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Abstract: Objective: To evaluate the efficacy and safety of Shenfu injection in the treatment of septic cardiomyopathy.
Methods: Literatures on Shenfu injection for the treatment of sepsis published from the establishment of each database to
December 31, 2020, were searched by computer; Cochrane risk-of-bias tool was used for evaluating the quality of literatures,
and Review Manager 5.4 software was used for meta-analysis. Results: Twenty random controlled trials (RCTs) were
included, with a total of 1,179 patients; the meta-analysis showed that the routine treatment of Western medicine combined
with Shenfu injection can reduce the 28-day mortality, the length of hospital stay, cardiac troponin I (¢Tnl), and N-terminal
pro-brain natriuretic peptide (NT-proBNP) as well as improve the left ventricular ejection fraction (LVEF) with low incidence
of adverse reactions. Conclusion: Western medicine combined with Shenfu injection can further reduce myocardial injury in

patients with sepsis and improve cardiac function as well as the prognosis of patients with septic cardiomyopathy.
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1. Introduction

Septic cardiomyopathy is one of the important reasons for the rapid progress and deterioration of patients
with sepsis 1. Nearly half of the patients with sepsis have cardiomyopathy, and its mortality is as high as
70% [21. Septic cardiomyopathy is a short-term reversible cardiac dysfunction 1. Therefore, it is extremely
important to take effective measures to reverse the myocardial injury and restore the cardiac function in
time in septic patients.

Septic cardiomyopathy is a common complication in the mid and late stages of sepsis. Its main
pathogenesis is the deficiency and decline of Yang Qi, and its main treatment includes strengthening and
supplementing Qi as well as warming Yang. Shenfu injection can protect the myocardium, improve
myocardial contractility, and regulate peripheral circulation. At present, it is mainly used in the treatment
of various heart diseases, such as shock and heart failure [, Although studies have shown that Shenfu
injection combined with conventional western medicine can reduce myocardial injury and improve cardiac
function, prognosis, as well as the curative effect 81 there is a lack of large sample evidence support.
Therefore, a meta-analysis on the efficacy and safety of Western medicine combined with Shenfu injection
in the treatment of septic cardiomyopathy is carried out, so as to provide evidence-based basis for clinical
treatment.
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2. Materials and methods
2.1. Inclusion and exclusion criteria

2.1.1. Inclusion criteria
(1) Research type: RCTs published at home and abroad as of December 31, 2020.

(2) Subjects: Patients with sepsis, regardless of gender, aged > 18 years, without any significant
difference in baseline data before treatment.

(3) Interventions: The experimental group received the conventional treatment of Western medicine
combined with Shenfu injection, while the control group only received the conventional treatment
of Western medicine, without restrictions in the usage, dosage, and treatment time.

(4) Outcome indicators: At least one of the following — 28-day mortality rate, length of stay in ICU,
cTnl, NT-ProBNP, and LVEF.

2.1.2. Exclusion criteria

Literatures of the same group of patients; unclear treatment time; inconsistent outcome indicators; animal
experiments; cases, reviews, and literatures in which the full text cannot be obtained.

2.2. Literature retrieval strategy

PubMed, Embase, CNKI, Wanfang, and other databases were searched by computer from the establishment
date of each database to December 31, 2020, without language restriction. The English keywords used to
search were “ShenFu injection,” “sepsis,” “septic shock,” and “RCT.” The Chinese keywords used were
“ZESIR, “MRERIE,” “MRFEMEAR T, and </ GLPEAR T Each keyword was searched by collocation.

2.3. Data extraction

The articles were imported into Endnote; they were duplicated and deleted according to the inclusion and
exclusion criteria. Upon reading the title, literatures such as reviews, animal experiments, and those with
drug nonconformity were excluded. The researchers browsed the full text carefully and eliminated some
literatures, such as those with non-randomized controlled trials and outcome index nonconformity. Two
researchers screened the literatures independently and checked each other. When there were differences,
the third researcher ruled. Data including basic information, sample size, intervention methods, treatment
time, outcome indicators, etc. were extracted.

