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Abstract

Background: Dizziness and vertigo are common clinical symptoms. Gastrodin injection has shown clinical effects on
dizziness or vertigo. However, little is known about the effectiveness and costs of combining Gastrodin injection with
conventional treatment on dizziness or vertigo in daily practice. This study aimed to analyze the clinical and economic
effects of Gastrodin injection for patients with dizziness or vertigo in comparison to Extract of Ginkgo Biloba Leaves
injection in real-world practice.

Methods: Data was collected from the Hospital Information System of 131 hospitals across China from January to
December 2018. Patients whose primary discharge diagnosis was dizziness or vertigo according to ICD-10 diagnostic
coding were included and divided into two samples: sample of dizziness or vertigo; sample of dizziness or vertigo,
with the complication of cerebral infarction. Comparative analysis of the medical cost per hospitalization, hospitaliza-
tion duration, effective rates, and cure rates between the group of Gastrodin injection and the group of Extract of
Ginkgo Biloba Leaves injection was conducted. Propensity Score Matching was used to control potential confounding
factors.

Results: In the sample of dizziness or vertigo, although there was no significant differences on hospitalization dura-
tion (P=0.080), the group of Gastrodin injection was significantly better than the group of Extract of Ginkgo Biloba
Leaves injection (P<0.001) in terms of treatment effect and the per capita hospitalization cost. In the sample of diz-
ziness or vertigo, with the complication of cerebral infarction, there was no significant difference (P=0.371) in terms
of hospitalization duration, but the group of Gastrodin injection was significantly better than the group of Extract of
Ginkgo Biloba Leaves injection (P=0.009) in terms of treatment effect, and significant difference regarding the per
capita hospitalization cost (P<0.001).
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Conclusions: Gastrodin injection showed advantages for inpatients with dizziness or vertigo compared with Extract
of Ginkgo Biloba Leaves injection. Future studies using prospective pragmatic controlled trials can test and explore
more about the effects of Gastrodin injections on dizziness or vertigo.

Keywords: Gastrodin injection, Dizziness, Vertigo, Extract of Ginkgo Biloba Leaves injection, Electronic health record

Background

Dizziness is divided into vertigo, presyncope, disequilib-
rium, and lightheadedness in the world [1-3]. Dizziness
and vertigo are the main manifestations of various cen-
tral or peripheral vestibular syndromes caused by cer-
ebrovascular disease. Dizziness and vertigo are common
morbid syndrome, and the prevalence rate increases with
age, which are the top three main reasons for the elderly
to see a doctor. Patients are often complicated with vari-
ous complications, rapid development of the disease,
and hidden causes, which significantly increased clinical
treatment difficulty [4]. According to the anatomic loca-
tion of the lesions in clinical, vertigo can be divided into
systemic vertigo caused by vestibular nervous system
lesions and non-systemic vertigo caused by lesions out-
side the vestibular system [5]. The isolated dizziness or
vertigo of cerebrovascular disease is easily misdiagnosed
and might cause severe consequences [6]. However, diz-
ziness is the most common clinical symptom in posterior
circulation cerebral infarction with the highest incidence
[7]. Some studies on the research between incidence rate
of acute cerebrovascular disease and isolated dizziness or
vertigo have shown that the probability of acute cerebro-
vascular disease (cerebral infarction or cerebral hemor-
rhage) with acute dizziness or vertigo, nystagmus and/or
balance disorders is 4.6—11% [8, 9].

Specifically, stroke has become the most common high
disability and deadly disease globally [10] and the leading
cause of death in China in recent years [11]. The age of
stroke onset was earlier than before, and the prevalence
and hospitalization rate showed a significant upward
trend [12]. Cerebral infarction accounts for about 70%
of stroke, and posterior circulation cerebral infarction
accounts for about 20% of ischemic stroke [13]. There-
fore, dizziness and vertigo have caused a heavy economic
burden on patients and the health care systems world-
wide [14].

According to the Multidisciplinary Expert Consen-
sus of Diagnosis and Treatment of Vertigo (2017 edi-
tion), routine treatment with western medicine with
the anti-inflammatory action of glucocorticoid is the
first choice thrombolysis, antiplatelet, and anticoagu-
lation [15]. Gastrodin is a active component extracted
from the traditional Chinese medicine Gastrodia elata
Blume, called Tianma in Chinese [16]. Gastrodia elata
Blume and Gastrodin have low toxicity [17] and have

pharmacological activities such as dizziness, stoke,
headache, sedative, analgesic and neurological disor-
der-improving [18-21], which have a potential role in
the protection of nerve cells [22, 23].

