Received: 17 June 2021

Revised: 16 October 2021

Accepted: 25 October 2021

DOI: 10.1002/brb3.2431

REVIEW

Brain and Behavior
WILEY

Human urinary kallidinogenase combined with edaravone in
treating acute ischemic stroke patients: A meta-analysis

Di-Xiao Yang' | YaoLi?

Li-Qing Chen?®

1 Department of Nursing Administration,
Chengdu Fifth People’s Hospital, Chengdu,
China

2 |ntensive Care Unit, Chengdu Fifth People’s
Hospital, Chengdu, China

3 Department of Otorhinolaryngologic,
Chengdu Fifth People’s Hospital, Chengdu,
China

Correspondence

Dan Yu, Department of Otorhinolaryngologic,
Chengdu Fifth People’s Hospital, No.33, Mashi
Street, Wenjiang District, Chengdu, Sichuan,
China.

Email: yudanstudent@163.com

Di-Xiao Yang and Yao Li are co-first authors.

1 | INTRODUCTION

Stroke is the second leading cause of death and a major cause of dis-
ability across the world (Katan & Luft, 2018). It is the leading cause of
death and disability in China, which accounts for a fifth of the world’s
population (Wu et al., 2019). To meet this challenge, the China Stroke
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Abstract

Introduction: Several studies have investigated the efficacy of human urinary kallidino-
genase (HUK) combined with edaravone (Eda) in acute ischemic stroke (AlS) patients.
Our aim was to provide the best available evidence for clinical practice and further
research programs for stroke treatment.

Methods: We searched the online database for paper published between January
2015 and April 2021. We calculated weighted mean difference (WMD) or odds risk
(OR) and their corresponding 95% confidence interval (95% Cl) of reported outcomes
between HUK plus Eda and Eda groups for each study. The random-effect models or
fixed-effect models were used to pool the analysis.

Results: Thirteen studies with 1242 patients were included. In the pooled analysis,
the scores of NIHSS in the HUK plus Eda group were significantly lower than that in
patients receiving Eda (WMD = -3.92, 95% ClI (-4.82, -3.02), p < .0001). The ADL
scores in the HUK plus Eda group were significantly greater than that in patients
receiving Eda (WMD = 14.13, 95% Cl (10.67, 17.60), p < .0001). Furthermore, HUK
plus Eda was associated with a higher rate of total efficacy (OR = 3.97, 95% CI (2.81,
5.59),p <.0001).

Conclusions: HUK combined with Eda provides potential clinical benefits as a treat-
ment for AlS. Further high-quality, large-scale randomized trials are needed to confirm

these results.
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Prevention Project Committee (CSPPC) of the Ministry of Health was
established in April 2011. This committee actively promotes stroke
prevention and control in China (Chao et al., 2021). Acute ischemic
stroke (AIS) is the most common type of stroke, which is caused by
the blockage of a blood vessels supplying to the brain, accounting for

about 80% of all varieties of stroke (Wang et al., 2015). Recanalization,
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especially thrombolysis, can significantly improve outcomes. However,
hemorrhagic transformation, neurotoxicity, and a short treatment time
window are major limitations of thrombolytic therapy (Bennink et al.,
2015; Ishiguro et al., 2012).

Human urinary kallidinogenase (HUK) is a glycoprotein that is
extracted from male urine. HUK belongs to the tissue kallikrein fam-
ily, and tissue kallikreins exert their biological effects by activating
kallikrein/kinin system (KKS). Activated KKS would induce therapeutic
angiogenesis and neovascularization, which might provide a new way
to restore blood supply in the ischemic area (Emanueli & Madeddu,
2004 , 2003; Han et al., 2015; Pérez et al., 2006). HUK treatment has
been taken into consideration following the results of several random-
ized controlled trials (level 11B) (Neurology & Society, 2018). In addi-
tion, HUK has been approved by the State Food and Drug Administra-
tion of China and has been clinically used in the treatment of stroke
patients in China for more than 10 years. HUK has been reported to
promote angiogenesis, enhance cerebral perfusion, and suppress the
inflammatory response in animal trials (Chen et al., 2010; Han et al.,
2015). A study with animal models demonstrated that HUK can signif-
icantly improve neurological function with few adverse effects (Chen
etal., 2010).

Meanwhile, edaravone (Eda) was first approved by the Japanese
Ministry of Health for the treatment of ischemic stroke in 2001. It
inhibits lipid peroxidation (Higashi et al., 2006), scavenges free radicals
and oxidative damage to nerve cells, endothelial cells, and brain cells
(Yoshida et al., 2006), and reduces the effects of cerebral ischemia and
edema (Nakamuraet al., 2008), thus reducing the tissue damage caused
by acute cerebral infarction.

