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Background: Chronic heart failure (CHF) is one of the most stubborn cardiovascular
disease. Xinmailong (XML), a bioactive fraction extracted from Periplaneta americana
L., has been commonly used for CHF treatment in China. However, there is few
comprehensive evaluation for the clinical efficacy and safety of XML for CHF.

Objectives: We aimed to evaluate the beneficial and adverse effects of Xinmailong
Injection (XMLI) on CHF treatment with the use of meta-analysis.

Methods: In accordance with the Cochrane Handbook and transparent reporting of
systematic reviews and meta-analysis protocol (CRD42018087091), seven English and
Chinese electronic databases, including PubMed, EMBASE, Cochrane Library, Chinese
National Knowledge Infrastructure (CNKI), Wanfang database, VIP medicine information
system and China Biomedical Literature Database (CBM), were searched to retrieve
potential randomized controlled trials (RCTs) before November 2017. The eligible trials
were evaluated for methodological quality. The main outcome measures were analyzed
with RevMan 5.3 software.

Results: 26 RCTs involving 3447 participants were subjected to meta-analysis.
The total effective rate was improved by XMLI plus conventional therapy (OR 3.10,
95% Cl 2.47-3.90, P < 0.00001). When compared to the conventional treatment
alone, the combination of XMLI and conventional treatment increased left ventricular
gjection fraction (LVEF, MD 4.93, 95% CI 3.96-5.89, P < 0.00001) and 6-min
walking distance (6-MWD, MD 46.76, 95% CI 32.51 to 61.01, P < 0.00001), and
decreased left ventricular end-diastolic diameter (LVEDD, MD —4.73, 95% Cl-5.64
t0—3.83, P < 0.00001), serum brain natriuretic peptide (BNP, MD —149.59, 95%
Cl —211.31 to —87.88, P < 0.00001) and N-terminal pro-brain natriuretic peptide
(NT-proBNP, MD —322.35, 95% Cl| —517.87 to —126.83, P = 0.001). However, the
frequency and severity of adverse effects was similar between these two different
medications. Poor methodological quality and the limitations also existed in this study.
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Conclusions: The combinational use of XMLI on conventional treatment may exert
better therapeutic effects on improving cardiac function in CHF patients, indicating
that XMLI was suggested to be considered during the conventional treatment of CHF.
High-quality and large scale RCTs are still required to confirm the impacts of XMLI.

Keywords: Periplaneta americana L., Xinmailong Injection, chronic heart failure, clinical efficacy and safety,

meta-analysis

INTRODUCTION

Chronic heart failure (CHF) has become one of the most
prevalent cardiovascular disease, affecting about 26 million
people worldwide (Ambrosy et al., 2014). It is the leading cause of
death in China with a growing number of aging population (Qiu
and Wang, 2017). About 0.9% of Chinese population (around
13 billion) are suffering from this disease (Fu et al., 2011). High
health care utilization and poor prognosis remain challenging
features of this complicated and multifaceted syndrome
(Page, 2015).

Although the pathogenesis of CHF has not been fully
clarified, it is widely acknowledged that CHF is caused by
a structural and/or functional cardiac abnormality, leading to
reduced, mid-range and preserved ejection fraction based on left
ventricular ejection fraction (LVEF) (Butler, 2012; Ponikowski
et al, 2016). The patients with hypertension, coronary heart
disease, hyperlipemia, diabetes, and/or myocardial infarction face
high risks of HF (Huang, 2015).

The treatment strategies for patients with CHF are complex
due to the different pathogenesis and complications. All
symptomatic patients with heart failure are recommended
with different treatments as follows: (1) Angiotensin-
converting enzyme inhibitors (ACEIs); (2) Beta-blockers;
(3)  Mineralocorticoid/aldosterone  receptor  antagonists
(MRAs). Diuretics, angiotensin receptor neprilysin inhibitor,
It-channel inhibitor, angiotensin II type I receptor blockers
(ARBs), hydralazine and isosorbide dinitrate, digoxin, n-3
polyunsaturated fatty acids (n-3 PUFAs) are also used to treat
patients with CHF based on individual signs and symptoms
(Yancy et al., 2013; Ponikowski et al., 2016). However, the above
treatments for CHF are not satisfying in terms of low clinical
efficacy and safety.

Cumulative research on CHF treatments has reported the
combination use of western medicine and traditional Chinese
medicines (TCMs) such as Shenmai injection, Wenxin keli,
Xinmailong (Fu et al.,, 2010; Ma et al., 2013; Shi L. et al., 2015;
Wang et al., 2016), which displayed better clinical efficacy and
lower incidence of side effects. Therefore, it is valuable to take
TCMs into account for CHF treatment.

Xinmailong injection (XMLI) is a bioactive fraction extracted
from Periplaneta americana L. (a species of cockroach) (2016).
XMLI has polyhydric alcohols, organic acids, alkaloids and
other micro constituents, with complex nucleobases and binding
amino acids, including inosine, adenosine, pyroglutamic acid
and saccharine, as the active constitutes (Jiao et al., 2011, 2012).
XMLI combined with western medicine can treat CHEF, ischemic

cardiomyopathy and coronary heart failure (Wu and HH, 2015;
Yang X. Q. et al, 2015). In 2006, XMLI was approved by the
China State Food and Drug administration (CFDA) for CHF
treatment. However, there is little comprehensive evaluation for
the clinical efficacy and safety of XMLI for CHF. Therefore, this
meta-analysis aimed to systematically evaluate the therapeutic
effect and safety of XMLI in combination with conventional
therapy for CHF treatment when compared with conventional
therapy alone.

