ISA: Consensus Statement
Recommendations for the Early Management of Acute Ischemic Stroke: A
Consensus Statement for Healthcare Professionals from the Indian Stroke
Association
1.0
INTRODUCTION
Stroke is one of the leading causes of disability and death in India. The estimated adjusted
prevalence rates of stroke are between 84 and 262 strokes per 100,000 persons in rural areas and
between 334 and 424 strokes per 100,000 persons in urban areas. 1 Based on few epidemiological
studies conducted from 1971 to 1999 in India, the crude prevalence rate of stroke was reported to
between 44 and 842 strokes per 100,000 persons, and the annual incidence rate was between 13
and 124 strokes per 100,000 persons.2 Stroke-related mortality has increased by 7.8% from 1998
to 2004. During the last one and a half decade, there is an increase of 17.5% in the number of
stroke cases in India. 3
Stroke incidence and mortality are higher in Asian countries than in western countries.4 In the
early 1980s, the prevalence rates of stroke were around 500-700 strokes per 100,000 persons in
the western countries5 and 900 strokes per 100,000 persons in Asian countries.6 The disparity
between the incidence rates of stroke and coronary heart disease (CHD) in Asian and western
populations is usually attributed to higher prevalence of hypertension and a lower level of serum
total cholesterol in the Asian population.4,7
As per the National Vital Statistics Report, cerebrovascular disease (stroke) in the US has now
dropped down to the fifth leading cause of death after chronic lower respiratory diseases and
accidents while in India it is 2nd leading cause of death. More than 795,000 people suffer from
stroke and almost 130,000 patients die because of stroke each year in the United States while in
India over 1.5 million stroke occur every year.8 Loss of these patients from the work force and
the extended hospitalization required for recovery has a considerable economic impact.9
Strategies and Efforts to Reduce Morbidity and Mortality Due to Stroke
Preventive measures and early interventions can reduce the morbidity and mortality along with
the overall cost for management of stroke. This, in turn, would reduce the effect of stroke on all
those involved from several perspectives, which are often overlapping: patients, their families
and caregivers, primary care physicians, stroke hospitals, and healthcare professionals along with
policy makers. Thus, it is essential that family physicians recognize which patients are at a risk
for stroke and design systematic approaches for the patients that may include increasing
awareness about the prevention and early treatment of stroke.10

The approach for early management of adults with acute ischemic stroke can be based on the
stroke chain of survival (Table 1) that describes the approach in a stepwise strategy and specifies
actions to be followed by patients and family members with recommended actions by out-ofhospital healthcare responders, emergency department (ED) personnel, and in-hospital specialty
services.11
2.0
OBJECTIVES AND SCOPE
The objective of this consensus document is to provide and delineate a focused update on current
recommendations for acute stroke management in India. These recommendations are based on
the updated guidelines12,13,14 for stroke management and care worldwide.
This document includes recommended practices for management of adult patients (over 18
years) with acute stroke (acute phase) from onset to chronic care and focuses on patients with a
new clinical event (first stroke or recurrent stroke), and for secondary prevention of stroke.
Primary prevention of stroke and rehabilitation and management of subarachnoid hemorrhage
are not within the scope of these guidelines. This consensus document stands as a revision and an
update to the Indian Guidelines for Stroke Management 2011.15 The intended audience includes
all health professionals or healthcare planners involved in the management of patients with acute
stroke. The applicability can also be extended to prospective family members, caregivers, and
general population interested in being aware of stroke and its management.
3.0
RATIONALE OF THE UPDATE
Recently, substantial new, high-quality evidence on clinical efficacy of multiple treatment
modalities (especially endovascular treatments) for acute ischemic stroke has emerged in various
clinical studies, systematic reviews, and meta-analyses. The recommendations for the current
update take cognizance of this are based on various international guidelines including but not
limited to the 201312 American Heart Association/American Stroke Association (AHA/ASA)
guidelines, 2015 AHA/ASA focused update of the 2013 guidelines,13 Royal College of
Physicians guidelines for stroke,14 and other relevant published data. These recommendations
serve to update the existing recommendations of stroke management described in the Indian
Guideline for Stroke Management, 2011.15 To minimize redundancy, the reader is referred to
these publications where appropriate.
4.0
METHODOLOGY
Systematic literature reviews, clinical and epidemiology study publications, and clinical and
public health guidelines were used to summarize the existing evidence and indicate gaps in the
current knowledge and, when appropriate, formulate the recommendations.

5.0
STROKE DEFINITIONS
Based on the recently updated definition, stroke is characterized as a neurological deficit
attributed to an acute focal injury of the central nervous system (CNS) by a vascular cause,
including cerebral infarction, intracerebral hemorrhage (ICH), and subarachnoid hemorrhage
(Table 2).16
The arbitrary nature of the 24-hour time limit and lack of specific pathophysiologic meaning
prompted reduction to the 1-hour time limit and later on led to a tissue-based definition driven by
advances in neuroimaging. As per the AHA-endorsed revised definition, transient ischemic
attack (TIA) is defined as “a transient episode of neurologic dysfunction caused by focal
cerebral, spinal cord, or retinal ischemia, without acute infarction.”17,18
Ischemic stroke (caused by focal cerebral, spinal, or retinal infarction) accounts for 87%19 of all
stroke cases, which is comparable to the Indian burden reported recently. Of the all stroke cases
for which computed tomography (CT) imaging was performed, 80.2% of stroke cases in
Mumbai20 and 83.6% of stroke cases in Trivandrum21 were ischemic. Around 70% of stroke
cases in India were reported to be ischemic.22
The symptoms of a stroke caused by an embolism usually appear suddenly and are most intense
right after the embolic episode while with thrombosis, symptoms (Table 3)may appear more
slowly.However this distinction of the 2 mechanisms but may not always be seen. The types and
degrees of disability post stroke depend upon the affected or damaged location in the brain. In
general cardioembolic strokes tend to be larger and associated with greater degrees of disability.
6.0
ORGANIZATION OF HEALTHCARE SERVICES FOR STROKE
Organized Stroke Care
A stroke unit needs to be a dedicated, geographically clearly defined area or ward in a hospital,
where stroke patients are admitted and cared for by a multiprofessional team (medical, nursing,
and therapy staff having specialist knowledge, training, and skills in stroke care with welldefined individual tasks, regular interaction with other disciplines, and stroke leadership). The
aim of a stroke unit is to provide 24X7 stroke management services.15
Stroke units may also include intensive monitoring capabilities and at least basic brain imaging
services, including carotid artery imaging to permit close supervision for neurological worsening
or other complications. Evidence suggests that stroke unit care significantly reduces mortality
and disability after stroke compared with conventional care provided in a general ward.23 Several
non-randomized studies have revealed significantly improved outcomes when patients were
admitted directly to a stroke unit rather than assessed at a non-stroke unit centre and transferred