2.4. Quality evaluation

Cochrane risk-of-bias tool was used to evaluate the quality of the studies one by one [/l and whether the
outcome indicators were affected was the only criterion. The results of the assessment were represented by
Cochrane risk-of-bias bar chart with red, yellow, and green dots.

2.5. Statistical analysis

RevMan 5.4, which is a statistical analysis software, was used, and the results were represented by forest
plots. In this study, the continuous variables were analyzed by mean difference (MD) and the binary
variables by relative risk (RR). The confidence interval (CI) was 95%. Chi-square test was used to evaluate
the heterogeneity between studies; when P > 0.1, 12 << 50%, and there is no heterogeneity, the fixed effect
model is selected for meta-analysis; when P < 0.1, I> > 50%, and there is heterogeneity, the random effect
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model is used for meta-analysis. When the heterogeneity is too large, only descriptive analysis is carried
out. The stability of the results was evaluated by eliminating the literatures one by one for sensitivity
analysis. Funnel plot was used to evaluate the publication bias of the literatures with outcome index > 10.

3. Results
3.1. Literature search results and basic characteristics

A total of 984 literatures were retrieved. Taking into consideration of the exclusion criteria, 20 literatures
were included in the statistical analysis 821 all of which were Chinese literatures. The retrieval process
Is shown in Figure 1. In total, 1,179 patients were included. There were 13 literatures with the outcome of
28-day mortality rate [5 813, 17, 19-21,24.25] ‘3 § |iteratures with the outcome of ICU stay [5:10:12:17.19, 21-22, 24],
there were 5 literatures with cTnl outcome index 61416231 6 |iteratures with NT-ProBNP outcome index
[5.11,14-15, 18.23] "and 4 literatures with LVEF outcome index [ 516 181 The basic characteristics of the
included literatures are listed in Table 1.

984 relevant literatures were obtained by
searching the databases

601 duplicated literatures were
eliminated by Endnote

&

383 literatures were
obtained during initial
screening / Upon reading the title, 164 \

literatures were removed, among
which include reviews, animal

experiments, and inconsistency of
test drugs

N /

After further screening, 219 literatures
were obtained

After reading the full text, 199 non-
randomized controlled trials and

»

those with inconsistent outcome
indicators were excluded

Finally, 20 literatures
were obtained

Figure 1. Flow chart of the literature retrieval process
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Table 1. Basic characteristics of the included literatures

Author Average age Sample size / case Interventions Treatment  Outcome
and year Experimental Control Experimental ~Control  Experimental  Control group  time/day  indicators
group group group group group
Huiyuan 48 £ 12 49+ 12 30 30 Shenfu + Conventional 72 hours ©0
Feng 2014 conventional therapy
therapy
Handong  42.6+16.8  426+16.8 30 18 Shenfu + Conventional ~ 72hours  (D(2)(3)
Zou 2012 conventional therapy @
therapy
Yuanyuan ~ 4335+431 4120+ 4.34 30 30 Shenfu + Conventional 7 days @)
Luo 2018 conventional therapy
therapy
Xi Song 48 £ 12 49+ 11 30 30 Shenfu + Conventional 3 days ©0
2015 conventional therapy
therapy
Xiping  59.64+11.85 59.64 + 25 25 Shenfu + Conventional 7 days 0@
Wu 2012 11.85 conventional therapy
therapy
Min Liu 53.7+7.62 52.9+8.95 25 20 Shenfu + Conventional 7 days 06
2015 conventional therapy
therapy
Maoen 58.4+12.8 56.8+11.7 30 30 Shenfu + Conventional 14 days 06
Lin 2014 conventional therapy
therapy
Tao Liu 583+15.9  583£159 45 27 Shenfu + Conventional 7 days @G
2014 conventional therapy
therapy
Qiqi She 51.5 54.5 30 30 Shenfu + Conventional 14 days €))
2017 conventional therapy
therapy
Feng 482+7.5 44.8 + 8.7 34 34 Shenfu + Conventional 7 days @
Geng conventional therapy
2019 therapy
Yangchun  65.72+12.24 66.42 + 36 35 Shenfu + Conventional 5 days Q@
Xiao 2017 13.75 conventional therapy
therapy
XKiaoxun 55+6 57+8 20 20 Shenfu + Conventional 7 days 0O
Huang conventional therapy
2016 therapy
JHayinLi  6438+6.05 70.25+4.27 8 8 Shenfu + Conventional 6 days 00
2012 conventional therapy
therapy
Lanting 68 £20.3 65+ 18.4 24 25 Shenfu + Conventional 7 days @
Tao 2019 conventional therapy
therapy
Sheng 633+114 63.2+6.6 20 20 Shenfu + Conventional 15 days D
Yao 2015 conventional therapy
therapy