Gastrodin injection is mainly used in the clinical
treatment of dizziness, vertigo, stroke, insomnia, head-
ache, neurasthenia, coronary heart disease, and epi-
lepsy [24-26]. The clinical effect is positive, and there
is no significant adverse reaction [27]. Compared with
western medicine, Gastrodin injection has better effec-
tiveness and safety in treating cerebral infarction [28].
Furthermore, based on a multi-center single-blind ran-
domized controlled trial, Gastrodin injection is safe
and effective for vertigo and is better than betahistine
injection in relieving vertigo symptoms [29].

Although Gastrodin injection showed sound clinical
effects in these studies, there is little known about the
clinical and economic evaluations of Gastrodin injec-
tion in real-world practice. Some retrospective studies
had compared Gastrodin injection with other drugs in
the treatment of dizziness and vertigo [30—32]. How-
ever, the actual conditions of patients are evidence of
clinical medication decisions by doctors. It must con-
sider realistic comparator drugs to evaluate specific
medicine products’ clinical and economic effects [33].
The leveraging of real-world data can improve clini-
cal evaluation and that is one of the priority areas for
improving public safety and facilitating innovation in
China [34]. From current literature, there is still lack-
ing studies on the evaluation of curative effect and
economic benefit of the Gastrodin injection with the
comparison of other drugs for patients in the real clini-
cal environment.

In clinical practice, Extract of Ginkgo Biloba Leaves
injection has been widely used for dizziness, vertigo, and
cerebral infarction with low toxicity and a good curative
effect with little adverse reaction [35—-37]. It is a naturally
extracted medicine, like Gastrodin injection, which can
provide new treatment with high efficiency and low tox-
icity at low development cost [38]. The development of
phytomedicine based on modern medicine and pharma-
ceutical theory is an innovation and has been recognized
[39]. Thus, the comparison between these two naturally
extracted medicines is more convincing, and it also can
provide practical references for guiding the practice of
interchangeability of the same type of drugs.



Lai et al. Chinese Medicine (2022) 17:6

Therefore, this study aimed to analyze the clinical
and economic effect of Gastrodin injection for patients
with dizziness or vertigo in comparison to Extract of
Ginkgo Biloba Leaves injection in real-world practice. It’s
expected that the findings can provide references for cli-
nicians to optimize treatment options.

Methods

Research design

This study was a retrospective cohort study to compare
the clinical and economic effects of Gastrodin injection
and Extract of Ginkgo Biloba Leaves injection for hos-
pitalization patients diagnosed with dizziness or vertigo
(see STROBE checklist in Additional file 1).

Composition information

In 1980, the chemical synthesis of Gastrodin was com-
pleted. The State Medicine Administrative Bureau
approved Gastrodin injection of China as a new drug and
first authorized the KPC Pharmaceuticals, Inc to manu-
facture in 1984. At present, 25 pharmaceutical compa-
nies are producing Gastrodin injection, with 37 approvals
(including different specifications).

Botanical

Gastrodia elata Blume (Orchidaceae) is an obligate myco-
heterotrophic plant, an orchid popularly used in tradi-
tional Chinese medicine [40]. It is primarily found in
China, Nepal, Bhutan, India, Japan, North Korea, Siberia,
and Taiwan [41, 42]. In China, it grows mainly in Sichuan,
Yunnan, Guizhou, and Hunan Province [43], where can
provide high-quality daodi medicinal products [44].
Gastrodia elata Blume is cited by the Pharmacopoeia
of China [45] and has been used in oriental medicine in
East Asia to treat various diseases, including neurologi-
cal disorders as an anticonvulsant, analgesic, and sedative
medication [46].

Chemical

Gastrodin injection is a kind of traditional Chinese medi-
cine injection that is extracted and refined from G. elate
[28]. The main ingredient is gastrodin and identified by
the State Medicine Administrative Bureau of China. Since
the early 1950s, China has begun to study the chemical
composition of gastrodin. Nearly 100 compounds have
been isolated from gastrodin. In 1978, gastrodin was
isolated from the ethanolic extract of Rhizoma Gastro-
diae for the first time [47, 48]. Through silica gel colum
chromatography, 14 gastrodin compounds have been
isolated and identified, included 8 phenolic components
were fractionated: 4-hydroxybenzaldehyde (4-HBAL),
4-hydroxybenzyl alcohol (4-HBA), benzyl alcohol, bis-
(4-hydroxyphenyl) methane, 4-(4/-hydroxybenzyloxy)
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benzyl methylether, 4-hydroxy-3-methoxybenzyl alcohol
(vanillyl alcohol), 4-hydroxy-3-methoxybenzaldehyde
(vanillin), and 4-hydroxy-3-methoxybenzoic acid (vanillic
acid) [46, 49].