subsequently.23, 24 In addition, functional outcome at three months was found to be better in
patients who arrived at the stroke unit within 3 hours of symptom onset. 25
A systematic review revealed that compared with patients admitted to a general medical ward,
those admitted to a stroke unit had a 19% reduction in death, 20% reduction in death or
institutionalization, and 21% reduction in institutionalization. There was a 13% reduction in
death or dependency and a 12-day reduction in the length of hospital stay in patients admitted to
stroke units.26
Facilities offering stroke care services can be broadly classified into primary stroke center and
comprehensive stroke center. Criteria27 established for these centers differentiating them from a
basic hospital service are described in Table 4. Acute stroke-ready hospitals (ASRHs) are also
capable to efficiently and effectively evaluate, diagnose, and treat stroke patients in an
emergency department (ED) but do not have a fully organized inpatient system of stroke care.
Ambulance services
Availability of ambulance services is limited in most of the developing countries, especially in
rural areas.28 Dedicated ambulance service is one of the promising methods to help expedite
presentation to stroke care service. 29 Ambulance services with pre-notification systems, training
of paramedics, and triaging of patients to the most appropriate ED for stroke assessment and
management improve the quality of overall management of stroke patients.
The Government of Odisha has initiated free of cost comprehensive pre-hospital emergency
medical service, including a fleet of ambulances to cover the entire state of Odisha in a phased
manner, that can be availed by dialing the toll-free number 108.30 Similar services are available
in some states across the country, e.g., Punjab.
Door-to-needle time (Door-to-groin puncture time)
Definitive management with thrombolysis is the only effective treatment for eligible acute
ischemic stroke patients coming within 4.5 hours of symptoms onset with improved functional
outcomes at 3 and 6 months.16
For every 15-minute reduction of the door-to-needle time (arrival to emergency room to
thrombolysis), there is a 5% lower odds of in-hospital mortality. In patients with a door-to-needle
time of ≤60 minutes, the unadjusted mortality rate was 8.6% versus 10.4% in patients with a
door-to-needle time of >60 minutes (P<0.0001).31

Many Indian hospitals lack the necessary infrastructure and organization required to triage and
treat stroke patients quickly and efficiently. The existing treatment gaps in stroke care include a
dismal rate (0.5%) of thrombolysis for stroke, and non-availability of 24X7 stroke physicians,
stroke interventionalists, stroke area maps, stroke care pathways, stroke units, stroke teams,
sufficient community awareness programs, and efficient public emergency ambulance systems,
which are all responsible factors for the delay in the door-to-needle time.32 Lack of resources,
ignorance, and overpopulation make it even more challenging.33 Substantial proportion of
patients (51%) contact their local or community doctor first rather than going directly to the ED.
Contact with local doctor was found to be associated with significant delay.34 ,35 , 36 ,37 ,38 ,39 ,40 ,41 ,42
The recommendations regarding the ideal time for each step have been presented in Table 5.16
Recent guidelines for comprehensive stroke centers have proposed a target door-to-groin
puncture time of <1 hour for intra-arterial therapy (IAT)43 ; however, even at stroke centers that
are highly experienced with IAT, the 2-hour goal is achieved in only approximately half of the
patients.44 It is a time-critical intervention and can benefit from a systemically implemented
protocol-driven approach split into key intervals such as the ED to CT time, CT to intervention
laboratory time, and laboratory to puncture time, and puncture to recanalization time. While the
methodology can be different in different places based on the available resources, its key
elements include clear definition of roles and parallel processing of tasks along with constant
monitoring and process improvements for consistent performance.45,46
Centres in the west have developed standardized processes for acute stroke management based
on reliable, rapid team notification. It includes rapid evaluation and treatment of patients with
acute stroke that has led to steep decline in door-to-treatment times and substantial increase in
the number of patients ( at least 3 times more) treated with tPA. Single-call notification of the
acute stroke team can be carried out to improve this process. These systems may reduce the oncall neurologist response time by 90 percent, and also drastically reduce the door-to-CT
completion time.47
Hospitals treating strokes should have “code strokes,” which can rapidly notify and mobilize the
stroke team and effectively reduce the times to treatments (door-to-needle or door-to-puncture
times).48
Telestroke
Telestroke is an integrated audio and visual remote assessment that can provide acute stroke
expertise to hospitals without full-time neurological service. Teleradiology is an important aspect
of telestroke wherein radiographic images from one location can be transmitted to another for

diagnostic and consultative purposes. Both government and private sectors should come together
to develop stroke systems of care in India (for both urban and rural sectors).
The telemedicine network implemented by the Indian Space Research Organization in 2001
presently extends to around 100 hospitals all over the country and is currently used in India for
diagnosing stroke patients, subtyping stroke as ischemic or hemorrhagic, and treating
accordingly. However, a dedicated telestroke system for providing acute stroke care is needed.
Simpler alternatives like smartphones, online data transfer, and new mobile applications, like
WhatsApp, can be used in the current scenario. 49 By using a low-cost smart phone technology
and WhatsApp, the state of Himachal Pradesh has successfully implemented telestroke services
in the entire state with 12 district hospitals and 4 neurologists. These services have successfully
established acute stroke care pathways and thrombolysed patients with acute ischemic stroke at
the district level with trained emergency doctors, free of cost to the patients.32
Challenges in India
Stroke unit implementation is a big challenge in India. A major hurdle in stroke care provision is
the lack of service integration between the authorities, healthcare professionals, and stakeholders
involved in the process. Inadequate number of skilled and trained staff is one of the main
challenges. There is an urgent need to provide supplementary trainings to healthcare
professionals, including nursing staff, as well as training of family members and support
workers. Furthermore, the required constant medical supervision for early detection of post
stroke complications demands involvement of a relatively larger group of trained healthcare
personnel. Dedicated stroke units need monitoring equipments, medications, and adequate
bedding and seating arrangements. Lack of awareness and proper infrastructure, limited access to
tertiary stroke care, scarce use of tissue plasminogen activator, and poor affordability continues
to contribute to inadequate management of stroke.
Several nontraditional risk factors including water-pipe (hookah) use, desi ghee (saturated fatty
acids), chewable tobacco, and infectious causes of stroke, including infections causing vasculitis,
have been understudied in India. Russell viper snakebite has been reported as a cause of stroke
and the squatting position during use of toilets has been proposed as an etiology of stroke.22
Recommendations
1. Written emergency protocols for stroke management should be available at all stroke
centers.
2. Evolving triage rules, systems and processes, and training new and existing emergency
personnel are recommended.

