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Abstract

What is known and objective: This study sought to assess the clinical effectiveness
of Ginkgo injections (Gls) combined with conventional drugs for vertebrobasilar in-
sufficiency (VBI).

Methods: Randomized controlled trials (RCTs) that assessed the adjunctive effects of
Gls for patients with VBI were retrieved from several English and Chinese databases
from inception to December 2018. The Cochrane risk of bias method was used to
evaluate the methodological quality of the eligible trials. The data were analysed by
Stata 13.0 and WinBUGS 1.4.3 software.

Results: A total of 20 RCTs that included 1710 patients were included. All RCTs had
an unclear risk of bias or a high risk of bias. The network meta-analysis (NMA) showed
that the use of four kinds of Gls, especially Ginkgo leaf extract and dipyridamole
injections (GDs), as adjunctive therapies with drugs for VBI increased the total effec-
tiveness rate. Ginkgo biloba leaf extract injections (EGbs) combined with conventional
drugs were more effective than only conventional drugs for improving the results of
transcranial Doppler ultrasonography (TCD). Shuxuening injections (SXNs) seemed
superior for improving blood viscosity-related indicators. Adverse events were men-
tioned in nine trials, and there was no difference between the Gl group and the con-
trol group for the incidence rate of adverse events.

What is new and conclusions: Gls showed significant benefits as an add-on therapy
for VBI, as Gls increased the total effectiveness rate and improved the results of TCD
examinations. Due to the limited sample size and quality of the included trials, the

results of this review still need to be tested in larger, rigorous studies in the future.
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1 | WHAT IS KNOWN AND OBJECTIVE

Vertebrobasilar insufficiency (VBI) is a common clinical cerebrovas-
cular disease. VBI is the ischaemia of the brainstem, cerebellum or
occipital cortex, which is caused by vertebrobasilar artery stenosis
or occlusion.>? VBI mainly occurs in middle-aged and elderly peo-
ple, but there is a trend towards an increased incidence in younger
subjects, possibly because of longer working hours and the exces-
sive intake of high-fat and high-protein foods. The main aetiologies
of VBI are atherosclerosis, arterial stenosis and platelet aggrega-
tion, and its main clinical manifestations are vomiting, dizziness and
blurred vision. Ginkgo biloba is the dried leaves of Ginkgo from the
Ginkgo plant, and the active ingredients primarily include Ginkgo
flavonoid glycosides and Ginkgolide lactones, which can effectively
reduce the production of platelet-activating factors (PAFs), dilate
blood vessels and increase blood flow to prevent blood clots and
arterial occlusion. Therefore, Ginkgo biloba extract has good cura-
tive efficacy in patients with VBI.>"> There are four kinds of Ginkgo
injections (Gls) that are frequently used in the clinical treatment
of VBI, including Shuxuening injections (SXNs), Ginkgo leaf extract
and dipyridamole injections (GDs), Ginkgo biloba leaf extract injec-
tions (EGbs), and folium Ginkgo extract and tertram ethypyrazine
sodium chloride injections (FTs). This study aimed to compare the
effectiveness of these four kinds of Gls in the treatment of VBI to
provide a decision-making reference for the rational clinical selec-
tion of Gls for treating VBI.

2 | METHODS

2.1 | Eligibility criteria for the included trials

Randomized controlled trials (RCTs) that examined the adjuvant
effectiveness of Gls for VBI were included. VBI was diagnosed by
transcranial Doppler ultrasonography (TCD). The control therapy
could be any kind of drug for VBI (eg aspirin, metoprolol and statins).
The primary outcomes included the total effective rate for VBI (sig-
nificant improvement of the patient's vertigo symptoms and normal
TDP results) and the results of TCD examinations (such as the av-
erage velocity of the vertebral artery (VA), basilar artery (BA), left
vertebral artery (LVA) and right vertebral artery (RVA)). The second-
ary outcomes included whole blood high-shear viscosity (WBHSV),
whole blood low-shear viscosity (WBLSV), plasma viscosity (PV),

fibrinogen (FIB) and adverse events.

