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Abstract

Context: According to published articles, thrombosis is the main reason for death all over of the world. With stroke time missing is
brain missing, therefore, the FDA-approved drug r-TPA, could be administered as initial IV bolus in less than 3 - 4.5 hours from onset
of Acute Ischemic Stroke (AIS). The aim of this review was to provide updated pharmacotherapy related to r-TPA in AIS.
Evidence Acquisition: Searches for associated published articles were conducted in major databases until September 2015. The
main terms used in the search were a combination of words and phrases such as ischemic stroke and tissue plasminogen activator.
Results: Age, time of onset, systolic blood pressure, diabetes, stroke severity, co-morbidities and premorbid medical situation,
stroke scale according to national institute of health and outcomes related to CT (head, angiogram and perfusion) were consid-
ered when determining successful treatment by endovascular thrombectomy. According to the 2015 guidelines, strategies related
to successful pharmacotherapy management should be based on class I evidence-care on a stroke unit, IV-r-TPA within 3 - 4.5 hours
of stroke onset, aspirin commenced within 48 hours of stroke onset, and decompressive cranioctomy for supratentorial malig-
nant hemispheric cerebral infarction. Hemorrhagic stroke (intraparenchymal, subarachnoid, intraventricular, intracerebral such
as orolingual angioedema), hematoma (epidural and subdural) and head trauma are the absolute contraindications related to r-TPA
prescription.
Conclusions: Due to considerable inter- and intra- heterogeneity among studies performed by other centers such as differences
in study project, background, and population features, determining a pharmacotherapy model based on Safe Implementation of
Treatments in stroke or SITS seem advantageous.
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1. Context

Stroke, one of the most devastating cerebrovascular
and nuerological diseases, is a serious life-threatening con-
dition and a leading cause of long-term adult disability
and brain damage, either directly or by secondary com-
plications. A great proportion of patients are those with
acute ischemic stroke (AIS). The most effective manage-
ments for stroke are time dependent such as reperfusion
with tissue-type plasminogen activator (tPA); thus, improv-
ing tissue oxygenation with hyperbaric oxygen therapy
that has been reflected as a rational and potential signif-
icant combination therapy (1, 2). Tissue-type plasmino-
gen activator is a protein (serine protease) elaborate in
the interruption of blood clots. If tPA is manufactured
by recombinant biotechnology methods then it is called
recombinant tissue plasminogen activator (rtPA). Intra-
venous rtPA was first approved for pharmacotherapy man-
agement of AIS in the United States in 1996. Thrombolytic
therapy has been established to be effective in acute is-

chemic stroke treatment and shown to improve long-term
functional outcomes (3). Published literature suggested
significant change in large vessel occlusive stroke via ex-
tensive use of thrombolysis followed by endovascular clot
abolition pharmacotherapy. Within endothelial cells, that
line the blood vessels, rtPA, catalyzes the conversion of
plasminogen to plasmin. However, in hemorrhagic stroke
and head trauma, tPA is contraindicated, yet to treat em-
bolic or thrombotic stroke, tPA (like alteplase, reteplase,
and tenecteplase) could be prescribed. Important factors
related to endovascular thrombectomy could include age,
time of commencement, premorbid clinical condition, co-
morbidities, and imaging criterion including computed
tomography (CT) head, CT angiogram and CT perfusion.
Plasmin is the major enzyme for clot breakdown. In order
to breakdown blood clots in other conditions such as pul-
monary embolism and acute myocardial infarction, tPA
also could be prescribed systemically. In events related to
peripheral arterial thrombi and thrombi in the proximal
deep veins of the leg, it could be administered through
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an arterial catheter straight to the site of occlusion (4-7).
There has also been a report on patients with frostbite in-
dicating that those who are managed with tPA had less am-
putation than those who were not treated (8). Table 1 shows
the pharmacotherapy properties of tPA. Feared complica-
tions include symptomatic intracerebral hemorrhage and
orolingual angioedema (3). Hemorrhagic complications
such as subarachnoid hemorrhage have been reported (4-
9). In order to achieve appropriate tPA-strategies in pa-
tients with AIS, available therapeutic guidelines that sup-
port the best preliminary evidenced-based tPA manage-
ment have been considered.

