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Abstract 

Background: Although endovascular recanalization therapy demonstrates robust clinical efficacy in acute ischemic 
stroke (AIS), not all victims of these cerebrovascular accidents can benefit from it and achieve a favorable prognosis 
after successful reperfusion. Therefore, alternative neuroprotective strategies are urgently needed for AIS patients after 
vessel recanalization. Nitric oxide (NO) levels are low after AIS and NO donor drugs may be neuroprotective against 
cerebral ischemia–reperfusion injury. Glyceryl trinitrate (GTN), often used in the clinic as a NO donor, may provide a 
novel neuroprotective strategy. This rationale, design, and protocol for a prospective pilot study plans to explore the 
preliminary safety, feasibility, and neuroprotective benefits of Arterial Glyceryl Trinitrate in Acute Ischemic Stroke after 
Thrombectomy for Neuroprotection (AGAIN).

Methods: AGAIN, a prospective RCT, is proposed for AIS patients after mechanical thrombectomy. Subjects will 
be randomly assigned in a 1:1 fashion (n = 40) to either the control group or the intervention group. Participants 
assigned to the intervention group will be administered 800 μg GTN in the catheter immediately after recanaliza-
tion, whereas those in the control group will be administered the same volume of normal saline. All participants 
from either group will be given concurrent treatment with standard of care therapies in accordance with the current 
guidelines for stroke management. The primary outcome is safety [symptomatic intracranial hemorrhage (ICH), hypo-
tension, neurological deterioration, ICH, fatal ICH, as well as headache, tachycardia, emesis, and seizures], whereas 
secondary outcomes included changes in poststroke functional outcomes, infarction volumes, and blood nitrate 
index detection.
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Background
Acute ischemic stroke (AIS) is a severe disease and dev-
astating public health concern– it carries a substantial 
socioeconomic burden with remarkably high morbidity 
and mortality rates [1, 2]. New medical advances, includ-
ing the new generation of stent-retrievers, have been suc-
cessful in improving the rates of revascularization after 
AIS and in expanding the temporal intervention window 
for patients who suffer large vessel occlusions (LVO). 
Advances such as these have lowered rates of disabil-
ity and mortality and improved post-stroke outcomes. 
However, despite this cutting-edge technology, there 
is an apparent discrepancy between the use of effective 
recanalization and the ability to regain pre-stroke func-
tional abilities. Indeed, not only does the mortality rate 
remain at 15.3%, but only 46% of individuals with ante-
rior circulation AIS who are treated with endovascular 
therapy achieve functional independence after 90  days 
[3]. Furthermore, there is significant heterogeneity across 
studies reporting the long-term outcomes of thrombec-
tomy and several aspects of this technique are yet to be 
optimized, such as the time window for effective treat-
ment [3–6]. As a result of these uncertainties, attention 
must be given not only to advances in vascular recanali-
zation, but also to neuroprotection in the post-stroke set-
ting in order to maximize the potential of these emerging 
therapies. Exploring fast and effective neuroprotection 
strategies to supplement mechanical thrombectomy will 
become a key strategy for improving the prognosis of 
the post-stroke patient [7]. We hypothesized that glyc-
eryl trinitrate (GTN), a donor of nitric oxide (NO), may 
benefit patients in the context of AIS after endovascular 
recanalization.

The efficacy of reperfusion after ischemic stroke is lim-
ited by post-ischemic inflammatory changes, including 
reactive oxygen species (ROS) formation and accumula-
tion, which may cause apoptosis as well as unregulated 
and pathologic cell death [8]. ROS and nitrogen species 
are highly destructive products of ischemic-reperfusion 
injury and that can exacerbate neuronal death through 
DNA damage, lipid peroxidation, and protein oxidation 
[9]. NO plays a pivotal part in hypoxic signaling and, at 
physiologic and therapeutic levels, exerts powerful cyto-
protective effects after ischemia and reperfusion in a 
variety of tissues, including neurologic tissue [10, 11]. 

Though the mechanism remains elusive, various stud-
ies have reliably exhibited reduced cytoprotection when 
subjects were administered NO scavengers or in experi-
ments where NO synthase was knocked out or inhibited 
[12–14]. ROS formation induced by reperfusion contrib-
utes to a decrease in the bioavailability of NO, thus limit-
ing its ability to promote various protective mechanisms 
after stroke, such as vasodilation, inflammation inhibi-
tion, and preservation of endothelial integrity under 
hypoxic conditions [15]. NO donors are a category of 
drugs, independently of its endogenous sources, whose 
common mechanism is a propensity to release NO or 
a NO-related substance in  vitro or in  vivo [16]. Abun-
dant preclinical research suggests NO donors can safely 
decrease infarction volume, increase cerebral blood flow, 
and better functional outcomes in AIS in both transient 
and permanent stroke models [17]. Additionally, NO 
donors’ neuroprotective effect has been shown to alle-
viate ischemia–reperfusion injury at various levels in 
multiple different ways, including modifying cellular oxi-
dative status, inhibiting activity of monocytes, and reduc-
ing primary hemostasis [18].