2.2 | Search strategy

We searched the China National Knowledge Infrastructure Database
(CNKI), the VIP Database for Chinese Technical Periodicals (VIP),
the Wanfang Database, the Chinese Biomedical Literature Database
(SINOMED), Web of Science, PubMed, EMBASE and the Cochrane

Library from inception to December 2018 to retrieve potentially
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eligible studies. We used the terms "Shuxuening Injection”, "Ginaton
Injection”, "Extract of Ginkgo Biloba Leaves Injection", "Ginkgo
Leaf Extract and Dipyridamole Injection”, " Folium Ginkgo Extract
and Tertram Ethypyrazine Sodium Chloride Injection" and "ver-
tebrobasilar insufficiency" as theme words during the searches.
Detailed search strategies are shown in Appendix S1.

2.3 | Data extraction and quality assessment

Two reviewers (D Tan and XJ Duan) independently screened and
selected the eligible studies. Then, data were extracted from the
included studies, such as the author information, the study design
information, the characteristics of the participants, details on the in-
tervention and control therapies, and the outcomes. The methodo-
logical quality of the included trials was evaluated by two reviewers
according to the Cochrane risk of bias assessment tool.® Seven items
were evaluated, including random sequence generation, allocation
concealment, blinding to patients and personnel, blinding to out-
come assessors, incomplete data, the selective reporting of results
and other biases. Disagreements during the literature screening,
data extraction and quality assessment were resolved by consulta-

tion with a third reviewer (JR Wu).

2.4 | Statistical analysis

We used WinBUGS 1.4.3 software (MRC Biostatistics Unit,
Cambridge, UK) to analyse the data and used Stata V.13.0 software
(Stata Corporation) to generate graphics. The estimated effect of di-
chotomous outcomes is presented as an odds ratio (OR) with a 95%
confidence interval (95% Cl), and the continuous outcomes are pre-
sented as the standardized mean difference (SMD) with a 95% CI.
For network meta-analysis (NMA), two Markov chains were set in
WinBUGS. We performed 70 000 iterations of the data, of which the
first 10 000 were for the annealing algorithm, and the next 60 000
were for sampling. Furthermore, the surface under the cumulative
ranking area (SUCRA) was calculated to determine the probability
values of the reports. The SUCRA value was 100% for the best treat-
ment, whereas the SUCRA value was 0% for the worst treatment.”
Funnel plots were drawn to evaluate the publication bias by the

Harbord test or the Egger test.

3 | RESULTS

3.1 | Literature selection

Eight hundred and eighty-four reports were retrieved from the seven
previously mentioned databases. After screening the titles and ab-
stracts, the full text of 332 articles was reviewed. Finally, 20 trials %7
were included in this review (Figure 1). The Preferred Reporting ltems
for Systematic Reviews and Meta-Analyses (PRISMA) checklist is shown
in Appendix S2.
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Records identified through database searching
(n=2884): CNKI(n = 334), VIP(n = 220), Wanfang(n = 190),

FIGURE 1 Study flow chart

SinoMed (n = 140),PubMed(n = 0), Embase(n = 0), the
Cochrane Library(n =0)

Additional records identified

through other sources (n=0)

Total (n =884)

4

A 4

Exclusion
(1) Duplicated (n =395)
(2) Irrelevant (n=157)

Full-text articles for further assessment (n =332)

Not meeting the inclusion

criteria (n =312)

A 4

Studies included in qualitative synthesis

(meta-analysis, n =20)

3.2 | Characteristics of the included studies

The 20 included trials involved 1710 patients, of which 880 were in the
Gl group, and 830 were in the control group. All the trials compared the
combination of Gls and drugs (including oral aspirin, metoprolol and
statins) to drugs alone. The Gls were administered by an intravenous
drip at a dosage of 10-100 mL/d. The duration of the treatment ranged

from 7 to 15 days. More details are shown in Table 1.