Table 1. Pharmacotherapy Properties of Tissue Plasminogen Activator (tPA)1-30

Variable Pharmacotherapy Properties

Could be considered As thrombolytic drug category

Dose

0.9 mg/kg Max, 90

10% of dose As initial IV bolus

Reminder infused over one hour, for maximum effectiveness

To be used < 3 hours of symptoms start

To be ruled out hemorrhage

Indication Embolic stroke

Thrombotic stroke

Pulmonary embolism

Acute Myocardial Infarction

Contra-indication Symptomatic intracerebral hemorrhage as well as
orolingual angioedema

Hemorrhagic stroke; intraparenchymal
hemorrhage, subarachnoid hemorrhage,

intraventricular hemorrhage, epidural hematoma,
subdural hematoma, or hemorrhagic conversion of

infarction

Head trauma

2. Evidence Acquisition

The purpose of this study was to recognize approaches
for pharmacotherapy-updated strategy of tissue plasmino-
gen activator in patients with acute ischemic stroke.
Searches for relevant articles were conducted in ma-
jor databases such as; cochrane library plus, medline
(PubMed), Embase, web of science (Web of Knowledge) and
Scopus. Manuscripts from relevant investigations and re-
view articles were selected. The main terms used in the
search were a combination of MeSH terms (e.g. ‘Ischemic
Stroke’, ‘Tissue plasminogen activator’). Articles published
before September 2015 were retrieved. Different conse-
quences of attention were recognized in the literature and

then classified for taking into account for their clinical rel-
evance.

3. Results

When oxygen-rich blood flowing to the brain is re-
stricted either by a blood clot or other hindrance, ischemic
stroke (IS) could occur. In these events pharmacotherapy
based on substances that prevent blood from clotting by
suppressing the synthesis of function of various clotting
factors seem to be beneficial. However, the typical precise
reperfusion remedy in AIS in both anterior and posterior
cerebral flow is intravenous thrombolysis but studies sug-
gest that posterior circulation stroke is associated with a
lower risk of intracranial hemorrhage than anterior circu-
lation (10). The FDA-approved the drug rTPA (0.9 mg/kg;
max 90 mg) at the 10% dose, as initial IV bolus, with the
remainder infused over one hour; for maximum efficacy,
to be used < 3 hours of symptoms onset, in hemorrhage to
be ruled out could be considered as thrombolytic drug cat-
egory. A study on a 57 year-old-lady, regarding acute stent
occlusion through emergent neuroendovascular revascu-
larization after IV rtPA management, suggested that Intra-
arterial (IA) eptifibatide could be considered as an opera-
tive decision (11).

Whereas Wardlaw et al. (12), in year 2012 stated that
rtPA given within six hours of a stroke considerably aug-
mented the chances of being alive and independent at fi-
nal follow-up, mainly in those treated within three hours,
yet an article published by Newman, in 2013, suggested
beneficial early administration within 0 - 3 hours, and
harmful later administration of 3 - 4.5 and again benefi-
cial administration of 4.5 - 6 hours (9). In the first week
of rtPA-therapy intracranial hemorrhage was reported to
be the most common cause of mortality (12). Kirkman et
al. (6), in 2015, reported that challenges in the treatment
of acute ischemic stroke should be categorized based on
introduction of numerous interferences reinforced by; 1)
class I evidence-care on a stroke unit, 2) intravenous tis-
sue plasminogen activator within 4.5 hours of stroke on-
set, 3) aspirin commenced within 48 hours of stroke onset,
4) and decompressive craniectomy for supratentorial ma-
lignant hemispheric cerebral infarction. There is also new
evidence demonstrating benefits of endovascular therapy
on functional consequences in those with anterior circu-
lation stroke. In addition, the importance of careful man-
agement of key general physiological variables such as oxy-
genation, blood pressure, temperature, and serum glu-
cose has been demonstrated (6). Intraventricular hemor-
rhage (IVH) is thought to result in poor outcome in pa-
tients with aneurysmal subarachnoid hemorrhage (SAH).
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Intraventricular rtPA has no significant efficacy on long-
term functional recovery after aneurysmal SAH with IVH.
However, high dosage of rtPA might decrease the incidence
of angiographic vasospasm.

