Heliyon 10 (2024) e23194

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

Comparative efficacy of five traditional Chinese medicine
injections for treating heart failure with reduced and mildly
reduced ejection fraction: Bayesian network meta-analysis

Yu Zheng ™", Huizhen Zheng *°, Zhihua Guo ”"

2 First Clinical College of Chinese Medicine, Hunan University of Chinese Medicine, Changsha 410007, China
b College of Chinese Medicine, Hunan University of Chinese Medicine, Changsha 410208, China

ARTICLE INFO ABSTRACT
Keywords: Background: More than half of all heart failure (HF) patients have heart failure with reduced
Traditional Chinese medicine injection ejection fraction (HFrEF) or mildly reduced ejection fraction (HFmrEF). The combination of

Heart failure with (mildly) reduced ejection
fraction

Clinical efficacy

Network meta-analysis

Bayesian model

traditional Chinese medicine injections (TCMIs) with Western medicine treatment (WMT) has
been reported to have better efficacy than using WMT alone. However, the positive effects of
TCMIs combined with WMT on HFrEF and HFmrEF require more comprehensive and systematic
evidence and warrant further investigation.

Methods: The NMA searched eight databases, including four English and four Chinese, from
database creation to November 10, 2022. We used the Cochrane Risk of Bias tool (ROB 2) to
assess the selected studies’ quality. OpenBUGS and STATA 17.0 were used for network meta-
analysis.

Results: The 101 RCTs were included in the systematic review. Studies have shown that when
combined with any of the five TCMIs, WMT was more efficient than WMT alone. Shenmai in-
jection (SMI) + WMT may be the best treatment for clinical effectiveness rate (CER) improvement
and b-type natriuretic peptide (BNP) reduction. Huanggi injection (HQI) + WMT was the best
treatment for improving left ventricular ejection fraction (LVEF). Danhong injection (DHI) +
WMT may be the best treatment for lowering left ventricular end-diastolic dimension (LVEDD).
Xinmailong injection (XMLI) + WMT was likely the best treatment for increasing the 6-min
walking test (6MWT). In addition, XMLI had the lowest incidence of adverse reactions (3.38%).
Conclusions: Shenfu injection (SFI), SMI, DHI, XMLI, and HQI combined with WMT have stronger
efficiency in treating HFrEF and HFmrEF. However, as all studies were conducted in China, this
review is limited by the inevitable selection bias, and further high-quality multicenter random-
ized controlled trials (RCTs) are required.

Systematic Review Registration: CRD 42022373012.
1. Introduction

Heart failure (HF) is a clinical illness characterized by signs and/or symptoms caused by structural and/or functional heart defects
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Abbreviations

HF heart failure

HFrEF  heart failure with reduced ejection fraction
HFmrEF heart failure with mildly reduced ejection fraction
CER clinical effectiveness rate

LVEF left ventricular ejection fraction

LVEDD left ventricular end-diastolic dimension

6MWT  6-min walking test

BNP b-type natriuretic peptide

ADRs adverse events

WMT western medicine treatment

SFI shenfu injection

SMI shenmai injection

DHI danhong injection

XMLI xinmailong injection

HQI huangqi injection

TCMIs traditional Chinese medicine injection
RCTs randomized controlled trials

SUCRA surface under the cumulative ranking curve
CI confidence interval

MD mean difference

OR odds ratio

and validated by objective evidence of high natriuretic peptide levels and/or pulmonary or systemic congestion [1]. Due to an aging
population, survival after myocardial infarction, and a significant increase in the survival rate of HF, the prevalence of HF is on the rise.
In developed nations, the prevalence of HF is expected to be between 1% and 2% of the adult population. Similarly, the burden of
healthcare costs associated with HF was increasing, with the total cost estimated at $30.7 billion in 2012 and projected to increase by
127% by 2030 [2]. HF has become the leading cause of hospitalization in adults.

Based on the change in left ventricular ejection fraction (LVEF), HF is categorized into three subtypes: heart failure with preserved
ejection fraction (HFpEF, LVEF >50%), heart failure with reduced ejection fraction (HFrEF, LVEF <40%), and heart failure with
mildly reduced ejection fraction (HFmrEF, LVEF >40%, < 50%) [1]. It is estimated that there are around 64.3 million individuals with
HF in the globe, with roughly 50% having HFrEF and 10%-25% having HFmrEF [3]. HFmrEF and HFrEF have similar clinical
characteristics, including age and sex distribution, blood pressure, myocardial infarction, atrial fibrillation, chronic renal disease,
diabetes, and ischemic heart disease [4-6]. A growing number of studies have demonstrated a high degree of similarity between
HFmrEF and HFrEF, suggesting that HFmrEF is a spectral extension of HFrEF [7].

In addition to co-morbidity, both HFrEF and HFmrEF have similar therapeutic responses to medications. Both HFmrEF and HFrEF
patients have elevated levels of circulating neurohormones. Drugs that target the neurohormonal axis are beneficial for individuals
with both HF categories, but not for patients with HFpEF [8,9]. Extensive registry-based research shows that angiotensin-converting
enzyme inhibitors (ACEI), angiotensin-receptor blockers (ARB), and p-blockers may be effective for individuals with HFmrEF in terms
of treatment response [10,11]. A meta-analysis of 11 trials with 14,262 patients in sinus rhythm revealed that therapy with -blockers
decreased all-cause mortality and cardiovascular mortality in patients with HFrEF or HFmrEF sinus arrhythmias but not in those with
HFpEF [12].

Drug therapy is the cornerstone of HFrEF treatment and is based on the combination of different routes of drug administration.
Over the past 30 years, conventional therapies have improved survival and reduced incidence and hospitalization rates in patients with
HFrEF. Still, they have not achieved the desired results, with a slight improvement in symptoms in patients with HF using Western
medicine treatments (WMTs) alone and the potential for drug tolerance and adverse effects after long-term use [13]. In China,
combining traditional Chinese medicine injections (TCMIs) with WMT has been broadly applied for patients with HF and multiple
RCTs have examined its efficacy [14-16]. Five TCMIs, Shenfu injection (SFI), Shenmai injection (SMI), Danhong injection (DHI),
Xinmailong injection (XMLI), and Huangqi injection (HQI), are commonly used to treat different types of HF. SFI protects the
myocardium, improves hemodynamics, and dilates blood vessels [17]. SMI can eliminate oxygen-derived free radicals and protect
myocardial cells [18]. DHI is abundant in tanshinone and tannic acid, which can reduce myocardial necrosis and regulate inflam-
mation [19]. Astragalus, the active ingredient in HQI, can enhance myocardial contractility [20]. XMLI can increase calcium inward
flow and myocardial contractility [21].

HF as a clinical syndrome covers numerous types, and there are significant differences in epidemiological features and patho-
physiological processes among patients. Since HFmrEF is more like HFrEF than HFpEF in clinical characteristics and therapeutic
responses, their pathophysiology characteristics are hypothesized to be comparable. There have been studies on the efficacy of one or
more TCMIs on HFrEF and HFmrEF [22,23], but the wide variety of TCMIs makes it challenging to consider entirely with only one
study. It is required to complement the existing studies by comparing TCMIs with different efficacy.
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Network meta-analysis (NMA), as opposed to standard meta-analyses of direct comparisons between two therapies, may synthesize
data from direct, indirect, and mixed comparisons [24]. Therefore, this research conducted NMA for five regularly used TCMIs for the
treatment of HF: SFI, SMI, DHI, XMLI, and HQI. The study indirectly assessed the efficacy and safety of five TCMIs using a research
network that included WMT as a common comparison. The five TCMIs were then rated probabilistically according to their degree of
efficacy.

2. Materials and methods
2.1. Literature search

This NMA searched eight databases, which include four English databases, i.e., Pubmed, Embase, Web of Science, and Cochrane
Library, and four Chinese databases, i.e., China Science and Technology Journal Database (VIP), Chinese Biomedical Literature
Database (CBM), Wan-fang Database, and China National Knowledge Infrastructure (CNKI), search time limited to November 10,
2022, since database creation. We also searched for unpublished studies on Clinical Trials.gov. The top search terms used include:
“Heart Failure”, “Shenmai Injection”, “Shenfu injection”, “Xinmailong Injection”, “Huangqi Injection”, “Danhong injection”, and
“Randomized Controlled Trial”. The search strategy has been refined based on database characteristics and Picos principles. The full
search approach is discussed in S2 Supplemental Material.

2.2. Inclusion and exclusion criteria

All the included studies satisfied the following criteria:

Participants: 1) Regardless of gender, ethnicity, nationality, illness duration, or etiology, the diagnostic criteria of Western med-
icine and Chinese medicine should be based on the accepted diagnostic criteria of HF at the time the research is published; 2) The New
York Heart Association (NYHA) patient categorization should range from II to IV: patients with a range of physical activity from mildly
limited to unable to perform any physical action; 3) LVEF <50%; 4) Age >18 years old.

Interventions: 1) In the control group, patients only received WMT, which included diuretics, digitalis preparations, ACEI, ARBs,
B-receptor blockers, SGLT2i, and nitrates. 2) In addition to WMT, patients in the experimental group received one of the five TCMIs
examined in this study.

Outcomes: 1) Outcomes included clinical effectiveness rate (CER), LVEF, left ventricular end-diastolic dimension (LVEDD), 6-min
walking test (6MWT), b-type natriuretic peptide (BNP), Adverse events (ADRs); 2) CER must satisfy the following definitions:
Markedly effective: symptoms and signs disappeared, HF was controlled, and heart function improved >2 levels or recovered to level
1; Effective: symptoms and signs were significantly relieved, and heart function improved 1 level, but less than two levels; Ineffective:
symptoms and signs did not change significantly or worsened, and heart function improved less than 1 level or even deteriorated.

Studies failing to meet inclusion and/or meeting exclusion criteria will be excluded. The criteria for exclusion are listed below.

1) Studies of non-RCTs; 2) Repeatedly published studies; 3) Personal experience summary, purely theoretical research; 4) In the
control group, other traditional Chinese therapies, such as acupuncture and prepared Chinese medicines, were utilized; 5) Too few
cases per group reported (<20 cases per group); 6) Treatment course <7 days; 7) Studies with incorrect or incomplete data; 8) Full
text of the study is not available; 9) Patients with HFrEF or HFmrEF also have other critical disorders, including as shock, respi-
ratory failure, malignant arrhythmia, cancer, severe liver, and renal insufficiency, etc.

2.3. Data extraction and quality evaluation

After using Endnote to eliminate duplicate studies, two researchers manually selected all remaining studies according to inclusion
and exclusion criteria. Using a standardized data extraction form, we extracted information from qualifying studies. Data needed
include:

. Information essential to the study: primary author, nationality, and publishing year.

. Characteristics of the study population at baseline, including sample size, gender mix, mean age, and LVEF range.

. Details of the intervention: type, specifications, dosage, and duration of TCMIs.

. Details of the five outcome indicators.

. Information about the quality evaluation of the article: method of randomization, allocation concealment, and blinding.

a s wN -

The sample sizes and response rates of the control and experiment groups for dichotomous results were extracted from the studies.
For continuous outcomes, the mean, standard deviation, and total number of participants were retrieved.

Two investigators used the Cochrane risk-of-bias instrument for randomized trials (RoB 2) to independently evaluate bias risk in
five domains for the included RCTs. The items assessed by RoB 2 are (I) randomization process: selection bias; (II) deviation from
intended interventions: performance bias; (III) measurement of the outcome: detection bias; (IV) missing outcome data: attrition bias;
(V) selection of the reported result: reporting bias; (VI) overall bias. Based on the scores, each bias was classified into three levels: low
risk (green), some concerns (yellow), or high risk (red). A third researcher resolved any differences of opinion.
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2.4. Statistical analysis

This study is a Bayesian network meta-analysis conducted using Stata (version 17.0) and OpenBUGS (version 3.2.2) for statistical
analysis. In OpenBUGS 3.2.2 software, 50,000 sample iterations with 20,000 annealing and a thinning interval of 1 were produced. The
odds ratio (OR) was utilized as the effect analysis statistic for dichotomous variables. For continuous variables, mean difference (MD)
was used, and each effect was provided as a 95% confidence interval (CI). When the 95% CI of OR did not include one, and the 95% CI
of MD did not contain zero, the differences between the two groups were deemed statistically significant.

Network plots were generated using Stata to represent the mixed effects resulting from direct or indirect comparisons of the
outcome indicators of the included studies. To determine the overall ranking of each treatment, the surface under the cumulative
ranking curve (SUCRA) for each treatment was computed. Assign 100% SUCRA values to the best interventions and 0% SUCRA values
to the worst interventions. For outcomes including more than 15 RCTs, funnel plots were created to assess the possibility of publication
bias. Global I*-statistic and prediction interval plots were used to assess the degree of heterogeneity. Heterogeneity was considered
high when the estimated 12 value exceeded 50%. When there was significant heterogeneity between studies, RCTs with study case
numbers >100 or studies published in 2010 and beyond were selected for sensitivity analysis. In addition, subgroup analyses were
undertaken depending on the TCMI dose, therapy time, and age of participants.