GTN is a vasodilator approved by the Food and Drug 
Administration which acts as an NO donor and has been 
experimented with for neuroprotection in AIS. Trans-
dermal GTN has been shown to lower blood pressure 
without any deleterious effects on platelet function or 
changes to the middle cerebral artery (MCA) blood flow 
velocity or to regional cerebral blood flow in patients suf-
fering an AIS [19–22]. A recent RCT with a larger sam-
ple size studied the efficacy of transdermal GTN in high 
blood pressure management in AIS (ENOS) similarly 
showed the GTN’s ability to lower blood pressure, but did 
not indicate an improvement in functional outcome fol-
lowing AIS [23]. However, NO donors’ neuroprotective 
effects following ischemic–reperfusion injury have con-
sistently shown to be dependent on the dose, location, 
source and environment [24]. Considering these param-
eters and GTN’s short half-life, administering GTN as 
an arm or chest patch might not reach the cerebrovas-
cular system in a way that enables it to confer significant 
or reliable benefits. Recently, arterial administration of 
GTN in MCAO animal models demonstrated a neuro-
protective effect in AIS [24]. Rather, intra-catheter GTN 
administration might be a quicker, more effective method 

Discussions: This study is a prospective randomized controlled trial to test the safety and efficacy of intra-arterial 
GTN in AIS patients after endovascular therapy. The results from this study will give insight for future GTN studies and 
new neuroprotective strategies for future AIS treatment strategies.

Trial registration number: ChiCTR2100045254. Registered on March 21, 2021.
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to allocate the full potential of GTN. To our knowledge, 
there is a paucity of literature regarding GTN’S efficacy 
and safety as an adjunctive method of neuroprotection 
to endovascular recanalization in AIS. Thus, this single-
center, prospective randomized controlled study serves 
to assess the safety, feasibility, and preliminary efficacy 
of intra-catheter GTN administration post-mechanical 
thrombectomy.

Methods/design
This study was registered on www. chictr. org. cn in April 
2021 (ID: ChiCTR2100045254) and approved by the eth-
ics committee of Luhe Hospital, Capital Medical Univer-
sity, Beijing, China.

Study design
AGAIN is a prospective, randomized, controlled, single-
center study designed to evaluate the safety and efficacy 
of GTN administration after mechanical thrombectomy 
in patients suffering an AIS within 6 h of symptom onset.

Participants and screening
Eligible patients will be enrolled consecutively after 
undergoing endovascular therapy for AIS in the Beijing 
Luhe Hospital Stroke Center, Capital Medical Univer-
sity. Participants for this study will be recruited from the 
stroke center (the Stroke Intervention & Translational 
Center, SITC) in Beijing Luhe Hospital. Informed con-
sent, which includes an explanation of potential benefits 
and risks, will be obtained from each participant. Once 
all participants have read the participant information 
sheet and provided written informed participation con-
sent, they will be evaluated against eligibility criteria and, 
if eligible, will be enrolled in our study. Consent will be 
obtained by an appointed legal representative should the 
participant lack decision-making capacity, see Fig. 1.

The inclusion criteria include: 1) AIS patients with ante-
rior circulation LVO who received endovascular therapy, 
2) age between 18 and 80 years, 3) within 6 h from symp-
tom onset to puncture, 5) baseline ASPECT score 6–10, 
6) baseline NIHSS score 6–25.

Fig. 1 Flowchart of the study

http://www.chictr.org.cn
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Exclusion criteria are as follows: 1) lack of vessel reca-
nalization (TICI score = 0), 2) evidence suggesting spon-
taneous vessel recanalization, 3) rapid spontaneous 
amelioration of neurological function to an NIHSS < 6 
after vessel recanalization, 4) systolic blood pres-
sure < 120  mmHg before GTN administration, 5) blood 
glucose < 2.7 or > 22.2  mmol/L, 6) evidence of coagula-
tion disorders in laboratory studies, 7) pregnancy, 8) pre-
stroke modified Rankin Scale (mRS) > 2, 9) no informed 
consent was obtained, 10) enrollment in other clinical 
studies within 3 months.

A physician unaffiliated with the study will monitor the 
safety and health status of participants. A safety quality 
control conference was held by the GCP committee twice 
a year and on an as needed basis. The safety of subjects 
was continuously monitored by Luhe Hospital Ethics 
Committee.

