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Introduction 

Traumatic brain injury (TBI) poses a serious challenge to 
public health worldwide, and it is also a main cause of long-
term disability and the dead among young and children’s 
patients in developed countries. TBI is a serious threat to 

human life and quality of life (1). According to the statistics, 
at least 10 million hospitalizations and deaths are caused 
by TBI every year worldwide. Although the development 
of neurosurgical treatment technology has dramatically 
improved TBI’s clinical treatment, the mortality and 
disability rates remain high (2,3). In addition, surgical 
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treatment has an ideal effect, with a variety of complications 
after the operation, which have a serious impact on the 
postoperative recovery and prognosis of patients (4,5). 
Therefore, patients need to choose a scientific and effective 
treatment after their operation to avoid a secondary TBI, 
promote the normal function of the whole-body organs, 
and reduce complications.

Herbal medicine has been widely used in patients with 
TBI (6). The Angong Niuhuang pill (ANP) was recorded 
in the Qing Dynasty’s medical book Differentiation of 
Febrile Diseases (7). It has the function of clearing away 
heat and detoxification, relieving shock, and enlightening, 
and mainly treats evil heat invagination, pericardium-
induced high fever, restlessness, delirium, turbid phlegm, 
and infantile wind. It is a well-known first aid medicine 
in the field of traditional Chinese medicine (8-10). 
Modern medical research shows that ANP has obvious 
anticonvulsant, sedative, and brain-protective effects, 
with a significant effect on TBI (11,12). In the past, there 
was no meta-analysis research comprehensively assessing 
the ANP’s safety and efficacy in TBI patients. Thus, the 
relevant studies were collected comprehensively, and based 
on strict design, a systematic review and meta-analysis was 
performed to explore ANP adjuvant therapy’s impact on the 
effectiveness and safety of TBI patients, so that a reference 
for the ANP’s clinical application in the treatment of TBI 
can be provided in the future. We present the following 
article in accordance with the PRISMA reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-1331).

Methods

Search strategy 

According to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines, we 
performed this meta-analysis (13). PubMed, Embase, 
Cochrane Library, Chinese Biomedicine Database (CBM), 
China National Knowledge Infrastructure (CNKI), Chinese 
Scientific Journals Database (VIP), and Wangfang databases 
were systematically searched for RCTs published from their 
establishment until June 2020. This process was used to 
identify all articles based on the MeSH terms and keywords, 
namely “Angong Niuhuang pill” and “traumatic brain 
injury,” without considering any limitations during the 
literature search. To further determine the relevant studies, 
we also consulted the references of published studies.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (I) study population: 
patients with a diagnosis of traumatic craniocerebral injury; 
(II) intervention: all the included studies were given routine 
symptomatic support treatment in the control group, and 
studies in the experimental group were treated with ANP 
on this basis; (III) comparator: compared the prognosis 
of patients with ANP and without ANP; (IV) outcome 
measures: Glasgow Coma Score (GCS) after treatment, 
Glasgow Outcome Score (GOS), pulmonary infection, 
gastrointestinal bleeding, hypohepatia, renal insufficiency, 
Mg2+ concentration, neuron-specific enolase (NSE) 
concentration; (V) study design: RCTs. Exclusion criteria 
were as follows: (I) non-clinical RCT and fundamental 
research; (II) clinical studies without any control groups or 
subjects who did not meet the inclusion criteria; (III) studies 
with insufficient data or irrelevant topics.

Data extraction and quality assessment

Two researchers scrutinized the literature, extracted the 
data, and evaluated the studies’ methodological quality, 
independently. In cases of a dispute, a third researcher 
participated in the discussions. The data collected included 
the first authors’ names, publication years, patients (sample 
size, age, and gender), ANP interventions and controls, 
ANP regimens, and outcome measures. We assessed 
the methodological quality of the included trials by the 
Cochrane risk of bias tool (13).

The following seven items were included in this kind of 
bias tool: random sequence generation, allocation hiding, 
blindness of participants and personnel, blindness of result 
data, incomplete result data, selective reporting, and other 
biases (14).