2.5. Evaluation of the evidence

Assessing the quality of evidence for outcomes using the GRADE methodology. Initially, all included RCTs were considered high-
quality evidence recommendations. The following five factors may lead to rating down the rate of evidence: risk of bias (such as
inadequate allocation concealment, lack of blindness), inconsistency (narrow or no overlap in confidence intervals across studies, large
12 values), indirectness (population differences, intervention differences, outcome measure differences), imprecision (small sample
size, too wide confidence interval for effect size estimates), and Publication bias (may exist when funded by the vendor). The quality of
the evidence was ranked as either high (no degradation), moderate (one level downgrade), low (two levels downgrade), or very low

Records identified from:

Pubmed (n=32) Records removed before
Cochrane Library (n=24) _ screening:

Embase (n=86) Duplicate records removed by
Web of science (n=42) —> | Literature management software
ClinicalTrials.gov (n=) (n=1994)

China National Knowledge Infrastructure (n=90)

Wanfang Database (n=1776)

Weipu Journal Database (n=1564)

Chinese Biomedical Literature Database (n=1823)
i Records excluded:

Duplicate records removed by a
human (n=895)
Animal experiment or cell
Reading the title and summary (n=3443) - > experiment (n=135)
Reviews (n=180)
Protocols only (n=8)
Other unrelated topics (n=1056)

Records excluded:
—> Patients was not meet the
inclusion criteria (n=879)
Intervention was not meet the
i inclusion criteria (n=104)
Outcomes was not meet the
inclusion criteria (n=72)
Studies included in the net meta-analysis (n=101) Other unrelated topics (n=13)

Full-text articles assessed for eligibility (n=1169)

[ Included] [Eligibili J [ Screeninj [ Identification ]

Fig. 1. Study selection flowchart.
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(three levels downgrade).
3. Results
3.1. Results of the search

Based on the improved search strategy, 5437 records were initially identified. After removing duplicates, 3443 items were filtered
based on title and abstract, of which 2274 were excluded. The full text of 1169 studies were read through. 101 RCT [14-16,25-122]

were eventually selected for inclusion in the study, and all of these studies have been published. Fig. 1 depicts the selection study’s
flowchart.

3.2. Systematic review and characteristics

Of the 101 RCTs included, 8777 patients were treated with one of the five TCMIs listed in the methods combined with WMT. All
patients were diagnosed with HF and had LVEF < 50%, and Fig. 2(A-E) depicts the comparative linkages between therapies and each
outcome. The primary features of each study included in the analysis are summarized in Table 1. Supplementary Material S4 describes
the details of TCMIs and their traditional efficacy.

3.3. Quality evaluation

Included studies were assessed for literature quality using the RoB 2. The evaluation of the risk of bias for the included studies is
outlined in Fig. 3 and Supplementary Material S5. (I) randomization process: 36 RCTs reported randomized grouping methods, and 33

SFI+WMT SFI+WMT

HQI+WMT

HQI+WMT

DHI+WMT SMI+WMT

E

XMLI+WMT SFI+WMT

HQI+WMT HQI+WMT

WMT

HQI+WMT

WMT

Fig. 2. Network diagrams of comparisons on different outcomes of treatments in different groups of patients with CHD-HF. A clinical effectiveness
rate (CER); B left ventricular ejection fraction (LVEF); C left ventricular end-diastolic dimension (LVEDD); D 6-min walking test (6MWT); E b-type
natriuretic peptide (BNP). Each node represents a type of treatment. The node size is proportional to the total number of patients receiving a
treatment (in brackets). Each line represents a type of head-to-head comparison. The width of the lines is proportional to the number of trials
comparing the connected treatments.
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Table 1
Characteristics of the studies included.
Included Sample Sex Age (mean + Ejection NYHA (E/ Intervention arm(E) Control Duration Outcome
studies size (E/C) (F/M) SD, years) fraction Q) arm(C) (day)
(E/C) (11, 111, IV)
An and xiao, 45/45 54/36 60.12 + 2.5/ <40% NA SMI (100 ml,qd) + WMT 28 [0]6]6]0]6]
2019 [25] 59.97 + 2.23 WMT
Bao and yu, 30/30 32/28 53.6 £ 9.8 <45% 14, 40, 6 SFI (50 ml,qd) + WMT 14 [0]6]6]o)
2011 [26] WMT
Chen and zhou, 30/30 - 53+10 <45% 18, 32, 10 SMI (50 ml,qd) + WMT 14 [0]0]6]0)
2010 [30] WMT
Chen et al., 30/27 42/15 21-75/20-76 <45% 0, 20, 10/ SFI (50 ml,qd) + WMT 14 [0]6]6]6)
2009 [31] 0,18,9 WMT
Chen et al., 50/50 65/35 61 +£11/62 + <40% NA DHI (30 ml,qd) + WMT 10 @G
2017 [29] 12 WMT
Chen, 2010 62/60 65/57 58 +6/57 £ 8 <40% 7,37,18/ DHI (40 ml,qd) + WMT 30 [0]6]6]0]
[27]1 6, 38, 16 WMT
Chen, 2021 43/43 53/33 66.73 + 3.41/ <50% NA SMI (40 ml,qd) + WMT 56 [@]6]0]
[28] 67.20 + 3.52 WMT
Cui et al., 2019 49/49 52/46 59.98 + 9.11/ <40% 11, 22,16/ SMI (60 ml,qd) + WMT 14 [0]8]6]
[32] 61.02 + 7.69 12, 24,13 WMT
Deng and bai, 30/30 32/28 62.5 £ 12.6/ <50% NA SFI (50 ml,qd) + WMT 14 0]
2017 [33] 60.3 £11.2 WMT
Ding, 2013 40/40 31/39 72.94 + 7.58/ <50% 0, 29,11/ SFI (60 ml,qd) + WMT 14 [0]6]6]
[35] 76.43 + 6.80 0, 30, 10 WMT
Ding, 2014 20/20 21/18 67.4 &+ 8.6/68.5 <50% 3,13, 14/ DHI (20 ml,qd) + WMT 14 (0]0]6]0)
[34] +79 4,12, 4 WMT
Dong, 2012 30/30 31/29 59.8 +£10.2/ <40% 10,12, 8/ SFI (50 ml,qd) + WMT 14 [0]©)
[36] 61.7 £ 10.6 11,13, 6 WMT
Gan, 2019 [37] 30/30 34/26 59.3 £ 5.7/59.8 <40% NR HQI (20 ml,qd) + WMT 14 [0]0I6]
+ 5.6 WMT
Guo and Chen, 42/42 - 52.3 (40-74) <40% NR HQI (30 ml,qd) + WMT 10 [0]0]0]
2006 [38] WMT
Han, 2018 [39] 30/30 37/23 57.26 + 6.34/ <40% 18,12, 0/ SFI (40 ml,qd) + WMT 7 0]
57.21 + 6.25 17,13,0 WMT
Hao et al., 23/23 27/19 56 +12/57 + <50% NA XMLI (5 mg/kg, bid) WMT 7 Q@G
2019 [40] 13 + WMT
He et al., 2018 50/50 59/41 60.3 +£12.4 <40% 0, 34, 66 SMI (40 ml,qd) + WMT 7 @®
[41] WMT
He et al., 2020 46/46 55/36 61.13 + 12.98/ <40% 0, 13, 33/ SMI (50 ml,qd) + WMT 7 @6
[42] 60.87 +11.94 0, 15, 31 WMT
He, 2017 [43] 40/40 52/28 56.6 +10.2/ <40% NA SFI (50 ml,qd) + WMT 14 [0]C]6]
56.4 +£10.3 WMT
Hu et al., 2009 31/32 24/39 72.94 + 7.58/ <40% 0, 20,11/ SFI (40 ml,qd) + WMT 7 @]
[44] 76.43 + 6.80 0, 22,10 WMT
Huang et al., 30/30 32/28 66.3 £ 11.2 <40% 0, 18,12/ SFI (60 ml,qd) + WMT 14 @
2012 [45] 0,19,11 WMT
Huang et al., 60/60 65/55 67.36 + 4.07/ <45% 0, 47,13/ SMI (50 ml,qd) + WMT 14 [0]0]6]
2011 [46] 69.27 + 3.96 0, 48, 12 WMT
Huang, 2009 38/38 47/29 68.22 + 5.53 <40% NA SFI (40 ml,qd) + WMT 14 [0]6]6]0]
[47] WMT
Jia, 2011 [48] 21/21 30/12 58 +11/57 + <40% NR DHI (30 ml,qd) + WMT 14 [0]e]e]0)]
11.2 WMT
Jia, 2016 [49] 75/75 67/83 65.8 + 9.1/65.2 <40% 26, 34, 15/ DHI (30 ml,qd) + WMT 42 1@
+9.4 28,36,11  WMT
Jiang, 2021 32/32 41/23 62.08 + 5.03/ <40% 12, 16, 4/ SMI (50 ml,qd) + WMT 14 O®
[50] 61.25 + 5.19 19,10, 3 WMT
Lan and Wei, 30/30 33/27 57.5+9.2 <40% 4, 20, 6/6, SMI (50 ml,qd) + WMT 7 [@]0]0]
2011 [51] 20, 4 WMT
Li and he, 2013 42/42 43/41 51-79 <50% NA DHI (20 ml,qd) + WMT 14 @
[52] WMT
Li and Liu, 50/50 55/45 60.09 + 5.52/ <40% 19, 18,13/ SFI (60 ml,qd) + WMT 14 [0]6]6]o)
2017 [58] 60.23 + 5.61 20, 18,12 WMT
Li et al., 2016 60/60 72/48 61.32 + 8.61/ <50% 18, 31, 11/ SMI (100 ml,qd) + WMT 14 @6
[53] 59.32 + 8.35 20, 30, 10 WMT
Li et al.,, 2022 175/175 145/ 59.64 + 6.12/ <45% 31, 87,57/ XMLI (35 mg/kg, WMT 10 [0]6]6]6]6]
[14] 205 60.15 + 6.03 29, 86, 60 bid) + WMT
Li J.F., 2018 36/36 44/28 77.92 + 9.43/ <40% NA XMLI (5 mg/kg,bid) WMT 14 [0]6]0I6]6]
[54] 77.42 + 9.55 + WMT
Li J.P.et al., 61/61 65/57 56.02 + 4.14/ <45% NA SFI (20 ml,qd) + WMT 14 @6
2020 [55] 55.98 + 3.89 WMT