Randomization and blindness
The participants will provide consent and assigned ran-
domly in a 1:1 (n = 40) fashion to the two treatment 
groups with the use of computer-generated randomiza-
tion. Interventionalists, outcome assessors, and investi-
gators involved in data collection and analysis for the trial 
will be blinded to this assignment with the use of opaque 
envelopes.

Interventions
Stroke patients that satisfy inclusion criteria will be 
assigned randomly to either the control group or experi-
mental group. All patients will also receive standard 
stroke treatment, including antiplatelet or anticoagula-
tion medications, antihypertensive medications, hyper-
lipidemia and hyperglycemia control, and neurotrophic 
treatment. In experimental group, 800  μg NTG will be 
diluted using 10 cc isotonic NaCl solution administered 
via catheter over 10 min after vessel recanalization. The 
control group will receive 10  cc isotonic NaCl adminis-
tered via the catheter over 10 min.

Outcomes and assessment procedures
Participant demographic information, stroke risk factors, 
occlusion site, and procedure of mechanical thrombec-
tomy will be recorded. On hospital admission, ASPECTS 
(Alberta Stroke Program Early CT Score) and NIHSS 
(National Institute of Health stroke scale) scores will be 
determined and recorded for further analysis. Magnetic 
resonance imaging (MRI) or computerized tomography 
(CT) will be completed 24 h after mechanical thrombec-
tomy. NIHSS and mRS scores will also be determined at 
baseline and at 24 h, day 7, 14, and 90 after stroke onset.

Primary Outcomes (Safety Assessment). The primary 
safety consideration of AGAIN is the risk of symptomatic 

intracranial hemorrhage (ICH). The secondary safety 
outcomes include: 1) episodes of hypotension requiring 
clinical treatment during GTN administration; 2) neuro-
logical deterioration is defined as NIHSS score increasing 
more than 4  point  from baseline to day 7; 3) ICH, fatal 
ICH; 4) death regardless of cause during the study period; 
5) headache, tachycardia, emesis, and seizures.

Secondary Outcomes (Efficacy Assessment). The main 
parameter to assess efficacy of AGAIN is functional inde-
pendence on day 90 post-intervention (as determined 
by scores between 0 to 2 on the mRS scale, which are 
representative of functional independence), infarct vol-
umes, NIHSS scores, and blood nitrate index detection 
[cyclic guanosine monophosphate (cGMP), L-arginine, 
and L-citrulline)]. The infarct volume is measured using 
the Siemens Syngo with Diffusion-Weighted Imaging 
(DWI) by the image tool (ROI) (this is done by outlining 
the infarcted area on each section in order to calculate 
the area and subsequently by multiplying this value from 
each layer by its respective thickness).

Estimation of sample size
Intra-catheter administration of GTN in AIS patients 
after mechanical thrombectomy is our first attempt to 
address the effect of GTN in AIS patients with endovas-
cular therapy. There is no data available for reference. 
AGAIN is a pilot study to examine the study design, 
methods, procedures, inclusion criteria, and operational 
strategies. The results will be used to estimate the sam-
ple size and conduct a power analysis for a phase-2 trial. 
Based on two other protocols published in Frontiers in 
Neurology [25, 26], 10 to 20 participants per group may 
be adequate to assess the initial safety and feasibility 
trends of intra-catheter administration of GTN. There-
fore, a similar number of sample of total 40 patients was 
selected in this pilot study.

Statistical analyses
The endpoint event in the present study will be assessed 
using the concept of intention-to-treat (ITT). In the 
event that no differences in incidence of adverse events 
or functional outcomes are found at 90 days when com-
paring the experimental and control groups, our team 
will proceed onto a phase-2 trial.

The Kolmogorov–Smirnov test for normality and the 
equal variance will be conducted prior to any other sta-
tistical analysis methods. For continuous variables with 
normal distribution, a 2-sided t test for independent sam-
ples will be applied in order to detect differences between 
the groups. A Mann–Whitney U test will be performed 
for continuous variables that have a non-normal distri-
bution. For categorical variables, χ2 or Fisher exact tests 
will be used when fitting. A p value of < 0.05 will be the 
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threshold to determine statistical significance. Statistical 
analysis will be performed on SPSS 22.0.

Discussion
As the population continues to age, the incidence of cer-
ebrovascular events and a concurrent need to develop 
neuroprotective therapies will increase significantly [1]. 
At present, mechanical thrombectomy is the most effec-
tive method of revascularization for patients who suffer 
an AIS with LVO. However, clinical use of this therapy is 
restricted by several parameters, including a narrow tem-
poral window for its use, potential complications, as well 
as reperfusion injuries such as brain edema and hemor-
rhagic transformation [27, 28]. In order economize time 
for mechanical recanalization, reduce reperfusion injury, 
and maximize the potential of existing stroke therapies, 
investigating fast and effective neuroprotective strategies 
has become an essential goal in improving the prognosis 
post AIS.