3.3 | Quality of the included studies

Only one trial, which used a random number table, used a method
of random sequence generation.?® Two?%?? trials were judged as
‘quasi-randomized controlled trials’ since they alternately allocated
the participants according to odd and even numbers. Blinding to pa-
tients was rarely used due to the absence of placebo controls, but
insufficient information was provided to determine whether blinding
to outcome assessors was used. The incomplete data assessments of
all RCTs were defined as ‘low’. In addition, insufficient information
was provided to determine the other biases of the included trials
(Figure 2).

34 | NMA

3.4.1 | Total effective rate of VBI

Twenty RCTs®? involving 4 kinds of Gls (GbE, GD, SXN and FT)
were included (Figure 3). NMA showed that combination therapies
increased the total effective rate more than conventional drugs.
However, there were no differences among the 4 kinds of Gls re-
garding this outcome (Table 2).

The SUCRA results showed that the total effective rate of GD
combined with drug treatment was the highest (74.90%), followed
by SXN (63.64%), EGb (56.03%) and FT (54.93%) (Table 3).

342 | VA

There were four trials'>118:2¢ with data on the VA that included 3
kinds of Gls (GbE, GD and SXN). The results of NMA showed that
SXN and EGb may have had better adjunctive effects in regard to
this outcome, and EGb was superior to GD as an adjunctive therapy
(Table 4). The SUCRA results also showed that the maximum prob-
ability for the VA was from EGb combined with drugs (92.30%), fol-
lowed by SXN (72.96%) and GD (31.18%) (Table 3).

34.3 | BAs

Four trials®1>2%2¢ had information about the BA, and there was a sig-
nificant difference between EGb and SXN for this outcome (Table 4).
Ranking probability analysis showed that EGb plus drugs had the
maximum probability for the BA (SUCRA = 99.09%), followed by SXN
plus drugs (SUCRA = 50.40%) (Table 3).

344 | LVA

Four trials””18:2% described the LVA and included three kinds of Gls
(EGb, GD and SXN). The results of NMA showed that there was a
statistically significant difference between GD/EGb plus drugs and
drugs alone for this outcome (Table 4).

The SUCRA results showed that EGb plus drugs had the maxi-
mum probability for the LVA (94.69%), followed by SXN (52.17%) and
GD (51.60%) (Table 3).
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TABLE 1 Characteristics of the 20 included studies

Gender

(male/
Research ID female)
Zhang 20138 72/48
Du 2011’ NR
Li 2011%° 65/55
Yan 2011%! 14/31
Xiao 20112 40/40
Liu 2011% 47/47
Zhang 2010**  40/22
Luo 2009%° 67/41
Kong 2015 49/33
Zhang 2014 55/31
Yue 20138 51/35
Zhang 2012Y  68/52
Zheng 2010%°  34/46
Zhao 20092 51/35
Zou 2008%2 26/23
Qi 2015%° 32/34
Lin 20112 54/65
Wang 2009%° 36/46
Lin 2008%¢ 72/30
Yang 2006%7 24/37

Average age (y)
62.20 +4.95
NR

37.5+4.5
56.7

63

57.76

64.75

NR
46.8+1.7

61.2+34

55.87 £9.12

NR

56.5

62.4

58.7

70+ 6
47.35+9.77
NR

61

54.94 + 6.34

Sample size
(Gl/control)