(Continued on the next page)
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(Continued from previous page)

Author Average age Sample size / case Interventions Treatment  Outcome
and year Experimental Control Experimental Control  Experimental  Control group  time/day  indicators
group group group group group
Manli Liu  60.47 + 12.78 62.56+ 42 40 Shenfu + Conventional 7 days O]
2017 10.79 conventional therapy
therapy
Ying Cui 582+ 12.0 59.1+10.4 40 40 Shenfu + Conventional 7 days ®@
2018 conventional therapy
therapy
Lei Wang  53.16+ 12.08 52.63 + 51 51 Shenfu + Conventional 14 days D@
2018 12.75 conventional therapy
therapy
Ronglin 65.4+12.1 68.8+£12.9 27 25 Shenfu + Conventional 5 days @
Jiang 2009 conventional therapy
therapy
Xianglian ~ 53.96 + 10.55 50.32 + 32 32 Shenfu + Conventional 7 days @
Zou 2015 13.74 conventional therapy
therapy

Note: (1) 28-day mortality rate; (2) length of stay in ICU; (3) cTnl; (4) NT-ProBNP; (5) LVEF

3.2. Quality evaluation

Among the 20 literatures, 8 adopted the random number table method [6:9:14.16-18,2023] '\yhjle only 1 adopted
the envelope lottery method 9. All 20 literatures did not adopt the blind method, but since the outcome
indicators are laboratory examination results and objective indicators, which do not affect the judgment of
the results, it can be considered that the blind method adopted by the analyst is of low risk, it is impossible
to report the results selectively with 20 articles, and there is no bias from other sources in the literatures.
Only two literatures reported adverse reactions [%: there were uncertainties in other studies. Only ten
literatures mentioned about signing an informed consent or obtaining the consent of patients or family
members [6:8:10,12-14,20,22-24] ‘The risk of bias of each study is shown in Figure 2.
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Figure 2. Risk-of-bias

3.3. 28-day mortality rate

There were 13 literatures with the outcome of 28-day mortality rate. The results showed that there was no
heterogeneity among the studies (P = 0.37, 12 = 7%); thus, the fixed effect model was used. The results
showed that Shenfu injection can reduce the 28-day mortality rate of patients with sepsis (RR = 0.65, 95%
CI[0.53,0.80], P < 0.0001], as shown in Figure 3.
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total BEvents Total Weight M-H, Fixed, 95% CI M-H. Fixed, 95% CI

IvTanli Lin 2017 17 42 17 40 11.8% 0.95 [0.57,1.59] -1

Hiping Wu 2012 B 25 13 25 5.8% 046 [0.21,1.02]

Hianglian Zhou 2015 a 32 10 3z 5.8% 0.a0[0.19,1.30] - |

Sheng Vao 2015 1 20 T 20 4.7% 014 [0.02,1.06]