Target population and data source

The target population of this study included inpatients
whose primary diagnosis of hospital discharge was diz-
ziness or vertigo according to the ICD-10 coding, treated
between 1st January 2018 and 31st December 2018. In
this study, data was collected from the Health Informa-
tion System (HIS) of 131 hospitals around China, includ-
ing 101 tertiary hospitals, 24 secondary hospitals, and 6
primary hospitals.

The specific inclusion criteria of the patients are:

1) Inpatient who diagnosed with dizziness or vertigo
between 1st January 2018 and 31st December 2018;

2) Dizziness or vertigo was the principal diagnosis
(ICD-10 code: H81 and R42);

3) Gastrodin injection alone or Extract of Ginkgo Biloba
Leaves injection alone in clinical treatment.

The specific exclusion criteria of the patients are:

1) Patients who were younger than 18 years old or older
than 75 years old;

2) Patients with cancers or pregnancy;

3) Patient record is incomplete.

Regarding patient inclusion, we selected the data in
sequence. First, coding H81 and R42 with ICD-10 was
used to filter and diagnose data containing H81 and R42
from the full data set to obtain the Per Protocol Set (PPS).
Second, according to the subgroup design, the subgroup
data was screened separately. The subgroup of dizziness
and vertigo combined with cerebral infarction is a sub-
data set filtered with the keyword “cerebral infarction”
from PPS.

Sampling

The included patients were divided into two samples:
sample of dizziness or vertigo; sample of dizziness or ver-
tigo complicated with cerebral infarction.

+ Sample of dizziness or vertigo

Patients were with the only principal diagnosis as
dizziness or vertigo.

+ Sample of dizziness or vertigo, with the complication
of cerebral infarction
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Patients were with the principal diagnosis as dizzi-
ness or vertigo, and with another diagnosis as cer-
ebral infarction.

Treatment

All patients were divided into exposed group and control
group. The exposed group was hospitalized with Gas-
trodin injection, and the control group was treated with
Extract of Ginkgo Biloba Leaves injection. The outcomes
and costs of Gastrodin injection and Extract of Ginkgo
Biloba Leaves injection were compared.

+ Gastrodin injection

During hospitalization, the principal diagnosis was
dizziness or vertigo and was prescribed Gastro-
din injection, while Extract of Ginkgo Biloba Leaves
injection and other Chinese medicine injections of
dizziness or vertigo were not prescribed.

« Extract of Ginkgo Biloba Leaves injection

During hospitalization, the principal diagnosis was
dizziness or vertigo and was prescribed Extract of
Ginkgo Biloba Leaves injection, while Gastrodin
injection and other Chinese medicine injections of
dizziness or vertigo were not prescribed.

Due to the lack of therapeutic dosage on the first page
of the collected electronic health records, the therapeutic
dosage could not be included in the analysis. The clini-
cal experts we consulted indicated that clinicians usually
chose therapeutic dosage according to patient status and
disease progression in realistic practice. Thus, in this
study, we compared the two groups (Gastrodin injection
vs. Extract of Ginkgo Biloba Leaves injection), not the
therapeutic dosage.

Outcomes

This study’s outcome indicators included medical cost
per hospitalization, hospitalization duration, effective
rate, and cure rate, which were suggested by the clinical
experts we consulted. Therapeutic effects are divided into
death, ineffective, effective (turn for the better, cure), and
others. Specifically, effective includes turn for the better
and cure of clinical treatment. Cure refers to “the cure
of each hospitalization’, and the cure rate refers to “the
cure rate of each hospitalization” The cure rate is based
on the realistic observation and judgment of clinical doc-
tors directly responsible for the patients, which is directly
extracted from the original medical records in the HIS of
the hospitals.

Costs
In this study, the costs only considered the direct medical
cost in the period of 1st January 2018 to 31st December
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2018. Including total hospitalization costs, drug fees,
laboratory fees, bed fees, operation fees, nursing fees,
inspection fees, treatment fees, and other fees. Among
them, the cost of drug includes target drug fee (Gastro-
din injection or Extract of Ginkgo Biloba Leaves injec-
tion) and other drug fee. Cost data collected from HIS
of 131 hospitals over the country. This study focused
on medical costs per hospitalization because this data
is the most reliable data to reflect treatments’ economic
effectiveness.

