U
32101 2 3
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Figure 16. Meta-analysis of procalcitonin.
Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Guo 2017 45 89.54 17.2400 45 103.27 28.2100 -0.58 [-1.00;-0.16] 25.5%
Li(A) 2019 63 20.70 41900 63 26.36 4.9700 122 [-1.61;-084] 27.4%
Zhang 2019 42 1970 31900 42 2536 4.7700 -1.38 [-1.86;-0.90] 23.1%
Yu 2021 40 12.90 3.4400 40 16.30 4.2500 -0.87 [-1.33;-041] 23.9%
Random effects model 190 190 -1.01 [-1.36;-0.66] 100.0%

Heterogeneity: /1% = 62%, 1 = 0.0784, p = 0.05

Figure 17. Meta-analysis of interleukin-6.
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significantly better than in the control group (SMD =-1.42,

95% CI (-2.16, -0.67), P = .0002, Fig. 16).

3.8. Pro-inflammatory cytokines

3.8.1. IL-6. Four RCTsP?313240 with 380 patients reported
IL-6 outcomes. A heterogeneity test indicated moderate
variability (I2=61.7%, P =.05), prompting a meta-analysis

using a random-effects model. The analysis revealed that IL-6
improvement in bronchiectasis patients treated with TRQ
preparation was significantly better than in the control group
(SMD = -1.01, 95% CI (-1.36, -0.66), P = .0080, Fig. 17).

3.8.2. TNF-0. Three RCTsP31:32 with 290 patients reported
TNF-a results. Heterogeneity was high (12 = 94.3%, P <.0001),
necessitating a random-effects meta-analysis. The analysis

10
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Li(A) 2019 63 1140 21500 63 17.96 3.6000 ! 220 [-264,-1.75] 33.6%
Zhang 2019 42 11.52 21000 42 17.94 3.4800 e 221 [[2.76;-167] 327%
Yu 2021 40 260 0.8800 40 3.00 0.6900 T -0.50 [-0.95;-0.06] 33.6%

|
Random effects model 145 145 e -1.63 [-2.75;-0.51] 100.0%
Heterogeneity: 12 = 94%, > = 0.9175, p < 0.01 e LI
2 A1 0 1 2
Favours Tanreging Favours NO-Tanreging
Figure 18. Meta-analysis of tumor necrosis factor-alpha.

Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Guo 2017 45 79.48 9.7600 45 72.89 8.7400 —:—'— 6.59 [2.76;10.42] 13.7%
Li 2019 63 78.42 9.8000 63 72.96 7.4300 —iE— 546 [2.42; 8.50] 18.4%
Zhang 2019 42 7852 98700 42 71.16 7.5300 —|m— 736 [3.61;11.11] 14.1%
Yu 2021 40 78.67 96800 40 72.63 8.0500 —&— 6.04 [2.14; 9.94] 13.3%
Yang 2019 49 79.09 82100 49 7269 8.4100 —TE— 6.40 [3.11; 9.69] 16.7%
Wang 2016 42 80.33 47800 42 77.85 6.2500 [ 248 [0.10; 4.86] 23.8%

1
Random effects model 281 281 - 541 [3.71; 7.11] 100.0%
Heterogeneity: = 33%, = 1.6910, p = 0.19 I ! T !
-10 -5 0 3 10
Favours NO-Tanreqging Favours Tanreqging
Figure 19. Meta-analysis of partial pressure of oxygen.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Guo 2017 45 33.48 57600 45 40.19 6.7400 : -1.06 [-1.50;-0.62] 16.2%
Li 2019 63 4490 6.2100 63 52.32 8.9700 — -0.96 [-1.33;-0.59] 18.3%
Zhang 2019 42 46.90 63100 42 54.32 8.8700 —— -0.96 [-1.41;-0.50] 15.9%
Yu 2021 40 41.24 44100 40 44.32 5.0200 —E— -0.65 [-1.10;-0.20] 16.0%
Yang 2019 49 3544 63100 49 40.41 6.2200 — -0.79  [-1.20;-0.38] 17.0%
Wang 2016 42 4145 16900 42 41.56 1.8300 | — -0.06 [-0.49; 0.37] 16.6%

|
Random effects model 281 281 - -0.75 [-1.04;-0.45] 100.0%
Heterogeneity: /2 = 64%, 2 = 0.0853, p = 0.02 U Tl
15 414 05 0 05 1 15

Figure 20. Meta-analysis of forced carbon dioxide pressure.