Fing Cui 2016 11 40 25 40 16.9% 0.44 [0.25 0.77] =

Tiayrin Li 2014 2 o] 3 g 2.0% 0.67 [0.14, 2.98] - 1

Rionglin Jiang 2009 2 27 £} 25 B.23% 0.82[0.38,1.80] -1

Qicgi Shen 2017 7 30 11 jeln| T.A% 064 [0.29, 1.42] -

Lie Wang 2018 7 a1 16 51 10.8% 0.44 [0.20, 0.97] -

Vangchun 2iao 2017 17 36 17 35 11.7% 0.97 [0.60,1.48] -

Handong Zon 2012 4 30 3 18 2.8% 0.80[0.20, 3.17] - 1

Lanting Tan 2019 T 24 G 25 4.0% 1.22[0.48, 3.10] -

Zianm Huang 2016 5} 20 =] 20 B.1% 0.67 [0.29,1.52] -1

Total (95% CI) 385 369 100.0% 0.65 [0.53, 0.80] L

Total events g8 146 . . . .
Heterogeneity: Chif=12.94 df=12 (FP=037) F=7% ! T T I
Testfor overall effect: Z= 4.00 (F = 0.0001) 0.00% -'3.1&.":'-.":'5'11 1)+ 1 ] 200

Figure 3. Forest plot of 28-day mortality rate

3.4. Length of stay in ICU

There were 8 literatures with the outcome of the length of stay in ICU. The results showed no significant
heterogeneity (P = 0.11, 1> = 40%); thus, the fixed effect model was used. The results showed that Shenfu
injection can shorten the length of stay in ICU for patients with sepsis (MD =-2.04, 95% CI [- 2.91, - 1.17],
P < 0.00001), as shown in Figure 4.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI IV, Fixed., 95% C1
Ivlanli Lin 2017 945 432 42 879 502 40 18.5% -0.34 [[2.37, 1.69] -
ing Cui 2016 143 BT 40 177 T4 40 T.4%  -2.40[-6.61,-0.19] -
Jiayin Li2012 27 142 g 29 134 g 0.4% -2.00[-15.58 11.58]
Lei Wang 2018 603 323 a1 915 4.89 a1 292% -312[4.74 -1.50] =
Feng Geng 2019 1006 5.2 34 146 413 34 1583% -400[6.23 -1.77] -
Yangehun Xiao 2017 935 4923 36 956 A5.35 35 126% -0.21 [[2.67, 2.25] -1
Handong Zou 2012 935 32 30 1012 413 18 15.4% -0.77 [-3.00, 1.46] ™
Zianzmm Huang 2016 15 11 20 19 14 20 1.2% -4.00[11.80, 3.80] _
Total (95% CI) 261 246 100.0% -2.04 [-2.91, -1.17] L

Heterageneity: Chi®=11.67, df =7 {P=0.11); F= 40% - ! f f
Test for overall effect: £=4.98 (P = 0.00001) fi| F A0 e

Figure 4. Forest plot of the length of stay in ICU

3.5. c¢TI'nl

In total, there were 5 literatures with the outcome of cTnl levels. Due to high heterogeneity, only systematic
evaluation was carried out. The results showed that Shenfu injection can reduce the cTnl levels in patients
with sepsis, and the difference was statistically significant.

3.6. NT-proBNP

There were 6 literatures with the outcome of NT-proBNP. Due to high heterogeneity, only systematic
evaluation was carried out. The results showed that Shenfu injection can reduce the NT-proBNP levels in
patients with sepsis, and the difference was statistically significant.
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3.7. LVEF

There were 4 articles with the outcome of LVEF. The results showed that the heterogeneity was slightly
higher (P = 0.06, 1> = 59%); thus, the random effect model was used. The results showed that Shenfu
injection can reduce LVEF in patients with sepsis (MD = 6.03, 95% CI [2.40, 9.66], P = 0.001), as shown
in Figure 5.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight I, Random. 95% CI IV, Random, 95% CI
Tlin Lin 2015 5112 988 25 494 1028 20 201% 1.72 [4.22 7 EA] 1T
Tao Lin 2014 B2.97 13.02 45 5616 11.31 27 20.9% B.81[1.09,12.53] =
Twlaoen Lin 2014 56.35 T.63 30 5205 795 30 2B7% 4.30 [0.34, 8.26] Bl
Yuaryuan Lou 2018 G5 T.56 30 55 G678 30 30.3% 10.00[6.37 1363 -
Total (95% CI) 130 107 100.0% 6.03 [2.40, 9.66] L 4

Heterogeneity, Tau®= ¥ .88, Chi®= 7.25, df= 3 (P = 0.06), F=59% T - T !
Test for overall effect Z=3.26 (P = 0.001) -

Figure 5. Forest plot of LVEF

3.8. Adverse reactions

There were 2 literatures that reported on the adverse reactions of Shenfu injection, both of which indicated
no adverse reactions. Other literatures had no information regarding this matter. Therefore, it can be inferred
that the incidence of adverse reactions from Shenfu injection may be low. Researchers should pay more
attention to the adverse reactions of this drug in the future.