(continued on next page)
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Included Sample Sex Age (mean + Ejection NYHA (E/ Intervention arm(E) Control Duration Outcome
studies size (E/C) (F/M) SD, years) fraction C) arm(C) (day)
(E/C) (1L, 111, IV)
Lil, 2018 [56] 29/29 35/23  52.0 £1.4/53.0 <40% 5,9, 15/6, SMI (60 ml,qd) + WMT 14 [0]elelo)
+ 1.6 10, 13 WMT
Li, 2013 [57] 68/52 66/54 63.2 £11.3/ <50% 0, 66, 54 SMI (50 ml,qd) + WMT 14 [0]6)
62.1 +10.2 WMT
Li, 2020 [59] 62/62 71/53  69.27 + 8.54/ <40% 27,23,12/  XMLI (5 mg/kg,bid) WMT 14 [0]el6]0]6)
68.71 + 8.29 24, 28,10 + WMT
Lin and Bao, 60/60 70/50  70.49 + 8.42/ <45% 14, 38, 8/ SMI (50 ml,qd) + WMT 14 ®®
2013 [60] 76.06 + 7.96 15, 36, 9 WMT
Lin et al., 2015 30/30 36/24 66.45 + 5.96/ <45% 11,17, 2/ DHI (40 ml,qd) + WMT 14 [0]6]0]6)
[61] 64.25 + 6.29 10,17, 3 WMT
Liu and fu, 62/50 69/43 58 +18/59 + <45% NR HQI (30 ml,qd) + WMT 10 (06
2003 [62] 19 WMT
Liu et al., 2015 60/76 91/45 44.2 £+ 3.7/45.2 <45% NA XMLI (200 mg,bid) WMT 14 @0
[65] +3.5 + WMT
Liu et al., 2017  67/67 68/66  68.98 + 7.45/ <50% NA DHI (40 ml,qd) + WMT 180 [0]6)
[63] 65.17 + 7.32 WMT
Liu et al,, 2018  51/51 NA NA <50% NA SFI (50 ml,qd) + WMT 14 [olele)
[64] WMT
Lv, 2010 [66] 31/30 44/17  41.5+10.2/ <45% 0, 10, 21/ SFI (50 ml,qd) + WMT 14 [0]elele)
40.3 £12.5 0,11,19 WMT
Mao, 2019 26/26 38/14  46.87 £ 5.41 <45% 0, 4, 48 XMLI (5 mg/kg,bid) WMT 10 OeO®
[67] + WMT
Meng and Ma, 49/49 51/47  48.2/48.6 <40% 0, 21, 28/ HOQI (30 ml,qd) + WMT 12 [olelolu)
2008 [68] 0, 23, 26 WMT
Ni and Mao, 84/80 94/70  65.4/64.7 <45% NR SMI (50-100 ml,qd) WMT 7-14 @
2006 [69] + WMT
Pan, 2015 [70]  74/74 95/53  67.3+6.2/67.4  <40% 0, 30, 44/ SFI (60 ml,qd) + WMT 14 OO®G
+5.9 0, 29, 45 WMT
Peng et al., 56/56 62/50 71.1 + 2.8/70 <45% 20, 29,7/ XMLI (200 mg,bid) WMT 14 o®
2014 [71] 2+ 17, 26,13 + WMT
2.6
Qi and qi, 2015 60/60 82/38 63.00(45-85)/ <45% 0, 31, 29/ SFI (60 ml,qd) + WMT 14 [0]e)
[72] 62.70(44-87) 0, 28, 32 WMT
Qi et al,, 2021 44/44 49/39  66.18 + 5.43/ <50% 25, 0,19/ DHI (40 ml,qd) + WMT 60 [olelelo)
[73] 65.73 + 5.45 23,0, 21 WMT
Que and guo, 32/28 37/23 33-75/35-76 <40% 8,21, 3/7, SFI (60 ml,qd) + WMT 14 [0]6)
2003 [74] 19,2 WMT
Ren et al., 30/30 37/23  71.3 £6.8/70.9 <50% 5, 21, 4/6, SFI (50 ml,qd) + WMT 14 [0]6]0]6)
2015 [75] + 6.3 21,3 WMT
Song, 2006 45/42 50/37  62.13 +£12.37/ <40% 11,23,11/  SFI (60 ml,qd) + WMT 15 OO®
[76] 61.90 + 12.52 11, 22,9 WMT
Suetal., 2018 42/41 35/48  61.1 +£10.9/ <40% NA XMLI (200 mg,qd) +  WMT 15 OOe®®
[771 60.2 £11.8 WMT
Su, 2017 [78] 30/30 27/33  55.26 +9.73 <40% 19,11/17, SFI (50 ml,qd) + WMT 14 [olelelele)
13 WMT
Sun, 2014 [80] 38/38 50/26 62.25 + 4.3/ <45% NR SMI (60 ml,qd) + WMT 14 QOO
63.42 + 4.15 WMT
Sun, 2016 [79]  54/54 52/56  68.0 £ 8.9/67.0 <45% NR HQI (40 ml,qd) + WMT 14 @006
+ 8.8 WMT
Tong et al., 56/56 64/48  69.17 +10.19/ <40% 19,20,17/  XMLI (5 mg/kg,bid) WMT 180 OGO
2021 [81] 70.45 + 9.86 23,19, 14 + WMT
Wang and Pan, 32/29 23/38 73.16 + 12.25/ <40% 17, 15, 0/ SFI (20 ml,qd) + WMT 14 [@]©)
2016 [89] 32.35 + 11.09 15,14, 0 WMT
Wang and wu, 40/40 51/29 543 +11.2/ <40% 4, 21,15/ SMI (60 ml,qd) + WMT 14 [o]lelelolo)
2012 [87] 57.6 £12.1 3,23,14 WMT
Wang et al., 26/30 29/27  71.56 + 2.47/ <50% NR SFI (60 ml,qd) + WMT 10 +£2 (010}
2016 [84] 70.23 + 1.56 WMT
Wang et al., 43/43 51/35  67.5+ 6.6/68.2 <50% 8, 24,11/ SFI (50 ml,qd) + WMT 84 OOe®®
2018 [86] + 6.4 11, 23,9 WMT
Wang et al., 50/50 66/34 32+9/31+9 <50% 23,19,8/ SFI (1 ml/kg/d + WMT 14 @6
2011 [83] 21, 23,6 WMT
wang et al., 42/38 49/31 61.8 +£10.3/ <45% 0, 12, 30/ SFI (50 ml,qd) + WMT 10 [0]6]0]6)
2014 [85] 60.8 +9.9 0,21,17 WMT
Wang et al., 30/30 35/25  65.43 +£2.51/ <50% 8,18, 4/9, XMLI (5 mg/kg,bid) WMT 15 @0
2021 [15] 65.51 + 2.13 17,4 + WMT
Wang, 2003 35/31 50/16 60.9 +£11.7/ <45% 0, 26, 9/0, HQI (40 ml,qd) + WMT 14 [0]6)
[88] 60.6 + 10.6 24,7 WMT

(continued on next page)
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Table 1 (continued)

Included Sample Sex Age (mean + Ejection NYHA (E/ Intervention arm(E) Control Duration Outcome
studies size (E/C) (F/M) SD, years) fraction C) arm(C) (day)
(E/C) (1L, 111, IV)

Wang, 2014 30/30 - - <45% NA SMI (100 ml,qd) + WMT 28 [0]elo]e)
[82] WMT

Wu and Chen, 26/26 28/24 39.10 + 17.92/ <45% 0, 14,12/ HQI (30 ml,qd) + WMT 15 [0]6]0)]
2005 [93] 41.20 + 16.81 0, 15,11 WMT

Wu and duan, 33/29 31/31 71.48 £ 5.78/ <40% 6, 27, 0/5, SFI (50 ml,qd) + WMT 14 [0]elel6)
2009 [90] 73.59 + 6.96 24,0 WMT

Wu and Wang, 44/44 49/39  70.4 +£7.2/72.7 <45% 26, 44,18 SFI (100 ml,qd) + WMT 14 [0lelele]
2010 [94] +7.2 WMT

Wu et al., 2011 31/32 24/39 72.94 + 7.58/ <40% 20, 11/22, SFI (40 ml,qd) + WMT 7 [@]©)
[91] 76.43 + 6.80 10 WMT

Wu, 2016 [92] 43/43 52/34 63.2+7.3 <40% 19, 56, 11 SFI (1 ml/kg/d + WMT 14 @06

WMT

Xing and Nie, 22/21 30/13 60.0 £ 15.6 <40% 12, 16, 15 HQI (50 ml,qd) + WMT 14 [0]e]6]
2006 [95] WMT

Xu E.W.et al., 44/44 43/45  66.1 +12.3/ <50% 21, 23,0/ XMLI (5 mg/kg,bid) WMT 7 [0]elelele)
2018 [96] 65.3 £11.6 19, 25,0 + WMT

Xu et al., 2015 25/25 32/18  64.00 + 11.00/ <40% 4,11, 10/ SFI (100 ml,qd) + WMT 7 [olele)
[971 63.00 + 10.00 5,11,9 WMT

Xu et al., 2016 40/40 45/35  75.0 +10.30/ <40% NR SFI (100 ml,qd) + WMT 14 @
[99] 72.0 + 9.60 WMT

Xu et al., 2014 45/40 43/42  70.00 + 11.30/ <40% NA SFI (80 ml,qd) + WMT 10 [0]6]0)
[100] 68.00 + 14.60 WMT

Xus.letal., 30/30 33/27  56.8 + 4.52/ <50% NA SMI (40 ml,qd) + WMT 14 @0
2018 [98] 55.8 + 5.32 WMT

Yang 2016 29/29 37/21 63.22 + 5.41/ <40% 0,11, 18/ SMI (50 ml,qd) + WMT 14 [0]0]u]
[102] 64.25 + 5.44 0,12,17 WMT

Yang and wu, 30/30 42/18  42.50 + 16.81/ <45% 0, 8, 22/0, SFI (60 ml,qd) + WMT 14 [0]e]u)
2009 40.52 + 15.98 12,18 WMT
[103]

Yang et al., 40/40 45/35  58-72/56-70 <40% 0, 31, 9/0, SMI (40-60 ml,qd) WMT 14 @]
2016 34,6 + WMT
[101]

Yao and Lu, 30/30 33/27 53.6 £9.8 <45% 16, 34, 10 SFI (50 ml,qd) + WMT 14 [0]elele)
2010 WMT
[105]

Yaoetal., 2014 45/46 51/40 M: 63.26 + <40% 9, 64,18 XMLI (200 mg,qd) + WMT 7 @60
[104] 5.64; F: 64.71 WMT

+6.78

Yin, 2008 56/30 50/36 68 + 5.4/68.2 <50% NR SFI (40 ml,qd) + WMT 14 [0]6)
[106] +4.3 WMT

Yu et al., 2014 75/72 83/64  35-80 <40% NA SFI (50 ml,qd) + WMT 14 @
[108] WMT

Yu et al., 2015 40/40 38/42 35-75/35-75 <40% 22,10, 8/ SMI (100 ml,qd) + WMT 84 OO
[107] 22,10, 8 WMT

Zhang and Lv, 23/22 26/19  71-88/71-85 <50% NR SFI (40 ml,qd) + WMT 14 [0]6)
2009 WMT
[114]

Zhang and 30/30 35/25  65.4+£7.8/648 <50% 14, 10, 6/ SFI (50 ml,qd) + WMT 14 @0
wen, 2016 + 8.7 15,9, 6 WMT
[115]

Zhang et al., 40/40 44/36  49.9 +13.8/ <45% NR SFI (50 ml,qd) + WMT 14 [0]0I6)]
2014 52.1 £12.6 WMT
[109]

Zhang et al., 110/110 129/ 49.52 + 15.25/ <40% 61, 49/66, SFI (50 ml,qd) + WMT 14 @006
2018 91 48.77 + 13.62 44 WMT
[111]

Zhang et al., 30/30 40/20  76.78 + 6.8/ <50% 18,12, 0/ SMI (60 ml,qd) + WMT 84 [olelelo]
2021 [16] 65.90 + 6.7 15,15, 0 WMT

Zhang, 2015 24/24 35/13 62.0 £ 7.6 <30% NR XMLI (200 mg,qd) + WMT 7 [0]6]0]
[112] WMT

Zhang, 2017 30/32 42/20  56.3 +8.2/57.9  <50% 2,16,12/ SFI (50 ml,qd) + WMT 14 [0]lelelolo)
[110] +10.1 3,17,12 WMT

Zhang, 2018 48/48 38/58  77.1 £7.96/ <40% 0, 35,13/ XMLI (5 mg/kg,bid) WMT 14 [0]elelelo)
[113] 75.98 + 6.73 0, 30, 18 + WMT

Zhao and 51/46 53/44 71.5+8.7 <45% 14, 66, 17 HQI (40 ml,qd) + WMT 14 [0]6le]6)
Zhang, WMT

(continued on next page)
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Table 1 (continued)

Included Sample Sex Age (mean + Ejection NYHA (E/ Intervention arm(E) Control Duration Outcome
studies size (E/C) (F/M) SD, years) fraction C) arm(C) (day)
(E/C) (1L, 111, IV)
2015
[117]
Zhao et al., 30/30 31/29 66 (40-78) <45% 15, 26, 19 XMLI (5 mg/kg-10 WMT 14 (@]
2014 mg/kg,bid) + WMT
[116]
Zhong, 2016 50/50 62/38 64.99 + 9.80/ <50% 22,28,0/ XMLI (5 mg/kg-10 WMT 14 DO®
[118] 63.68 + 9.48 21,29,0 mg/kg,bid) + WMT
Zhou and yan, 69/68 98/39  68.2 4+ 7.4/67.9 <45% 27, 33,9/ DHI (40 ml,qd) + WMT 14 [0]6]0)
2013 + 5.4 24, 34,10 WMT
[119]
Zhu and Ma, 55/50 67/38  55-80/58-80 <45% NR SFI (50 ml,qd) + WMT 15 (010}
2010 WMT
[120]
Zhu, 2009 24/22 20/26  61.7 £13.6 <40% 28,18,0 SFI (50 ml,qd) + WMT 14 @6
[121] WMT
Zhu, 2015 60/60 72/48 60-86 <40% NR DHI (30 ml,qd) + WMT 14 1
[122] WMT

Note: @, clinical effectiveness rate (CER); @, left ventricular ejection fraction (LVEF); ®, left ventricular end-diastolic dimension (LVEDD); ®, 6-min
walking test (6MWT); ®, b-type natriuretic peptide (BNP); ®, Adverse events; @, No adverse events occurred; Abbreviations: C, control group; E,
experimental group; F, female; M, male; I, intervention; NR, not report.; WMT, Western medicine treatment.

of these RCTs [14,15,25,28,32,37,41,42,50,54,55,57-59,63,70,72,73,75,76,78,81,83,85,86,92,96,98-100,109,111,113] used the
simple random number tables, 1 RCT [94] used stratified randomization, 1 RCT [33] used the lottery method, 1 RCT [88] used the
randomized alignment table method; Additionally, 1 RCT [89] did not mention whether randomized groups were used; 1 RCT [44]
grouped according to the order of consultation , 1 RCT [95] grouped according to the order of admission, neither of the above 2 RCTs
was a randomized group. No RCTs reported allocation concealment. Thus, the randomization process for all RCTs is “some concerns”.
(ID)Deviation from intended interventions: 2 RCTs [67,90] reported blinding, and both were trials of single-blind methods, the use of
blinding was not reported in the remaining 99 trials. 3 RCTs [69,77,88] deviated from the intended intervention and may have had an
impact on the outcome and were therefore rated “high risk”, The interventions of the 9 RCTs [14,29,54,59-61,75,76,84] were
consistent with the intended interventions and were therefore rated “low risk”. (IIl)missing outcome data: No RCTs had patients lost to
follow-up. Hence, all included RCTs were rated “low risk” (IV)measurement of the outcome: The use or non-use of blinding of outcome
assessors did not affect the measurement of outcomes in any of the included RCTs, so this item was rated “low risk”. (V)selection of the
reported result: All included RCTs did not have access to pre-designed protocols. Therefore, this item was rated as having “some
concerns”. (VI) overall bias: Included with the studies in this NMA were graded as “some concern".

As percentage (intention-to-treat)
Overall Bias

Selection of the reported result

Measurement of the outcome

Mising outcome data
Deviations from intended interventions I

Randomization process

0 10 20 30 40 50 60 70 8 90 100

M Low risk Some concerns M High risk

Fig. 3. Risk of bias graph.



Y. Zheng et al. Heliyon 10 (2024) e23194

3.4. Network meta-analysis

This NMA’s contribution plot revealed that SFI + WMT vs. WMT had the highest contribution to CER, LVEF, LVEDD, BNP, and
6MWT, at 43.42 %, 39.08 %, 43.90 %, 51.85 %, and 35.48 %, respectively. Diagrams of contributions are presented in Supplemental
Material S6.