MATERIALS AND METHODS

The present meta-analysis was performed in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta
Analyses (PRISMA) guidelines and Cochrane Handbook, and has
been registered in Preferred Reporting Items for International
Prospective Register of Systematic Reviews (PROSPERO,
CRD42018087091).

Database and Search Strategies

Seven major electronic databases, including PubMed, EMBASE,
Cochrane Library, Chinese National Knowledge Infrastructure
(CNKI), Wanfang database, VIP medicine information system
and China Biomedical Literature Database (CBM), were searched
to retrieve potential reports by three investigators (Xiaohua Lu,
Lu Zhang and Hougqin Zhou) independently, with the last search
conducted on November 2017.

The initial search items were used as follows: “Xinmailong
Injection” [Title/Abstract] or “Xinmailong” [Title/Abstract]
and “heart failure” [Title/Abstract] or “chronic heart
failure” [Title/Abstract] and “randomized controlled trial”
[Title/Abstract].

Inclusion Criteria

Three investigators (Xiaohua Lu, Lu Zhang, and Houqin Zhou)
worked independently and complied with the PICOS: (1) the “P”
for patients diagnosed as CHF based on “2014 Guidelines for the
Diagnosis and Treatment of Heart Failure in China” or “2007
Guidelines for the Diagnosis and Treatment of Chronic Heart
Failure in China” or “American College of Cardiology/American
Heart Association (ACC/AHA) guidelines 2009” or “Treatment
of chronic systolic heart failure 2002” or “Internal Medicine
2008” or “Diagnosis and treatment of cardiomyopathy 2007” or
“2007 Guidelines for the Diagnosis and Treatment of chronic
stable angina pectoris in China” or “2016 ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure”;
(2) the “T” for interventions with the combination use of XMLI
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and conventional therapy (Experimental Group); (3) the “C” for
comparison of the conventional therapy alone (Control Group);
(4) “O” for outcome measures, including the total effective rate,
left ventricular ejection fraction (LVEF), brain natriuretic peptide
(BNP), N-terminal pro-brain natriuretic peptide (NT-Pro BNP),
left ventricular end-diastolic dimension (LVEDD) and 6-min
walking distance (6 MWD) as well as adverse effect. In addition,
the type of studies was randomized controlled trials (RCTs).

Those subjects who underwent the significant relief of
clinical symptoms and signs of CHF and experienced 2-level of
improvement in cardiac function were defined as “remarkable
effect” according to New York Heart Association (NYHA)
grading. Likewise, those subjects who underwent the relief of
clinical symptoms and signs of CHF and experienced 1-level of
improvement in cardiac function were considered to be “valid,
otherwise “invalid.” The number of remarkable effect and valid
cases together was the total effective rate.

Exclusion Criteria

Three investigators (Xiaohua Lu, Lu Zhang, and Houqin Zhou)
worked independently using the following exclusion criteria: (1)
animal studies or non-randomized controlled clinical trials; (2)
publications with incomplete data or the data from an identical
clinical trial; (3) unavailable or incorrect or no relevant data
for meta-analysis; (4) patients with acute heart failure, ischemic
cardiomyopathy, pulmonary heart disease, severe liver, and
kidney diseases; (5) any other TCM or therapies in experimental
or control group during the treatment.

Data Extraction

Three investigators (Xiaohua Lu, Lu Zhang, and Houqin Zhou)
independently conducted literature screening and data extraction
according to the same inclusion and exclusion criteria. The
extracted data included study title, author, year of publication,
sample size, diagnosis standard, methodological information,
treatment process, interventions, outcome measurements,
NYHA classification, and adverse effects. Disagreements were
resolved by discussion through the third party (Yuxue Yang) and
a consensus was reached finally.

Quality Assessment

Based on Cochrane Handbook for Systematic Review of
Interventions, the methodological quality of the included
trials was assessed to address the following seven criteria:
random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assessments
(detection bias), incomplete outcome data (attrition bias),
selective outcome reporting (reporting bias), and other sources
of bias. The risk of bias was categorized as low, unclear, or high.
Trials were categorized as low risk of bias when they met all the
criteria, whereas those that met none were classified as high risk
of bias. Others were unclear risk of bias if there was insufficient
information to make a judgment. Any disagreement was settled
by discussion with the third author (Yuxue Yang).

Data Analysis

RevMan 5.3  software  (http://tech.cochrane.org/revman/
download) from the Cochrane Collaboration was utilized to
perform the meta-analysis. Dichotomous data were expressed
as the Odds ratio (OR) with 95% confidence intervals (95%
CI), whereas continuous variables were expressed as mean
difference (MD) with 95% confidence intervals (95% CI). Pooled
analyses were calculated using fixed-effect models if P > 0.10 and
P> < 50%, indicating low heterogeneity; whereas a random-effect
model was applied in case of significant heterogeneity (P < 0.10
and I* > 50%).

