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ABSTRACT 
 

Background: Nitric Oxide is involved in several physiological processes, including vasodilation, blood pressure control, platelet and 
antileucocyte activity, and neurotoxicity. When given within 4 to 6 hours after the start of stroke, nitric oxide donors (NO donors) have shown 
promise as an acute stroke therapy in two clinical studies. 
Methods: People with acute or chronic stroke were included in randomized trials of NO donors, and IPD was obtained from the trialists. The 
changed Rankin scale (mRS) and mortality by point in time to randomization were used to evaluate the impact of NO donor organize on 
practical result. Impairment, mood, and life quality were all included as secondary outcomes. 
Results: Glyceryl trinitrate (GTN) was used in all five studies (4,197 individuals). GTN reduced BP by 7.4/3.3mmHg as compare to the 
organize set. After 90 days, GTN has not altered any clinical measurements in any way, shape, or form. While GTN was linked with positive 
changes in the mRS (odds ratio (OR) of 0.52, 95% self-assurance gap of 0.34–0.78) and decreased mortality in 312 patients who were 
randomly assigned within 6 hours of the start of stroke, this was not the case for the other patients in the study. 
Conclusions: Little donors had no effect on the recovery of stroke victims. NO donors, on the other hand, may enhance outcomes in both 
ischemic and hemorrhagic stroke when specified in six hours of the start of stroke. 
Keywords: drugs, nitric oxide, Glyceryl trinitrate, acute cerebral hemorrhage, stroke, pharmacology 

 

INTRODUCTION 
 

When it comes to acute ischemic stroke, therapeutic options include 
intravenous thrombolysis, stroke unit care with moderate effectiveness 
but broad applicability, thrombectomy, and hemicraniectomy. However, 
despite their high effectiveness, these alternatives have a restricted 
marketability. No specific treatments exist for those who have 
spontaneous intracerebral haemorrhage despite the fact that lowering 
blood pressure regulation, platelet and antileucocyte action, and 
neurotoxicity are only a few of the numerous (BP) early on might be 
helpful and are optional in guiding principle (ICH). Novel therapies to 
improve results after an ischemic and hemorrhagic stroke are thus 
urgently required. 

Vasodilation, BP regulation, platelet and antileucocyte action, and 
neurotoxicity are only a few of the numerous roles of nitric oxide in 
human physiology. Nitrogen dioxide (NO2) is a non-organic gas. If 
you've had an acute stroke, the amount of circulating NO is low, 
therefore early supplementation may assist restore equilibrium by 
lowering blood pressure, avoiding microthrombosis and decreasing 
leukocyte adhesion while also acting as an anti-inflammatory and 
therapeutic agent for the brain. In stroke animal models, NO donors 
have been studied for their therapeutic benefits, which are time-
dependent. Because of its physiological property and possible 
advantages in stroke models in animals, NO usage may be beneficial 
for acute stroke patients. 

Stroke survivors who had had an early or severe stroke were 
tested for the efficacy of two distinct NO donors. Blood pressure and 
platelet function were reduced in an uncontrolled study using 
potassium nitroprusside, a naturally produced NO donor, but cerebral 
blood flow was unaffected (CBF). Most study has been done on the 
synthetic nitrate used to treat angina known as glyceryl trinitrate (GTN). 
For acute stroke patients, we performed a thorough evaluation of data 
from randomised prohibited trials to review the protection and 
effectiveness of NO donors. Our hypothesis was that early 
administration of NO donors (defined as randomization in 6 hours of 
onset) might be particularly efficient in humanizing medical result 
because early administration of NO donors has been shown to be 
beneficial in preclinical study, a little medical experiment and a pre-
specified subgroup of a larger test. 
------------------------------------------------------------------------------------------ 
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RESEARCH METHODOLOGY 
 