3.5. Outcomes

3.5.1. CER

CER was reported by 76 RCTs comprising five TCMIs. All TCMIs used in conjunction with WMT were statistically significantly more
effective than WMT alone. The results are shown below: SFI + WMT vs. WMT (OR = 4.47, 95% CI: 3.47-5.68), SMI + WMT vs WMT
(OR = 4.58, 95% CI: 3.23-6.37), DHI + WMT vs. WMT (OR = 4.36, 95% CI: 2.92-6.43), XMLI + WMT vs. WMT (OR = 3.70, 95% CI:
2.52-5.33), HQI + WMT vs. WMT (OR = 3.55, 95% CIL: 2.06-5.66). Table 3A shows in detail the comparison between the
interventions.

3.5.2. LVEF

87 RCTs comprising five TCMIs recorded LVEF, and all TCMIs paired with WMT were significantly more effective at improving
LVEF than WMT alone. The results are shown below: SFI + WMT vs. WMT (MD = 5.53, 95% CI: 2.57-8.53), SMI + WMT vs. WMT (MD
= 5.91, 95% CI: 2.11-9.70), DHI + WMT vs. WMT (MD = 6.31, 95% CI: 2.94-9.75), XMLI + WMT vs. WMT (MD = 4.65, 95% CI:
1.56-7.72), HQI + WMT vs. WMT (MD = 9.10, 95% CI: 3.77-14.41). Table 3B shows in detail the comparison between the
interventions.

3.5.3. LVEDD

LVEDD was observed in 41 RCTs involving five TCMIs. All TCMIs combined with WMT were statistically different and more
effective in reducing LVEDD than WMT alone. The results are shown below: SFI + WMT vs. WMT (MD = —3.09, 95% CI: —4.41 to
—1.77), SMI + WMT vs. WMT (MD = —4.40, 95% CI: —6.19 to —2.58), DHI + WMT vs. WMT (MD = —6.79, 95% CI: —10.09 to —3.56),
XMLI + WMT vs. WMT (MD = —4.51, 95% CI: —6.22 to —2.80), HQI + WMT vs. WMT (MD = —2.75, 95% CI: —5.91 to 0.38). Table 3C
shows in detail the comparison between the interventions.

3.5.4. 6MWT

31 RCTs involving five TCMIs have reported 6MWT. Compared with WMT alone, the combination of the four (SFI, SMI, DHI, XMLI)
TCMIs with WMT was more effective and statistically significant in improving 6MWT, except for HQI. The results are shown below: SFI
+ WMT (MD = 50.36, 95% CI: 44.40-56.29), SMI + WMT (MD = 58.50, 95% CI: 48.54-68.59), DHI + WMT (MD = 50.83, 95% CI:
38.99-62.81), XMLI + WMT (MD = 156.70, 95% CI: 121.80-210.10). In addition, XMLI had better efficacy than other TCMIs and was
statistically significant [vs. SFI (MD = 106.40, 95% CI: 69.56-161.60), vs. SMI (MD = 98.23, 95% CI: 59.09-155.90), vs. DHI (MD =
105.90, 95% CI: 65.29-164.60), vs. HQI (MD = —146.70, 95% CI: —205.50 to —106.10)]. Table 3D shows in detail the comparison
between the interventions.

3.5.5. BNP

27 RCTs, including five TCMIs, reported BNP. All TCMIs coupled with WMT were statistically significantly more effective in
reducing BNP than WMT alone. The following depicts the outcomes: SFI + WMT vs. WMT (MD = —95.27, 95% CI: —102.80 to
—87.76), SMI + WMT vs. WMT (MD = -118.10, 95% CI: —131.10 to —104.90), DHI + WMT vs. WMT (MD = —120.10, 95% CI:
—189.50 to —50.39), XMLI + WMT vs. WMT (MD = —70.19, 95% CI: —78.61 to —61.71), HQI + WMT vs. WMT (MD = —28.49, 95%
CI: —39.20 to —17.70). Also, SMI was statistically better than SFI, XMLI, and HQI [vs. SFI + WMT (MD = —22.84, 95% CI: —37.93 to
—7.68), vs. XMLI + WMT (MD = 47.92, 95% CI: 32.11-63.56), vs. HQI + WMT (MD = 89.62, 95% CI: 72.71-106.50)]. Some com-
parisons between TCMIs also possess statistical significance, such as SFI vs. XMLI vs. HQI, DHI vs. HQIL, XMLI vs. HQI, and detailed data
are shown in Table 3E.

Table 2
Surface Under the Cumulative Ranking Curve (SUCRA) results of the outcomes.
Interventions CER (%) LVEF (%) LVEDD (%) BNP (%) 6MWT (%)
SFI + WMT 73.4 51.5 36.3 64.9 51.2
SMI + WMT 74.7 57.3 65.3 89.5 75.0
DHI + WMT 66.3 63.1 94.6 83.8 53.8
XMLI + WMT 44.6 38.8 67.7 41.7 100.0
HQI + WMT 41.0 89.2 35.3 20.1 19.0
WMT 0.0 0.1 0.8 0.0 1.0

10
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Table 3

League tables comparing interventions. CER
NOTE: WMT, Western medicine treatment; SFI, Shenfu injection; SMI, Shenmai injection; DHI, Danhong injection; XMLI,
Xinmailong injection; HQI, Huangqi injection. Significant results are in bold. All the TCMIs are based on WMT.

CER

OR (95%Cl)

1.00
[0.51,1.80]
0.85 0.88
[0.42,1.47] [0.50,1.47]
0.80 0.83 0.98
[0.42,1.41] [0.49,1.33] [0.57,1.58]
0.81 0.84 0.99 1.04
[0.44,1.36] [0.53,1.28] [0.60,1.55] [0.679,1.55]
3.55 3.70 4.36 4.58 4.47
[2.06,5.66] [2.52,5.33] [2.92,6.43] [3.23,6.37] [3.47,5.68]
LVEF

MD (95%Cl)

LVEDD

MD (95%Cl)
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6MWT
HQI+WMT MD (95%Cl)
-146.70
[-205.50,-106.10] XMLI+WMT
-40.78 105.90
[-57.85,-23.79] [65.29,164.60] DHI+WMT
-48.45 98.23 -7.67
[-64.11,-32.86] [59.09,155.90] [-23.16,7.65] SMI+WMT
-40.31 106.40 0.47 8.14
[-53.66,-26.83] [69.56,161.60] [-12.77,13.82] [-3.54,19.85] SFI+WMT
10.05 156.70 50.83 58.50 50.36
[-1.98,21.95] [121.80,210.10] [38.99,62.81] [48.54,68.59]  [44.40,56.29] WMT
BNP
HQI+WMT MD (95%Cl)
41.70
[28.01,55.44] XMLI+WMT
91.65 49.95
[20.78,161.70] [-20.38,120.00] DHI+WMT
89.62 47.92 -2.03
[72.71,106.50] [32.11,63.56] [-72.82,69.20] SMI+WMT
66.78 25.08 -24.87 -22.84
[53.75,79.84] [13.90,36.48] [-94.77,45.20] [-37.93,-7.68] SFI+WMT
-28.49 -70.19 -120.10 -118.10 -95.27
[-39.20,-17.70] [-78.61,-61.71] [-189.50,-50.39] [-131.10,-104.90] [-102.80,-87.76] WMT

3.6. Rank probabilities

Fig. 4 depicts the Bayesian ranking characteristics between different therapies, while Table 2 summarizes the detailed ranking
findings.

For CER, SMI + WMT ranked first has the highest probability (Cumulative Probability 74.68%), followed by SFI + WMT (73.43%)
and DHI + WMT (66.25%), whereas WMT alone obtained the worst effect (0.00%) (Fig. 4A and Table 2).

For LVEF, HQI + WMT has the highest probability of ranking first (Cumulative Probability 89.17%), followed by DHI + WMT
(63.05%) and SMI + WMT (57.33%), whereas WMT alone obtained the worst effect (0.11%) (Fig. 4B and Table 2).

For LVEDD, DHI + WMT has the highest probability of being ranked first (Cumulative Probability 94.57%), followed by XMLI +
WMT (67.73%) and SMI + WMT (65.27%), whereas WMT alone obtained the worst effect (0.83%) (Fig. 4C and Table 2).

For 6MWT, XMLI + WMT has the highest probability of ranking first (Cumulative Probability 100.00%), followed by SMI + WMT
(74.97%) and DHI + WMT (53.85%), whereas WMT alone obtained the worst effect (0.98%) (Fig. 4D and Table 2).

For BNP, SMI + WMT ranked first with the highest probability (Cumulative Probability 89.49%), followed by DHI + WMT
(83.82%) and SFI + WMT (64.91%), whereas WMT alone obtained the worst effect (0.00%) (Fig. 4E and Table 2).

3.7. Adverse events
A total of 17 RCTs [14,29,32,41,42,50,54,59,60,75-78,81,86,96,117] mentioned and detailed the adverse events that occurred in
the control and experimental groups during the trial, such as Liver dysfunction, Episodic hypertension, Vomit (Table 4). The ADRs

rates of Shenfu injection, Shenmai injection, Danhong injection, Xinmailong injection, Huangqi injection, and WMT alone were 6.82%,
9.28%, 4.00%, 3.38%, 14.43%, 5.86%, respectively.

12
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Fig. 4. Plots of the Surface Under the Cumulative Ranking Curve (SUCRA) for experimental outcomes. A clinical effectiveness rate (CER); B, left
ventricular ejection fraction (LVEF); C, left ventricular end-diastolic dimension (LVEDD); D, 6-min walking test (6MWT); E, b-type natriuretic

peptide (BNP).

3.8. Heterogeneity, publication bias, and GRADE assessment

The global 2-statistic for CER, LVEF, LVEDD, BNP, and 6MWT were 0.00%, 88.8%, 79.3%, 94.6%, and 90.9%, respectively.
Heterogeneity estimates are detailed in the forest diagram in Supplementary Material S7. The prediction interval plots’ results indicate
a 0%, 33.33%, 26.67%, 26.67%, and 26.67% probability that CER, LVEF, LVEDD, BNP, and 6MWT are affected by heterogeneity,

respectively. Prediction interval charts are provided in Supplementary Material S8.

The RCTs for each of the five outcomes exceeded 15 cases, so publication bias was assessed using funnel plots, with differently
colored points indicating comparisons between the five different TCMIs and WMT. As seen in Fig. 5(A-E), the slopes of all fitted straight
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Table 4

Occurrence of adverse reactions of TCMIs.
Treatments SFI SMI DHI XMLI HQI WMT
No. of studies 4 5 1 6 1 17
Sample size 293 474 100 829 97 1793
Liver dysfunction 0 0 0 0 5 4
Erythra 0 0 3 0 0 0
Nausea 0 8 0 7 0 16
Mouth dryness 0 0 0 1 0 1
Dizziness 1 8 1 0 0 9
Headache 4 4 0 7 9 17
Dry cough 2 0 0 0 0 3
Episodic hypertension 2 2 0 0 0 0
Palpitation 2 0 0 8 0 7
Hypotension 2 8 0 1 0 17
Vomit 0 5 0 0 0 4
Weakness 0 7 0 0 0 9
Ventricular ectopic 0 2 0 0 0 2
Skin itch 0 0 0 3 0 3
Dry mouth 4 0 0 0 0 0
Death from cardiac causes 0 0 0 0 0 2
Arrhythmia 2 0 0 1 0 6
Cardiac insufficiency 1 0 0 0 0 5
Total probability 6.82% 9.28% 4.00% 3.38% 14.43% 5.86%

lines were close to the center line except for BNP (Fig. 5E). They were equally spread out on each side of the midpoint, demonstrating
no significant publication bias for the four categories of CER, LVEF, LVEDD, and 6MWT (Fig. 5A-D). The points of BNP showed
significant asymmetry, indicating that there may be publication bias, or other bias, for this result. The RCTs included in this NMA did
not have closed loops and therefore were not tested for inconsistency.

Using the GRADE methodology, Table 5 provides the evidence grading scale for the five outcomes. The evidence varied from very
low to high quality. The risk of bias was the primary reason the evidence was downgraded, followed by inconsistency and imprecision.
It indicates that the included studies shared deficiencies in experimental design, such as the absence of an elucidation of allocation
concealment and lack of blinding.

3.9. Sensitivity analysis and subgroup analyses

The NMA selected 29 RCTs [14,27,29,41,46,49,53,55,57-60,62-65,69-72,79,81,83,108,111,118-120,122] with case numbers
>100, including 3990 patients/84 RCT [14-16,25-30,32-37,39-43,45,46,48-61,63-67,70-73,75,77-87,89,91,92,94,96-102,104,
105,107-113,115-120,122] published in 2010 and later, including 7636 patients for sensitivity analysis. Confirmed that the benefit of
TCMIs combined with WMT was more effective in all outcomes compared to WMT alone. The NMA also showed that the best in-
terventions for increasing 6MWT and reducing LVEDD, and BNP were: DHI + WMT, XMLI + WMT, and SMI + WMT, respectively,
consistent with the original NMA (see Supplementary Material S9 for sensitivity analyses). In the original NMA, the best TCMI for
improving CER and LVEF were SMI + WMT and HQI + WMT, respectively, while excluding RCTs with cases less than 100, the best
TCMI for CER was SFI + WMT, after excluding RCTs with a year of publication before 2010 the best TCMI for LVEF was XMLI + WMT.
Subgroup analysis showed that in RCTs with low dose TCMIs (<50 ml qd/<30 ml qd/<10 mg/kg.qd), treatment duration less than or
equal to 14 days, patient’s mean age less than 60 years in RCTs, the effectiveness of TCMIs + WMT was more statistically significant in
terms of CER, LVEF, LVEDD, 6MWT, and BNP. However, it is possible that the majority of RCTs being treated for less than or equal to
two weeks may account for this discrepancy. The subgroup analysis findings are reported in Supplemental Material S10.