RESULTS

Description of the Included Trials

One thousand two hundred and thirty-two articles were
potentially retrieved after the primary search from the seven
Chinese and English databases. Eight hundred and twenty-five
articles were excluded because of duplicate collections. Two
hundred and ninety-one publications were further excluded
because they were non-clinical studies. Ninety articles were
excluded due to the following reasons: not RCTs or not real RCTs,
without confirmed diagnostic criteria, control group or treatment
group not meet the demand. Finally, 26 RCTs, published from
2010 to 2017, were included as shown in Figure 1 (Zhao et al.,
2010; Yang et al., 2012, 2014; Huang et al., 2013; Lu et al., 2013,
2015; Peng et al,, 2014; Li and Li, 2015; Shi H. R. et al., 2015; Wu,
2015; Xue et al., 2015; Yang M. et al,, 2015; Yuan et al., 2015;
Zhang, 2015; Guo and Ren, 2016; Han and Guo, 2016; Li et al.,
2016; Xu and Xu, 2016; Fan et al., 2017; Quan and Miu, 2017; Qu
etal., 2017; Shen et al., 2017; Si, 2017; Wang, 2017; Ye et al., 2017;
Yu et al.,, 2017).

All these trials were conducted in China and published
in Chinese. A total of 3,447 participants (1,781 cases in the
experimental group, and 1,666 cases in the control group) were
included in these 26 eligible trials. Participants were divided
into experimental (XMLI in combination with conventional
therapy) and control group (conventional therapy) with no
significant difference between these two groups in general
information (Table 1). All the XMLI were from Yunnan Teng yao
Pharmaceutical Co., Ltd.

Methodological Quality

As shown in Figure 2, among these 26 included articles, 6
trials reported that the methodology was used to generate the
allocation sequence, as well as 5 trials for completely random
number table (Guo and Ren, 2016; Quan and Miu, 2017; Si, 2017;
Wang, 2017; Ye et al,, 2017) and 1 trial for randomized complete
block design (Xue et al., 2015); While the rest mentioned random
sequence generation without specific random method. All these
involved trials did not mention the allocation concealment. Two
studies mentioned blinding of participants and personnel and
outcome assessment (Xue et al., 2015; Shen et al., 2017). One
study was published with a high risk with incomplete outcome
(Xue et al,, 2015). All included trials were published with low
risk of selective reporting and without clear statement of other
bias.
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Records excluded (n =291)

- Animal studies (165)
- Traditional reviews (126)

Full-text articles excluded (n = 90)
-Not RCTs or not real RCTs (37)
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-Control group or treatment group
not meet the demand (24)
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FIGURE 1 | Flow diagram of the article selection for this study. RCTs, Randomized controlled trials.

Effects of the Interventions

The Total Effective Rate

A total number of 19 studies involving 2,649 participates
assessed the clinical improvement based on the total effective
rate (Yang et al, 2012; Huang et al., 2013; Li and Li, 2015;
Lu et al, 2015; Wu, 2015; Xue et al, 2015; Yang M. et al,
2015; Yuan et al, 2015; Zhang, 2015; Guo and Ren, 2016;
Han and Guo, 2016; Li et al., 2016; Xu and Xu, 2016; Quan
and Miu, 2017; Qu et al., 2017; Shen et al., 2017; Si, 2017;
Ye et al., 2017; Yu et al., 2017). The fixed-effect model was
performed because of low heterogeneity (P = 0.89, I* = 0%).
As shown in Figure 3, XMLI in combination with conventional
therapy had improved the total effective rate in patients
with CHF vs. conventional therapy alone (OR 3.10, 95% CI
2.47 to 3.90, P < 0.00001). This indicated that XMLI could
significantly increase the clinical efficacy of conventional therapy
for CHF.

Left Ventricular Ejection Fraction (LVEF)