Bias and elimination

Propensity score matching (PSM) is used to control the
confounding factors and reduce the impact of confound-
ing factors in evaluating intervention effects. In the study,
logistic regression was used to score the tendency, mixed
variables including region, hospital level, hospital depart-
ment, age, and sex. PSM was achieved by Nearest Neigh-
bor Matching (NNM) in the match it bag of R language,
where the matching ratio is set to be 1:1.

Statistical analysis

In this study, descriptive statistics analysis was conducted
to describe basic characteristics, comparative analysis of
outcome, and cost. Descriptive analysis was conducted as
measurement data are described by median and quartile,
and enumeration data are described by frequency and
rate. The outcome, hospitalization cost and composition,
percentage, and P-value of the two groups were also com-
pared and analyzed by SPSS statistical software. P<0.05
was considered statistically significant.

Results

In this study, 9251 patients with dizziness or vertigo who
met the inclusion and exclusion criteria were selected,
including 7113 patients in the exposed group and 2138
patients in the control group. After stratified analysis,
there were 2078 patients in the sample of dizziness or
vertigo; and 1042 patients in the sample of dizziness or
vertigo, with the complication of cerebral infarction. The
flowchart of sampling was summarized in Fig. 1.

Sample of dizziness or vertigo

Sample characteristics at baseline before PSM

As shown inTable 1, 1529 patients were included in
Gastrodin injection treatment, while 528 patients were
included in Extract of Ginkgo Biloba Leaves injection
treatment. In these two groups, there were significant
differences in region, hospital level, and hospital depart-
ment (P<0.001).
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Hospital Information System

n=114,841
Criteria of inclusion
and exclusion
A 4
n=10,006 |
| G =
1 rouping
A 4
n=9,251
Gastrodin injection group: 7,113; Extract of Ginkgo Biloba Leaves injection: 2,138
Stratified
analysis

A 4

Dizziness or
vertigo sample

A 4

Dizziness or vertigo complicated
with cerebral infarction sample

n=2,078 n=1,042
PSM PSM
+ 3 + L 2
Exposed group Control group Exposed group Control group
n=329 n=329 n=186 n=186
Fig. 1 Flowchart of sampling
Table 1 Characteristics at baseline before PSM: sample of dizziness or vertigo
Variable Total (N=2057) Gastrodin injection Extract of Ginkgo Biloba Leaves P
(N=1529) injection (N=528)
Region, (n, %) <0.001
Eastern 1079 (52.5) 824 (53.9) 255(483)
Central 363 (17.6) 206 (13.5) 157 (29.7)
Western 556 (27.0) 449 (29.4) 107 (20.3)
Northeast 59(2.9) 50(3.3) 9(1.7)
Hospital level, (n, %) <0.001
Tertiary 1889 (91.8) 1384 (90.5) 505 (95.6)
Secondary 139 (6.8) 122 (8.0) 17 (3.2)
Primary 29(14) 23(1.5) 6(1.1)
Hospital department, (n, %) <0.001
Neurology 1492 (72.5) 1179(77.1) 313(59.3)
ENT 146 (7.1) 3724 109 (20.6)
Cardiovascular medicine 29(1.4) 23(1.5) 6(1.1)
ICU 390 (19.0) 0 0
Others 55 (45, 64) 290 (19.0) 100 (18.9)
Age (y), (n, %) 0.674
[18,45] 514 (25.0) 377 (24.7) 137 (25.9)
[45,60] 750 (36.5) 555 (36.3) 195 (36.9)
[60,75] 758 (36.8) 568 (37.1) 190 (36.0)
>75 35(1.7) 29(1.9) 6(1.1)
Gender (n, %) 0.959
Female 1235 (60.0) 917 (60.0) 318(60.2)
Male 822 (40.0) 612 (40.0) 210 (39.8)
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Sample characteristics at baseline after PSM

After PSM, the baseline was shown in Table 2. Gastrodin
injection treatment group and Extract of Ginkgo Biloba
Leaves injection treatment group finally included 329
patients, respectively. There was no difference at base-
line between these two groups. In these two groups, it is
mainly female, and the age is mainly 45 to 75 years old.
There were about 60% patients come from eastern, about
97% patients come from tertiary hospitals and about 84%
of them were treated in the Department of Neurology.