3. A plan for transport (dedicated ambulance service), prenotification, and triage of patients
from peripheral medical centers to stroke care centers should be identified.
4. Telestroke and teleradiology systems should be available for sites without in-house
imaging interpretation expertise to allow rapid diagnosis and reduce the time for
definitive management.
5. Implementation of telestroke consultation along with stroke education and training for
healthcare providers can be useful in developing skilled professionals at stroke centers.
6. Stroke care centers should be capable of performing a cranial CT scan or magnetic
resonance imaging (MRI) scan within 30 minutes of patient presenting at the center. The
center should have a capability of performing at least a non-contrast CT scan 24X7.
7. Door-to-needle time should be reduced to <1 hour as per global recommendations.
8. Stroke care quality measures of the stroke centers should be monitored and analyzed for
continuous improvement.
7.0
EMERGENCY EVALUATION AND DIAGNOSIS OF ACUTE PHASE
Early intervention including strategies for the rapid identification, accurate triage, and expedient
transportation of stroke patients to appropriate facilities are vital in the acute phase of stroke. 50
Currently, India lacks an organized emergency medical service (EMS) that can provide a fast and
responsive service in urban and rural areas. A coordinated participation of EMS with public and
private hospitals and increased levels of stroke awareness among the masses will help optimize
stroke management in India. In addition, it is insufficient to strengthen only the stroke
infrastructure if patients cannot be transported within the treatment window.51
Pre-hospital Evaluation and Triaging
There is a need to roll out a mass stroke awareness program to help identify symptoms of stroke.
The facial drooping, arm weakness, speech difficulties, and onset time (FAST) test can help
detect and enhance responsiveness to stroke patient needs, thereby reducing the door-to-needle
time.52 Data indicate that public knowledge of stroke warning signs is often inadequate.53 Stroke
campaigns and awareness programs relevant to local requirements should be developed.
The Cincinnati Pre-hospital Stroke Scale is a simplification of the 15-item National Institutes of
Health Stroke Scale (NIHSS) and evaluates the presence or absence of facial palsy, asymmetric
arm weakness, and speech abnormalities in potential stroke patients.54
The Los Angeles Pre hospital Stroke Screen (LAPSS) is a longer instrument consisting of 4
history items, blood glucose measurement, and 3 examination items designed to detect unilateral
motor weakness (facial droop, hand grip, and arm strength).55 Based on the results of a few

studies, LAPSS demonstrated identification of acute cerebral ischemia and ICH with a high
degree of sensitivity or specificity.54, 56
The Recognition of Stroke in the Emergency Room (ROSIER) tool incorporates all FAST items
and additionally examines visual field deficit, leg weakness, loss of consciousness or syncope,
and seizure activity. A ROSIER score, the total of all 7 items, of ≥1 suggests a stroke or TIA,
whereas a ROSIER score of ≤0 indicates no stroke.57 The criteria for these scales have been
mentioned in Table 6. It may be considered as one of the appropriate scales used by Indian
physicians with a sensitivity of 80%–89% and a specificity of 79%–83%.58,59
A revised version of the FAST incorporating seizure assessment may enhance prehospital stroke
recognition and decision making, thus improving patient outcomes.56 Nor et al. showed that
initial assessment for stroke screening conducted by a paramedic or a physician using FAST is
irrelevant.60
Triaging of stroke patients at the ED is essential to allocate adequate resources to rapidly treat
stroke patients. The American College of Emergency Physicians recommends a 5-level triaging
system like the emergency severity index (ESI) for a busy ED.61 Stroke patients would ideally
come under level 2 in the ESI, indicating a high risk patient who needs immediate attention.
EMS personnel can correctly identify 80% of all strokes if the observer/caller/patient’s bystander
mentions specific words such as stroke, facial droop, weakness/fall, or communication
problem.62
The ED patients with a suspected acute stroke should be triaged with the same priority as
patients with acute myocardial infarction or serious trauma, regardless of the severity of
neurological deficits. The EMS personnel must perform immediate stabilization of the airways,
breathing, and circulation (ABC). The recommendations regarding pre-hospital evaluation and
management are presented in the Table 7.1616
Patient History and Underlying Cause
Patient history should be comprehensive and should be taken within 5 minutes. The time of
symptom onset is the most important historical information along with the last seen normal time.
For patients with “wake-up” strokes, the time of onset is defined as when the patient was last
awake and symptom-free or known to be “normal.” The family members and/or other witnesses
can be of great help and should be asked the information about the onset time and historical
issues of the event.12, 63

The overall aim of collecting patient history is not only to identify a possible stroke but also to
exclude stroke mimics (conditions with stroke-like symptoms, e.g., primary tumor of brain,
metastatic neoplasm of brain, meningoencephalitis, thyrotoxicosis, hypoglycemia [Table 8]), and
identify the need for immediate interventions and determine potential causes of stroke for
secondary prevention measures.12
Physical Examination
A thorough general physical examination needs to be performed to identify other potential causes
of patients’ symptoms and an ischemic stroke, coexisting comorbidities, or issues that may affect
the management of an ischemic stroke.12 Physical examination should have special attention to
the symptoms mentioned in Table 9.62
Diagnostic Tests
Various investigations as mentioned in Table 10 should be performed to exclude important
alternative diagnoses (especially ICH), assess for serious comorbid diseases, aid in treatment
selection, and search for acute medical or neurological complications of stroke.12
Laboratory tests to be considered in all patients include measurement of blood glucose,
electrolytes with renal function studies, complete blood count with platelet count, cardiac
markers, prothrombin time (PT), international normalized ratio (INR), and activated partial
thromboplastin time (aPTT). Blood glucose and INR can be measured with point-of-care
machines for expedited results. Hypoglycemia may cause focal signs and symptoms that mimic
stroke, and hyperglycemia is associated with unfavorable outcomes. Determination of the platelet
count and, in patients taking warfarin or with liver dysfunction, the PT/INR is important.64
Cardiac markers are frequently elevated in acute ischemic stroke, with elevations occurring in
5% to 34% of patients: these elevations have prognostic significance. Elevation of cardiac
troponin T is associated with increased stroke severity and mortality risk and worse clinical
outcomes.65,66,67,68
There must be no delay in fibrinolytic treatment while awaiting the results of diagnostic tests
unless a bleeding abnormality or thrombocytopenia is suspected or the patient is on warfarin and
heparin or the use of an anticoagulant is uncertain.