Favours Tanreging Favours NO-Tanreqing

showed a significant reduction in TNF-a in bronchiectasis
patients treated with TRQ preparation compared to the control
group (SMD = -1.63,95% CI (-2.75,-0.51), P < .004, Fig. 18).

3.9. Blood gas analysis

3.9.1. Pa0, Six RCTs,»5t3240424¢1 jncluding 562 patients
reported the results of PaO,. The heterogeneity test indicated
low variability (I2=33%, P=.19), so a fixed-effects meta-
analysis was used. The analysis showed a significant increase in
PaO, in bronchiectasis patients treated with TRQ preparation
compared to the control group (MD =5.41, 95% CI (3.71,
7.11), P < .0001, Fig. 19).

3.9.2. PaCO,. Six RCTs23132:404246] inyolving 562 patients
reported on PaCO, outcomes. The heterogeneity test indicated
moderate variability among the studies (I2=64%, P=.02),
leading to the use of a random-effects model for the meta-
analysis. The analysis demonstrated a statistically significant
reduction in PaCO, in bronchiectasis patients treated with TRQ
preparation compared to the control group (SMD = -0.74, 95%
CI (-1.04, -0.46), P < .0001, Fig. 20).

11

3.10. Adverse reactions

Among the 20 included RCTs, 10 studies did not report adverse
reactions, 323336444451 while 10 studies documented adverse reac-
tions,[27:29313435:414246471 Of these, 5 studies reported no adverse
reactions, whereas 5 studies documented various adverse effects.
Specifically, Ming Li’s study3! reported 6 cases of gastrointestinal
symptoms and 2 cases of xerostomia; Yu Zhang’s study?”! reported
5 cases of gastrointestinal symptoms and 2 cases of xerostomia;
Jifeng Wu’s study'®! reported 1 case of throat discomfort; Runlai
Zhu’s study™*!! reported 6 cases of hepatic function abnormalities;
and Chuanhai Wang’s study*?! reported 1 case of nausea and loss
of appetite in the treatment group. Statistical analysis revealed no
significant difference in the incidence of adverse reactions between
the experimental and control groups (P > .05), suggesting that TRQ
preparation is generally safe for treating bronchiectasis with mucus
hypersecretion.

3.11. Sensitivity analysis

A sensitivity analysis was conducted to evaluate the robustness of
the meta-analysis results for TRQ’s clinical efficacy in treating bron-
chiectasis. By sequentially excluding each study and comparing the
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Figure 21. Funnel diagram of white blood cell count.
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Figure 22. Funnel diagram of C-reactive protein.

results with those including all studies, we found that the overall
outcomes remained consistent, indicating stability, and reliabil-
ity in the analysis. However, excluding individual studies revealed
significant reductions in heterogeneity: Chao Yu’s study on TNF-a
(12= 0%, P =.59), Chong Chen’s study on time to defervescence
(I2=0%, P =.43), and Chuanhai Wang’s study on PaCO, (I = 0%,
P =.66) markedly decreased heterogeneity. These findings suggest
that these studies might have contributed to heterogeneity, poten-
tially due to high bias risk, variations in sample size, age, admin-
istration route, treatment duration, or dosage. Detailed results are
provided in Appendix 2, Supplemental Digital Content, http:/links.
lww.com/MD/N878.

3.12. Publication bias

Bias in the CRP and WBC analyses was assessed using funnel plot
analysis. The plots, with the combined effect size SMD of CRP or
WBC as the horizontal axis, exhibited noticeable asymmetry, sug-
gesting the presence of publication bias (see Figs. 21 and 22).

3.13. The quality of the evidence

We assessed the quality of each outcome metric using the
GRADE methodology. This evaluation indicated that the

12

evidence quality was rated as “low” for the time to disappear-
ance of lung rales, phlegm symptom score, PaO,, and PaCO,.
Evidence quality was rated as “very low” for FEV1, FVC, PEF,
WBC, CRP, ESR, NEUT %, PCT, IL-6, and TNF-a. The down-
grades were attributed to factors such as a high risk of bias in
the included studies, significant heterogeneity, small sample
sizes, and potential publication bias. Detailed GRADE recom-
mendations are provided in Table 2.