Twenty-two trials in total involving 3,092 patients with CHF
assessed the effect of XMLI plus conventional therapy vs.
conventional therapy alone in boosting LVEF (Zhao et al., 2010;
Yang et al.,, 2012; Huang et al., 2013; Peng et al,, 2014; Li and
Li, 2015; Lu et al., 2015; Shi H. R. et al.,, 2015; Xue et al., 2015;
Yang M. et al., 2015; Zhang, 2015; Guo and Ren, 2016; Han and
Guo, 2016; Li et al.,, 2016; Xu and Xu, 2016; Fan et al., 2017;
Quan and Miu, 2017; Qu et al., 2017; Shen et al., 2017; Si, 2017;
Wang, 2017; Ye et al, 2017; Yu et al., 2017). Random effect
model was conducted due to substantial heterogeneity among
these trials (I> = 86%, P < 0.00001). The result of this meta-
analysis showed that LVEF value in the experimental group was
significantly higher than that of control group (MD 4.93, 95%
CI 3.96 to 5.89, P < 0.00001), which indicated that XMLI could
improve LVEF when compared those in the conventional therapy
for CHF (Figure 4).
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FIGURE 2 | Risk of bias summary.
Experimental Control Odds Ratio Odds Ratio
_Study or Subgroup _ Events Total Events Total Weight M-H. Fixed, 95% Cl M-H. Fixed, 95% ClI
Aigun Li et al. 2016 93 100 87 98  6.9% 1.68 [0.62, 4.53] ]
Bangchan Yu et al. 2017 67 70 54 70 2.6% 6.62 [1.83, 23.90]
Chuansong Wu 2015 24 25 20 25 0.9% 6.00 [0.65, 55.66]
Fang Huang et al. 2013 68 71 39 46 22%  4.07[0.99, 16.64] -
Feng Lu et al. 2015 30 36 26 36  4.9% 1.92[0.61, 6.01] -
Guili Yuan et al. 2015 48 54 25 34  3.8% 2.88[0.92, 9.01] 1 =
Haibin Li et al. 2015 32 35 21 30 2.2% 4.57 [1.11, 18.87] -
Haiyan Zhang et al. 2015 51 59 38 58 5.8% 3.36 [1.34, 8.43] -
Hongyu Qu et al. 2017 106 114 80 106 6.5% 4.31[1.85, 10.01] "
Jing Yang et al. 2012 53 57 40 53 3.3% 4.31[1.31, 14.20] -
Jingui Xue et al. 2015 77 115 58 120 21.1% 2.17 [1.28, 3.67] o
Kefeng Ye et al. 2017 52 63 42 63 8.2% 2.36 [1.03, 5.45] =
Mei Yang et al. 2015 122 128 122 132 6.3% 1.67 [0.59, 4.73] - =
Shengmin Guo et al. 2016 50 52 39 52 1.7%  8.33[1.77,39.12]
Wenyu Shen et al. 2017 55 58 51 58 3.0% 2.52[0.62, 10.26] ] i
Wouxia Quan et al. 2017 40 46 31 48 4.4% 3.66 [1.29, 10.37] -
Xianjun Si et al. 2017 47 51 40 51 3.5%  3.23[0.95, 10.94] 1 -
Yong Xu et al. 2016 72 76 64 76  3.8%  3.38[1.04,10.99]
Yunguo Han et al. 2016 126 136 110 147  8.7% 4.24[2.01, 8.92] -
Total (95% Cl) 1346 1303 100.0% 3.10 [2.47, 3.90] L 2
Total events 1213 987
e iz = - - 2=Qo } : } .
?et(terfogeneltyl.I Cff;l ) 121._18,7d1f P1<8(()I:)00%$9), 12=0% 002 01 1 10 50
est for overall effect: 2= 9.71 ( . ) Favours [control] Favours [experimental
FIGURE 3 | Forest plot of the total effective rate of XMLI plus conventional therapy vs. conventional therapy alone for CHF treatment. 12 and P are the criterion for the
heterogeneity test, ’ pooled odds ratio, ——.—— odds ratio and 95% Cl. XMLI, Xinmailong injection; CHF, chronic heart failure; Cl, confidence interval.

There was substantial heterogeneity among these 26 trials.
Subgroup analysis of treatment course based on LVEF was further
performed to examine whether the length of treatment could
contribute to the heterogeneity. Five trials with 595 patients
were found to treat CHF patients for less than or equal to 7
days (Lu et al., 2015; Shi H. R. et al,, 2015; Xue et al., 2015;
Wang, 2017; Yu et al.,, 2017). Seventeen studies involving 2,497
patients for over 7 days (Zhao et al., 2010; Yang et al., 2012;
Huang et al,, 2013; Peng et al., 2014; Li and Li, 2015; Yang M.
et al., 2015; Zhang, 2015; Guo and Ren, 2016; Han and Guo,

2016; Li et al., 2016; Xu and Xu, 2016; Fan et al., 2017; Quan
and Miu, 2017; Qu et al., 2017; Shen et al., 2017; Si, 2017; Ye
et al.,, 2017). Significant difference was observed between these
two treatment courses (P = 0.01, I = 0%). Long treatment
course (over 7 days) (MD 5.53, 95% CI 4.48 to 6.57, P < 0.00001,
Figure 5) presented higher improvement in LVEF than short
one (no more than 7 days) (MD 2.00, 95% CI—0.62 to 4.61,
P=0.13).

A sensitivity analysis was performed as the LVEF of XMLI
for conventional therapy alone was higher than that of XMLI
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Experimental

Control

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

Aiqun Li et al. 2016 49.7 98 100 433 107 98  4.1%
Bangchan Yu et al. 2017 487 7.2 70 443 3.2 70  5.2%
Fang Huang et al. 2013 423 144 71 36.3 9.9 46 2.7%
Feng Lu et al. 2015 38.02 8.17 36 37.96 832 36 3.2%
Haibin Li et al. 2015 43 5 35 40 5 30 4.5%
Haiyan Zhang et al. 2015 4515 5.15 59 3842 462 58 53%
Hongyu Qu et al. 2017 4966 975 114 4377 718 106 4.7%
Huirong Shi et al. 2015 48.1 10.47 58 475 942 58  3.4%
Jing Yang et al. 2012 49.6 9.3 57 437 2.6 53 4.5%
Jingui Xue et al. 2015 51.669 13.85 112 52.566 14.211 113  3.3%
Kefeng Ye et al. 2017 4512 2.84 63 38.26 3.9 63 5.8%
Mei Yang et al. 2015 462 22 128 436 16 132 6.3%
Quan Fan et al. 2017 453 111 44 382 10.2 34 25%
Shengmin Guo et al. 2016 50.17 1.68 52 4394 267 52 6.1%
Wenyu Shen et al. 2017 50.29 3.02 58 46.19 3.14 58 5.9%
Wuxia Quan et al. 2017 46.02 545 46 3834 513 48  4.9%
Xianjun Si et al. 2017 47.68 8.02 51 4326 7.31 51 4.0%
Xiaojing Peng et al. 2014 552 42 56  49.1 3.6 56 5.6%
Yaxue Wang et al. 2017 42.29 8.6 21 36.19 9.39 21 2.1%
Yong Xu et al. 2016 426 52 76  36.8 3.3 76 5.7%
Yunguo Han et al. 2016 49.3 9.1 136 4341 27 147  55%
Zhiyong Zhao et al. 2010 466 9.7 131 425 84 112 47%
Total (95% Cl) 1574 1518 100.0%