Statistical analysis

Based on the RevMan 5.3 software from the Cochrane 
collaboration network, the statistical data was expressed 
with odds risk (OR), 95% confidence interval (CI), and I2. 
In cases when studies were less than three, we provided a 
qualitative description. Heterogeneity was evaluated by I2. 
When I2≤50%, the effect value was estimated by the fixed-
effects model, and when I2>50%, we applied the random-
effects model. Publication bias was evaluated by Begg’s rank 
correlation and Egger’s regression tests of Stata 16.0, and 
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when P>0.05, there was no publication bias. 

Results

Basic information of the included articles

A total of 636 original articles were identified, and 596 
articles were ignored after reviewing their titles and brief 
abstracts. Eventually, 40 full-text papers were evaluated as 
eligibility. Twenty-eight researches were excluded because 
of their non-RCT design (n=6), comparison of ANP with 
other drugs (n=15), lack of desirable outcomes (n=5), and 
patients receiving other interventions (n=2). Finally, 12 
RCTs (7,15-25) eligible for inclusion criteria were selected 
(Figure 1).

In total, there were 1,568 patients in 12 studies. These 
studies had been published between 2009 and 2018, 
and each trial included 56 to 312 patients. The ANP 

components used by all patients were the same, and the 
basic information has no significant differences between 
two groups. The specific features of the selected trials 
were listed in Table 1. The evaluation of the outcomes was 
presented at the end of the treatment in the trials.

Literature quality evaluation

Figure 2 summarized the bias assessment risk of 12 RCTs. 
Randomization was mentioned in all studies. However, 
only eight studies (7,15,17-19,21,22,25) expounded the 
generation of random sequences. None of the studies 
described allocation concealment or the blinding of patients 
or outcome assessments, which may be used to improve the 
therapeutic effectiveness. Only one study lacked a follow-
up (18). Overall, the selected trials’ quality was suboptimal, 
with an unclear risk of bias (Figure 2). 

Records identified through 

database searching

(n=636)

Additional records identified 

through other sources

(n=0)

Records after duplicates removed

(n=512)

Records excluded 

(n=472)

Full-text articles 

assessed for eligibility 

(n=40)

Studies included in 

qualitative synthesis 

(n=12)

Full-text articles excluded, 

with reasons (n=28) 

Not RCTs (n=6) 

Combined other drugs (n=15) 

no desirable outcomes (n=5) 

patients receiving other 

interventions (n=2)

Studies included in 
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Records screened 

(n=512)

Figure 1 Flow chart of study selection.
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Meta-analysis of GCS, GOS, Mg2+ concentration, and 
pulmonary infection

Nine trials (15-18,20-22,24,25) reported postoperative 
GCS, with statistical heterogeneity among the studies 
(P<0.001, I2=97%), which was analyzed using the random 
effect model. The meta-analysis results showed that the 
GCS in the control group was significantly lower than 
that in the test group after treating, which has statistically 
significant difference [MD =1.97, 95% CI (1.22, 2.72), 
P<0.01 ] (Figure 3). 

The postoperative GOS was evaluated in six studies 
(7,18,19,22,23,25), without statistical heterogeneity (P=0.53, 
I2=0%). The results were analyzed by fixed effect model. 
Compared with the conventional therapy, treatment with 

ANP significantly improved the GOS >3 rate [OR =2.28, 
95% CI (1.60, 3.23), P<0.01] (Figure 4).

Three studies (17,23,24) reported a concentration of 
Mg2+ in peripheral blood after treatment, with no statistical 
heterogeneity among the studies (P=0.77, I2=0%). The 
results were analyzed by fixed effect model. After treatment, 
the Mg2+ concentration in peripheral blood in the control 
group was significantly lower than that in the test group, 
which has statistically significant difference. [MD =−0.11, 
95% CI (−0.16, −0.06), P<0.01] (Figure 5).