4. Discussion

4.1. Findings

This meta-analysis is the first to systematically evaluate the clinical
efficacy and safety of TRQ for treating bronchiectasis exacerbations,
incorporating 20 studies with a total of 1544 patients. The results
demonstrated that TRQ, in combination with conventional Western
therapy, significantly reduced overall symptom scores (cough and
sputum production) and shortened the duration of cough, sputum
production, and fever. Additionally, TRQ improved lung function,
as evidenced by increases in FEV1 and FVC, and effectively reduced
inflammation markers, including CRP, PCT, WBC, NEUT %, 1L-6,
and TNF-a. TRQ also enhanced PaO, and reduced PaCO,, while
not significantly affecting PEF and dyspnea scores.
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Quality of evidence for research outcome.

Certainty
assessment Total (number Risk of Imprecision Other
Outcomes of studies) SMD/MD (95% Cl) bias  Inconsistency Indirectness 400 considerations Certainty
The time for disap- 409 (5RCTs)  —1.04 (-1.25,-0.84)  Serious*  Serious’ Not serious Not serious Publication bias OO0 Very low
pearance of cough strongly
and sputum suspected
The time for 409 (5RCTs)  —1.22 (-1.50,-0.94)  Serious*  Serious’ Not serious Not serious Publication bias OO0 Very low
defervescence strongly
suspected
The time for the 409 (5RCTs)  —1.47 (-1.69,-1.25)  Serious*  Not serious Not serious Not serious Publication bias DPHOO Low
disappearance of strongly
lung rales suspected
Symptom score for 419 (5RCTs)  —1.48(-2.63,-0.34)  Serious*  Serious' Not serious Not serious Publication bias OO0 Very low
cough strongly
suspected
Symptom score for 419 (B5RCTs)  —-1.52(-1.72,-1.32)  Serious*  Not serious Not serious Not serious Publication bias DPOO Low
phlegm strongly
suspected
Dyspnea symptom 120 (2RCTs) ~ —0.17 (-0.40, 0.06) Serious*  Not serious Not serious Serious* Publication bias POOO Very low
score strongly
suspected
FEV1 653 (8RCTs) 2.0 (0.74, 3.25) Serious*  Serious! Not serious Not serious Publication bias OO0 Very low
strongly
suspected
FVC 465 (BRCTs) 1.87(0.72,3.02) Serious*  Serious’ Not serious Not serious Publication bias OO0 Very low
strongly
suspected
PEF 474 (6RCTs) 3.50 (-0.40, 7.39) Serious*  Serious’ Not serious Not serious Publication bias OO0 Very low
strongly
suspected
WBC 1037 (13RCTs) —1.21(-1.80,-0.62)  Serious*  Serious' Not serious Not serious Publication bias POOO Very low
strongly
suspected
CRP 983 (12RCTs)  —1.98 (-2.72,-1.25)  Serious*  Serious' Not serious Not serious Publication bias OO0 Very low
strongly
suspected
ESR 406 (4RCTs)  —1.91(-3.62,-0.21)  Serious*  Serious’ Not serious Not serious Publication bias OO0 Very low
strongly
suspected
NEUT% 411 (5RCTs)  —0.88 (-1.15,-0.62)  Serious*  Serious’ Not serious Not serious Publication bias POOO Very low
strongly
suspected
PCT 593 (7RCTs)  —1.42 (-2.16,-0.67)  Serious*  Serious' Not serious Not serious Publication bias OO0 Very low
strongly
suspected
IL-6 380 (4RCTs)  —1.01(-1.36,-0.66)  Serious*  Not serious Not serious Serious* Publication bias OO0 Very low
strongly
suspected
TNF-ou 290 (3RCTs)  —1.63 (-2.75,-0.51)  Serious*  Serious’ Not serious Serious* Publication bias OO0 Very low
strongly
suspected
Pa0, 562 (6RCTs) 5413.71,7.11) Serious*  Not serious Not serious Not serious Publication bias DPHOO Low
strongly
suspected
PaCo, 562 (6RCTs)  —0.74 (-1.04,-0.46)  Serious*  Not serious Not serious Not serious Publication bias DPOO Low
strongly
suspected

CRP = C-reactive protein, ESR = erythrocyte sedimentation rate, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, IL-6 = interleukin-6, NEUT% = neutrophil percentage, PaCO,
= carbon dioxide pressure, Pa0, = partial pressure of oxygen, PCT = procalcitonin, PEF = peak expiratory flow, RCTs = randomized controlled trials, SMD = standard mean differences, TNF-o. = tumor
necrosis factor-alpha, WBC = white blood cell.

* High risk of bias such as random error, allocation concealment, or blinding, as shown in Figure 2.

T Heterogeneity test (1> > 80%) or less overlap of confidence intervals.