HUK and Eda are a new selective cerebral vasodilator and oxygen-
free radical scavenger, which were widely used in the treatment of
cerebral infarction in the past few years. In recent years, a series
of studies have compared the efficacy of HUK combined with Eda
in the treatment of acute stroke (Aojinjiang, 2017; Haibing, 2017,
Hong, 2016; Hongjun, 2019; Menglin, 2017). In the present study, we
performed a meta-analysis assessing the efficacy of HUK combined
with Eda in treating AIS. Our aim was to provide the best available
evidence for clinical practice and further research programs for stroke

treatment.

2 | METHODS

This meta-analysis was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines
(Shamseer et al., 2015). All analyses were based on previously pub-
lished studies; thus, ethical approval or patient consent was not suit-

able for this meta-analysis.

2.1 | Data sources and searches

Systematic literature searches using specific keywords were per-

formed on Chinese databases, including Wanfang and China National
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Knowledge Infrastructure (CNKI), and English literature database
(PubMed, Web of science, and Embase) from January 2015 to April
2021. The combinations of search keywords used to conduct our

» o«

search were “Human Urinary Kallidinogenase,” “Urinary Kallikrein,”

»n o«

“HUK,” “Edaravone,” “Eda,” “acute ischemic stroke,” “stroke,” “Acute
stroke,” “Acute cerebral infarction,” and “cerebral infarction.” All
records were searched by two researchers separately, and all articles
that could possibly satisfy the inclusion criteria according to one of
the researchers were retrieved as full text. The decision to include or
exclude a study was also made by two independent researchers. Dis-

agreements were solved through discussion.

2.2 | Study selection and data search

We identified studies that reported clinical outcomes in patients
treated with HUK combined with Eda and control group with Eda.
The inclusion criteria of studies were as following: (1) randomized
controlled design; (2) studies comparing efficacy of HUK plus Eda
versus Eda in patients with AlS; (3) reporting of clinical outcome
data including neurophysiological outcomes, functional outcomes, and
total efficacy rate. Neurophysiological outcomes were assessed by
the National Institutes of Health Stroke Scale (NIHSS) and the func-
tional outcomes were assessed by the activities of daily living (ADL).
The exclusion criteria of studies were: (1) studies were excluded in
which the means and SDs (or number (%)) were not reported; (2) dupli-
cated studies, case report, review, abstracts, conference and system-
atic reviews, and meta-analysis; (3) intervention of control group was
not Eda.

We extracted the following information: participant characteris-
tics (i.e., age, clinical outcomes, and target group), first author and
year of publication, sample size, interventions, and follow-up dura-
tion. The outcomes included an assessment of neurological improve-
ment in the NIHSS and an assessment of ADL improvement and total
efficacy rate.

2.3 | Risk of bias assessment

We assessed the validity of included studies according to the Cochrane
Collaboration’s tool, which contains seven domains: random sequence
generation, allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessment, incomplete outcome data,
selective reporting, and other sources of bias. Disagreements were

solved through discussion.

2.4 | Statistical analysis

We calculated weighted mean difference (WMD) or odds risk (OR)
and their corresponding 95% confidence interval (95% Cl) of reported
outcomes between HUK plus Eda and Eda groups for each study. As

an estimate of the heterogeneity of effect sizes, we calculated the 2
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 Articles identified through database search(n=352) |

[ Screened after duplicates removed(n=216) ]

Excluded based on
title and abstract(n=81)

[Full—text assessed for eligibility(n=135) ]

Full-text excluded
based on criteria(n=122

[Articles included in this meta-analysis(n=13) ]

FIGURE 1 Flowchart of search strategy

statistic and Q test. According to the result of heterogeneity, random-
effect models or fixed-effect models were used to pool the analysis. We
used Egger test to examine publication bias and to examine whether it

was statistically significant. Sensitivity analyses were used to test the

TABLE 1 Baseline characteristic of the included studies

robustness of the pooled effect. All statistical analyses were developed
with Stata15.0 software.

3 | RESULTS

3.1 | Characteristics of studies

After screening a total of 216 titles and abstracts (136 after removal of
duplicates), we screened 135 full-text studies for further consideration
and excluded 122 studies. The flowchart describing the inclusion pro-
cess is showed in Figure 1. Finally, 13 studies with 1242 patients (treat-
ment group with 632, control group with 610) satisfied the inclusion
criteria. Baseline characteristics of the included studies are presented
in the Table 1. The average age of patients in the included studies was
over 50 years old. The doses of HUK and Eda were 0.15 PNA/day,
30 mg/day, respectively. The mean values for clinical outcomes were
assessed at 14 days.