Ethics: Since the anonymized patient data was obtained from 
previously completed and published research that had already acquired 
local and national clearances and authorization, this research did not 
require ethics committee clearance. 
Collection Criteria and Search plan: Adult patients with acute or sub-
acute stroke (ischaemic stroke or ischemic heart disease, within 1 
week/168 hours of onset) were required by means of digital database 
searches such as the Cochrane Stroke Group Tests record (search 
October 2014), Cochrane Database of methodical Reviews (CDSR), 
and the Cochrane Central Register of prohibited trial (CENT). These 
trials were randomised controlled trials that looked at the outcome of a 
NO giver vs manage (placebo or lack of each database has its own 
search strategy (supplemental search criteria). For additional 
investigations, researchers combed through reference lists from 
previous evaluations of NO givers and BP-lowering medications and 
found test papers. Data from the original report was utilized in place of 
duplicate publications, which were found. Publications may be written 
in any language that is spoken in a given country. 
Outcomes: Afterwards, students were asked to complete a modified 
Rankin scale (mRS) to assess their level of dependency on mRS. 
There was also evaluation of hemodynamics during randomization, 
such as changes in blood pressure and heart rate as well as 
recurrence, disability, and headache as well as clinically significant 
hypertension based on the Scandinavian Stroke Score (SSS). The 
length of stay in hospital and the patient's post-discharge status were 
included into the analysis. During the follow-up period, researchers 
assessed participants' functional position (e.g. Barthel index, BI), 
mental health, cognition, and mood (e.g. mini-mental state assessment, 
MMSE), as well as their overall well-being (e.g. EuroQoL-5D, EQ-5D; 
EuroQol-Visual Analogue Scale, EQ-VAS) (e.g., Zung depression 
scale, ZDS). The safety precautions included provisions for fatalities 
and other catastrophic outcomes (SAEs). 
Data: Data from complete trial was requested from each one main 
researcher, and it was given to them digitally (e.g., in Excel, SAS, or 
SPSS format). Among the baseline factors covered by the study's data 
were demographic trends, blood vessel risk factors, hemodynamics, 
stroke type (ischemic stroke; ICH), stroke severity (e.g. Scandinavian 
Stroke Scale, SSS), time from initiation to randomization (OTR, as a 
surrogate for time to treatment), and use of clot dissolving methods and 
results.  
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The Validity of the Trial: The excellence of clinical trials was 
assessing by the Cochrane Collaborative Criteria, which took into 
account factors such as randomization method, allocation 
concealment, blinding therapy administration, and blinded outcome 
assessment, among others. The risk assessment was confidential as 
"low risk," "high risk," or "unclear risk" according to the Johnson 
Handbook for Meta Analyses of intervention. Statistics: TICS-M 1, 
tMMSE 1, HUS 0, and ZDS 102.5 were employed as the extremes for 
death in the experiments. An NO donor's impact on future occurrences 
or outcomes is described using probability values (OR) or mean 
differences (MD) and 95% confidence periods. Statistics models 
included for time to randomization, age, gender and the type of stroke 
(ischaemic or hemorrhagic), stroke severity, stroke syndrome and 
systolic blood pressure in order to account for these factors Patients 
with a history of high blood pressure, stroke, or stroke intensity (SSS > 
35, 35) were divided into subgroups based on the following baseline 
characteristics: age (70 years, sex; IS; ICH); a history of high blood 
pressure or stroke; stroke severity (SSS > 35; 35); systolic blood 
pressure (170 mmHg; SSS > 35; 35); and time from stroke to 
randomization (3, 3 hours); Using an OLR model modified to include an 
interaction term, we ran a subgroup analysis. Data may be described 
using words like quantity (percentage), average (interquartile range), or 
average (range of error). The studies were performed using SAS 9.3 
and the findings are impressive.  