Comparison of outcomes

As shown in Table 3, compared with Extract of Extract
of Ginkgo Biloba Leaves injection treatment, Gastrodin
injection treatment had less hospitalization duration
(7 (5, 10) versus 8 (6, 10)), but there was no any statisti-
cal significance (P=0.080). There was a statistically sig-
nificant difference between these two groups (P<0.001)
in terms of treatment effect. Specifically, the effective
of Gastrodin injection treatment (100%) was higher
than Extract of Ginkgo Biloba Leaves injection treat-
ment (99.7%) with no significant difference (2=1.000).
However, the cure rate of Gastrodin injection treatment
(42.9%) was higher than Extract of Ginkgo Biloba Leaves
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injection treatment (25.5%) with a significant difference
(P<0.05).

Comparision of costs

As shown in Table 4, the total hospitalization cost of Gas-
trodin injection treatment (5530.00 (4054.00, 7702.00))
was significantly (P<0.001) less than that of Extract
of Ginkgo Biloba Leaves injection treatment (6672.00
(5057.00, 9023.00)). Except for the other drug fee and
treatment fee, the sub cost items of Gastrodin injection
treatment were significantly (P<0.001) less than that of
Extract of Ginkgo Biloba Leaves injection treatment.
Besides, Gastrodin injection treatment’s nursing fee was
less than Extract of Ginkgo Biloba Leaves injection treat-
ment, but without significant difference (P=0.056).

Sample of dizziness or vertigo, with the complication

of cerebral infarction

Sample characteristics at baseline before PSM

Before PSM, 727 patients were included in Gastrodin
injection treatment, while 315 patients included Extract
of Ginkgo Biloba Leaves injection treatment. There were
significant differences in region, hospital level, and age
(see Table 5).

Table 2 Characteristics at baseline after PSM: sample of dizziness or vertigo

Variable Gastrodin injection Extract of Ginkgo Biloba Leaves P SMD
(N=329) injection (N=329)
Region, (n, %) 0.79 0.080
Eastern 193 (58.7) 195 (59.3)
Central 55(16.7) 56 (17.0)
Western 80 (24.3) 78 (23.7)
Northeast 1(0.3) 0(0.0)
Hospital level, (n, %) 1 <0.001
Tertiary 320(97.3) 320(97.3)
Secondary 7(2.1) 7(2.1)
Primary 2(0.6) 2(0.6)
Hospital department, (n, %) 0.909 0.058
Neurology 279 (84.8) 276 (83.9)
ENT 7(2.1) 10 (3.0
Cardiovascular medicine 1(0.3) 1(0.3)
ICU 0 0
Others 42(12.8) 42(12.8)
Age (y), (n, %) 0.991 0.026
[18,45] 63 (19.1) 60 (18.2)
[45,60] 133 (404) 133 (404)
[60,75] 128 (38.9) 131 (39.8)
>75 5(1.5) 5(1.5)
Gender (n, %) 0.871 0.019
Female 211 (64.1) 208 (63.2)
Male 118(35.9) 121 (36.8)
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Table 3 Outcome comparison after PSM:

sample of dizziness or vertigo

Page 7 of 12

Variable Gastrodin injection (N=329) Extract of Ginkgo Biloba Leaves injection P
(N=329)
Hospitalization duration, M(Q,, Q) 7 (5,10) 8(6,10) 0.080
Hospitalization duration, (n, %) 0.022
0 0(0.0) 3(0.9)
[1,7] 169 (51.4) 139 (42.2)
[8,30] 159 (48.3) 185 (56.2)
>30 1(03) 2(06)
Treatment effect, (n, %) <0.001
Death 0 0
Ineffective 0 0
Effective 329 (100) 328(99.7) 1.000
Turn for the better 188 (57.1) 244 (74.2)
Cure 141 (42.9) 84 (25.5) <0.05
Others 0(0.0) 1(0.3)
Table 4 Cost comparison after PSM: sample of dizziness or vertigo
M(Q,, Qy) Gastrodin injection (N=329) Extract of Ginkgo Biloba Leaves P
injection (N=329)
Total hospitalization cost 5530.00 (4054.00, 7702.00) 6672.00 (5057.00, 9023.00) <0.001
Drug fees 1426.00 (808.00, 2446.00) 1858.00 (1121.00, 2710.00) <0.001
Target drug fee 326.16 (206.52, 464.67) 746.10 (483.80, 1040.17) <0.001
Other drug fee 1087.73 (507.11, 2059.70) 1032.40 (440.60, 1758.44) 0.169
Inspection fee 1532.00 (824.00, 2078.00) 2056.00 (1289.00, 2745.00) <0.001
Laboratory fee 950.00 (599.00, 1454.00) 1203.00 (781.00, 1533.00) 0.001
Treatment fee 573.00 (244.00, 1191.00) 348.00 (220.00, 752.00) <0.001
Bed fee 300.00 (200.00, 480.00) 364.00 (240.00, 550.00) 0.002
Nursing fee 146.00 (99.00, 220.00) 164.00 (108.00, 255.00) 0.056
Operation fee 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) <0.001
Other fee 45,00 (1.00, 123.00) 63.00 (6.00, 515.00) 0.001
Daily average target drug fee 51.63 (34.42, 58.08) 96.76 (75.26, 120.95) <0.001
Daily average hospitalization fee 784.33 (544.30, 1089.33) 842.83 (645.90, 1102.71) 0.029
Per capita hospitalization cost, mean £ SD 6463.88 +3885.48 7165.2543275.85 <0.001