Heterogeneity: Tau? = 3.75; Chi? = 146.00, df = 21 (P < 0.00001); I> = 86%
Test for overall effect: Z = 10.04 (P < 0.00001)

test, ‘ pooled mean difference, ———

FIGURE 4 | Forest plot of the LVEF of XMLI plus conventional therapy vs. conventional therapy alone for CHF treatment. /2 and P are the criterion for the heterogeneity
—— mean difference and 95% CI. XMLI, Xinmailong injection; CHF, chronic heart failure; Cl, confidence interval.
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plus conventional therapy (Xue et al.,, 2015). In parallel with the
above result, LVEF in the experimental group was significantly
higher than that of control group (MD 5.13, 95% CI 4.17 to 6.09,
P < 0.00001).

Brain Natriuretic Peptide (BNP) and
N-Terminal Pro-Brain Natriuretic Peptide
(NT-proBNP)

Nine trials measured the BNP level of patients with CHF between
XMLI plus conventional therapy and conventional therapy alone.
Among these 9 trials, 3 (Yang et al., 2012; Qu et al, 2017; Yu
et al., 2017) and 4 (Zhao et al., 2010; Guo and Ren, 2016; Han
and Guo, 2016; Si, 2017) trials accessed BNP with the unit of
ng/L and pg/mL, respectively, with the rest two adopting the
unit of ng/mL and pg/L (Lu et al,, 2015; Shi H. R. et al,, 2015).
As shown in Figure 6A, there was substantial heterogeneity
(I = 99%, P < 0.00001). Therefore, a random-effects model was
used to pool this meta-analysis. In comparison with conventional
therapy, XMLI plus conventional therapy could significantly
decrease serum BNP in CHF patients (MD — 149.59, 95% CI —
211.31 to — 87.88, P < 0.00001, Figure 6A).

Twelve trials assessed the serum NT-proBNP of CHF
patients, 5 (Huang et al, 2013; Zhang, 2015; Fan et al,
2017; Quan and Miu, 2017; Ye et al, 2017) and 6 (Yang
et al, 2014; Yang M. et al, 2015; Yuan et al, 2015; Li
et al, 2016; Shen et al, 2017; Wang, 2017) of which
measured with the unit of ng/L and pg/mL, respectively,
1 of which adopted ng/mL (Wu, 2015). Random-effects
models were performed because of considerable heterogeneity
(P = 100%, P < 0.00001). The treatment of XMLI plus

conventional therapy could markedly decrease this parameter
in CHF patients when compared with conventional treatment
(MD—322.35, 95% CI —517.87 to —126.83, P = 0.001,
Figure 6B).

Left Ventricular End-Diastolic Dimension

(LVEDD)

Seven studies with 1007 subjects assessed the levels of LVEDD
between the experimental and control group (Peng et al., 2014; Li
and Li, 2015; Yang M. et al.,, 2015; Guo and Ren, 2016; Li et al.,
2016; Xu and Xu, 2016; Shen et al., 2017). There was substantial
heterogeneity among these trials (P = 59 %, P = 0.02).
Meta-analysis was performed using a random-effect model.
XMLI combined with conventional therapy could significantly
reduce LVEDD when compared to conventional treatment
alone (MD — 4.73, 95% CI — 5.64 to — 3.83, P < 0.00001,
Figure 7).

Six-Minutes Walking Distance (6-MWD)
There were 11 studies with 1326 subjects reporting 6-MWD
between XMLI plus conventional therapy vs. conventional
therapy alone. Heterogeneity between these two studies was
considerable (> = 86%, P < 0.00001). Hence, a random-
effect model was used to pool the meta-analysis. XMLI plus
conventional therapy achieved a greater improvement when
compared with conventional therapy (MD 46.76, 95% CI
32.51-61.01, P < 0.00001), which suggested that XMLI was able
to increase the exercise tolerance of conventional therapy for
CHEF treatment (Figure 8).
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Experime|