Neurological Stroke Scales
Performing standardized neurological examination ensures that the major components of a
neurological assessment are evaluated in a timely and uniform fashion. Use of a standardized
assessment and stroke scale helps to quantify the degree of neurological deficits, facilitate
communication, identify the probable location of vessel occlusion, provide early prognosis, help
select patients for various interventions, and identify the potential for developing complications.
12

The NIHSS and the Canadian Neurological Scale are among the most reliable stroke severity
assessment scales. The NIHSS was first developed as a part of National Institute of Neurological
Disorder and Stroke (NINDS) study and is one the most commonly used stroke severity tool in
clinical trials.69 It can be performed rapidly and may be administered by a broad spectrum of
healthcare providers.70 The NIHSS has been detailed in Table 6. The CNS includes the following
components: comprehension, consciousness level, speech, and motor function (face, arm, and
leg).71
Neuroimaging
An important step in the evaluation of patients with symptoms of acute stroke is to differentiate
between hemorrhagic and ischemic stroke.
Non-contrast head computed tomography (NCHCT) has been widely accepted as the standard
method for detecting acute ICH. It needs to be performed and interpreted within 30 minutes of
arrival to the ED. Early ischemic changes in NCHCT include loss of gray-white distinction,
indistinct insular cortex and obscured basal ganglia, and hyper-attenuated clot in the proximal
vessels. NCHCT allows rapid diagnosis and correlation with presenting symptoms, if obvious
signs are present.72,73 However, acute ischemic changes are often subtle and carry variability with
intra-observers and inter-observers. The Alberta Stroke Program Early CT Score (ASPECTS), a
10-point scoring system based on imaging features, offers grading of the extent of ischemic
changes on NCHCT.74 Studies have shown that baseline ASPECTS correlates inversely with
severity as assessed by the NIHSS within the first 3 hours of middle cerebral artery (MCA)
stroke onset. An ASPECTS score of ≤7 has been shown to predict poor functional outcome (78%
sensitivity and 96% specificity) and symptomatic hemorrhage (90% sensitivity and 62%
specificity).75
Standard MRI sequences (T1-weighted, T2-weighted, fluid-attenuated inversion recovery) are
relatively insensitive to the changes of acute ischemia. Diffusion-weighted imaging (DWI) is
approximately 4 to 5 times more sensitive in detecting acute stroke than NCHCT. Of note,

restricted diffusion is not exclusively observed in acute ischemic stroke but can also be seen in
some nonischemic entities. Occasionally, clinical differentiation of seizures from acute stroke
may be difficult. Discerning DWI lesions confined to a major vascular territory, a distinctive
feature of acute stroke lesions, may also be helpful.71,72
Other useful imaging techniques are intracranial vascular imaging (including CT angiography,
MR angiography, Doppler ultrasound, and conventional angiography) and extracranial vascular
imaging (including carotid Doppler ultrasound, CT angiography, MR angiography, and
conventional angiography), and perfusion CT and MRI techniques.
Table 1176 mentions about the advantages and disadvantages of various imaging techniques.
The potential to detect ischemia and salvageable tissue is almost equal in both CT and MRI. The
major drawback of CT is the high radiation dose while in MRI it is the more complicated and
time-consuming aspect of the examination. Hence, as per the general practical recommendation,
acute stroke patients should be evaluated by native CT followed by CT angiography, with MRI
reserved for more chronic cases of brain ischemia or control examinations in stroke patients.
However, when state-of-the-art CT and high-quality MR scanners are used, both techniques are
practically equivalent in the hands of experienced personnel, and local clinical configurations
may often dictate which technique should be used. 77 CT angiography is commonly used in India
while there are few studies advocating the use of MR perfusion.
Complications of Late Diagnosis and Treatment
In an acute ischemic stroke, vast numbers of neurons, synapses, and nerve fibers are irretrievably
lost every moment when untreated. Quantitative estimates of the pace of neural circuitry loss in
human ischemic stroke emphasize the time urgency of acute stroke care. A typical patient with
untreated stroke looses 1.9 million neurons each minute. Compared with the normal rate of
neuron loss in brain aging, the ischemic brain ages at the rate of 3.6 years each hour without
definitive treatment.78 For every 15-minute reduction of the door-to-needle time (arrival to
emergency room to thrombolysis), there is a 5% lower odds of in-hospital mortality.31 Each 15minute decrease in treatment delay can provide an average equivalent of 1 month of additional
disability-free life.79
Of the five stent retriever studies, two studies specified a 6-hour window after stroke onset while
the third study specified 6 hours to start treatment.13 Time-dependent data available from the
Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke
(MR CLEAN) study demonstrated no benefit of treatment beginning after 6 hours. 80

Time-to-reperfusion including onset-to-reperfusion time and puncture-to-reperfusion time in
patients with poor collaterals proved to be an important limiting factor for favorable outcome in
a time-dependent fashion.81 For every hour of reperfusion delay, the initially large benefit of IAT
decreases and the absolute risk difference for a good outcome is reduced by 6% per hour of
delay.79
Recommendations
• The EMS personnel should screen the patient using a validated tool such as FAST to
identify stroke or TIA.
• Prehospital care providers should use pre-hospital stroke assessment tools such as the
LAPSS or Cincinnati Pre-hospital Stroke Scale.
• Initial management of stroke in the field should be performed as per Table 1.
• The use of stroke rating scale, preferably the NIHSS, is recommended.
• There must be no delay in fibrinolytic treatment while awaiting the results of diagnostic
tests, such as the prothrombin time (PT), activated partial thromboplastin time (aPTT), or
platelet count, unless a bleeding abnormality or thrombocytopenia is suspected or the
patient is on warfarin and heparin or the use of anticoagulant is uncertain. The INR can
be rapidly assessed using a point-of-care machine
• Brain imaging should be performed immediately for patients with suspected stroke. A
non-contrast CT scan is recommended as the initial imaging should be sufficient in most
cases. In centers with multislice CT scanners, CT angiography along with a CT scan
should be performed.
• Emergency brain imaging is recommended before initiation of any specific therapy
• Noninvasive imaging of the cervical vessels should be performed routinely as part of the
evaluation of patients with suspected TIAs.
8.0
ACUTE TRANSIENT EVENT (TRANSIENT ISCHEMIC ATTACK, TIA)
MANAGEMENT
This section covers the management of a TIA (defined in Section 5) from the onset of first
symptoms suggesting a possible occurrence of acute cerebrovascular event. In people who have a
history of TIA, the incidence of subsequent stroke is as high as 11% over the next 7 days and
24-29% over the following 5 years.82 Several studies have demonstrated the relation between
TIA and an elevated long-term stroke risk.83 ,84 The short term risk of stroke has also been
demonstrated to be particularly high, exceeding 10% in span of 90 days. 85, 86 One quarter to one
half of the recurrent strokes occurring within 3 months after the first episode, have been reported
to occur within the first 2 days.87, 88 The age, blood pressure, clinical features, duration of TIA,

and presence of diabetes (ABCD2) scale89 based on clinical data available before neuroimaging
can be used to estimate the risk of stroke after TIA.
Recommendations
•

Patients with a suspected TIA, should be assessed as soon as possible for their risk of
subsequent stroke by using a validated scoring system such as ABCD2 (Table 12).This
score can be assessed even by a nurse or a primary physician.