F Small study sample size (<400).

4.2. Dominance complex interaction between impaired mucociliary clearance,
chronic inflammation, airway infection, and progressive lung

The pathophysiology of bronchiectasis is best understood o . .
damage.*! The mucociliary transport system is compromised

through the “vicious vortex” model, which highlights the
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due to several potential factors: dehydration of the periciliary
layer, absence of lubricative activity preventing mucus adhe-
sion to airway surfaces, inherent ciliary defects, and immuno-
deficiencies, including cellular defects.*! Any one of these may
lead to a reduction in ciliary beat frequency and mucociliary
clearance. Additionally, bronchiectasis airway secretions exhibit
mucin hyperconcentration and increased osmotic pressure.?"!
Compared to healthy individuals, patients with bronchiectasis
have a higher proportion of solid components in their mucus,
reflecting a state of dehydration.’! This dehydrated mucus
becomes viscous, sticky, and difficult to clear, resulting in mucus
stasis and adhesion to airway surfaces, which in turn contrib-
ute to the critical infectious and inflammatory components of
bronchiectasis.

During exacerbations, airway mucus hypersecretion exacer-
bates difficulties in expectoration, airway inﬂammation airflow
obstruction, and bacterial adhesiveness.’? These effects are
driven by complex interactions involving 1nﬂammatory path-
ways, mucin gene regulation, oxidative stress, and ion chan-
nel dysfunction. Inflammatory mediators such as interleukin-8
(IL-8), interleukin-1 beta (IL-1f), and tumor necrosis factor-
alpha (TNF-a) upregulate mucin gene expression, particularly
MUCS5AC, and MUCSB, resulting in excessive mucus produc-
tion.’3 Neutrophil elastase also enhances mucus production,
activates cathepsins and matrix metalloproteases, and upregu-
lates IL-8 and leukotriene B4, leading to increased neutrophil
influx, airway obstruction, and tissue damage.** Notably, TRQ
has shown significant potential in modulating these patholog-
ical mechanisms. A clinical study involving 60 bronchiectasis
patients found that TRQ injection significantly reduced NE
levels in the airways, promoted ciliary movement, and reduced
mucus secretion.*’! In airway inflammation models, TRQ injec-
tion has been shown to reduce levels of TNF-a, IL-1f3, IL-6, and
IL-8, thereby mitigating mucus hypersecretion and inflamma-
tory damage, potentially through the MAPK/NF-xB signaling
pathways.’®! In vivo experiments further confirmed that TRQ
significantly inhibits LPS-induced MUCS5AC overproduction
and reduces the expression of TNF-a, IL-6, IL-8, and IL-17A
at both protein and mRNA levels, suggesting that its efficacy
against mucus hypersecretion may be linked to the inhibition of
pro-inflammatory cytokines.!'”! Additionally, TRQ treatment for
24 hours has been shown to significantly reduce mucus hyperse-
cretion and mucus cell hyperplasia by 30.5%.!* High concen-
trations of TRQ accumulate in the respiratory tract, potentially
blocking the secretion process of glands and goblet cells.’”
Furthermore, phenotypic analysis indicated that TRQ treatment
completely inhibited phenazine pyocyanin production and mod-
erately inhibited virulence factors like rhamnolipids, elastase,
and alkaline protease, effectively protecting Caenorhabditis ele-
gans from Pseudomonas aeruginosa lethality.’8! TRQ reduces
the inflammatory burden and the risk of antibiotic resistance,
showing promise in treating P aeruginosa infections.?’!

The primary meta-analysis demonstrated that the TRQ group
outperformed the non-TRQ control group, showing significant
improvements in various clinical parameters. These included
reduced cough and sputum disappearance times, alleviation of
cough and sputum symptoms, shortened lung rale disappearance
time, and enhanced pulmonary function as indicated by FEV1
and FVC. Additionally, TRQ treatment led to improved blood
gas parameters (PaO, and PaCO,) and reductions in inflamma-
tory markers such as “white blood2 cell count, C-reactive protein,
ESR, IL-6, TNF-a, NEUT%, and PCT levels. These findings
suggest that TRQ not only acts as a mucus-modifying agent,
effectively reducing mucus hypersecretion and cough but also
exhibits potent anti-inflammatory effects. TRQ contains various
ingredients with different pharmacologic properties that act on
multiple targets. The main components, such as baicalin, chlo-
rogenic acid, ursodeoxycholic acid, and goose deoxycholic acid,
have anti-inflammatory, antioxidant, enhancing sputum clear-
ance, and immunomodulatory properties./®® By regulating the
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viscoelastic properties of mucus and facilitating sputum expec-
toration, TRQ may fundamentally reduce mucus secretion and
resolve the vicious cycle, thus improving the outcomes of exac-
erbations. Furthermore, a population-based multicenter cohort
study conducted in China, which included 30,322 inpatients
from 90 hospitals, assessed the safety of TRQ. The incidence
of adverse events and adverse drug reactions was found to be
1.4% and 0.3%, respectively. The most common adverse drug
reactions were skin and subcutaneous tissue disorders, all of
which were mild to moderate in severity, except for 1 serious
case of anaphylactic reaction. These results suggest that TRQ is
generally well-tolerated in the broader population.l*!! However,
it is contraindicated in individuals with hypersensitivity to any
of its components.