3.9. Sensitivity analysis

By eliminating the literatures one by one, the observation was on whether the outcome indexes had changed
significantly. The combined results did not change significantly, indicating that the results are robust and
reliable.

3.10. Publication bias

The publication bias of the 28-day mortality rate was evaluated with > 10 references included. It can be
seen from Figure 6 that the studies on both the left- and right-hand side of the funnel plot are evenly
distributed, indicating that there is no publication bias.
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Figure 6. Funnel plot of 28-day mortality rate
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4. Discussion

Septic cardiomyopathy has always been the focus of scholars, but there is no consensus on its diagnosis or
treatment. Currently, it is generally believed that the downregulation of myocardial inhibitory factors and
[ adrenergic receptors, abnormal calcium ion transport in cardiomyocytes, and mitochondrial dysfunction
may be related to the pathogenesis of septic cardiomyopathy. Cardiomyocyte injury, decreased cardiac
output, and ventricular dilation are the main clinical manifestations of septic cardiomyopathy 26271 CTnl,
NT-ProBNP, and LVEF are common clinical indicators for the evaluation of septic cardiomyopathy [?8l,
The rapid increase of cTnl levels in the initial stage of septic cardiomyopathy is a highly sensitive and
specific clinical index for the diagnosis of myocardial injury. When there is damage to cardiomyocytes,
myocardial contractility weakens, stroke output decreases, and the synthesis of pro-BNP increases.
Enzyme-cleaved NT-proBNP reflects the state of cardiac function more accurately. The increase of NT-
proBNP is positively correlated with the severity of cardiac dysfunction; LVEF is used as the evaluation
index of systolic heart failure [2°%°1. Generally, LVEF in patients with cardiac insufficiency is less than 50%.
At present, the treatment of septic cardiomyopathy still focuses on symptomatic support, such as
rehydration, cardiac strengthening, and blood pressure stabilization 161, without any specific treatment.

The basic pathogenesis of sepsis is based on deficiency, marked by excess, and mixed with deficiency
and excess. Positive deficiency is not only the basis of onset but also a prominent manifestation after the
progress of the disease. Septic cardiomyopathy mostly occurs in the mid and late stages of sepsis. It is
closely related to the lack of healthy Qi in the body. Shenfu injection is made from a classic prescription of
“warming Yang and supplementing Qi.” In the prescription, Radix Aconiti Lateralis Preparata is hot and
goes through various meridians to recover the scattered Yin-Yang; Radix Ginseng Rubra helps to regulate
various deficiencies. The two drugs are compatible in restoring healthy Qi to the body. Modern research of
traditional Chinese medicine reports that aconitine contained in Shenfu injection has positive inotropic
effect on the heart, while ginsenoside has obvious effects in scavenging free radicals, strengthening the
heart, and stabilizing blood pressure %2, Animal experiments have shown that the Chinese patent
medicine can reduce myocardial inhibitory factors, improve Na*/K*-ATPase activity in cardiomyocytes,
and improve mitochondrial function 3361, This meta-analysis also shows that the use of Shenfu injection
with conventional treatment can further reduce cTnl and NT-proBNP levels, increase LVEF, and improve
the prognosis of patients with septic cardiomyopathy.

The limitations in this meta-analysis are as follows: the included literatures are of low quality, the
diagnostic criteria are inconsistent among different studies due to time differences; there are differences in
the usage, dosage, and treatment time of Shenfu injection; there are also differences in the methods and the
course of conventional western treatment, which may be the source of heterogeneity in the results of this
meta-analysis. It is hoped that the future clinical trial design would be more standardized.
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