•

Patients with suspected TIA who are at a high risk of stroke (eg an ABCD2 score of 4 or
above) should receive:
➢ aspirin or clopidogrel (each as a 300 mg loading dose and 75 mg
thereafter) and a statin immediately
➢ Admission to a hospital for observation and investigations
➢ Specialist assessment and investigation (Carotid doppler,
Echocardiography) within 24 hours of onset of symptoms
➢ Adequate measures for secondary prevention introduced as soon as a
specific risk factor is identified.

•

Patients with crescendo TIA (two or more TIAs in a week), atrial fibrillation or those on
anticoagulants should be treated as being at high risk of stroke even though they may
have an ABCD2 score of 3 or below.

•

Patients with suspected TIA who are at low risk of stroke (eg an ABCD2 score of 3 or
below) should receive:
➢ aspirin or clopidogrel (each as a 300 mg loading dose and 75 mg
thereafter) and a statin, eg. simvastatin / Atorvastatin / Rosuvastatin 40 mg
started immediately
➢ specialist assessment and investigations as soon as possible, but definitely
within 1 week of onset of symptoms
➢ measures for secondary prevention introduced as soon as the diagnosis is
confirmed, including discussion of the individual risk factors.

•

9.0

In patients who have a suspected TIA who need brain imaging (that is, those in whom
vascular territory or pathology is uncertain) should undergo diffusion-weighted MRI or
CT scan.
GENERAL MANAGEMENT AND SUPPORTIVE CARE

Oxygenation
Maintaining adequate tissue oxygen saturation of >94% is important during periods of acute
cerebral ischemia to prevent hypoxia and potential worsening of the neurologic injury.
Supplemental oxygen should be administered if there is evidence of hypoxia. Hyperbaric oxygen
therapy (HBOT) may be used to treat patients with ischemic neurological symptoms secondary
to air embolism or decompression sickness. However, a few randomized control trials have
shown either beneficial results or no improvement in the outcomes; the possibility of clinical
benefit needs to explored further before recommending HBOT as a practice.90,91, 92
Antihypertensives
In patients with acute stroke, blood pressure may be elevated for the first 24–48 hours.
Antihypertensive agents should be withheld unless the diastolic blood pressure is above
120 mmHg or the systolic blood pressure is above 220 mmHg. When antihypertensives are
indicated, lowering of blood pressure should be done cautiously (Table 13) to minimize the risk
of relative hypotension. Parenteral agents, such as labetalol, or an intravenous (IV) infusion of
nicardipine or labetalol may be necessary for adequate blood pressure control among patients
who are candidates for treatment with thrombolytic agents.93 Careful management of blood
pressure is critical before, during, and 24 hours after alteplase administration. Thrombolytic
therapy should not be given to patients who have a systolic blood pressure above 185 mmHg or a
diastolic blood pressure above 110 mmHg despite repeated attempts to lower blood pressure to
the desired level.12

Enhanced Control of Hypertension and Thrombolysis Stroke Study (ENCHANTED) compared
low dose versus normal dose of r-tPA and intensive blood pressure reduction versus standard
reduction in thrombolysed patients.94 The BP lowering arm of ENCHANTED is ongoing and it
might answer this question of optimal Blood pressure for Acute stroke patients.

Insulin
Hypoglycemia can cause focal neurologic signs that mimic stroke and can itself lead to brain
injury. Moreover, hyperglycemia is associated with poor outcomes.95 Therefore, prompt
measurement and normalization of serum glucose concentration is important. Subcutaneous
insulin can be administered to keep glucose levels lower than 180 mg/dL.96
Antipyretics
Increased body temperature in patients with acute ischemic stroke has been associated with poor
neurologic outcome, possibly due to increased metabolic demands, enhanced neurotransmitter

release, and increased free radical production. Maintaining normothermia improves the prognosis
of patients. This was proved in two meta-analyses showing that significantly higher morbidity
and mortality rates are associated with high body temperature after stroke in hyperthermic
patients compared with normothermic patients.97,98
Source of infection should be identified in all febrile patients or those at risk for infection.
Pneumonia, urinary tract infections, and secondary sepsis are common causes of mortality after
stroke during hospitalization. An indwelling bladder catheter should be avoided.
Cardiac monitoring
Cardiac monitoring should begin in the prehospital setting and continue throughout the initial
assessment and management of the acute phase. Continuous cardiac monitoring is indicated for
at least the first 24 hours after stroke. 99, 100
Prevention of venous thrombosis
Patients with acute ischemic stroke in advanced age, immobility, severe paralysis, and atrial
fibrillation have an increased risk of deep vein thrombosis(DVT). Pulmonary embolism accounts
for a significantly higher in-hospital mortality rate (31.5%)101. Anticoagulants should be given to
prevent deep vein thrombosis and pulmonary embolism. Low molecular weight heparin /
unfractionated heparin can be used for prevention of DVT.

Nasogastric feeding
All patients irrespective of the stroke severity should be assessed optimally for ability to swallow
before they are allowed to eat or drink. A validated swallow screen tool should be applied for
assessment. An abnormal gag reflex, impaired voluntary cough, dysphonia, and cranial nerve
palsies are important pointer for the risk. If necessary, a nasogastric tube can be inserted to
provide feedings and to expedite administration of medications.
Recommendations
• Supplemental oxygen should be administered to maintain oxygen saturation >94%.
• Patients who have elevated blood pressure and are otherwise eligible for treatment with
IV rtPA should have their blood pressure carefully lowered so that their systolic blood
pressure is <185 mmHg and their diastolic blood pressure is <110 mmHg before
fibrinolytic therapy is initiated.
• Blood pressure should be maintained below 180/105 mmHg for at least the first 24 hours
after IV rtPA treatment.