60/60
30/30
60/60
23/22

42/38

48/46

32/30

64/44
41/41

43/43

45/41

60/60

40/40

43/43

26/23

33/33
61/60
40/42
58/44
31/30

Gl

SXN20 mL
SXN20 mL
SXN20 mL
SXN20 mL

SXN20 mL

sxn20 mL

SXN20 mL

SXN15 mL
GD20 mL

GD20 mL

GD20 mL

GD20 mL

GD20 mL

GD20 mL

GD20 mL

EGb20 mL
EGb20ml

EGb15 mL
EGb10 mL
FT100 mL
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Treatment
Control duration (d)  Result outcomes
Anisodamine 14 ©O)
Usual care 7 OEO®OO®®
Usual care NR ©O)
Betahistine hydrochloride 14 ®
20 mg
Betahistine hydrochloride 7 MGo
20 mg
Flunarizine hydrochloride 14 @
capsules 10mg
Buflomedil hydrochloride 15 ®
injection
Usual care 14 O®@EW
Betahistine hydrochloride 10 ©O)
20 mg
Betahistine hydrochloride 10 ®O@@® ()19
20mg
Betahistine hydrochloride 10 O@®®1
20 mg
Betahistine hydrochloride 7 ®
20mg
Betahistine hydrochloride 10 ©O)
20 mg
Betahistine hydrochloride NR [OLD)
250 mL + venoruton 0.42g
Betahistine hydrochloride 10 ®
20 mg
Usual care NR 0JO00600V00)
Usual care 14 ©O)
Sodium ozagrel injection 7 [OLD)
Nimodipine tablet 10 O@EO®@DE® (@G0
Buflomedil hydrochloride 7 @
injection

Note: Outcomes: (Dthe total effective rate of VBI; (2)the average velocity of vertebral artery; (3the average velocity of basilar artery; (@the aver-
age velocity of left vertebral artery; (5)the average velocity of right vertebral artery; (6)whole blood high-shear viscosity; (Z)whole blood low-shear
viscosity; (8)plasma viscosity; (9fibrinogen; (9adverse events.
Abbreviations: EGb, extract of Ginkgo biloba leaf injection; FT, folium Ginkgo extract and tertram ethypyrazine sodium chloride injection; GD, Ginkgo
leaf extract and dipyridamole injection; NR, not report; SXN, Shuxuening injection.

3.4.5 | RVA

Three trials”'823 described the RVA and included two kinds of Gls.
EGb seemed to have a good adjunctive effective with drugs for this

outcome (Table 4), and it had the maximum probability for the RVA

(98.29%; Table 3).

3.4.6 | Secondary outcomes

The results from three trials®?32° showed that EGb or SXN com-

bined with drugs had a larger effect than drugs alone on WBHSV

(mPa:-s) (Table 5). The results of SUCRA showed that SXN plus drugs
had the maximum probability for WBHSV (99.74%), followed by EGb
(49.55%, Table 3).

These three trials??3%¢

also showed that EGb plus drugs had a
greater effect than drugs alone for WBLSV (Table 5), with the maxi-
mum probability (SUCRA = 93.60%; Table 3).

Similar results were found for PV (mPa-s) and FIB (g/L), where
EGb and SXN may have had good adjunctive effects with the drugs
for these two outcomes (Table 5), and SXN plus drugs had the max-
imum probability for both PV (SUCRA = 91.14%) and FIB (88.99%;
Table 3).
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Random sequence generation(Selection bias)
Allocation concealment(Selection bias)

Blinding of participants and personnel(Performance bias)

Blinding of out t(Detection bias)

Incomplete outcome data(Attrition bias)
Selective reporting(Reporting bias)

Other sources of biag(Other bias)

3.4.7 | Publication bias

Both the funnel plot conducted by the Harbord test (P =.013 < 0.05,
Figure 4) and the Egger test (Figure 5) with the data on the total ef-
fective rate showed a potential publication bias, which may have also
been caused by the small study effect.

3.5 | Safety

20.21.25 of these stud-

In total, 9 trials mentioned safety issues. Three
ies found no adverse events during the treatment, and the other six
trials'#151719.26 described the adverse events in detail. The Gl groups
included 15 cases of adverse events, which included two cases of
headache, one case of distension, one case of gastrointestinal dis-
comfort, seven cases of flushing and headache, three cases of skin
itching and one case of facial flushing. The control groups reported
22 cases of adverse events, including three cases of headache, one
case of distension and fatigue, three cases of flushing and headache,
seven cases of skin itching and eight cases of flushing. No severe ad-
verse events were reported, and no difference was found between
the groups regarding the incidence rate of mild adverse events (OR
0.57,95% C1 0.29 to 1.12, 6 trials, 582 participants).