Sample characteristics at baseline after PSM

After PSM, the baseline was shown in Table 6. Gas-
trodin injection treatment group and Extract of
Ginkgo Biloba Leaves injection treatment group finally
included 186 patients, respectively. There was no dif-
ference at baseline between these two groups. In these
two groups, it is mainly female (52.2%), and the age is
mainly 60 to 75 years old. There were 48.4% patients
come from eastern and 38.7% central, 99.5% patients
come from tertiary hospitals and about 81.2% of them
were treated in the Department of Neurology.

Comparison of outcomes

As shown in Table 7, between Gastrodin injection treat-
ment and Extract of Ginkgo Biloba Leaves injection
treatment, there was no significant difference for hospi-
talization duration (P=0.371), but a significant differ-
ence for the treatment effect (P=0.009). Specifically, the
effective of Gastrodin injection treatment (99.0%) was
less than Extract of Ginkgo Biloba Leaves injection treat-
ment (100%) with no significant difference (P=0.499).
However, the cure rate of Gastrodin injection treatment
(32.3%) was higher than Extract of Ginkgo Biloba Leaves
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Table 5 Characteristics at baseline before PSM: sample of dizziness or vertigo, with the complication of cerebral infarction
Variable Total (N=1042) Gastrodin injection Extract of Ginkgo Biloba Leaves P
(N=727) injection (N=315)
Region, (n, %) <0.001
Eastern 427 (41.0) 323 (44.4) 104 (33.0)
Central 305 (29.3) 136 (18.7) 169 (53.7)
Western 228 (21.9) 205 (28.2) 23(7.3)
Northeast 82(7.9) 63 (8.7) 19 (6.0)
Hospital level, (n, %) 0.001
Tertiary 983 (94.3) 677 (93.1) 306 (97.1)
Secondary 32(3.1) 31(4.3) 1(0.3)
Primary 27 (2.6) 19 (2.6) 8(2.5)
Hospital department, (n, %) 0.064
Neurology 776 (74.5) 541 (74.4) 235 (74.6)
ENT 18(1.7) 0 0
Cardiovascular medicine 1(0.1) 17 (2.3) 1(0.3)
ICU 247 (23.7) 1(0.1) 0(0.0)
Others 64 (56, 69) 168 (23.1) 79 (25.1)
Age (y), (n, %) 0.022
[18,45] 35(34) 19 (2.6) 16 (5.1)
[45,60] 314 (30.1) 230(31.6) 84 (26.7)
[60,75] 657 (63.1) 448 (61.6) 209 (66.3)
>75 36 (3.5) 30 (4.1) 6(1.9)
Gender (n, %) 0.281
Female 510 (48.9) 364 (50.1) 146 (46.3)
Male 532(51.1) 363 (49.9) 169 (53.7)

injection treatment (21.0%) with a significant difference
(P<0.05).

Comparision of costs

As shown in Table 8, the total hospitalization cost of Gas-
trodin injection treatment (7391.47 (5030.42, 10,654.81))
was less than that of Extract of Ginkgo Biloba Leaves
injection treatment (8212.60 (5243.71, 12,633.69)) with
no significant difference (P=0.123). In terms of the drug
fee, target drug fee, inspection fee, daily average target
drug fee, and per capita hospitalization cost, Gastrodin
injection group was significantly (2<0.001) less than that
of Extract of Ginkgo Biloba Leaves injection treatment.