•

•
•
•

•

Sources of hyperthermia (temperature >38°C) should be identified and treated, and
antipyretic medications should be administered to lower temperature in hyperthermic
patients with stroke.
Hypoglycemia (blood glucose <60 mg/dL) should be treated in patients with acute
ischemic stroke.
Subcutaneous insulin should be administered to hyperglycemic patients.
Cardiac monitoring is recommended to screen for atrial fibrillation and other potentially
serious cardiac arrhythmias that would necessitate emergency cardiac interventions.
Cardiac monitoring should be performed for at least the first 24 hours.
DVT prophylaxis should be initiated in the early phase except in patients who are
thrombolysed in which case it should be started 24 hours after IV tPA administration

10.0 DEFINITIVE TREATMENT
10.1 Intravenous thrombolysis
Recombinant Tissue-Type Plasminogen Activator
Intravenous recombinant tissue-type plasminogen activator remains the only approved treatment
worldwide for patients within the first 4.5 hours of the onset of acute stroke. Recombinant t-PA
was first approved in 1996 based on the results of a 2-part National Institute of Neurological
Disorder and Stroke (NINDS) rtPA Study for use within the first 3 hours after the onset of stroke.
68 Four subsequent trials, the European Cooperative Acute Stroke Study (ECASS I and ECASS
II)102,103 and the Alteplase Thrombolysis for Acute Noninterventional Therapy in Ischemic Stroke
(ATLANTIS A and B)104,105 showed results similar to the NINDS study. In a pooled individual
patient level analysis of these four trials, a benefit of therapy in the 3- to 4.5-hour window was
observed. The results of ECASS III trials showed improved outcomes for carefully selected
patients treated 3 to 4.5 hours after a stroke. The Third International Stroke Trial (IST-3)
demonstrated some benefit of IV rtPA administered within 6 hours of symptom onset. A metaanalysis of 12 IV rtPA trials with 7012 enrolled patients confirmed the benefits of IV rtPA
administered within 6 hours from symptom onset (odds ratio [OR], 1.17; 95% confidence
interval [CI], 1.06–1.29; P=0.001) compared with placebo, and reinforced the importance of
timely treatment by showing highest benefit in patients treated within 3 hours from symptom
onset (OR, 1.53; 95% CI, 1.26–1.86; P<0.0001).106
Treatment with IV rtPA initiated within 1.5 hours of symptom onset was associated with an OR
of 2.81 (95% CI, 1.75–4.50) for favorable outcome at 3 months compared with placebo. The OR
for good outcome at 3 months for treatment with IV rtPA initiated within 1.5 to 3 hours was 1.55
(95% CI, 1.12–2.15) compared with 1.40 (95% CI, 1.05–1.85) within 3 to 4.5 hours and 1.15
(95% CI, 0.90–1.47) within 4.5 to 6 hours. The clinical trial evidence indicates the fundamental

importance of minimizing the total ischemic time and restoring blood flow to threatened but not
yet infarcted tissue as soon as feasible. Table 13 summarizes the findings of major clinical trials
for IV rtPA.107
Eligibility criteria for IV-rtPA therapy
Over the past few decades, an plethora of clinical data has proven the safety and efficacy of IV
tPA in eligible patients. The eligibility criteria have evolved over time based on expert opinion
and recent clinical trial data. Initiating early treatment is an important factor in successful
thrombolytic therapy, followed by selection of appropriate candidates for thrombolysis.
Intracranial hemorrhage is an absolute contraindication for reperfusion therapies. Evidence from
clinical studies supports the timely use of imaging to exclude hemorrhage in stroke patients
before initiating IV thrombolytic therapy.108 The ECASS I predicted an increased risk of brain
hemorrhage and poor clinical outcomes in patients with early signs or infarction in more than
one-thirds of the MCA territory and undergoing IV thrombolysis within 6 hours of stroke onset.
101 Ischemia involving more than one-thirds of the MCA territory on images obtained within the
0- to 6-hour window constitutes a relative contraindication to IV thrombolysis.
All three randomized stroke trials [NINDS, Echoplanar imaging thrombolytic evaluation trial
(EPITHET), and Third International Stroke Trial (IST-3)] that included patients ≥80 years of age
provided evidence of the benefits of alteplase for older patients with acute ischemic strokes.
Evidence from these clinical trials suggested that there should be no upper limit of the NIHSS
score for patients otherwise eligible for alteplase presenting to medical attention within 3 hours
of onset of symptoms. The ECASS III trial included thrombolytic therapy in the extended
window period from 3 to 4.5 hours with the addition 4 exclusion criteria: age >80 years, NIHSS
score >25, history of diabetes and prior stroke, and taking oral anticoagulants. Prevalance of
symptomatic intracranial hemorhage (sICH) is variable (0%-36%) and is higher in patients
taking anticoagulants even with subtherapeutic INR at the time of thrombolysis.109 Table 14
summarizes the standard inclusion exclusion criteria for selection of patients for IV rtPA.
Currently the exclusions have further evolved and some from the original NINDS trial have been
removed.
Recommendations13
•

Intravenous alteplase should not be administered to patients whose CT reveals any type
of acute intracranial hemorrhage.

•

IV alteplase (0.9 mg/kg; maximum dose 90 mg) is recommended for selected patients
who may be treated within 3 hours of onset of ischemic stroke.

•

•
•

•
•
•

•

IV alteplase is recommended for administration to patients in the time period of 3 to 4.5
hours after stroke onset taking into consideration additional exclusion criteria: age >80
years, NIHSS score >25, history of diabetes and prior stroke, and those taking oral
anticoagulants.
For patients with severe stroke and those with mild but disabling stroke symptoms, IV
alteplase is indicated within 3 hours of symptom onset of ischemic stroke.
In patients eligible for IV alteplase, benefit of therapy is time dependent, and treatment
should be initiated soonest. The door-to-needle time should be <60 minutes from hospital
arrival (emergency room).
IV alteplase may be used in patients who have a history of warfarin use and an INR of
≤1.7 but not in those with an INR of >1.7
In patients who have received a dose of LMWH within the previous 24 hours, IV
alteplase is not recommended.
The use of IV alteplase in patients taking direct thrombin inhibitors and direct factor Xa
inhibitors has not been firmly established and relevant laboratory investigation must be
consulted to determine the residual anticoagulant effect.
IV rtPA may be considered reasonable in some cases if patients have a normal thrombin
time (TT), activated partial thromboplastin time (aPTT), and prothrombin time (PT), but
this should be a subject of future research. 110

Tenecteplase
Tenecteplase is a modified tissue plasminogen activator that is more fibrin-specific, more
resistant to plasminogen activator inhibitor and has a half life longer than alteplase.111 However
potential advantage of delayed clearance or prolonged half life in acute ischemic stroke is yet to
be determined. Molecules with longer half-life may augment the ICH risk in the setting of
ischemic stroke; though this remains to be proven clinically.112 Three phase II trials have
evaluated the efficacy and safety of tenecteplase in doses of 0.1, 0.25 and 0.4 mg/kg against
alteplase in acute ischemic stroke.113, 114,115 A meta-analysis of these trials (n=291) showed no
significant difference between any dose of tenecteplase and alteplase for either efficacy or safety
end points.116 Most studies had early neurological improvement (at 24 hrs) and penumbra
salvaged based on the CT perfusion as the primary end point. Phase III clinical trials (TASTE
[ACTRN12613000243718] and ATTEST-2 [NCT02814409]) are ongoing and will provide more
conclusive evidence on its efficacy and safety in large numbers of AIS patients. The Study of
Tenecteplase Versus Alteplase for Thrombolysis (Clot Dissolving) in Acute Ischemic
Stroke "NOR-TEST" has recently been completed and the results presented.* 1107 ischemic
stroke patients were randomly assigned to tenecteplase, 0.4 mg/kg bolus, or alteplase, 0.9 mg/kg
infusion within 4.5 hours of symptom onset. The drugs were comparable on outcomes using