4 | DISCUSSION

This study included 20 trials, all of which had an unclear risk of bias
or a high risk of bias. The results of NMA showed that Gls improved
the total effective rate of VBI in the clinic as an adjunctive therapy
with drugs (the average OR ranged from 4.00 to 4.99), and GD may
have had the optimal effectiveness (OR 4.99, 95% Cl 2.73 to 8.53).
In the four outcomes of head TCD examinations, the best adjunctive
intervention was probably EGb. In the four outcomes of hemorheol-
ogy, SXN combined drugs may have had the optimal effectiveness.
Only nine studies mentioned adverse events during treatment, and 6
of these studies reported mild adverse events in both groups. There
was no significant difference between the groups in the incidence
rate of adverse events (4.81% vs 8.15%).

The aetiology of VBI is atheromatous plaque formation in the VA
and BAs by lipid metabolism disorders and vascular intimal injury, which
results in decreased blood flow and blood circulation and increased

CAO ET AL
FIGURE 2 Summary of the risk of bias
of the included trials
ulow
w Unclear
mhigh
25

EGb+CT

FT+CT

GD+CT

SXN+CT

FIGURE 3 Network graph of the total effective rate. Note:
Each node indicates a treatment included in the analysis. The lines
represent the direct (head-to-head) comparisons identified in the
research. The size of each node is proportional to the number of
randomized participants (sample size). CT, conventional treatment;
EGb, Ginkgo biloba leaf extract injection; FT, folium of Ginkgo
extract and tertram ethypyrazine sodium chloride injection; GD,
Ginkgo leaf extract and dipyridamole injection; SXN, Shuxuening
injection

blood viscosity. At the same time, decreased blood flow and elevated
blood lipids lead to thrombosis. Ultimately, VA and BA ischaemia syn-
drome develops, with increasing hemorheological indicators.?® The
main active components of Gls are Ginkgo flavone glycosides and ter-
pene lactones. Related pharmacological studies showed that Ginkgo
flavone glycosides can remove free radicals, dilate blood vessels, inhibit
thrombosis and improve cerebral vascular peripheral microcirculation.
Ginkgolides are PAF antagonists that can effectively inhibit PAF, re-
duce thrombus formation and allergic reactions, and play an important
role in cerebrovascular disease.?”3° The findings from this review may
support the results from previous pharmacological studies.

Regarding the safety of Gls, our study did not find a difference
between the groups regarding the incidence rate of adverse events.
A previous literature analysis based on case reports showed that the
main adverse reaction to Ginkgo biloba leaf injection was an allergy,
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TABLE 2 Oddsratio and the 95%
confidence interval of network meta-
analysis compared Ginkgo injection plus
drugs to drugs alone concerning the
total effective rate of vertebrobasilar

insufficiency
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SXN + drugs

1.24[0.51, 2.57] GD +drugs

1.00[0.38, 2.26] 0.86[0.32, 1.87] EGb + drugs

1.14[0.22, 3.82] 0.99 [0.18, 3.35] 1.31[0.22,4.68] FT + drugs

4.33[2.45,7.2] 4.99 [2.73,8.53] 4.00[1.97,7.58] 4.61[1.05, Drugs
14.93]

Abbreviations: EGb, extract of Ginkgo biloba leaf injection; FT, folium Ginkgo extract and tertram
ethypyrazine sodium chloride injection; GD, Ginkgo leaf extract and dipyridamole injection; SXN,
Shuxuening injection.

The bold values showed those with significant statistical meaning's results.

TABLE 3 Surface under the cumulative ranking probabilities (SUCRA) results of 9 outcomes

Drugs (%) EGDb + drugs (%)
Total effective rate 0.51 56.03
Vertebral artery 3.56 92.30
Basilar artery 0.51 99.09
Left vertebral artery 1.54 94.69
Right vertebral artery 1.93 98.29
Whole blood high-shear 0.70 49.55
viscosity
Whole blood low-shear 4.01 93.60
viscosity
Plasma viscosity 4.86 53.99
Fibrinogen 1.09 59.93

FT + drugs (%) GD + drugs (%) SXN + drugs (%)
54.93 74.90 63.64
- 31.18 72.96
- - 50.40
- 51.60 52.17
- 49.78 /
- - 99.74
- - 52.39
- - 91.14
- - 88.99

Abbreviations: EGb, extract of Ginkgo biloba leaf injection; FT, folium Ginkgo extract and tertram ethypyrazine sodium chloride injection; GD, Ginkgo

leaf extract and dipyridamole injection; SXN, Shuxuening injection.