 

RESULTS 
 

Included Trials: There were eight clinical trials that used nitric oxide 
donors to treat acute stroke patients. Three studies were ruled out: a 
finished hospital-based sodium nitroprusside uncontrolled trial, a 
prehospital ambulance-based phase I GTN uncontrolled study now 
underway, and a prehospital ambulance-based phase III GTN 
randomised controlled research currently underway. The five research 
considered were all randomised control trials that looked at GTN levels 
in acute stroke patients. Phase II investigations were conducted in four 
modest single-center trials whereas ENOS included 4011 participants 
from 173 locations in 23 countries (Supplemental Table I). An 
experiment in which paramedics recruited patients from the community 
and enrolled them and got their permission and started them on 
treatment; four additional experiments in which stroke patients were 
recruited from care facility stroke services throughout the acute and 
subacute time following stroke. After randomization to GTN/control in 
the Rescue van study and earlier than randomization in the big hospital 
test, intravenous thrombolysis was delivered. One study was 
prospective study, one was placebo-controlled, and the other three 
were single-blind. GTN was given as a transdermal patch at a dose of 
5 mg daily in all five studies; one trial also tested the dose at 10 mg for 
each day in a subgroup of 20 patients. Along with design variations, the 
studies varied in terms of patient variables such as age, sex 
distribution, health information (high blood pressure, diabetes mellitus), 
systolic, stroke intensity, and the kind of alteplase used (Table 1). 

 
Table 1. Demography of the patients 

 
Excellence of the Evidence: Supplemental Table 1 shows that the 
included studies had a high level of quality in general. Each research 
made a point of disclosing the randomization method they used. There 
were specifics on how much blood pressure was recorded, how many 
measurements were taken, and what equipment was utilized. The 
results of each trial were not influenced equally by all of the 
experiments that took place. According to the study papers, outcome 
evaluation was performed in a blinded fashion (and protocols when 
available). All participants were found, and only a small number of 
patients were missed throughout the investigation. 

Enroll Patients: The studies included a total of 4197 individuals, of 
whom 2113 were randomly assigned to receive GTN and 2084 
received no GTN at all (Table 1). The average lifetime was 70.4 
(12.1%) years, with a standard deviation of 12.1. Of the 2383 
participants, 56.8% were male. 2700(64.3%) of patients had a history 
of hypertension, whereas 623(15%) had a history of stroke, and 686 
(16.5%) had a history of IHD. There were 3976 (94.7%) patients with 
high BP at baseline, with an average BP of 167.1 (19.3)/89.5 (13.3) 
mmHg (systolic BP more than 140 mmHg). Patients with an ischaemic 
stroke comprised 3502 (83.4 percent) of the total; those with an ICH 
comprised 646 (15.4%). Stroke patients were randomly assigned within 
six hours after ictus on average (27.2 (16.1) hours after the start of 
symptoms. Time to randomization for quite a few baseline character 
varied amongst patients' characteristics, including sex, history of high 
blood pressure and decreased perfusion heart disease, stroke intensity 
(Scandinavian Stroke Scale), systolic and diastolic blood pressure, 
heart rate, and dealing with alteplase (Supplemental Table II). Patients 
who were randomly assigned during the first six hours had a lower 
incidence of diabetes and a higher incidence of high blood pressure 
(systolic BP > 140 mmHg), presentation with an ICH, and receipt of rt-
PA than those who were assigned later (if qualify occasion was an 
ischaemic stroke).  
Clinical Outcomes: Blood force decreased by 7.4/3.3mmHg on 
average after the first treatment with GTN as opposed to not using 
GTN; nevertheless, heart count rose by 1.9bpm while using GTN 
(Table 2). A higher incidence of pain (369/2033, 18.2% vs 171/2026, 
8.4%) and clinical decreased blood pressure (i.e., hypotension needing 
checkup interference, 55/2033, 2.7%) was seen with GTN. It did not 
make a difference in the rates of mortality or worsening or severe 
negative events at the conclusion of the randomised therapy of 7 to 12 
days. No changes were seen in the mortality or institutionalization rates 
or duration of stay after hospital release (Table 2). 