modified Rankin score 0-1 sugesting no major difference between two drugs. The rates of
intracerebral hemorrhage were similar in two groups. Formal publication is awaited to assess the
results in detail.
Biosimilar Tenecteplase has been evaluated in Indian patients for the treatment of acute
ischemic stroke at doses of 0.1 and 0.2 mg/kg in an open-label, single-arm, non-randomized
studies.117,118 The clot lysis activity of the biosimilar tenecteplase was 72%-78% in standardized
clot lysis assays as against 97%-100% for the innovator tenecteplase.119 The drug although has
been recently approved in India, at a dose of 0.2 mg/kg within 3 hours of stroke onset, the
efficacy of this dose has not been completely established. Other thrombolytic agents (e.g.
streptokinase, reteplase, desmoteplase) are not currently approved for use in AIS.

10.2 Endovascular Revascularization (Guidelines being published separately)
Early reperfusion is crucial for the good outcome of reperfusion therapy. The recanalization
efficacy of IV rtPA is not as high as that of endovascular treatment especially when there is
occlusion of larger intracranial arteries such as the internal carotid artery (ICA) or proximal
MCA.120 A recanalization rate of 6% and 30% was observed with IV rtPA in the terminal ICA
and M1, respectively.121 In addition, a large proportion of patients still present > 4.5 hours after
the onset of stroke symptoms and are compelled to be excluded from rtPA therapy. These
limitations of rtPA therapy have prompted widespread use of endovascular therapy to treat
patients having contraindications for rtPA therapy to improve recanalization rates. Especially in
the Indian context, endovascular therapy is one of the viable options because of poor availability
of resources and delayed presentation (outside door-to-needle window period).122
Endovascular revascularization includes intra-arterial fibrinolysis, mechanical clot retrieval with
the Mechanical Embolus Removal in Cerebral Ischemia (MERCI) Retrieval System (Concentric
Medical, Inc, Mountain View, CA, USA), mechanical clot aspiration with the Penumbra System
(Penumbra, Inc, Alameda, CA, USA), and acute angioplasty and stenting. Different intra-arterial
agents have been used for thrombolytic treatment of acute ischemic stroke. These include tissue
plasminogen activator (tPA), urokinase (UK), and prourokinase (pro-UK). Mechanical
thrombectomy devices are divided into two major groups based on their mechanism of action:
those that use an approach distal (retrievers) or proximal to thrombi (aspiration devices). The
MERCI was the first stroke mechanical thrombectomy device approved by the FDA in 2004. The
aspiration devices include the Penumbra System (Penumbra Inc.), the QuickCat (DSM Inc., PA,
USA), and PRONTO (Vascular Solutions Inc., MN, USA) extraction devices.123 A summary of
trials involving endovascular therapies is available in Table 15.

Recent times have seen completion of major trials of endovascular therapy and establish it as an
accepted treatment for proximal large vessel occlusive stroke. A meta-analysis of eight trials
included 1313 patients who underwent endovascular thrombectomy and 1110 patients who
received standard medical care with tPA. Endovascular therapy was associated with a significant
proportional treatment benefit across modified Rankin scale (mRS) scores (OR, 1.56; 95% CI,
1.14–2.13; P=0.005). Functional independence at 90 days (mRS score, 0-2) occurred among 557
of 1293 patients (44.6%; 95% CI, 36.6%-52.8%) in the endovascular therapy group versus 351
of 1094 patients (31.8%; 95% CI, 24.6%-40.0%) in the standard medical care group (risk
difference, 12%; 95% CI, 3.8%-20.3%; OR, 1.71; 95% CI, 1.18-2.49; P=0.005). Compared with
standard medical care, endovascular thrombectomy was associated with significantly higher rates
of angiographic revascularization at 24 hours (75.8% vs. 34.1%; OR, 6.49; 95% CI,
4.79-8.79; P<0.001) but no significant difference in rates of symptomatic intracranial
hemorrhage within 90 days (70 events [5.7%] vs. 53 events [5.1%]; OR, 1.12; 95% CI,
0.77-1.63; P=0.56) or all-cause mortality at 90 days (218 deaths [15.8%] vs. 201 deaths [17.8%];
OR, 0.87; 95% CI, 0.68-1.12; P=0.27).124
Recommendations13
• All patients eligible for IV rtPA should receive IV rtPA even if endovascular treatments
are being considered.
• Reduced time from symptom onset to reperfusion with endovascular therapies is
associated with better clinical outcomes. To ensure benefit, reperfusion to thrombolysis in
cerebral infarction (TICI) grade 2b/3 125 should be achieved as early as possible and
within 6 hours of stroke onset.
• Patients should receive endovascular therapy with a stent retriever if they meet all the
following criteria:
➢ prestroke mRS score 0 to 1,
➢ acute ischemic stroke receiving IV rtPA within 4.5 hours of onset according to
guidelines from professional medical societies,
➢ causative occlusion of the ICA or proximal MCA (M1),
➢ age ≥18 years,
➢ NIHSS score ≥6,
➢ ASPECTS score ≥6, and
➢ treatment can be initiated (groin puncture) within 6 hours of symptom onset.
• When treatment is initiated beyond 6 hours from symptom onset, the effectiveness of
endovascular therapy is uncertain for patients with acute ischemic stroke who have
causative occlusion of the ICA or proximal MCA (M1).

•

•
•

•
•

In carefully selected patients with anterior circulation occlusion who have
contraindications to IV rtPA, endovascular therapy with stent retrievers completed within
6 hours of stroke onset is reasonable.
The technical goal of the thrombectomy procedure should be a TICI 2b/3 angiographic
result to maximize the probability of a good functional clinical outcome.
If endovascular therapy is contemplated, a noninvasive intracranial vascular study is
strongly recommended during the initial imaging evaluation but should not delay IV rtPA
(if indicated in eligible patients).
Noninvasive intracranial vascular imaging should then be obtained as quickly as possible.
When mechanical thrombectomy is pursued, stent retrievers such as Solitaire and Trevo
are generally preferred to coil retrievers such as MERCI. The relative effectiveness of the
Penumbra system versus stent retrievers has not been characterized.