4. Discussion

This NMA included 101 RCTs with a total of 8777 patients who had HFrEF or HFmrEF. Patients received one of five TCMIs in
addition to conventional treatment. Directly comparing the efficacy of TCMIs + WMT to that of WMT alone, and indirectly comparing
the efficacy of the five TCMIs (SFI, SMI, DHI, XMLI, and HQI), helps determine the optimal combination for improving various out-
comes in the target population. Almost all TCMIs paired with WMT were more effective than WMT alone for CER, LVEF, LVEDD,
6MWT, and BNP in patients with HFrEF and HFmrEF, except for HQI + WMT, which showed no statistically significant difference in
the improvement of LVEDD and 6MWT from WMT alone, perhaps owing to the limited number of HQI RCTs. All 9 RCTs [37,38,62,68,
79,88,93,95,117] on HQI were included in the analysis, 3 [79,95,117] of them reported LVEDD and 1 [68] reported 6MWT.

SMI was ranked first in CER and BNP when the findings of NMA and the results of SUCRA were combined. HQI, DHI, and XMLI were
ranked first in LVEF, LVEDD, and 6MWT, respectively. Utilizing these TCMIs according to the patient’s situation can successfully
alleviate the signs and symptoms of HF. Meanwhile, the quality of evidence evaluation of outcome indicators using the GRADE
approach showed moderate strength of evidence for CER, low strength of evidence for LVEF, LVEDD, and 6MWT, and insufficient
strength of evidence for BNP. This outcome offers us moderate confidence that TCMIs coupled with WMT are more efficacious than
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Fig. 5. Funnel plots of outcomes, A clinical effectiveness rate (CER); B, left ventricular ejection fraction (LVEF); C, left ventricular end-diastolic
dimension (LVEDD); D, 6-min walking test (6MWT); E, b-type natriuretic peptide (BNP).

Table 5

GRADE assessment for the outcomes.

No. of studies (Design)

Quality assessment

Outcome . . . . - . .
Limitations Inconsistency Indirectness Imprecision Publication bias Quality

CER 76 (RCT) Serious Not serious Not serious Not serious Undetected DDDDo
Moderate

LVEF 87 (RCT) Serious Serious Not serious Not serious Undetected HPoo
Low

LVEDD 41 (RCT) Serious Serious Not serious Not serious Undetected SPoo
Low

6MWT 31 (RCT) Serious Serious Not serious Not serious Undetected ®doo
Low

BNP 27 (RCT) Serious Serious Not serious serious Undetected Gooo
Very Low
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WMT alone at enhancing CER in patients with HFrEF and HFmrEF. Additionally, conclusions reached from LVEF, LVEDD, and 6MWT
with poor-quality evidence and BNP with extremely poor-quality evidence should be viewed with caution.

Among all RCTs included in this NMA, a total of 28 RCTs explicitly mentioned the absence of ADRs, 17 RCTs specifically described
the occurrence of ADRs, and 56 RCTs did not mention whether ADRs occurred. The incidence of ADRs was lowest in the case of
Xinmailong injection when compared to other TCMIs. Compared to the WMT group, the incidence of ADRs in the TCMIs group did not
show any statistically significant differences. However, to ensure that physicians have something to refer to when using it clinically,
the investigators should document it in detail and give it attention. Doing the following will reduce the occurrence of ADRs. Firstly, the
drip rate should be strictly controlled according to the drug instructions. Too fast a drip rate may lead to phlebitis, while too slow a drip
rate will result in chemical changes such as hydrolysis, oxidation, and PH value changes in the herbal injection, which may cause
adverse reactions; secondly, for patients with an allergy history, the drip should be slow in the first 15 min, and the patient’s response
should be closely observed; finally, the drug should be selected according to the patient’s symptoms and reasonably combined with
western medicines and pay attention to avoid possible mutual reaction [123].

According to traditional Chinese medicine (TCM), blood stasis is the primary pathophysiology of chronic heart failure (CHF), and it
is a sign of a qi and yang shortage in the heart [124]. By the etiology of CHF, TCM physicians often prescribe Chinese herbs with the
effects of “benefiting Qi, warming Yang, energizing Blood, and encouraging water” [125]. The five TCMIs selected in this study were
derived from these herbs. Shenmai injection is derived from the Chinese herbal soup “shenmai drink” in the ancient Chinese medical
book “Zheng yin mai zhi”, which consists of two herbal medicines, red ginseng, and maitake, and the active substances include
ginsenoside, maitake saponin, and maitake flavonoid. It has the benefit of strengthening the heart and restoring the pulse, promoting
qi, and repairing detoxification [126]. Based on the results of pharmacological studies, Shenmai injection has been demonstrated to
primarily enhance cardiac contractility and conductivity by decreasing cellular Na + -K + -ATPase activity, modifying Na + -K+ and
Na + -Ca2+ exchange, and increasing Ca2+ inward flow. It also reduces the neuroendocrine activity of plasma renin activity,
angiotensin II, aldosterone, endothelin (ET), cardiac natriuretic peptide (ANP), BNP, and TNF-a [127]. The active ingredient in
Huanggqi injection is derived from Huangqi. In Chinese medicine, Huangqi is considered to have the effect of tonifying Qi and raising
Yang. Modern pharmacological studies have shown that polysaccharides, flavonoids, and saponins in Huangqi can lower blood
pressure, prevent myocardial fibrosis, improve the diastolic and systolic functions of the heart, and achieve cardiac strengthening
effects through a two-way regulatory development [128,129]. The active ingredients in Danhong injection are tanshinone, safflower
phenol, and tanshin polyphenolic acid salt, extracted from two Chinese herbs, Danshin and safflower [130]. They have the effect of
activating blood circulation and relieving pain. The results of modern pharmacological studies show that Danhong injection can inhibit
platelet aggregation, promote myocardial blood perfusion, and improve myocardial blood oxygen supply; in addition, Danhong in-
jection can inhibit the synthesis and secretion of angiotensin, prevent the inward flow of Na+, lower blood, reduce the load on the
heart, and improve myocardial tissue remodeling [131]. The ingredient in Xinmailong injection is extracted from an American
cockroach, in traditional Chinese medicine, it is a worm category, with the effects of dispersing stagnation and eliminating stagnation,
detoxifying, and diuretic. Modern pharmacological studies have shown that small-molecule bioactive peptides in American cock-
roaches have effects on enhancing myocardial contraction and inhibiting myocardial remodeling [132].

Most cardiovascular disorders eventually lead to HF, and its yearly survival rate is comparable to cancer [133]. Additionally, HF is
associated with poor life quality and high healthcare costs, it is also the primary reason for hospitalization for those over 65 [2].
Combining Chinese and Western medicine treatments has become a crucial part of the therapy of HF in China, as stated in the “2018
Chinese Heart Failure Diagnostic and Therapy Guidelines”, which explicitly includes TCMIs treatment in the HF treatment protocol.
TCMI is the sterile preparation of herbs that have been extracted and purified for injection into the body in the form of a solution,
emulsion, powder, or concentrated solution, which have the advantages of convenient medication administration, rapid efficacy, and
significant curative effect. In recent years, the combined treatment of WMT with TCMIs for HF has been increasingly reported, and the
research on its mechanism is more extensive and comprehensive, especially in regulating neurological and endocrine levels and
improving ventricular remodeling. TCMIs have shown better advantages in improving patients’ symptoms, improving efficacy, and
reducing side effects associated with traditional Western medicine treatment [134]. However, TCMIs face a relative lack of evidence on
efficacy and safety. The NMA evaluates the effectiveness and safety of five TCMIs to provide some reference and evidence-based
medical evidence to support future clinical use protocols.

Studies have been conducted in the past which include patients with both HFrEF and HFmrEF as subjects [23]. However, the TCMIs
used in these patients were not the same as the five TCMIs selected for this study (SFI, SMI, DHI, XMLI, HQI). Even though a portion of
the TCMIs in both studies were identical, our study increased the number of included RCTs and utilized sensitivity analysis to
strengthen the reliability of the data, employing subgroup analysis to further investigate the impacts of prospective variables on
effectiveness. This research also enhanced the inclusion and exclusion criteria for patients and therapies to decrease variability among
RCTs and enhance the trustworthiness of the findings.

This NMA has various inherent limitations. Firstly, only 33 of the included RCTs specified the randomized grouping method, and
only two reported a blinded approach. Moreover, none reported allocation concealment information, which may increase the risk of
bias and lead to exaggerated efficacy and lower quality of evidence. Secondly, all RCTs were done in China, limiting the findings’
generalization. Furthermore, most RCTs did not report the prognosis of patients, including hospitalization and cardiovascular event
rates. As a result, it was impossible to determine if TCMIs improved patient prognosis. Extreme differences in treatment duration
between RCTs may account for the wide variation in treatment outcomes.
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5. Conclusion

In conclusion, SFI, SMI, DHI, XMLI, and HQI combined with WMT have stronger efficiency in treating HFrEF and HFmrEF.
Meanwhile, among them, SMI with a prominent tonic effect was effective in improving CER and reducing BNP; HQI and DHI with a
tonifying effect and activating blood were effective in improving LVEF and LVEDD; XMLI with tonifying and the diaphoretic effect was
effective in improving 6MWT. However, the evidence strength for CER was moderate, while for the rest it was low or very low. In
addition, there are some limitations in this study. Additional high-quality, multicenter RCTs are required to verify this conclusion and
provide more objective and reliable evidence-based medical support for the therapeutic implementation of TCMI.

Funding statement

The study was funded by the National Natural Science Foundation of China (No. 81673955), the Provincial Key Research and
Development Project of Hunan (No. 2022SK2012), and the Provincial Natural Science Foundation Project of Hunan (No.
2021JJ30495).

Data availability statement
Data included in article/supp. material/referenced in article.
CRediT authorship contribution statement

Yu Zheng: Data curation, Formal analysis, Methodology, Project administration, Software, Writing — original draft, Writing —
review & editing. Huizhen Zheng: Formal analysis, Methodology. Zhihua Guo: Formal analysis, Funding acquisition, Investigation,
Methodology.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e23194.

References

[1] B. Bozkurt, et al., Universal definition and classification of heart failure: a report of the heart failure society of America, heart failure association of the
European society of cardiology, Japanese heart failure society and writing committee of the universal definition of heart failure: endorsed by the Canadian
heart failure society, heart failure association of India, cardiac society of Australia and New Zealand, and Chinese heart failure association, Eur. J. Heart Fail.
23 (3) (2021) 352-380, https://doi.org/10.1002/ejhf.2115.

[2] G. Savarese, et al., Global burden of heart failure: a comprehensive and updated review of epidemiology, Cardiovasc. Res. (2022), https://doi.org/10.1093/

cvr/cvac013.

S.P. Murphy, N.E. Ibrahim, J.L. Januzzi Jr., Heart failure with reduced ejection fraction: a review, JAMA 324 (5) (2020) 488-504, https://doi.org/10.1001/

jama.2020.10262.

O. Chioncel, et al., Epidemiology and one-year outcomes in patients with chronic heart failure and preserved, mid-range and reduced ejection fraction: an

analysis of the ESC Heart Failure Long-Term Registry, Eur. J. Heart Fail. 19 (12) (2017) 1574-1585, https://doi.org/10.1002/ejhf.813.

[5] A.S. Koh, et al., A comprehensive population-based characterization of heart failure with mid-range ejection fraction, Eur. J. Heart Fail. 19 (12) (2017)
1624-1634, https://doi.org/10.1002/ejhf.945.

[6] L.H. Lund, et al., Heart failure with mid-range ejection fraction in CHARM: characteristics, outcomes and effect of candesartan across the entire ejection

fraction spectrum, Eur. J. Heart Fail. 20 (8) (2018) 1230-1239, https://doi.org/10.1002/ejhf.1149.

K.M. Talha, J. Butler, Breakthroughs in the treatment of heart failure with mildly reduced and preserved ejection fraction, Clin. Cardiol. 45 (Suppl 1) (2022)

$31-s39, https://doi.org/10.1002/clc.23846. Suppl 1.

M. Liang, B. Bian, Q. Yang, Characteristics and long-term prognosis of patients with reduced, mid-range, and preserved ejection fraction: a systemic review and

meta-analysis, Clin. Cardiol. 45 (1) (2022) 5-17, https://doi.org/10.1002/clc.23754.

[9] G. Savarese, et al., Heart failure with mid-range or mildly reduced ejection fraction, Nat. Rev. Cardiol. 19 (2) (2022) 100-116, https://doi.org/10.1038/
541569-021-00605-5.

[10] L.H. Lund, et al., Association between use of renin-angiotensin system antagonists and mortality in patients with heart failure and preserved ejection fraction,

JAMA 308 (20) (2012) 2108-2117, https://doi.org/10.1001/jama.2012.14785.
[11] L.H. Lund, et al., Association between use of f-blockers and outcomes in patients with heart failure and preserved ejection fraction, JAMA 312 (19) (2014)
2008-2018, https://doi.org/10.1001/jama.2014.15241.