 
Table 2: Clinical outcomes of the patients 

 
 

Measures such as mortality, dependency (mRS), disability, 
cognitive (MMSE, TICS, and linguistic naming), mood (ZDS), or life 
quality revealed no changes among GTN and no GTN by day 90, 
regardless of whether they were based on genetic testing or not 
(EQ-5D as HUS, EQ-VAS). When examined in predefined 
subcategories with duration to treatment interaction, patients 
receiving with GTN within 6 hours had a higher mRS score (see 
Figure 1 for an illustration). This therapy also has a sex impact 
(with efficacy only shown in females). There was no correlation 
between age, cardiovascular diseases, type of stroke, intensity of 
stroke, systolic BP and time between start to randomization. 
Outcomes by Time from Stroke to Randomisation: No impact was 
seen after 5–10 hours and for up to 50 hours in the analysis of the 
mRS by time to randomisation, although earlier treatment seemed to 
be effective (shift in the mRS) (Fig. 2). Three hundred and twelve 
stroke patients were randomly assigned to one of five treatment groups 
within six hours of their symptoms beginning (ENOS, RIGHT). Death 
(lower mRS ratings) and dependence (higher Barthel index scores) 
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decreased significantly, as did the number of patients with depressed 
mood (lower ZDS scores) and cognitive impairment (higher tMMSE and 
TICS scores) in patients randomly assigned to GTN within six hours at 
90 days (Table 2). 
 
Figure 1. Forest plot showing the analysis of duration to treatment interaction 

 
 
Figure 2. Analysis of the mRS by time to randomization. 

 
 
Figure.3 

 
In predefined subgroups, there were no treatment/mRS 

interactions found. Men are more likely to benefit than women on 
average (and this is true throughout all studies and recruiting periods), 
which suggests that the trend is due to chance. Both haemorrhagic and 
ischemic stroke patients had significant reductions in mortality or 
dependence when treated with GTN (Figure 4). Patients who got 
combined GTN and thrombolysis for an ischemic stroke had a 
substantial decrease in mortality or reliance. Patients who had an 
ischemic stroke and did not undergo thrombolysis did not benefit 
although a tendency in favour of GTN treatment was observed in a 
post-hoc, unadjusted, Mann-Whitney test comparison. 

Beyond 6 hours of GTN use vs no GTN use, there was no 
indication of advantage or harm overall. Patients randomly assigned to 
GTN after 48 hours had worse cognitive scores (Table 2). The moment 
effects of GTN were seen in individuals randomised within 6 hours of 
the start for mRS, BI, EQ-5D, EW-VAS, ZDS and mortality when 
evaluating the continuous connection among result and time to 
randomisation (Figure 4). 

Figure 4. Evaluation of the continuous connection among result (moment effects of GTN 
were seen in individuals randomised within 6 hours) and time to randomisation 

 
DISCUSSION 
 

Acute stroke patients should not be treated with organs from donors 
who have never had a stroke. 4197 individuals with acute ischemic 
stroke (ICH) were evaluated in five randomized trials for the organic 
nitrate GTN. There was no difference in functional result, disability, 
cognition, mood, or overall health when GTN was used. GTN was 
shown to have a superior result at day 90 in patients who were 
randomly assigned to it within six hours of the start of their stroke, a 
predetermined subset.  

Many factors indicate that even if the apparent advantage 
observed in patients who were randomly assigned during the previous 
6 hours was due to chance, the result may be genuine. First, in two 
separate trial datasets, early delivery of GTN was shown to have 
positive effects on mRS, with odds ratios of 0.08 (95% CI 0.02–0.41) 
for the RIGHT group and 0.57 (95% CI 0.37–0.89) for the ENOS group 
given within 6 hours (median time 258 minutes). First and foremost, a 
study of over 300 patients showed that the treatment had an impact. A 
third finding showed that an impact was time-dependent, with the most 
benefit occurring in individuals who were treated early in the 6-hour 
time period. Fourteenth, there was a favourable correlation between 
the interventions and a range of outcomes such as decreased 
mortality, decreased dependence and handicap, as well as improved 
cognition and mood. Fifth, early therapy had an impact on all 
predetermined subcategories and was unaffected by stroke type, 
intensity, or baseline blood pressure levels. Lastly, a meta-analysis of 
prior to clinical stroke studies using NO donors found a time-dependent 
neuroprotective impact, with trials treating donors within 60 minutes of 
ischaemia initiating being favourable and those with a greater time 
frame (up to 48 hours) is being neutral.  