TABLE 4 The Results of Network Meta-analysis of transcranial Doppler ultrasonography

Estimate effect (standard mean difference [95% confidence interval])

Comparison VA BA

SXN + drugs vs drugs 1.59 [0.59, 2.60]
0.37 [-0.33, 1.08] -
1.98[0.97,2.97]
1.22[-0.007, 2.44] o

-0.38[-1.79, 1.04]

-1.61[-2.84,-0.37] =

GD + drugs vs drugs

EGb + drugs vs drugs

SXN + drugs vs GD + drugs

SXN + drugs vs EGb + drugs
GD + drugs vs EGb + drugs

0.92[0.21, 1.6]

1.99[1.31, 2.69]

-1.07 [-2.07, -0.10]

LVA RVA

0.95[-0.08, 1.99] -
0.93[0.22, 1.67] 0.60 [-0.09, 1.30]
1.77[0.75, 2.81] 1.75[0.73, 2.75]
0.01 [-1.27,1.29] -
-0.82[-2.31,0.62] -
-0.83[-2.10, 0.41] -1.14 [-2.37,0.09]

Abbreviations: EGb, extract of Ginkgo biloba leaf injection; GD, Ginkgo leaf extract and dipyridamole injection; SXN, Shuxuening injection.

The bold values showed those with significant statistical meaning's results.

TABLE 5 The Results of network meta-analysis of hemorheology

Estimate effect (standard mean difference [95% confidence interval])

Comparison WBHSV WBLSV

SXN + drugs vs drugs -2.84[-3.87,-1.81]
-0.85[-1.57,-0.14]

-1.98[-3.23,-0.73]

EGb + drugs vs drugs
SXN + drugs vs EGb + drugs

-0.69 [-1.82, 0.41]
-1.33[-2.09, -0.54]
0.63[-0.77,1.98]

PV FIB
-1.03[0.003, -1.04]
-0.49 [0.002, -0.50]
-0.54 [-0.004, -0.54]

-2.12[-3.78,-0.45]
-1.33[-2.47,-0.16]
-0.79 [-2.82, 1.24]

Abbreviations: EGb, extract of Ginkgo biloba leaf injection; SXN, Shuxuening injection.

The bold values showed those with significant statistical meaning's results.

which may be caused by using Gls either alone or in combination.3!
The main symptoms of adverse events included gastrointestinal dis-
comfort, stress ulcers and headache. However, only 11% (13 cases)

of the included patients in that study were diagnosed with an insuf-
ficient blood supply, and this result may not represent the overall
population using Gls for VBI.
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FIGURE 5 The funnel plot of the Egger test

In this study, an evidence-based medicine approach was used
to critically appraise the existing evidence. NMA was conducted to
directly and indirectly compare the effectiveness of various types
of Gls, which provided relatively complete and up-to-date evi-
dence on the use of Gls as adjunctive therapies for VBI. However,
there are limitations to this study. We searched only English and
Chinese databases to identify relevant studies, and eligible trials
that were published in other languages may have been missed,
leading to a selection bias. Due to the small sample size of the
included trials, the statistical power of our findings may not have
been high enough. Meanwhile, the poor quality of the included
trials also affected the quality of the evidence. We suggest that
future studies register their protocols before conducting the study
and use appropriate methods to randomly allocate patients, blind

the outcome assessors and report the results.

5 | WHAT IS NEW AND CONCLUSION

In conclusion, Gl adjuvant drugs for VBI may be superior to drugs

alone for increasing the total effectiveness rate and improving the

results of TCD examinations. Due to the limited sample size and
quality of the included trials, the results of this review still need to

be tested in larger and rigorous studies in the future.
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