[12] J.G.F. Cleland, et al., Beta-blockers for heart failure with reduced, mid-range, and preserved ejection fraction: an individual patient-level analysis of double-

blind randomized trials, Eur. Heart J. 39 (1) (2018) 26-35, https://doi.org/10.1093/eurheartj/ehx564.

[13] P. Ponikowski, et al., ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: the Task Force for the diagnosis and treatment of acute

and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the
ESC, Eur. J. Heart Fail. 18 (8) (2016) 891-975, https://doi.org/10.1002/ejhf.592, 2016.

[3

e

[4

=

[7

—

8

—

17


https://doi.org/10.1016/j.heliyon.2023.e23194
https://doi.org/10.1002/ejhf.2115
https://doi.org/10.1093/cvr/cvac013
https://doi.org/10.1093/cvr/cvac013
https://doi.org/10.1001/jama.2020.10262
https://doi.org/10.1001/jama.2020.10262
https://doi.org/10.1002/ejhf.813
https://doi.org/10.1002/ejhf.945
https://doi.org/10.1002/ejhf.1149
https://doi.org/10.1002/clc.23846
https://doi.org/10.1002/clc.23754
https://doi.org/10.1038/s41569-021-00605-5
https://doi.org/10.1038/s41569-021-00605-5
https://doi.org/10.1001/jama.2012.14785
https://doi.org/10.1001/jama.2014.15241
https://doi.org/10.1093/eurheartj/ehx564
https://doi.org/10.1002/ejhf.592

Y. Zheng et al. Heliyon 10 (2024) e23194

[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]

[26]
[27]

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

[38]
[39]

[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]

[48]
[49]

[50]

[51]
[52]

[53]

P.Z. Li, et al., Effect of Xinmailong Injections on heart failure with reduced left ventricular ejection fraction, Northwest Journal of Pharmacy 37 (5) (2022)
106-109.

L.F. Wang, C. Chang, Y.L. Zhao, Analysis of the efficacy of metoprolol combined with Xinmailong in the treatment of chronic heart failure, Harbin
Pharmaceutical 41 (3) (2021) 3-5.

J. Zhang, C.B. Gu, W.S. Zhou, Effects of shenmai injection combined with sakubatril valsartan on cardiac function and blood rheology in patients with heart
failure, Journal of Hubei University of Traditional Chinese Medicine 23 (3) (2021) 34-37.

Y. Wu, et al., Efficacy and safety of Shenfu injection for the treatment of post-acute myocardial infarction heart failure: a systematic review and meta-analysis,
Front. Pharmacol. 13 (2022), 1027131, https://doi.org/10.3389/fphar.2022.1027131.

P. Zhou, et al., In vivo and in vitro protective effects of shengmai injection against doxorubicin-induced cardiotoxicity, Pharm. Biol. 60 (1) (2022) 638-651,
https://doi.org/10.1080,/13880209.2022.2046801.

B. Zhang, et al., Sodium tanshinone IIA sulfonate improves adverse ventricular remodeling post-MI by reducing myocardial necrosis, modulating
inflammation, and promoting angiogenesis, Curr. Pharmaceut. Des. 28 (9) (2022) 751-759, https://doi.org/10.2174/1381612828666211224152440.

K. Wang, et al., Huanggi injection in the treatment of chronic heart failure: a systematic review and meta-analysis, Medicine (Baltim.) 96 (39) (2017), e8167,
https://doi.org/10.1097/md.0000000000008167.

J. Xue, et al., The efficacy and safety of Xinmailong injection in patients with chronic heart failure: a multicenter randomized double-blind placebo-controlled
trial, J. Alternative Compl. Med. 25 (8) (2019) 856-860, https://doi.org/10.1089/acm.2019.0030.

Z. Ge, et al., Systematic evaluation of the efficacy and safety of shenmai injection combined with conventional therapy in the treatment of heart failure with
reduced ejection fraction, Hunan Journal of Traditional Chinese Medicine 38 (6) (2022) 106-112, https://doi.org/10.16808/j.cnki.issn1003-
7705.2022.06.032.

S. Lin, et al., Efficacy and safety of traditional Chinese medicine injections for heart failure with reduced ejection fraction: a bayesian network meta-analysis of
randomized controlled trials, Front. Pharmacol. 12 (2021), 659707, https://doi.org/10.3389/fphar.2021.659707.

A. Cipriani, et al., Conceptual and technical challenges in network meta-analysis, Ann. Intern. Med. 159 (2) (2013) 130-137, https://doi.org/10.7326,/0003-
4819-159-2-201307160-00008.

N. An, L. Xiao, Effect of shenmai injection combined with irbesartan on plasma bnp and cardiac function in patients with chronic heart failure, Journal of
Liaoning University of Traditional Chinese Medicine 21 (4) (2019) 160-163, https://doi.org/10.13194/j.issn.1673-842x.2019.04.043.

G.H. Bao, L.H. Yu, 30 cases of chronic congestive heart failure treated with Shenfu injection, Modern Distance Education in Chinese Medicine 9 (16) (2011) 27.
H.Y. Chen, Clinical observation of Danhong injection in the treatment of chronic heart failure, Guangming Chinese Medicine 25 (11) (2010) 2009-2010,
https://doi.org/10.3969/j.issn.1003-8914.2010.11.033.

J. Chen, Clinical analysis of shenmai injection combined with bisoprolol in the treatment of chronic heart failure, Knowledge of cardiovascular disease
prevention and treatment 11 (6) (2021) 37-39.

J.F. Chen, et al., A controlled study on the treatment of acute heart failure in ischemic cardiomyopathy with Danhong injection, World Chinese Medicine 12 (5)
(2017) 1065-1067.

X.J. Chen, J.H. Zhou, The efficacy of shenmai injection in the treatment of chronic congestive heart failure Chinese, Journal of Practical Medicine 37 (4)
(2010) 84-85, https://doi.org/10.3760/cma.j.issn.1674-4756.2010.04.049.

Z.G. Chen, H.J. Li, S.R. Zhang, Clinical observation on the treatment of dilated cardiomyopathy with Shenfu injection, China Medical Innovation 6 (35) (2009)
3-4.

X.J. Cui, et al., Efficacy of shenmai injection combined with furosemide in the treatment of heart failure and the effects on plasma hcy, NT-proBNP and leptin,
Journal of Integrative Medicine and Cardiovascular Diseases 17 (21) (2019) 3357-3361.

Y.P. Deng, X.J. Bai, Comparison of the efficacy of different doses of Shenfu injection in the treatment of chronic heart failure, Southwest Defense Medicine 27
(5) (2017) 506-508.

H.F. Ding, The efficacy of Danhong injection combined with cyclophosphoglycoside glucosamine in the treatment of chronic heart failure, China Medicine
Guide 12 (24) (2014) 291-292, https://doi.org/10.15912/j.cnki.gocm.2014.24.540.

L. Ding, The efficacy of Shenfu injection in the treatment of chronic systolic heart failure, Clinical Journal of Chinese Medicine 25 (6) (2013) 482-483, https://
doi.org/10.16448/j.cjtcm.2013.06.022.

Y.J. Dong, Efficacy of Shenfu injection combined with western medicine in the treatment of heart failure patients with coronary artery disease and the effect on
BNP, Practical Medicine in China 7 (17) (2012) 138-139, https://doi.org/10.14163/j.cnki.11-5547/r.2012.17.098.

P.Z. Gan, Efficacy of Astragalus injection in the adjuvant treatment of chronic heart failure and its effect on bnp and cal25, China Medical Science 9 (9) (2019)
48-51.

H. Guo, H.W. Chen, 42 cases of chronic congestive heart failure treated with Astragalus injection, Midland Medical Journal (2) (2006) 85-86.

Y.X. Han, Analysis of the effect of applying Shenfu injection in the treatment of heart failure in coronary heart disease, Practical Medicine in China 13 (29)
(2018) 116-118, https://doi.org/10.14163/j.cnki.11-5547/r.2018.29.064.

J. Hao, et al., Effectiveness of cardiac Xinmailong injection in the treatment of chronic heart failure, China Health Standards Management 10 (20) (2019)
96-98.

J.Z. He, et al., Effect of shenmai injection combined with levosimendan in the treatment of severe heart failure, China Rural Medicine 25 (8) (2018) 37-38,
https://doi.org/10.19542/j.cnki.1006-5180.001511.

J.Z. He, et al., Therapeutic effect of shenmai injection combined with milrinone in treatment of refractory heart failure, Chinese Journal of Traditional Chinese
Medicine 38 (1) (2020) 203-206, https://doi.org/10.13193/].issn.1673-7717.2020.01.049.

M.M. He, Effect of Shenfu injection on cardiac function and ventricular remodeling in patients with dilated cardiomyopathy with heart failure, Health Care
Guide (9) (2017) 310, https://doi.org/10.3969/j.issn.1006-6845.2017.09.292.

Y.H. Hu, et al., Influence of Shenfu injection on heart function and bone marrow stem cell mobilization in patients with chronic heart failure of coronary heart
disease, Chinese Journal of Integrated Chinese and Western Medicine 29 (4) (2009) 309-312.

L. Huang, et al., Clinical observation of Shenfu injection in the treatment of severe chronic congestive heart failure, Emergency Chinese Medicine in China 21
(10) (2012) 1571-1572.

S.E. Huang, et al., Effect of shenmai injection on cardiac function and BNP in patients with chronic systolic heart failure, J. Zhejiang Univ. Tradit. Chin. Med.
35 (5) (2011) 718-719, https://doi.org/10.16466/j.issn1005-5509.2011.05.024.

T. Huang, Clinical study of Shenfu injection for the treatment of chronic heart failure in the elderly, Emergency Chinese Medicine in China 18 (8) (2009)
1265-1266, https://doi.org/10.3969/j.issn.1004-745X.2009.08.034.

H.P. Jia, 42 cases of chronic congestive heart failure treated with Danhong injection, Shaanxi Traditional Chinese Medicine 32 (6) (2011) 660-661.

H.Y. Jia, Efficacy of Danhong injection combined with valsartan in the treatment of chronic heart failure, Electronic Journal of Integrative Medicine and
Cardiovascular Diseases 4 (19) (2016) 175+178, https://doi.org/10.16282/j.cnki.cn11-9336/1r.2016.19.126.

C.A. Jiang, Analysis of the effect of shenmai injection combined with furosemide in patients with heart failure, The Great Physician 6 (5) (2021) 49-51.
Retrieved from, http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/
ChlQZXJpb2RpY2FsQOhJTmV3UzIwMjMwMTAzEg1keXNoMjAyMTA1MDIxGgh4cGd6ZXRpcA%3D%3D.

Z.D. Lan, H.Q. Wei, Clinical observation on the treatment of chronic congestive heart failure with shenmai injection Chinese community physicians, Medical
Specialties) 13 (21) (2011) 177-178.

H.R. Li, Q.F. He, Clinical efficacy of Danhong injection in the treatment of chronic heart failure (CHF), Medical Information (7) (2013), https://doi.org/
10.3969/j.issn.1006-1959.2013.07.186, 189-189.

J. Li, L. Wang, S. Tan, Effect of Shen Mai injection on left ventricular pump function in 60 patients with coronary heart disease and heart failure, China
Community Physicians 32 (28) (2016) 95-96. Retrieved from, https://kns.cnki.net/kems/detail/11.5189.r.20161013.1628.114.html.

18


http://refhub.elsevier.com/S2405-8440(23)10402-6/sref14
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref14
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref15
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref15
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref16
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref16
https://doi.org/10.3389/fphar.2022.1027131
https://doi.org/10.1080/13880209.2022.2046801
https://doi.org/10.2174/1381612828666211224152440
https://doi.org/10.1097/md.0000000000008167
https://doi.org/10.1089/acm.2019.0030
https://doi.org/10.16808/j.cnki.issn1003-7705.2022.06.032
https://doi.org/10.16808/j.cnki.issn1003-7705.2022.06.032
https://doi.org/10.3389/fphar.2021.659707
https://doi.org/10.7326/0003-4819-159-2-201307160-00008
https://doi.org/10.7326/0003-4819-159-2-201307160-00008
https://doi.org/10.13194/j.issn.1673-842x.2019.04.043
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref26
https://doi.org/10.3969/j.issn.1003-8914.2010.11.033
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref28
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref28
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref29
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref29
https://doi.org/10.3760/cma.j.issn.1674-4756.2010.04.049
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref31
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref31
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref32
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref32
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref33
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref33
https://doi.org/10.15912/j.cnki.gocm.2014.24.540
https://doi.org/10.16448/j.cjtcm.2013.06.022
https://doi.org/10.16448/j.cjtcm.2013.06.022
https://doi.org/10.14163/j.cnki.11-5547/r.2012.17.098
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref37
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref37
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref38
https://doi.org/10.14163/j.cnki.11-5547/r.2018.29.064
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref40
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref40
https://doi.org/10.19542/j.cnki.1006-5180.001511
https://doi.org/10.13193/j.issn.1673-7717.2020.01.049
https://doi.org/10.3969/j.issn.1006-6845.2017.09.292
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref44
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref44
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref45
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref45
https://doi.org/10.16466/j.issn1005-5509.2011.05.024
https://doi.org/10.3969/j.issn.1004-745X.2009.08.034
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref48
https://doi.org/10.16282/j.cnki.cn11-9336/r.2016.19.126
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEg1keXNoMjAyMTA1MDIxGgh4cGd6ZXRpcA%3D%3D
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEg1keXNoMjAyMTA1MDIxGgh4cGd6ZXRpcA%3D%3D
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref51
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref51
https://doi.org/10.3969/j.issn.1006-1959.2013.07.186
https://doi.org/10.3969/j.issn.1006-1959.2013.07.186
https://kns.cnki.net/kcms/detail/11.5189.r.20161013.1628.114.html

Y. Zheng et al. Heliyon 10 (2024) e23194

[54]
[55]
[56]

[57]

[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]
[66]
[67]
[68]

[69]
[70]

[71]
[72]
[73]

[74]
[75]

[76]
[77]

[78]
[79]

[80]
[81]

[82]
[83]
[84]
[85]

[86]

[87]
[88]
[89]
[90]
[91]
[92]

[93]

J.F. Li, Effect of cardiac Xinmailong injection on serum cystatin C and cardiac function in elderly patients with chronic heart failure, Journal of Integrative
Medicine and Cardiovascular Diseases 16 (24) (2018) 3651-3653.