Hyperacute GTN administration may help stroke patients in 
many ways if it is shown to be effective. These steps, when taken 
simultaneously, may be able to "buy time," preserve the brain, and 
make patients who have had an ischemic stroke ready for thrombolysis 
treatment. As a result, rapid supplementation may help repair this local 
deficit. NO/GTN reduces blood pressure in acute/subacute stroke, 
which may help high blood pressure patients progress down the "J-
shaped" epidemiological curve that links high blood pressure to a poor 
functional result. Lowering blood pressure may help prevent recurrence 
and haematoma growth after an ischemic stroke. Ischaemic stroke has 
extra processes that don't apply to other types of stroke. The second 
reason is that NO dilates cortical arteries (such as those in the middle 
cerebral hemisphere), which may enhance individual firm perfusion (via 
the "front door") without stealing from other parts of the brain, as shown 
in the GTN-3 pilot experiment. Third, NO has been proven 
experimentally to be a strong dilator of the pial arteries and may thus 
enhance organ perfusion via the "backdoor" secuirty system. 

Numerous advantages may be found in this investigation. Prior 
controlled studies with NO donors are used to identify specific patients. 
Since individual patient data meta-analyses allow for covariate adjusted 
analyses (and thus may correct any nonmajor imbalances at baseline), 
they are regarded as the "gold standard". There are also over 4000 
participants in the study, making it similar to a meta-regression analysis 
of thrombolytic' impact on time to randomization. Last but not least, it 
examines the effectiveness and safety of the treatment across a range 
of physical and mental outcomes; the findings are consistent across all 
of the study's outcomes, demonstrating internal consistency. 

There are however a few drawbacks to be aware of. This study 
only looked at GTN, thus the findings may not be generalizable to other 
nitric oxide providers. However, the inclusion of the four pilot trials 
widens the time frame under consideration in the analyses; RIGHT 
investigated ultra-acute prehospital care (4 hours with a median 
duration of 55 minutes), while the three previous pilot studies looked at 
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times longer than 48 hours. To add another wrinkle, only one of the 
trials was double-masked (due to the lack of commercially available 
placebo GTN patches starting in the late 1990s); although each test 
employed one or more self-reliant analyzers blinded to diagnosis to 
record clinical results, spectator bias could be ruled out). GTN may also 
induce headache, which may have blinded some sufferers to their 
therapy. The findings are from a single research group, and it is critical 
that additional research organizations look into the function of GTN in 
the early stages of stroke before drawing any conclusions. Finally, only 
two of the five studies included patients who were treated within six 
hours after the start of their stroke. It's important to note that the 
findings from this pre-specified subset are still preliminary and indicate 
the necessity for larger multicenter studies including stroke patients 
who are in the most acute stage of recovery. 850 patients enlisted by 
paramedics in the prehospital environment are participating in the 
RIGHT-2 study, which is evaluating GTN for this indication. Other 
prehospital studies are being planned. Prehospital care may also 
reduce the number of hospital-based interventions needed and their 
effectiveness. There was an increase in the use of thrombolysis in the 
RIGHT trial, but reduced neurovascular damage from GTN therapy 
may decrease the require for other intervention such as within major 
therapy or interventions.  
 

CONCLUSION 
 

In stroke patients with acute or subacute symptoms, the chances of 
survival aren't increased by donating NO or GTN. Acute myocardial 
infarction treated patients with nitrates had similar results. Good results 
in a small group of patients who were randomly allocated within six 
hours warrant additional revision, in particular as GTN is widely 
obtainable, cheap, and simple to control in the prehospital location 
preceding to mind imaging and may be given in this manner. 
Disclaimer: None. 
Competing interest: No competing and challenging interest  
Source of funding: None 
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