With aregard to risk of bias, four studies (30.76%) reported an ade-
quate random sequence generation; allocation concealment were not
described for all studies; all included studies did not report blinding of
participants and outcome assessment. All the studies were considered

Author Sampling, T/C Age, T/C

Bai et al. 58/52 58.55.+.7.02
(Yu.,2016) 61.78 +9.01
Zhanget al. 54/54 62.34 +4.98
(Wen, 2019) 62.28 +4.76
Yang et al. 47/47 —

(Yubo, 2016) —

Huetal. 45/45 61.73 + 6.59
(Haibing, 2017) 61.25 + 6.40
Aoetal. 45/45 62.30+7.20
(Aojinjiang, 2017) 65.30+7.80
Laietal. 34/33 65.01 +10.72
(Suiping, 2015) 59.65+8.91
Wang et al. 58/58 63.47 +4.15
(Hongjun, 2019) 6242 +4.17
Wang et al. 48/48 60.39 + 8.23
(Hong, 2016) 61.05+8.29
Wang et al. 50/50 -

(Wang Jing, 2017) _

Xietal. 56/41 63.80+11.40
(Na, 2020) 67.50 + 10.20
Yangetal. 57/57 68.20 + 3.30
(Xinli,2019) 68.80 + 3.10
Jiangetal. 35/35 63.34 +2.56
(Bingquan, 2016) 63.74 +2.48
Dengetal. 45/45 61.80+6.70
(Menglin, 2017) 6140+ 641

Abbreviations: ADL, activities of daily living; C, control; E, edaravone; NIHSS, National Institutes of Health Stroke Scale; T, treatment; UK + E, urinary kallidino-

genase + edaravone.

Intervention, T/C

UK.+.E,.0.15 PNA, 1/day
E, 30 mg, 2/day

UK + E,0.15 PNA, 1/day
E,30 mg, 1/day

UK+ E, 0.15 PNA, 1/day
E, 30 mg, 1/day

UK +E, 0.15U, 1/day

E, 30 mg, 1/12h

UK + E,0.15 PNA,1/day
E, 30 mg, 2/day

UK +E, 0.15 PNA, 1/day
E, 30 mg, 2/day

UK+ E, 0.15 mg, 1/day
E, 30 mg, 2/day

UK + E, 0.15 PNA, 1/day
E, 30 mg, 1/day

UK +E, 0.15 mg, 1/day
E, 30 mg, 2/day

UK + E, 0.15 mg, 1/day
E, 30 mg, 2/day

UK + E,0.15 PNA, 1/day
E,30mg, 1/day

UK +E, 0.15 PNA, 2/day
E,0.03 g, 2/day

UK+ E, 0.15 PNA, 1/day
E,0.03 g, 2/day

Duration, outcomes

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,

Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14 days, NIHSS, ADL,
Total effective rate

14d, NIHSS, ADL,
Total effective rate
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FIGURE 2 Risk of bias assessment

to have a high risk of performance bias due to their deficiency of blind-
ing design (shown in Figure 2).

3.2 | NIHSS

The random-effect model revealed that the NIHSS score of patients
treated with HUK combined with Eda was lower than that of patients
treated with Eda alone, and the difference was statistically significant
(WMD = —-3.92,95% CI (—4.82, —3.02), p < .0001), with high evidence
of the heterogeneity(I? = 98.0%, p < .001) (Figure 3a). The neurolog-
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ical function was better in the HUK combined with Eda group than
in the Eda alone group. Sensitivity analysis showed that pooled effect
changed slightly by removing each study one at a time (Figure 3b).

3.3 | ADL

The result of pooled effect by fixed-effect model showed that com-
pared with Eda alone group, the ADL score of the HUK combined with
Eda group was significantly higher (WMD = 14.13, 95% CI (10.67,
17.60), p < .0001), with considerable heterogeneity among studies
(12 =93.8%, p <.0001) (Figure 4a). The ADL was an improvement in the
HUK plus Eda group than in the Eda alone group. According to the sen-

sitivity analysis, the result was robust as shown in Figure 4b.

3.4 | Total efficacy rate

Pooled effects by a fixed-effects model demonstrated that HUK com-
bined with Eda treatment was associated with a high total efficacy rate
(OR = 3.97, 95% Cl (2.81, 5.59), p < .0001), with no heterogeneity
across studies (12 = 0.0%, p = .986) (Figure 5a). According to the sen-
sitivity analysis, the result was robust as shown in Figure 5b. Accord-
ing to the Egger’ test (p = .665), little publication bias was discovered

among the studies.