Shirakawa et al. (13), in 2015 reported that despite the
growing use of intravenous rtPA-therapy, a large number
of patients are not suitable for treatment. The number
of endovascular treatments for acute ischemic stroke is
increasing each year. This treatment provides higher re-
canalization rates for occluded vessels but may lead to
hemorrhagic complications such as subarachnoid hemor-
rhage. Results were announced for three randomized con-
trolled trials in 2013, with all failing to show the superior-
ity of endovascular treatment. For patients with progres-
sive stroke, due to anterior circulation major vessel occlu-
sion, the feasible treatment is microsurgical revasculariza-
tion (14).

Regarding the prescription of non-agenarians patients
with AIS, previous reports confirm that although a small
fraction of these patients might be treated with rtPA-
therapy (similar as octogenarians), yet most of them have
poor 30-day functional outcome or die (15-17).

4. Conclusions

Since 2003 to 2011, a doubling rate for rtPA-therapy
in the united states has been reported with an attentive
concern related to patient’s eligibility and prescription-
management within three hours after onset of symptoms
(15).

Up dated recommendations indicated IV-rtPA to vigi-
lantly selected patients, those could be treated within 4.5
hours of AIS. Due to doubt about the time of onset on a
rationally large population of patients, those with neuro-
logic signs that are revealed upon awakening -up stroke are
usually not given rtPA. Initial studies suggest that patients
with wake-up stroke could be treated within 4.5 hours of
detection. These groups may answer equally to patients
with a recognized time of onset (18).

According to a recently published article by Spokoyny
et al. (19), to confirm ideal supervision of patients with
AIS, the precise documentation of last known normal time
seems to be critical. Due to the time sensitivity of throm-
bolytic therapy, there is need for training in the determi-
nation and alteration of the actual time of stroke onset.
Evidence-based study of rtPA associated with twelve dif-
ferent studies noted that two of these trials presented ad-
vantage for patients, four investigations exhibited injury
and had to be blocked before the finishing point, and the
remaining displayed neither value nor destruction. They
suggested beneficial early administration within three
hours, harmful later administration of 3 to 4.5 or 4.5 to

6 hours and again beneficial administration of 4.5 to 6
hours (9). However, to reach reperfusion in patients with
AIS, injury related to blood-brain barrier or hemorrhagic
transformation (HT) that could be a serious complication
of IV-rtPA should be always kept in mind yet the study sug-
gests that the increased risk of HT is not dependent on
the reperfusion status (20). Previous studies have shown
that rtPA interacts with fibrinigen alpha-chain (21), Low
density lipoprotein receptor-related protein-1 (LRP1) (22,
23) and neuroserpin or serpinii gene (24). Evaluations re-
lated to the effects of hyperglycemia in thrombolysis is-
chemic stroke patients on recanalization rate and clini-
cal outcome showed that hyperglycemia might be asso-
ciated with low rate of complete recanalization and poor
clinical outcome in IV-rtPA-treated patients (25). The tPA
is quickly inactivated by endogenous plasminogen activa-
tors inhibitor-1 (PAI-1) (26). Trials based on the national
institute of neurological disorders and Stroke consented
that most of the contraindications to the administration
of IV-rtPA originated as exclusion criteria. It has been sug-
gested that application of relaxed exclusion criteria might
increase the IV thrombolysis rate by up to 20% with similar
consequences to thrombolysis with more conservative cri-
teria. On brain imaging, a hemorrhage that includes intra-
parenchymal, subarachnoid, intraventricular and epidu-
ral or subdural hematoma, or hemorrhagic conversion of
infarction is an absolute contraindication to prescribing
IV-rtPA (27).

A published report confirmed that in the safe imple-
mentation of treatments in stroke (SITS) registry, higher
systolic blood pressure (SBP) after lysis was individually re-
lated to worse consequences and an increased risk of in-
tracranial hemorrhage (ICH). Thrombolysis-associated ICH
generally occurs at the location of ischemic brain tissue
though can present at a distant, unrelated place. Con-
ventionally, the risk of remote cerebral hemorrhage post
thrombolysis has been reported as happening in around
1.3% - 3.7% of patients (28). The recent published SITS in-
vestigation, which included 45,079 patients treated with
IV r-tPA, discovered that remote parenchymal hematomas
made up one-third of all parenchymal hematomas after IV
thrombolysis (3).

Finally, for successful approach that engaged to treat-
ment effect modifier, realizing a well-balanced pharma-
cotherapy model for r-TPA, such as onset to proper treat-
ment time, advanced examination based on appropriate-
registry system (29, 30), seem to be valuable.
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