ntal

Control

ele O UDgroup viear
2.2.1 less than or equal to 7 days
Bangchan Yu et al. 2017 487 7.2 70 443 3.2 70  52%
Feng Lu et al. 2015 38.02 8.17 36 37.96 8.32 36 3.2%
Huirong Shi et al. 2015 48.1 1047 58 475 942 58  3.4%
Jingui Xue et al. 2015 51.669 13.85 112 52.566 14.211 113 3.3%
Yaxue Wang et al. 2017 4229 86 21 36.19 9.39 21 21%
Subtotal (95% CI) 297 298 17.2%
Heterogeneity: Tau? = 5.52; Chi? = 11.59, df = 4 (P = 0.02); I = 65%
Test for overall effect: Z = 1.50 (P = 0.13)
2.2.2 more than 7 days
Aiqun Li et al. 2016 49.7 98 100 433 107 98  4.1%
Fang Huang et al. 2013 423 144 71 36.3 9.9 46  2.7%
Haibin Li et al. 2015 43 5 35 40 5 30 4.5%
Haiyan Zhang et al. 2015 4515 5.15 59 3842 4.62 58 53%
Hongyu Qu et al. 2017 49.66 9.75 114 4377 718 106 4.7%
Jing Yang et al. 2012 49.6 9.3 57 437 2.6 53 4.5%
Kefeng Ye et al. 2017 4512 2.84 63 38.26 3.9 63 58%
Mei Yang et al. 2015 462 22 128 436 16 132 6.3%
Quan Fan et al. 2017 453 111 44 382 102 34 25%
Shengmin Guo et al. 2016 50.17 1.68 52 4394 267 52  6.1%
Wenyu Shen et al. 2017 50.29 3.02 58 46.19 3.14 58  59%
Wuxia Quan et al. 2017 46.02 545 46 3834 513 48  4.9%
Xianjun Si et al. 2017 47.68 8.02 51 4326 7.31 51 4.0%
Xiaojing Peng et al. 2014 562 42 56 491 3.6 56  5.6%
Yong Xu et al. 2016 426 52 76  36.8 3.3 76 57%
Yunguo Han et al. 2016 493 91 136 4341 27 147 55%
Zhiyong Zhao et al. 2010 466 9.7 131 425 84 112  47%
Subtotal (95% CI) 1277 1220 82.8%
Heterogeneity: Tau? = 3.66; Chi? = 128.58, df = 16 (P < 0.00001); I* = 88%
Test for overall effect: Z = 10.35 (P < 0.00001)
Total (95% Cl) 1574 1518 100.0%

Heterogeneity: Tau? = 3.75; Chi? = 146.00, df = 21 (P < 0.00001); I* = 86%

Test for overall effect: Z = 10.04 (P < 0.00001)

Test for subaroup differences: Chi2 = 6.03. df = 1 (P = 0.01). I = 83.4%

FIGURE 5 | Subgroup analysis of treatment course of XMLI plus western conventional treatment vs. western conventional treatment alone based on LVEF. 2 and P

are the criterion for the heterogeneity test, ‘ pooled mean difference, ———B——— mean difference and 95% CI. XMLI, Xinmailong Injection; LVEF, left ventricular
ejection fraction; MD, mean difference; Cl, confidence interval.
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Publication Bias

A funnel plot was used to evaluate the publication bias. A total of
19 trails were involved in the funnel plot of the total effective rate.
No significant asymmetry was observed (Figure 9).

Adverse Events

Eighteen of the included trials investigated the adverse effects
(Zhao et al., 2010; Huang et al., 2013; Lu et al., 2013, 2015; Peng
et al,, 2014; Wu, 2015; Xue et al., 2015; Yang M. et al., 2015; Yuan
etal., 2015; Zhang, 2015; Guo and Ren, 2016; Li et al., 2016; Quan
and Miu, 2017; Qu et al,, 2017; Si, 2017; Wang, 2017; Ye et al.,
2017; Yu et al., 2017). Ten of these studies reported that there
were no adverse events in terms of blood routine, urine routine,
liver function or renal function in both groups (Lu et al., 2013,
2015; Peng et al., 2014; Yuan et al., 2015; Zhang, 2015; Guo and
Ren, 2016; Quan and Miu, 2017; Qu et al., 2017; Si, 2017; Yu et al.,
2017).

As shown in Table 2, the remaining 8 studies involving 1,274
participants (661 and 613 cases for experimental and control
group, respectively) reported adverse effects. As found, XMLI
plus conventional treatment caused cutaneous pruritus (9 cases),
palpitation (6 cases), light-headed (7 cases), headache (2 cases),

hypokalemia (1 case), abnormal liver function (3 cases), major
adverse cardiac event (3 cases), while conventional therapy
induced leukocytosis (1 case), light-headed (1 case), palpitation
(3 cases), dizziness (1 case), light-headed (2 cases), vomiting (1
case), abnormal liver function (2 cases), headache (3 cases), major
adverse cardiac event (9 cases) (Zhao et al., 2010; Huang et al.,
2013; Wu, 2015; Xue et al., 2015; Yang M. et al.,, 2015; Li et al.,
2016; Wang, 2017; Ye et al., 2017). The incidence rate of adverse
effect in the experimental group (4.7%) was slightly higher than
that in control group (3.4%). The types of adverse effect nearly
equaled between these two groups (7 and 8). The symptoms,
such as palpitation, light-headed, headache, and dizziness, were
relieved through rest or slowly dropping. None of these adverse
events were serious and no included trials reported death during
the scheduled treatment.