4 | DISCUSSION

The purpose of this meta-analysis was to assess the efficacy of HUK
combined with Eda in the treatment of AIS. Our results indicated that
patients treated with HUK combined with Eda significantly decreased
the NIHSS score compared with baseline NIHSS score, improved the
ADL score compared with baseline ADL score, and had a better total
efficacy rate than that of patients treated with Eda alone. A meta-
analysis by Huang et al. (2020) that included 16 trials compared the
efficacy and safety between the HUK treatment group and basic treat-
ment. The results revealed that HUK had more neurological improve-
ment than the basic treatment groups in NIHSS scores (mean differ-
ence: —1.65,95% Cl (—2.12,—1.71)) and clinical efficacy. The study also
found that adverse effects were no different between the HUK group
and basic treatment group(Huang et al., 2020). A systematic review by
Zhang et al. (2012) assessed the efficacy and safety of HUK for AlS.
Trails were included for patients with HUK versus placebo or no inter-
vention. The results suggested that HUK appears to reduce neurolog-
ical impairment for patients with AIS and to improve long-term out-
comes (Zhang et al., 2012). Compared with these studies, our study
assessed the efficacy of HUK combined with Eda in the treatment of
AIS, and the control group was Eda alone. Our study not only eval-
uated the neurological function and effectiveness, but also evaluated
the impact on the ADL function. And our results were consistent with
previous studies. HUK-combined Eda may be regarded as a potential

choice for the treatment of AlS patients.
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FIGURE 3 (a) Forest plot of NIHSS. (b) Sensitivity analysis of NIHSS

In the studies of combined medicine, HUK combined with butylph-
thalide can improve the long-term independency rate of AlS patients,
and the efficacy of HUK-combined therapy is better than that of Eda
(Qian et al., 2019). Patients of massive cerebral infarction treated with
urinary kallidinogenase-combined Eda has a certain curative effect (Ke
& Jing, 2016). A prospective study with 58 stroke patients confirmed
that HUK promoted stroke recovery, enhanced cerebral reperfusion

through up-regulating vascular endothelial growth factor, apelin/APJ

pathway, and the average perfusion time, was significantly shortened
(Li et al., 2015). According to the trail of Org 10172 in Acute Stroke
Treatment classification, HUK can significantly improve the NIHSS
score of cerebral ischemia caused by large-artery atherosclerosis and
small-artery atherosclerosis and it is helpful in improving the clinical
efficacy (Li et al., 2015). A study using magnetic resonance perfusion
weighted imaging (MRP) methods evaluated the microcirculation and

concluded that HUK could enhance cerebral blood flow in the lesioned
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FIGURE 4 (a) Forest plot of ADL. (b) Sensitivity analysis of ADL

hemisphere, but not decrease the cerebral blood flow of the contralat-
eral hemisphere (Miao et al., 2016). The benefit of HUK promotes brain
remodeling, which might be an important mechanism in the treatment
of acute cerebral infarction (Miao et al., 2016). According to a study
Song et al. (2012), HUK induced over activation of ipsilateral primary
motor sensory cortex compared with the control group, suggesting
that HUK improved more nerve fibers and/or restored more inner-
vation at the injured site after ischemia. Meanwhile, HUK treatment

can enhance the activation of ipsilateral auxiliary motor area, premo-

tor cortex, and contralateral posterior parietal cortex, indicating that
HUK can regulate motor function reconstruction in patients with cere-
bral infarction. Kallikrein kinin system can be activated by HUK (Sahan
et al,, 2013), hydrolyze kininogen into kinin, and release nitric oxide
(NO) to relax vascular smooth muscle (Perilli et al., 2012). In addition,
kinin as another component of kallikrein kinin system can reduce the
expression of vascular endothelial growth factor and its receptor, thus
promoting angiogenesis (Ke & Jing, 2016). These findings may explain
the mechanism of HUK in preventing stroke recurrence.
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FIGURE 5 (a) Forest plot of total efficacy rate. (b) Sensitivity analysis of total efficacy rate

Some limitations of this meta-analysis should be noted. First, all
included studies were published in Chinese, this may cause a limitation
of general applicability. Second, the overall methodological quality of
the included studies was not ideal, especially the short of double-blind
design. There were some heterogeneities among the included studies,
although the random-effect model was used to solve this problem. Fur-
ther high-quality randomized controlled trials of the clinical efficacy of
HUK combined with Eda for AlS are needed.

5 | CONCLUSIONS

Our results indicated that the scores of NIHSS in the HUK plus Eda
group were significantly lower than that in patients receiving Eda, and
ADL scores were significantly greater than that in patients receiving
Eda. Our findings suggested that HUK-combined Eda can improve the
nerve function and ADL function. The effectiveness of HUK-combined

Edatherapy is better than Eda. It may be regarded as a potential choice



. Brain and Behavior
" L WILEY [Open ccess3

for the treatment of AIS patients. Further high-quality, large-scale ran-
domized trials are needed to confirm these results.
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