J.P. Li, J.L. Liu, Y. He, Effects of Shenfu Injection combined with creatine phosphate sodium on cardiac function, heart rate variability, and serum BNP in
patients with dilated cardiomyopathy and heart failure, Drug Evaluation Studies 43 (4) (2020) 716-719.

L. Li, Clinical efficacy of shenmai injection combined with trimetazidine in the treatment of dilated cardiomyopathy with heart failure, Journal of Clinical
Rational Drug Use 11 (36) (2018) 7-8+10, https://doi.org/10.15887/j.cnki.13-1389/r.2018.36.004.

Q.Z. Li, Effect of shenmai injection on the efficacy and N-terminal brain natriuretic peptide in patients with heart failure, Journal of Xuzhou Medical College 33
(12) (2013) 836-837. Retrieved from, http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/
ChlQZXJpb2RpY2FsQOhJTmV3UzIwMjMwMTAzEhB4enl4eXhiMjAxMzEyMDEOGgh4cGd6ZXRpcA%3D%3D.

S.G. Li, L.M. Liu, The clinical study of Shenfu injection combined with levocarnitine on the treatment of chronic heart failure, Journal of Clinical Military
Medicine 45 (10) (2017) 1010-1013, https://doi.org/10.16680/j.1671-3826.2017.10.06.

X. Li, Clinical observation on Xinmailong injection combined with nicorandil in treatment of elderly chronic heart failure with reduced ejection fraction,
Modern Drugs and Clinical 35 (5) (2020) 938-941.

L. Lin, J.L. Bao, Clinical efficacy of shenmai injection in the treatment of heart failure in the elderly and the effect on plasma BNP levels, China Medical
Innovation 10 (20) (2013) 43-44.

T. Lin, et al., The efficacy of Danhong injection in the treatment of chronic congestive heart failure, Modern Journal of Integrated Chinese and Western
Medicine 24 (28) (2015) 3147-3149.

F. Liu, L.H. Fu, Astragalus injection for congestive heart failure, Clinical Collection 18 (11) (2003), https://doi.org/10.3969/j.issn.1004-583X.2003.11.024,
639-639.

N. Liu, et al., Effect of ACEI combined with Danhong injection on chronic heart failure combined with arrhythmias, Journal of Integrative Medicine and
Cardiovascular Diseases 15 (3) (2017) 338-340.

Q. Liu, Z.W. Wang, S.W. Song, Effect of Shenfu injection on peripheral blood CD4+CD25+CD127 regulatory T cells in patients with chronic heart failure,
Modern Drug Applications in China 12 (6) (2018) 126-127, https://doi.org/10.14164/j.cnki.cn11-5581/1.2018.06.074.

W.Q. Liu, et al., Effect of Xinmailong injection on brain natriuretic peptide precursors and high-sensitivity C-reactive protein in patients with dilated heart
disease, Contemporary Medicine 21 (18) (2015) 134-135.

G. Lv, Analysis of the efficacy of Shenfu injection in treating 31 cases of dilated cardiomyopathy, Practical Medicine in China 5 (20) (2010) 175-176, https://
doi.org/10.14163/j.cnki.11-5547/r.2010.20.024.

H.Y. Mao, Clinical efficacy of Xinmailong injection in the treatment of heart failure patients with dilated cardiomyopathy, Journal of Integrative Medicine and
Cardiovascular Diseases 17 (19) (2019) 2996-2997.

H.H. Meng, M.J. Ma, Observation of the therapeutic effect of Astragalus injection on chronic congestive heart failure, Clinical Journal of Chinese Medicine (1)
(2008) 40-41, https://doi.org/10.16448/j.cjtcm.2008.01.037.

H.T. Ni, J.H. Mao, 84 cases of heart failure treated with shenmai injection, Journal of Integrative Medicine and Cardiovascular Diseases (10) (2006) 902-903.
L.H. Pan, The efficacy of Shenfu injection in the treatment of elderly patients with chronic heart failure, China Disability Medicine (2) (2015) 150-151,
https://doi.org/10.13214/j.cnki.cjotadm.2015.02.111.

X.J. Peng, M.H. Li, Y.E. Zhang, The effect of Xinmailong injection on elderly patients with chronic heart failure, Journal of Integrative Medicine and
Cardiovascular Diseases 12 (11) (2014) 1401-1402.

C.H. Qi, L. Qi, Clinical observation on the treatment of dilated cardiomyopathy with intractable heart failure with Shenfu injection emergency Chinese
medicine in China 24 (6) (2015) 1096-1098.

W. Qi, W. Peng, C.L. Xiao, Effects of enalapril combined with Danhong injection on cardiac function and safety in patients with chronic heart failure
complicated with arrhythmia, China Medical Innovation 18 (32) (2021) 43-47.

H.X. Que, J.H. Guo, Clinical efficacy of Shenfu injection on dilated cardiomyopathy, Fujian Medicine Magazine (2) (2003) 125-126.

Q. Ren, Q. Wang, P. Lin, The efficacy of Shenfu injection in supplementing the treatment of chronic heart failure in the elderly with deficiency of heart energy
and yang, Zhejiang Journal of Integrated Traditional Chinese and Western Medicine 25 (4) (2015) 350-352.

S.Q. Song, et al., The efficacy of Shenfu injection in the treatment of chronic systolic heart failure, Sichuan Traditional Chinese Medicine (8) (2006) 42-43.
W.H. Su, et al., Study on the efficacy of Xinmailong injection in the treatment of intractable heart failure, Chinese Journal of Heart Failure and
Cardiomyopathy (1) (2018) 22-23, 24-25.

Z.Q. Su, Clinical effect analysis of sodium creatine phosphate combined with Shenfu injection in the treatment of cardiac insufficiency in dilated
cardiomyopathy, Northern Pharmacy 14 (7) (2017) 70-71.

J.J. Sun, Clinical study on the treatment of chronic heart failure with Astragalus injection, New Chinese Medicine 48 (2) (2016) 28-30, https://doi.org/
10.13457/j.cnki.jncm.2016.02.012.

L.J. Sun, Clinical analysis of shenmai injection as adjunctive treatment for chronic heart failure, Asia-Pacific Traditional Medicine 10 (17) (2014) 108-109.
F. Tong, et al., Clinical effects and safety of Xinmailong injection in the treatment of elderly patients with chronic heart failure, Chinese Journal of Evidence-
Based Cardiovascular Medicine 13 (6) (2021) 726-729+741.

A.C. Wang, Clinical Study of Shenmai Injection in the Treatment of Dilated Cardiomyopathy Heart Failure with Qi and Yin Deficiency. (Master), Shandong University
of Traditional Chinese Medicine, 2014.

C.K. Wang, et al., Effect of Shenfu injection in the treatment of heart failure in dilated cardiomyopathy, Heart Magazine 23 (5) (2011) 703-704, https://doi.
org/10.13191/j.chj.2011.05.149.wangchk.003.

H. Wang, et al., Effect of Shenfu injection on immune function in patients with coronary heart disease chronic heart failure with heart-kidney yang deficiency
evidence, Journal of Integrative Medicine and Cardiovascular Diseases 14 (13) (2016) 1441-1445.

L. Wang, et al., Clinical efficacy analysis of Shenfu injection in the treatment of patients with dilated cardiomyopathy combined with chronic systolic heart
failure, Chinese Journal of Traditional Chinese Medicine 29 (10) (2014) 3348-3350.

P. Wang, Q. Wang, D.B. Li, Analysis of the efficacy and safety of Shenfu injection combined with western medicine in the treatment of chronic heart failure,
Zhejiang Clinical Medicine 20 (6) (2018) 1079-1080, 1083. Retrieved from, http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical /
ChlQZXJpb2RpY2FsQOhJTmV3UzIwMjMwMTAzEg96amxjeXgyMDE4MDYwMzgaCDJyZzZxNGJr.

X.L. Wang, L. Wu, The efficacy of shenmai injection in the treatment of heart failure in dilated cardiomyopathy, Journal of Integrative Medicine and
Cardiovascular Diseases 10 (9) (2012) 1041-1042.

X.N. Wang, Combined Metoprolol and Huangqi Injection to treating 35 cases of heart failure from ischemic heart disease, Hunan Chinese Medicine Herald (5)
(2003) 15-17, https://doi.org/10.13862/j.cnki.cn43-1446,/1.2003.05.009.

Y.P. Wang, Y.B. Pan, Effect of Shenfu injection on serum CA125 and troponin I levels in patients with chronic congestive heart failure, Chinese Journal of
Biochemical Drugs 36 (2) (2016) 130-132.

H.J. Wu, S.W. Duan, Clinical study on the treatment of heart failure in coronary heart disease with Shenfu injection, Journal of Integrative Medicine and
Cardiovascular Diseases 7 (5) (2009) 505-507.

H.Q. Wu, et al., Effect of Shenfu injection on cardiac function and plasma NT-proBNP in chronic heart failure, Emergency Chinese Medicine in China 20 (8)
(2011) 1207-1208.

S.X. Wu, Effects of Shenfu injection on cardiac function and brain natriuretic peptide levels in patients with chronic congestive heart failure, Clinical Research
in Chinese Medicine 8 (17) (2016) 23-24.

X.H. Wu, K.W. Chen, Efficacy of Huangqi injection in the treatment of dilated cardiomyopathy heart failure in 26 cases, Yunnan Journal of Traditional Chinese
Medicine (1) (2005) 13, https://doi.org/10.16254/j.cnki.53-1120/1.2005.01.013.

19


http://refhub.elsevier.com/S2405-8440(23)10402-6/sref54
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref54
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref55
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref55
https://doi.org/10.15887/j.cnki.13-1389/r.2018.36.004
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEhB4enl4eXhiMjAxMzEyMDE0Ggh4cGd6ZXRpcA%3D%3D
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEhB4enl4eXhiMjAxMzEyMDE0Ggh4cGd6ZXRpcA%3D%3D
https://doi.org/10.16680/j.1671-3826.2017.10.06
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref59
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref59
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref60
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref60
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref61
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref61
https://doi.org/10.3969/j.issn.1004-583X.2003.11.024
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref63
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref63
https://doi.org/10.14164/j.cnki.cn11-5581/r.2018.06.074
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref65
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref65
https://doi.org/10.14163/j.cnki.11-5547/r.2010.20.024
https://doi.org/10.14163/j.cnki.11-5547/r.2010.20.024
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref67
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref67
https://doi.org/10.16448/j.cjtcm.2008.01.037
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref69
https://doi.org/10.13214/j.cnki.cjotadm.2015.02.111
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref71
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref71
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref72
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref72
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref73
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref73
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref74
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref75
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref75
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref76
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref77
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref77
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref78
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref78
https://doi.org/10.13457/j.cnki.jncm.2016.02.012
https://doi.org/10.13457/j.cnki.jncm.2016.02.012
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref80
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref81
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref81
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref82
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref82
https://doi.org/10.13191/j.chj.2011.05.149.wangchk.003
https://doi.org/10.13191/j.chj.2011.05.149.wangchk.003
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref84
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref84
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref85
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref85
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEg96amxjeXgyMDE4MDYwMzgaCDJyZzZxNGJr
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEg96amxjeXgyMDE4MDYwMzgaCDJyZzZxNGJr
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref87
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref87
https://doi.org/10.13862/j.cnki.cn43-1446/r.2003.05.009
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref89
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref89
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref90
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref90
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref91
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref91
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref92
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref92
https://doi.org/10.16254/j.cnki.53-1120/r.2005.01.013

Y. Zheng et al. Heliyon 10 (2024) e23194

[94]
[95]
[96]

[97]
[98]

[99]
[100]
[101]

[102]
[103]

[104]
[105]
[106]
[107]
[108]
[109]

[110]
[111]

[112]

[113]
[114]
[115]
[116]
[117]

[118]

[119]

[120]
[121]

[122]
[123]
[124]
[125]
[126]
[127]
[128]
[129]

[130]

[131]

Y.B. Wu, C.J. Wang, The efficacy of Shenfu injection in the treatment of congestive heart failure in the elderly, Chinese Healing Medicine 19 (12) (2010)
1128-1130, https://doi.org/10.13517/j.cnki.ccm.2010.12.015.