DISCUSSION

Summary of Evidence

In this review, XMLI in all the included studies were from
Yunnan Teng yao Pharmaceutical Co., Ltd. The dosages of XMLI
were 4/6 mL twice a day or 8 mL per day or 5-10 mg/kg twice
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Experimental Control
yay o ogroup ean d an d eign

Bangchan Yu et al. 2017 3276 711 70 4314 607 70 14.3%
Hongyu Qu et al. 2017 2853 536 114 3515 648 106 14.4%
Jing Yang et al. 2012 3377 736 57 4283 648 53 14.2%
Shengmin Guo etal. 2016 161.44 2858 52 654.1 139.15 52 13.8%
Xianjun Si et al. 2017 33514 29.64 51 4942 3471 51 145%
Yunguo Han et al. 2016 3365 716 136 4194 63.7 147 14.4%
Zhiyong Zhao et al. 2010 2853 464 131 3515 575 112 145%
Total (95% CI) 611 591 100.0%
Heterogeneity: Tau? = 6813.06; Chi? = 521.30, df = 6 (P < 0.00001); I* = 99%

Test for overall effect: Z = 4.75 (P < 0.00001)

Experimental Control

udy or Subgroup an ota ean D a eig
Aiqun Li et al. 2016 287 198 100 3.99 2.55 98 12.1%
Fang Huang et al. 2013 1,594 842 44 2,470 837 34  84%
Guili Yuan et al. 2015 3,328 547 54 3,8241 667.5 34 9.9%
Haiyan Zhang etal. 2015 2,937 892 58 2,331.4 1,095.4 59 8.6%
Haiyang Yang et al. 2014 411 746 49 476.75 80.21 43 12.1%
Kefeng Ye et al. 2017 1,563 401 63 1,775.2 44927 63 11.3%
Mei Yang et al. 2015 1,962 784 128 24268 6642 132 121%
Quan Fan et al. 2017 1,594 842 44 2,470 837 34  84%
Wenyu Shen et al. 2017 635.2 221 58 949.14 254.14 58 11.8%
Wuxia Quan et al. 2017 2,931 1,885 46 3,650.3 1,589.2 48  47%
Yaxue Wang et al. 2017 7,047 3,329 21 9,809.2 4,125.2 21 0.7%
Total (95% CI) 665 624 100.0%

Heterogeneity: Tau? = 82166.50; Chi? = 2784.84, df = 10 (P < 0.00001); I* = 100%
Test for overall effect: Z = 3.23 (P = 0.001)
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a day via intravenous drip. The treatment course varied from 5
to 15 days. The combination of XMLI and conventional therapy
displayed better therapeutic effects than conventional treatment
alone based on the total effective rate, suggesting that XMLI
could improve the clinical efficacy of conventional therapy for
the treatment of CHF. The mechanism could contribute to the
inhibition of the phosphorylation of ERK1/2, AKT, GSK3f, and
protein expression of GATA4 (Qi et al., 2017).

As to left ventricular structure and function, the meta-analysis
demonstrated that additional XMLI therapy was superior to
conventional treatment, evidenced by increase of LVEF and
decrease of LVEDD. In parallel, the combined use of XMLI
and conventional therapy was found to increase 6-MWD, the
indicator of functional capacity. Both BNP and NT-proBNP
levels are good serum markers for evaluating the improvement
of heart failure because there is a good correlation between their
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FIGURE 9 | Funnel plot for the publication bias of total effective rate.

levels and the severity of heart failure (Jourdain et al., 2007;
Oremus et al., 2014). Benefits of XMLI treatment were shown on
the decline of serum BNP and NT-proBNP.

Eighteen out of twenty-six studies (69.2%) reported adverse
events. Our systematic review observed that the incidence rate
of adverse events in the experimental group was a bit higher
than that of control group. XMLI plus conventional treatment
mainly contributed to cutaneous pruritus, palpitation, light-
headed, abnormal liver function and major adverse cardiac event.
Similarly, conventional therapy caused palpitation, abnormal
liver function, headache and major adverse cardiac event. Rest or
slowly dropping was able to relive the symptoms of palpitation,
light-headed, headache and dizziness. No serious adverse event
was observed in these two groups. XMLI seemed generally safe,
but the evidence was too limited to make a decisive conclusion
on safety.

Although there was no significant difference on the adverse
events between XMLI plus conventional treatment and
conventional treatment, additional use of XMLI ameliorated the

TABLE 2 | The incidence rate of adverse effect.

Type The number of adverse effect References
Experimental Control
group group

Cutaneous pruritus 9 0 Huang et al.,
2013; Xue et al.,
2015; Yang M.
etal., 2015

Palpitation 6 3 Yang M. et al.,
2015; Liet al.,
2016; Ye et al.,
2017

Light-headed 7 1 Zhao et al.,
2010; Huang
etal., 2013; Wu,
2015

Headache 2 3 Ye etal.,, 2017

Dizziness 0 1 Yang M. et al.,
2015

Hypokalemia 1 Ye et al., 2017

Abnormal liver function 3 2 Ye et al.,, 2017

Major adverse cardiac 3 9 Wang, 2017

event

Leukocytosis 0 1 Xue et al., 2015,

Vomiting 0 1 Ye et al., 2017

Total event 31/661 21/613 -

Incidence rate 4.7% 3.4% -

clinical efficacy and improvement of left ventricular structure
and function as well as functional capacity. Therapeutic effects
and safety of XMLI remains to be investigated due to a limited
number of trials and poor methodological quality of the included
trials.