Discussion

In this study, we focused on the clinical and economic
anlaysis of Gastrodin injection, comparing with Extract
of Ginkgo Biloba Leaves injection, which is commonly
used to treat dizziness or vertigo [50, 51]. We com-
pared the Extract of Ginkgo Biloba Leaves injection
with Gastrodin injection through clinical and economic
evaluation outcome indicators such as medical cost of
hospitalization, days of hospital stay, effective rate, and
cure rate, to analyze the drug economy and effectiveness

of Gastrodin injection in the real world. The data of this
study was from real-world, not from controlled clinical
trials. Real-world data is different from controlled clinical
trial data, real-world evidence provides external validity
and can provide evidence for the effectiveness and eco-
nomic effects [52]. Real-world evidence can be used to
complement data from controlled clinical trials to enable
the generalization of clinical findings to a more inclusive
and larger population, it can provide instructive informa-
tion for clinical practice [53]. The correlations of gastro-
din injection in the treatment of dizziness or vertigo were
analyzed, and the differences of these two groups were
found. So, this study’s results can provide valuable refer-
ence for the clinical practice of dizziness or vertigo.
Nevertheless, the use of real-world data is prone to
pose selection bias challenges [54]. Therefore, to reduce
the impact of confounding factors on intervention effect
estimation, stratified analysis and PSM were used in this
study. After PSM, the baseline situation between the
exposed and control groups was more balanced and com-
parable than before, and some significant findings were
generated that are worth further discussion below.
Regarding hospitalization duration, it found that there
were no significant differences that of these two study
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Table 6 Characteristics at baseline after PSM: sample of dizziness or vertigo, with the complication of cerebral infarction
Variable Gastrodin injection Extract of Ginkgo Biloba Leaves P SMD
(N=186) injection (N=186)
Region, (n, %) 1 <0.001
Eastern 90 (48.4) 90 (484)
Central 72 (38.7) 72 (38.7)
Western 15(8.1) 15(8.1)
Northeast 9(4.8) 9 (4.8)
Hospital level, (n, %) 1 <0.001
Tertiary 185 (99.5) 185 (99.5)
Secondary 0 0
Primary 1(0.5) 1(0.5)
Hospital department, (n, %) 1 <0.001
Neurology 151 (81.2) 151 (81.2)
ENT 0 0
Cardiovascular medicine 0 0
ICU 0
Others 35(18.8) 35(18.38)
Age (y), (n, %) 1 <0.001
(18,45] 4(2.2) 4(22)
[45,60] 55 (29.6) 55 (29.6)
(60,75] 123 (66.1) 123 (66.1)
>75 4(2.2) 4(2.2)
Gender (n, %) 1 <0.001
Female 97 (52.2) 97 (52.2)
Male 89 (47.8) 89 (47.8)
Table 7 Outcome comparison after PSM: sample of dizziness or vertigo, with the complication of cerebral infarction
Variable Gastrodin injection (N=186) Extract of Ginkgo Biloba Leaves injection P
(N=186)
Hospitalization duration, M(Q,, Q) 9(7,12) 10(7,13) 0.371
Hospitalization duration, (n, %) 0.516
0 2(1.1) 0(0.0)
(1,7] 57 (30.6) 55 (29.6)
[8,30] 127 (68.3) 130 (69.9)
>30 0(0.0) 1(0.5)
Treatment effect, (n, %) 0.009
Death 0 0
Ineffective 0 0
Effective 184 (99.0) 186 (100) 0.499
Turn for the better 124 (66.7) 147 (79.0)
Cure 60 (32.3) 39(21.0) <0.05
Others 2(1.1) 0(0.0)

groups in the sample of dizziness or vertigo and the
sample of dizziness or vertigo complicated with cer-
ebral infarction. In the past clinical study, it found that
the combination of Gastrodin injection and conventional
treatment had significant (P<0.05) advantages in the

improvement time compared with conventional treat-
ment for the treatment of vertigo [55].

Regarding medical cost per hospitalization, this study
found that the medical const per hospitalization of Gas-
trodin injection group was significantly (P<0.001) lower
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Table 8 Cost comparison after PSM: sample of dizziness or vertigo, with the complication of cerebral infarction
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M(Q, Qy)

Gastrodin injection (N=186)

Extract of Ginkgo Biloba Leaves

injection (N=186)

Total hospitalization cost
Drug fees
Target drug fee
Other drug fee
Inspection fee
Laboratory fee
Treatment fee
Bed fee
Nursing fee
Operation fee
Other fee
Daily average target drug fee
Daily average hospitalization fee
Per capita hospitalization cost, mean 4= SD

739147 (503042, 10,654.81)
2671.15(1501.84, 4144.48)
36141 (206.52,516.30)
224097 (1152.53,3842.02)
1635.00 (1054.25, 2206.66)
1209.50 (722.15,1776.38)
566.33 (235.75,1272.78)
410.00 (250.00, 560.00)
222.19(126.47,347.91)
0.00 (0.00, 0.00)