Three studies (18,21,22) reported pulmonary infection 
after treatment, with no statistical heterogeneity in them 
(P=0.42, I2=0%). The results were analyzed by fixed effect 
model, and the pulmonary infection rate in the control 
group was obviously higher than that in the ANP treatment 

Table 1 Baseline characteristic of studies included in this study

Study
Sample size 
(Con/ANP)

ANP group
Control (usual treatment 
group ) group

Treatment 
duration 

Follow-up 
duration 

Outcome 
measures

Chen P 2009 312 (179/133) ANP bid (nasal feeding) + 
usual treatment

Usual treatment 7 days 8 days (I)

Bin XY 2010 164 (94/70) ANP 3 g. bid (oral or nasal 
feeding) + usual treatment

Usual treatment 10 days 10 days (I)

Lin JQ 2012 205 (96/109) ANP 3 g. qd (nasal feeding) + 
usual treatment

Usual treatment 4 weeks 4 weeks (II)

Yuan HT 2013 75 (37/38) ANP 3 g/d (oral or nasal 
feeding) + usual treatment

Usual treatment 7 days 14 days (I), (III)

Zhong XJ 2014 64 (22/42) ANP 3 g/d (oral or nasal 
feeding) + usual treatment

Usual treatment NP NP (I), (II)

Liu XY 2015 80 (40/40) ANP 3 g. bid (oral or nasal 
feeding) + usual treatment

Usual treatment 10 days 10 days (I)

Fu J 2016 56 (28/28) ANP 3 g. qd (nasal feeding) + 
usual treatment

Usual treatment 7 days 7 days (I), (III), (IV)

Xie XH 2016 100 (50/50) ANP (nasal feeding) + usual 
treatment

Usual treatment 1 months 1 months (II), (III)

Liao XS 2017 80 (40/40) ANP 3 g. bid (nasal feeding) 
+ usual treatment

Usual treatment 7 days 3 months (I), (II), (V), (VII), 
(VIII)

Wang GB 2018 172 (86/86) ANP 3 g. bid (oral or nasal 
feeding) + usual treatment

Usual treatment 7 days 10 days (II)

Wang W 2018 180 (90/90) ANP 3 g/d (oral or nasal 
feeding) + usual treatment

Usual treatment 30 days 1 months (I), (IV), (V), (VI), 
(VII), (VIII)

Wang YD 2018 80 (40/40) ANP 3 g. bid (nasal feeding) 
+ usual treatment

Usual treatment 14 days 3 months (I), (II), (V), (VI)

Note: (I) GCS, Glasgow Coma Scale; (II) GOS, Glasgow Outcome Scale; (III) Mg2+ concentration; (IV) NSE, neuron-specific enolase concen-
tration; (V) Pulmonary infection; (VI) Gastrointestinal bleeding; (VII) Hypohepatia; (VIII) Renal insufficiency. ANP, Angong Niuhuang pill; NP, 
not provided.
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Figure 2 Graph of bias risk (A) and summary of bias risk (B). Review the author’s judgment on each risk of bias for each included study.

Figure 3 Forest plots of the GCS scores of the comparison between ANP and control groups. GCS, Glasgow Coma Score; ANP, Angong 
Niuhuang pill.
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group [OR =0.47, 95% CI (0.28, 0.81), P<0.01] (Figure 6).

Qualitative description

Two studies (17,21) reported changes in NSE concentration 
after treatment, and both studies showed a significant 
difference in the ANP and control groups. Two studies 
(18,21) reported gastrointestinal bleeding after treatment, 

and both studies showed that the ANP group had statistical 
significance in reducing gastrointestinal bleeding. Two 
studies (18,21) reported hypohepatia after treatment, and 
both studies showed that the ANP group had statistical 
significance in reducing hypohepatia. Two studies 
(21,22) reported renal insufficiency after treatment, and 
both studies showed that the ANP group had statistical 
significance in reducing renal insufficiency.

Figure 4 Forest plots of the GOS scores of the comparison between ANP and control groups. GOS, Glasgow Outcome Score; ANP, 
Angong Niuhuang pill.

Figure 5 Forest plots of the concentration of Mg2+ of the comparison between ANP and control groups. ANP, Angong Niuhuang pill.

Figure 6 Forest plots of the incidence of pulmonary infection of the comparison between ANP and control groups. ANP, Angong 
Niuhuang pill.
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Safety

For all eligible trials, no adverse complications related to 
the administration of ANP were reported. 

Evaluation of sensitivity and publication bias

A sensitivity analysis was performed after eliminating the 
articles one by one, and it was found that the results were 
stable, and there was no significant change. The Egger’s 
regression and Begg’s rank correlation tests suggested that 
there was no publication bias in all indicators (P>0.05)  
(Table 2).