Recently, stroke investigators have examined several 
novel methods for their potential neuroprotective prop-
erties in AIS. However, most neuroprotectants have 
only shown reliable benefits in stroke models using ani-
mals, and have been unsuccessful in clinical translation 
to human subjects [7, 29, 30]. Combining such neuro-
protective techniques with intravenous or endovascu-
lar therapy is considered to be an important impending 
phase in the development of effective treatment strate-
gies in AIS [31]. The recent developments in mechanical 
thrombectomy to treat AIS have resulted in high rates of 
successful vessel recanalization and have paved the way 
for promising new opportunities to effectively apply sup-
plementary neuroprotective therapies to patients after 
reperfusion and to expand the time frame for effective 
reperfusion [29]. Studies have sought to investigate vari-
ous mechanisms of neuroprotection as potential adjuncts 
to mechanical thrombectomy, such as the inhibition of 
excitotoxic cell death in acute ischemia. Recently, for 
example, the ESCAPE-NA1 clinical trial found that neri-
netide, a neuroprotectant that disrupts excitotoxic post-
synaptic density protein 95 (PSD-95), resulted in better 
functional prognosis and decreased mortality among 
AIS patients who received mechanical thrombectomy 
[32]. Additionally, also when merged with mechani-
cal thrombectomy, short-duration intraarterial selec-
tive cooling infusion selectively administered into an 
ischemic region appears to be safe and is associated with 
reduced infarct volume patients suffering an AIS [33]. 
Furthermore, oxygen supplementation, a traditional 
neuroprotectant, demonstrates the ability to reduce rep-
erfusive and inflammatory injury into the penumbra, 
reduce cell damage, and stimulate neural recovery and 
neuroplasticity post AIS. [34]. Accordingly, our previous 

clinical study showed that high-flow normobaric oxygen 
(NBO) therapy post-mechanical thrombectomy is effec-
tive in reducing infarct volumes, improving functional 
prognosis, and decreasing mortality in patients suffering 
an AIS affecting anterior circulation [35]. These works 
highlight the many potential avenues of neuroprotection 
and further suggest a promising combination of reperfu-
sion and neuroprotective approaches for the care of AIS 
patients. In addition to neuroprotectant, adjunct intra-
arterial alteplase  after successful recanalization might 
be also effective for tissue salvage [36]. Application of 
various drugs after vessel recanalization is promising for 
stroke treatment to improve functional prognosis after 
mechanical thrombectomy in the future.

The neuroprotective effect of NO donors has been 
found to prevent ischemia–reperfusion (I/R) injury 
after AIS in preclinical studies [18]. GTN is one of the 
most extensively used exogenous NO donors clinically, 
but its application after endovascular recanalization 
has not been reported yet. Transdermal and sublingual 
GTN has failed to confer improvements in functional 
outcome in AIS patients [19–23]. The neuroprotective 
effect of NO donors are suggested to be consistently 
dependent on the dose, location, source and environ-
ment [24]. Due to cascade expansion of inflammatory 
responses during the whole process of I/R injury, early 
intra-arterial administration of GTN after vessel reca-
nalization (during the early stage of I/R injury) may 
be the best method to prevent ischemic-reperfusion 
injury and exert its clinical neuroprotective benefits. 
Additionally, arterial administration of GTN has been 
demonstrated to be neuroprotective in MCAO animal 
model [24]. Therefore, it is possible that intra-arterial 
administration of GTN after vessel recanalization 
would most effectively enable this compound to reach 
target sites and have the greatest therapeutic effect. 
We will determine the safety of intra-arterial GTN and 
its prospective ability to improve functional outcomes 
in patients who suffer an AIS. This sequence may best 
enable us to assess the benefits and clinical transfor-
mation of GTN and mechanical thrombectomy in AIS 
patients.

There are certain limitations of the proposed study. 
First, the trial will be conducted at single center and has a 
small sample size, which may influence the generalizabil-
ity of the conclusions that may be drawn and potentially 
invites illegitimate results to the study. Second, the target 
dosage of GTN still needs optimization in the context of 
its use after mechanical thrombectomy. The dose of GTN 
was decided according to the coronary artery research in 
which 200-500ug GTN was given through a catheter [37–
39] and clinical experience of GTN used in cardiovascu-
lar and cerebrovascular diseases intervention therapy.
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AGAIN proposes to ascertain the safety, feasibility, and, 
secondarily, the efficacy of intra-arterial GTN combined 
with mechanical thrombectomy in patients who suffer an 
AIS. The preliminary data will provide the parameters for 
clinical trials in the future.
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