G.P. Xing, X.M. Nie, Effect of Astragalus Injection on Hemodynamics in Patients with Congestive Heart Failure, Pharmaceutical Industry Information, 2006,
pp. 67-68, 11.

E.W. Xu, et al., Clinical study on the treatment of chronic congestive heart failure with Xinmailong injection combined with milrinone, Modern Drugs and
Clinical 33 (9) (2018) 2276-2280.

L.L. Xu, et al., Effect of Shenfu injection on NT-proBNP and quality of life in chronic heart failure emergency Chinese medicine in China 24 (5) (2015) 918-920.
S.L. Xu, J.Y. Yang, H.L. Guo, Clinical study on the treatment of chronic heart failure with qi and yin deficiency by the method of benefiting qi and nourishing
yin, Chin. J. Coal Ind. Med. 21 (4) (2018) 425-428.

W.J. Xu, et al., Clinical observation of Shenfu injection combined with levosimendan in the treatment of chronic intractable heart failure in the elderly,
Emergency Chinese Medicine in China 25 (10) (2016) 1970-1972.

W.J. Xu, et al., The efficacy of Shenfu injection in the treatment of ischemic heart disease combined with heart failure emergency Chinese medicine in China 23
(12) (2014) 2256-2257.

M.G. Yang, S.J. Zhang, M.Y. Chen, Effect of shenmai injection on LVEF and NT-proBNP in patients with heart failure, Guangming Chinese Medicine 31 (13)
(2016) 1885-1887.

S.Z. Yang, Clinical efficacy analysis of shenmai injection in the treatment of chronic heart failure, Primary Health Care in China 30 (11) (2016) 65-66.

Y. Yang, X.H. Wu, Clinical observation of 30 cases of dilated cardiomyopathy and heart failure treated with Shenfu injection, Yunnan Journal of Traditional
Chinese Medicine 30 (9) (2009) 26-27, https://doi.org/10.16254/j.cnki.53-1120/r.2009.09.017.

E.H. Yao, S.C. Li, H.J. Wang, Effect of Xinmailong injection on vascular endothelial function in elderly patients with chronic heart failure Chinese, Journal of
Hospital Pharmacy 34 (23) (2014) 2037-2040, https://doi.org/10.13286/j.cnki.chinhosppharmacyj.2014.23.17.

J. Yao, X.R. Lu, Clinical observation on the treatment of chronic congestive heart failure with Shenfu injection, Medical Theory and Practice 23 (3) (2010)
287-288, https://doi.org/10.19381/j.issn.1001-7585.2010.03.021.

H. Yin, Clinical Observation on the Treatment of Refractory Heart Failure in the Elderly with Shenfu Injection, Pharmaceutical Forum Magazine, 2008,

pp. 67-68, 03.

F.D. Yu, X.Y. Zhang, L. Niu, Effect of adjuvant therapy with shenmai injection on echocardiographic parameters and NT-proBNP in patients with chronic heart
failure, Modern Journal of Integrated Chinese and Western Medicine 24 (22) (2015) 2470-2472.

H.B. Yu, et al., Changes in nitric oxide synthase, adrenomedullin and interleukin-10 in heart failure patients and the effect of intervention with Shenfu
injection, Chinese Journal of Gerontology 34 (24) (2014) 7065-7066.

F. Zhang, K.H. Ren, Y.L. Chen, Effect of Shenfu injection on cardiac function and ventricular remodeling in patients with dilated cardiomyopathy with heart
failure, Chinese Journal of Clinical Pharmacology 30 (6) (2014) 478-480, https://doi.org/10.13699/j.cnki.1001-6821.2014.06.002.

Q.S. Zhang, The efficacy of Shenfu injection in the treatment of chronic heart failure, World’s Newest Medical Information Digest. 17 (24) (2017) 16-18.
Y. Zhang, et al., Effect of Shenfu injection combined with sodium creatine phosphate in the treatment of cardiac insufficiency in dilated cardiomyopathy,
Journal of Precision Medicine 33 (3) (2018) 256-258+262, https://doi.org/10.13362/j.jpmed.201803018.

Y.L. Zhang, Clinical observation on the treatment of refractory heart failure with Xinmailong injection, Digest Edition: Med. Health (9) (2015) 60. Retrieved
from, http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/
ChlQZXJpb2RpY2FsQOhJTmV3UzIwMjMwMTAzEhdRS1YyMDE1MjAxNjAzMDgwMDAyNTUSNRoIMnJnNnEOYms%3D.

Y.Q. Zhang, Effectiveness of Xinmailong injection in the adjuvant treatment of chronic heart failure and its effect on cardiac function and B-type natriuretic
peptide, J. Chron. Dis. 19 (5) (2018) 667-669, https://doi.org/10.16440/j.cnki.1674-8166.2018.05.045.

Z.F. Zhang, H.G. Lv, The efficacy of conventional plus Shenfu injection in the treatment of chronic heart failure in the elderly, People’s Army Medical 52 (6)
(2009) 360-361.

Z.L. Zhang, Y.M. Wen, Effect of Shenfu injection on inflammatory factors and cardiac function in chronic heart failure, Jilin Chinese Medicine 36 (3) (2016)
252-255, https://doi.org/10.13463/j.cnki.jlzyy.2016.03.010.

C.M. Zhao, et al., Effect of Xinmailong on serum matrix metalloproteinase-1 levels in patients with congestive heart failure, Chinese Journal of Gerontology 34
(12) (2014) 3455-3456.

F.R. Zhao, D.B. Zhang, Adjuvant treatment of chronic heart failure with Huangqi injection in 51 cases and the effect on serum galactoglucose-3 and B-type
brain natriuretic peptide, China Pharmaceutical 24 (9) (2015) 22-24.

L.H. Zhong, Clinical observation on heart failure in senile coronary artery disease treated with Xinmailong injection, 3(11), 94-95, Retrieved from Diet and
Health 3 (11) (2016) 94-95. Retrieved from, http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/
ChlQZXJpb2RpY2FsQOhJTmV3UzIwMjMwMTAzEg95aW5zYmoyMDE2MTEWOTgaCDJyZzZxNGJr.

X.F. Zhou, N. Yan, Curative effect of combined treatment with levocarnitine and Danhaong Injection on senile ischemic heart disease and heart failure, Chinese
Contemporary Medicine 20 (3) (2013) 58-59.

C.Z. Zhu, Y. Ma, The efficacy of Shenfu injection in the treatment of chronic heart failure, Emergency Chinese Medicine in China 19 (12) (2010) 2060+2083.
X.C. Zhu, Clinical observation on cerebral natriuretic and exercise cardiac output in patients with chronic heart failure treated with Shenfu injection,
Emergency Chinese Medicine in China 18 (10) (2009) 1619-1620.

Z.H. Zhu, Treatment of chronic heart failure with Danhong injection in 60 cases, Zhejiang Journal of Traditional Chinese Medicine 50 (4) (2015) 311, https://
doi.org/10.13633/j.cnki.zjtcm.2015.04.056.

X.L. Gu, J. Wang, Situation analysis of the revised contents of 23 Chinese medicine injection instructions, Chinese Medicine Bulletin 21 (6) (2022) 33-35,
https://doi.org/10.14046/j.cnki.zyytb2002.2022.06.007.

Z. Tang, M.X. Zhang, Clinical research progress of Chinese medicine in the treatment of chronic heart failure, Journal of Practical Chinese Internal Medicine 36
(6) (2022) 8-11, https://doi.org/10.13729/j.issn.1671-7813.220210959

J.Q. Ly, et al., Research progress of Chinese medicine in the treatment of chronic heart failure, Chinese Journal of Traditional Chinese Medicine 38 (12) (2020)
145-148, https://doi.org/10.13193/j.issn.1673-7717.2020.12.039.

M.Y. Li, et al., Research progress of Chinese medicine injection to prevent and treat chronic heart failure, World’s Newest Medical Information Digest. 19 (93)
(2019) 95-96, https://doi.org/10.19613/j.cnki.1671-3141.2019.93.046.

L. Wang, P. Zeng, Q. Yu, Application of shenmai injection in critical illness and modern research progress, Chinese and Foreign Medical Research 18 (4) (2020)
185-188, https://doi.org/10.14033/j.cnki.cfmr.2020.04.078.

P.F. Miao, Study on the cardiovascular pharmacological effects and clinical application of Huangqi, Modern Distance Education in Chinese Medicine 17 (17)
(2019) 36-38.

R.H. Zhang, et al., Current status of pharmacological action and clinical application of Huangqi and its active components, Shaanxi Traditional Chinese
Medicine 42 (8) (2021) 1138-1141+1146.

B.M. Wang, W.H. Hong, G.L. Wang, Study on the efficacy and mechanism of action of Danhong injection combined with conventional treatment in patients
with chronic heart failure, Evaluation and Analysis of Hospital Drug Use in China 22 (2) (2022) 193-195+199, https://doi.org/10.14009/j.issn.1672-
2124.2022.02.017.

L. Zhang, Analysis of the efficacy of Danhong injection and metoprolol for heart failure combined with tachyarrhythmia, Trace Elements and Health Research
39 (2) (2022) 14-16. Retrieved from, https://kns.cnki.net/kems/detail /52.1081.R.20220120.1735.068.html.

20


https://doi.org/10.13517/j.cnki.ccm.2010.12.015
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref95
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref95
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref96
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref96
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref97
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref98
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref98
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref99
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref99
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref100
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref100
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref101
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref101
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref102
https://doi.org/10.16254/j.cnki.53-1120/r.2009.09.017
https://doi.org/10.13286/j.cnki.chinhosppharmacyj.2014.23.17
https://doi.org/10.19381/j.issn.1001-7585.2010.03.021
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref106
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref106
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref107
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref107
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref108
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref108
https://doi.org/10.13699/j.cnki.1001-6821.2014.06.002
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref110
https://doi.org/10.13362/j.jpmed.201803018
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEhdRS1YyMDE1MjAxNjAzMDgwMDAyNTU5NRoIMnJnNnE0Yms%3D
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEhdRS1YyMDE1MjAxNjAzMDgwMDAyNTU5NRoIMnJnNnE0Yms%3D
https://doi.org/10.16440/j.cnki.1674-8166.2018.05.045
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref114
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref114
https://doi.org/10.13463/j.cnki.jlzyy.2016.03.010
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref116
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref116
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref117
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref117
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEg95aW5zYmoyMDE2MTEwOTgaCDJyZzZxNGJr
http://d.wanfangdata.com.cn.hnucm.opac.vip/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMwMTAzEg95aW5zYmoyMDE2MTEwOTgaCDJyZzZxNGJr
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref119
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref119
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref120
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref121
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref121
https://doi.org/10.13633/j.cnki.zjtcm.2015.04.056
https://doi.org/10.13633/j.cnki.zjtcm.2015.04.056
https://doi.org/10.14046/j.cnki.zyytb2002.2022.06.007
https://doi.org/10.13729/j.issn.1671-7813.Z20210959
https://doi.org/10.13193/j.issn.1673-7717.2020.12.039
https://doi.org/10.19613/j.cnki.1671-3141.2019.93.046
https://doi.org/10.14033/j.cnki.cfmr.2020.04.078
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref128
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref128
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref129
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref129
https://doi.org/10.14009/j.issn.1672-2124.2022.02.017
https://doi.org/10.14009/j.issn.1672-2124.2022.02.017
https://kns.cnki.net/kcms/detail/52.1081.R.20220120.1735.068.html

Y. Zheng et al. Heliyon 10 (2024) e23194

[132] H.W. Wang, L.Q. Wang, Z.H. Meng, Research progress of cardiovascular disease treatment with Xinmailong injection, Modern Applied Pharmacy in China 36
(23) (2019) 2995-3000, https://doi.org/10.13748/j.cnki.issn1007-7693.2019.23.023.

[133] C.W. Yancy, et al., ACCF/AHA guideline for the management of heart failure: a report of the American college of cardiology foundation/American heart
association task force on practice Guidelines, 2013, J. Am. Coll. Cardiol. 62 (16) (2013) e147-e239, https://doi.org/10.1016/j.jacc.2013.05.019.

[134] Y.B. Zhou, et al., A reticulated meta-analysis of the efficacy study of Chinese medicine injection for heart failure, Chin. J. Evidence-Based Med. 21 (9) (2021)
1067-1074.

21


https://doi.org/10.13748/j.cnki.issn1007-7693.2019.23.023
https://doi.org/10.1016/j.jacc.2013.05.019
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref134
http://refhub.elsevier.com/S2405-8440(23)10402-6/sref134

	Comparative efficacy of five traditional Chinese medicine injections for treating heart failure with reduced and mildly red ...
	1 Introduction
	2 Materials and methods
	2.1 Literature search
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction and quality evaluation
	2.4 Statistical analysis
	2.5 Evaluation of the evidence

	3 Results
	3.1 Results of the search
	3.2 Systematic review and characteristics
	3.3 Quality evaluation
	3.4 Network meta-analysis
	3.5 Outcomes
	3.5.1 CER
	3.5.2 LVEF
	3.5.3 LVEDD
	3.5.4 6MWT
	3.5.5 BNP

	3.6 Rank probabilities
	3.7 Adverse events
	3.8 Heterogeneity, publication bias, and GRADE assessment
	3.9 Sensitivity analysis and subgroup analyses

	4 Discussion
	5 Conclusion
	Funding statement
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A Supplementary data
	References