Discussion

ANP is a commonly used prescription in traditional 
Chinese medicine. Modern pharmacological studies have 
shown that ANP can induce anti-inflammation, improve 
cerebral circulation, improve the tolerance of cerebral 
vessels to ischemia and hypoxia, protect brain cells, and 
reduce injury-induced brain edema (26). Previous studies 
have identified that ANP is widely used in patients with 
TBI and cerebral apoplexy (11). This study systematically 
evaluated the clinical efficacy of ANP in the treatment of 
the craniocerebral injury. The meta-analysis results showed 
that the GCS and GOS of ANP were significantly higher 
than those in the control group after the adjuvant treatment 
of the craniocerebral injury. This suggested that ANP can 
reduce a secondary brain injury and improve the prognosis 
of patients with the craniocerebral injury.

In this study, Mg2+ and NSE concentrations were 
analyzed. Some studies (27,28) had shown that, through 
the severe craniocerebral trauma model, Mg2+ can increase 
the survival probability of neurons to protect neurons 
through a variety of protective mechanisms. These 
included reducing the formation of free radicals, blocking 

voltage-gated calcium channels and N-methyl-D-aspartate 
channels, and inhibiting presynaptic excitatory nerves, 
which were closely linked to the prognosis of secondary 
brain damage in patients with severe brain injury. NSE 
is a specific enolase isoenzyme containing γ subunits in 
neurons and neuroendocrine cells. NSE is released into the 
patients’ blood with a severe brain injury after the blood-
brain barrier is damaged. The peripheral blood test results 
showed that NSE was abnormally increased (29). This 
study’s results showed that the concentration of Mg2+ in 
the control group was lower than that in the experimental 
group, with significant difference. The other two studies on 
NSE reported significant differences between the ANP and 
control groups.

Despite the above benefits of ANP, the potential adverse 
effects of ANP should also be noted. None of the selected 
studies reported any adverse events in this systematic 
search and meta-analysis. In addition, this study analyzed 
the complications after ANP adjuvant therapy. The results 
suggested that ANP adjuvant therapy can significantly 
reduce pulmonary infection after craniocerebral injury, 
with a statistically significant difference. To compare 
gastrointestinal bleeding, liver function, and renal function, 
two studies reported that the ANP group can significantly 
reduce these complications. However, previous studies 
(9,26) had shown that the hepatorenal toxicity potential 
of ANP should be monitored, especially for those who 
had committed themselves to long-time use. ANP should 
be used cautiously in patients with previous hepatorenal 
dysfunction. Therefore, the safety of ANP requires further 
research.

The limitations of this study were as follows. First, the 
number of the selected studies was limited, and all the 
selected trials were published in Chinese, which could 
have contributed to selection and publication bias. Second, 
the quality of the searched studies was low. Third, there 

Table 2 Publication bias evaluation of meta-analysis of ANP adjuvant therapy in the treatment of TBI

Indicators 
Begg’s test Egger’s test

Z P T P

GCS scores 0.10 0.917 −0.55 0.598

GOS scores 0.00 1.000 −0.10 0.928

The concentration of Mg2+ 0.00 1.000 0.693 0.693

The incidence of pulmonary infection 1.04 0.296 −19.24 0.033

ANP, Angong Niuhuang pill; TBI, traumatic brain injury; GCS, Glasgow Coma Score; GOS, Glasgow Outcome Score.
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were some differences in the dose and course of ANP 
pills. Finally, ANP itself has a strong, pungent smell and 
unique color, rendering the hiding of its distribution and 
double blindness in clinical trials difficult. Hence, the 
selection deviation cannot be ruled out. Due to the study’s 
limitations, the above conclusions may lack reliability, which 
needs to be further verified by more scientific designs and 
rigorous implementation of large samples of RCT.

Conclusions

Based on limited evidence, ANP adjuvant therapy may have 
a clinical benefit in improving the prognosis of patients with 
TBI and reducing the associated complications. At the same 
time, more studies with larger sample sizes and high quality 
are required to determine the safety and effectiveness of 
ANP adjuvant therapy.
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