87.50 (20.50, 325.12)
51.63(25.82,57.37)

824.75 (609.41,1120.93)
9315.7549472.04

8212.60 (5243.71,12,633.69) 0.123
2883.27 (1881.75,4982.69) 0.039
677.32 (387.04, 1064.36) <0.001
2101.26 (1254.55,4199.22) 0.661
1926.00 (1124.50, 2880.00) 0.005
1079.00 (825.35, 1910.65) 0.687
403.00 (172.37,874.44) 0.147
420.00 (251.03, 599.88) 0.692
206.76 (141.69, 381.78) 0.712
0.00 (0.00, 0.00) 0.761
75.60 (5.20, 312.00) 0.293
85.83 (42.63,106.22) <0.001
872.35(670.06, 1212.33) 0.122
11,715.704+14,086.39 <0.001

than of Extract of Ginkgo Biloba Leaves injection group
in the sample of dizziness or vertigo, but no significant
differences that of these two study groups in the sample
of dizziness or vertigo complicated with cerebral infarc-
tion. The economic advantage of Gastrodin injection for
dizziness or vertigo patients can be proven in this study.

Although Gastrodin injection is effective in treating
dizziness or vertigo [56], it also has some adverse drug
reactions (ADRs) occasionally, such as dry mouth and
nose, local pain, rash, and somnolence, etc. Based on
two meta-analyses, few studies reported ADRs, while
reported ADRs were mild and did not need special treat-
ment [27, 28]. In a multi-center single-blind randomized
controlled trial, of the 120 patients in the Gastrodin
injection group, 10 had adverse reactions; the ADRs rate
was 8.33% in the Gastrodin injection group and 10.83%
in the control group without statistical significance
(P=0.538) [29]. However, most of the ADRs will return
to normal after stopping the drug. Therefore, although
the ADRs rate reported in the past studies is low and
mild, Gastrodin injection safety still needs to be further
clinical verification. It implies that patient-centered clini-
cal medication needs more exploration.

Also, the strengths of this study are obvious. This study
reflects the correlation of gastrodin injection in the treat-
ment of dizziness or vertigo, and also shows that there
are differences between Gastrodin injection and Extract
of Ginkgo Biloba Leaves injection. Firstly, the actual clini-
cal practice can be shown by using real-world data to
conduct the clinical and economic evaluation of Gastro-
din injection for dizziness or vertigo. Secondly, the data
of this study were collected from 131 hospitals across the
country, which covered the whole nation, so the findings

have more generalizing significance for dizziness or ver-
tigo treatment. Thirdly, there is still lacking studies to
evaluate the clinical and economic benefit of the Gas-
trodin injection with the comparison of other drugs for
patients in the actual clinical practice. Therefore, this
study supplemented the evidence in this respect.

Limitations and future research

However, this study has some limitations which can be
addressed in future studies. First, this study recorded
the realistic drug utilization data without the standard-
ized dosage of different treatments in the real-world
data of electronic health record data. Prospective des-
ing of pragmatic controlled trial with a standardized
therapeutic dosage in the future studies can generate
more direct evidence of Gastrodin injection on diz-
ziness and vertigo. Second, it is impossible to elimi-
nate the influence of all confounding factors, such as
Charlson Comorbidity Index (CCI), disease course,
concomitant medication, cerebral infarction subclass,
etc. Future studies can particularly explore the effects
of Gastrodin Injection on dizziness and vertigo in spe-
cific disease areas. Third, this research only compared
two naturally extracted medicines without considering
conventional medicine. Thus, future studies can use
conventional medicines as comparators to test the two
naturally extracted medicines’ clinical effects. Fourth,
hospital policy, insurance policies, and pharmaceuti-
cal factories can influence drug utilization. However,
in this research, we only focus on the personal patient
level by using individual data of electronic medical
records to test the clinical and economic effects of two
naturally extracted medicines. The impacts of these
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contextual factors need further exploration in future
studies. Last, the sample patients of this study only
from inpatients, the findings can provide references for
clinicians to optimize treatment options and for health
insurance departments to make relevant policies. But
may not reflect the whole disease populations without
outpatients. Thus, future studies can include outpa-
tients and inpatients for the comprehensive research.

Conclusions

Gastrodin injection showed advantages for inpatients
with dizziness or vertigo compared with Extract of
Ginkgo Biloba Leaves injection. Future studies using
prospective pragmatic controlled trials can test and
explore more about the effects of Gastrodin injections
on dizziness or vertigo.
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