4.3. Heterogeneity

We adhered strictly to the PICOS (Population, Intervention,
Comparison, Outcome, Study Design) framework during lit-
erature screening to minimize research heterogeneity. Despite
this, considerable heterogeneity persisted. Sensitivity anal-
yses were performed to assess the robustness of our meta-
analysis and to explore potential sources of heterogeneity,
aiming to mitigate false-positive results. The findings con-
firmed that all outcome measures were stable and reliable,
reinforcing the credibility of the research. Notably, heteroge-
neity significantly decreased (I2=0) when 3 specific studies
were excluded. We identified several potential sources of het-
erogeneity: First, none of the studies provided detailed sample
size calculations, and 1 study had a relatively small sample
size (44 cases). Additionally, variations in age across studies
might contribute to heterogeneity. Second, treatment dura-
tion impacted the studies: 1 study had the shortest duration
(4 days), while the others ranged from 7 to 14 days. For acute
exacerbations of bronchiectasis, a treatment duration of less
than 1 week may be insufficient to demonstrate the therapeu-
tic efficacy of TRQ. Further research on the long-term efficacy
of TRQ is needed. Third, the administration methods of TRQ
preparations varied, including nebulization, alveolar lavage,
and intravenous injection, produced by different manufactur-
ers with inconsistent dosages. Even among injectable prepara-
tions, 2 dilution methods were used: glucose water and saline.
The measurement of structural outcomes differed, and the
speed of liquid titration was not clearly specified, potentially
affecting the absorption rate and extent in the body, leading
to uneven bias. Fourth, the severity index of bronchiectasis
varied among the studies, which could influence the reliabil-
ity of the results. These factors may introduce bias in effi-
cacy evaluation, leading to a downgrade in evidence quality
assessed using the GRADE methodology. Consequently, the
conclusions should be considered as providing a reference for
clinical use rather than definitive evidence.

4.4. Limitation

This study has several limitations. First, the inclusion of Chinese
literature may introduce language bias, highlighting the need
for research that includes a broader, more diverse population
beyond just Chinese studies. Second, the quality of the included
literature is relatively poor. Many clinical studies were not pre-
registered, had small sample sizes, and only 11 articles described
specific randomization methods, with only 1 trial mentioning
single blinding. Most trials had an unclear risk of bias, with
none explicitly addressing allocation concealment. Additionally,
the potential impact of patients’ subjective psychological fac-
tors during drug administration could introduce bias, affecting
the objective assessment of the drug’s efficacy and safety. Third,
inconsistencies in the administration methods of TRQ, manufac-
turers, dosages, injection solution configurations, intravenous
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drip rates, treatment durations, and disease stages may result
in heterogeneity bias. Addressing these discrepancies requires
clearer categorization of TRQ and the establishment of more
detailed research guidelines. Standardizing the administration
route and dosage in future studies would help reduce variability
and improve comparability between studies. Finally, inaccurate
reporting in the included studies may have led to publication
bias. This highlights the need for higher-quality clinical research
to provide more reliable clinical evidence for the use of TRQ
injections, enabling the international community to better assess
their safety and efficacy.

5. Conclusion

In conclusion, this study showed that TRQ can significantly
improve sputum production, alleviate cough, enhance pulmo-
nary function, reduce hypoxia, and modulate the inflammatory
microenvironment in patients with bronchiectasis. This suggests
that TRQ is a promising therapeutic option for managing mucus
hypersecretion in bronchiectasis, with potential benefits for a
broader patient population. However, due to the limitations
of this study, multicenter, large-sample, double-blinding design
RCTs are needed to further verify the results.
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