Strengths and Limitations
CHE is a global health problem with 26 million people suffering.
Even if diuretics, ACEI, p-blockers, and digitalis are commonly
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recommended for CHF patients by ESC and ACC/AHA
guidelines (Ponikowski et al., 2016; Writing Committee et al.,
2016). It is unsatisfying for the western medicine alone on the
treatment of CHF due to adverse reactions such as arrhythmia,
nausea and impairment of vision caused by digitalis, and dry
cough by ACEI (Vegter and de Jong-van den Berg, 2010; Agarwal
and Amsterdam, 2015). XMLI has been proven to effectively treat
various kinds of failing heart. However, a large number of trials
concerning XMLI were conducted independently. This meta-
analysis was the first study to systematically evaluate the effects
of combined use of XMLI and conventional therapy for CHF
treatment and provided preliminary evidence.

However, there still existed limitations in this meta-analysis as
followed. Firstly, randomization is necessary to avoid selection
bias. Only 6 studies (23.1%) provided specific information on
how the random allocation was generated and 2 trials (7.7%)
mentioned blinding of participants and personnel and outcome
assessment. One article even reported with a high risk in
incomplete outcome. For allocation concealment and other bias,
no trial mentioned, which could induce exaggerated estimation
of therapeutic effect of XMLI plus conventional therapy vs.
conventional therapy alone. Thus, the included trials were
thought to be generally low quality.

Secondly, we comprehensively searched English and Chinese
databases to obtain the eligible articles. All the included studies
(26) were published in Chinese. One trial in English was searched
but excluded due to its data could not combine with other
selected studies (Ma et al., 2013). Thus, the information about
RCTs of XMLI was unclear in other countries or populations.

Thirdly, the included trials used different diagnostic criteria
separately or combinatively for patients with CHF (Table 1).
Participants with CHF also had different indications. Twelve
of twenty-six studies mentioned the different indications, such
as coronary heart disease, dilated cardiomyopathy, hypertensive
heart disease, and rheumatic heart disease (Yang et al., 2012,
2014; Huang et al., 2013; Li and Li, 2015; Lu et al., 2015; Yang
M. et al.,, 2015; Yuan et al., 2015; Guo and Ren, 2016; Han
and Guo, 2016; Fan et al.,, 2017; Quan and Miu, 2017; Wang,
2017). But these CHF patients were not divided into subgroup
of CHF before or after the treatment of XMLI plus conventional
therapy or conventional therapy alone. Only three trials reported
the single indication for CHF patients: coronary atherosclerotic
heart disease (Shi H. R. et al., 2015), dilated cardiomyopathy (Lu
et al., 2013) and coronary heart disease (Shen et al., 2017). It was
unclear for the rest 11 trials in terms of the precision indication
except for CHF.

Fourthly, meta-analysis results may be influenced by the
treatment course. In this review, the courses were 5 (7 studies), 7
(1 studies), 10 (4 studies), 14 (11 studies), and 15 (2 studies) days.
One article reported 7-14 days based on disease severity (Yang M.
et al,, 2015). Continued follow-up after the treatment period was
necessary to investigate the long-term treatment effect. However,
only three studies performed this: one evaluated the clinical effect
after 2 weeks (Lu et al., 2015), one after 6 weeks (Peng et al.,
2014) and one after 1 and 3 months (Wang, 2017). While the

rest assessed immediately after the termination of the treatment
period.

Fifthly, seven outcome measurements, including the total
effective rate, LVEF, BNP, NT-proBNP, LVEDD, 6 MWD, and
adverse effect, were used to evaluate the effect of additional XMLI
on CHF treatment. In fact, other outcome measures, such as
high sensitivity C reactive protein (hsCRP), heart rate (HR),
cardiac troponin I (CTnl), all-cause mortality, hospitalization,
left ventricular end-systolic/diastolic volume, NYHA functional
class, and blood pressure, are good indexes for the assessment of
cardiac function on CHF patients. However, these indexes were
only reported in a limited number of trials, making it nearly
impossible to pool these data.

Sixthly, in the included trials, there was no precise
description of medication in the control group. These trials
just mentioned “conventional treat RCT ment” or “standard
therapy,” which indicated that ACEIs, beta-blockers, MRAs,
diuretics and ARBs could be used in the control group varied
from person to person according to CHF patients’ signs and
symptoms. Precisely, the impacts of which type of western
medicine in combination with XMLI are suggested to investigate
in RCTs.

Lastly, drug safety is essential in the development of
alternative medicines for health care. Eighteen of the included
26 studies investigated adverse events. High-quality and large
scale RCTs, with comprehensive adverse events recorded, are
still needed to evaluate the impact of XMLI treatment on CHF
patients.

CONCLUSION

The treatment of CHF has been a worldwide challenge.
The traditional Chinese medicine XMLI plus conventional
treatment may exert beneficial effects to improve cardiac
function of patients with CHF. XMLI was therefore suggested
to be taken into account during the conventional treatment
of CHF. It is worth noticing the limitations in this review.
The efficacy and safety of XMLI as an adjuvant treatment
for CHF still need methodologically rigorous trials to

verify.
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