10.3 Combined Intravenous and Intra-arterial Fibrinolysis
The combined IV and IA fibrinolysis approach can address the concern that delays to IA therapy
may negate the potential benefits of more efficacious recanalization. This allows immediate
initiation of IV fibrinolysis in an emergency setup, followed by transportation of the patient to
the angiographic suite for further titrated IA fibrinolytic therapy, if necessary. This approach has
been evaluated in a series of pilot trials showing mixed findings.126,127,128 As demonstrated in a
post-hoc pooled analysis of the Interventional Management of Stroke I and II pilot trials,
reducing the time to reperfusion with endovascular therapies (like IV fibrinolysis) is likely to be
pivotal in achieving the best clinical outcomes. Table 16 summarizes the findings of studies with
the combined approach.129
10.4 Role of Anticoagulants
Anticoagulants are prescribed in an effort to prevent first or recurrent stroke, especially in
patients with cardioembolism due to atrial fibrillation and large artery atherosclerotic disease.
Several clinical trials have demonstrated increased risk of bleeding complications with early
administration of unfractionated heparin130 or LMWH and danaparaoid131 . Early administration
of anticoagulants does not show reduction in risk of early neurological worsening or early
recurrent stroke.132 ,133 Early anticoagulation should be avoided when potential contraindications
to anticoagulation are present, such as a large infarction (based on clinical syndrome or brain
imaging findings), uncontrolled hypertension, or other bleeding conditions.
Nonvitamin K antagonists (dabigatran, rivaroxaban, apixaban, and edoxaban) have been shown
to prevent stroke or systemic embolization in patients with atrial fibrillation134 and have been

approved by the US FDA for preventing stroke and systemic embolism in patients with atrial
fibrillation.
Recommendations:
• Urgent anticoagulation, with the goal of preventing early recurrent stroke, halting
neurological worsening, or improving outcomes after acute ischemic stroke, is not
recommended for the treatment of patients with acute ischemic stroke.
• Initiation of anticoagulant therapy within 24 hours of treatment with IV rtPA is not
recommended.
10.5 Antiplatelets
Various oral antiplatelet agents including aspirin, clopidogrel, and dipyridamole are being used
routinely for treatment of acute ischemic stroke. Some clinical trials have shown mixed
results135,136 but these data do not provide solid evidence for the benefit of using antiplatelet
agents in the management of acute ischemic stroke. Early treatment with aspirin plus extendedrelease dipyridamole for TIA or ischemic stroke within 24 hours of symptom onset (EARLY)
trial137 and Fast Assessment of Stroke and Transient Ischemic Attack to Prevent Early
Recurrence (FASTER) trial 138 suggested that in patients who received fibrinolytic therapy, both
early and late initiation of antithrombotic therapy for the secondary prevention of recurrent
stroke appeared to be safe.
Administration of aspirin within 48 hours after stroke has demonstrated a small but statistically
significant decline in mortality and unfavorable outcomes. However, data regarding utility of
other antiplatelet agents, including clopidogrel alone or in combination with aspirin, for
treatment of acute ischemic stroke are limited and those on the safety of antiplatelet agents when
given within 24 hours of IV fibrinolysis are lacking. The relative indications for the long-term
administration of antiplatelet agents to prevent recurrent stroke are included in other guidelines
and advisory statements.139,140
Inhibitors of the platelet glycoprotein IIb/IIIa receptor141,142 like abciximab143, 144 and parenterally
administered glycoprotein IIb/IIIa receptor blockers145,146,147,148,149,150 are also being studied in
patients with acute ischemic stroke. However, more research is needed to determine the role of
these agents in acute ischemic stroke management.
Recommendations
• Oral administration of aspirin (initial dose of 325 mg) within 24 to 48 hours after acute
ischemic stroke onset is recommended as part of overall management.

Administration of aspirin (or other antiplatelet agents) as an adjunctive therapy is
recommended after 24 hours after IV tPA.
1.
Surgical Interventions
Carotid Endarterectomy
Carotid endarterectomy (CEA) involves removal of the source of thromboembolic debris leading
to reduction in stroke recurrence and restoration of normal perfusion pressure to the ischemic
penumbra in the brain. A delay in intervention may reduce the potential benefit of
revascularization.151 However, early intervention may also lead to transformation of ischemic
infarction to hemorrhagic infarction and increased edema or hyperperfusion syndrome from
sudden restoration of normal perfusion pressure to the brain. Table 17 highlights few studies
demonstrating the effects of this intervention.152 ,153 ,154 ,155 ,156 ,157
•

Recommendations
• Usefulness of emergent or urgent CEA when clinical indicators or brain imaging suggests
a small infarct core with large territory at risk (e.g., penumbra), compromised by
inadequate flow from a critical carotid stenosis or occlusion, or in the case of acute
neurological deficit after CEA, in which acute thrombosis of the surgical site is
suspected, is not well-established and needs further evidence.
11
TREATMENT OF ACUTE NEUROLOGICAL COMPLICATIONS
Clinical deterioration can occur in 25% of patients after initial stroke assessment,158 ,159 possibly
because of stroke progression, brain edema, hemorrhage, and recurrent ischemia.
Multidisciplinary care is required for management of the potential complications due to
complexity of stroke.
Ischemic Brain Edema
Delayed deterioration caused by edema of the infarcted tissue often occurs after acute cerebral
infarction.160 Cerebral edema occurs in all infarcts especially in large volume infarcts. Edema
may produce a range of clinical findings from being clinically silent and not associated with new
neurological symptoms to precipitous fatal deterioration, depending on stroke location, infarct
volume, patient age, and degree of pre-existing atrophy.161 Cytotoxic edema normally peaks 3 to
4 days after injury,162 but early reperfusion of a large volume of necrotic tissue can accelerate and
worsen the edema towards malignancy course with decreased cerebral perfusion pressure within
the first 24 hours.163 Careful observation is required in patients with severe stroke or posterior
fossa infarctions enabling early intervention to address potentially life-threatening edema.
• Medical management

Management of cerebral edema aims to reduce or minimize edema formation before clinically
significant increases in intracranial pressure (ICP) happens and the interventions may include the
following:
o restriction of free water to avoid hypo-osmolar fluid
o osmotherapy includes IV mannitol (0.25 to 0.5 g/kg) and/or glycerol or 3%
normal saline
o acute IV bolus of 40 mg of furosemide
o avoidance of excess glucose administration
o minimization of hypoxemia and hypercarbia
o treatment of hyperthermia
o avoidance of antihypertensives, particularly those that induce cerebral
vasodilatation
o elevation of the head end of the bed to 20° to 30° to assist in venous drainage
o initiation of ICP management when edema produces increased ICP including
hyperventilation, hypertonic saline, osmotic diuretics, intraventricular
drainage of cerebrospinal fluid, and decompressive surgery.
The death rate in patients with increased ICP remains as high as 50% to 70% despite intensive
medical management.164 Hence, the above interventions need to be considered temporizing,
extending the window for definitive treatments.
• Decompressive Surgery
The secondary involvement of the frontal and occipital lobes during a primary brain stem
compression, presumably attributable to anterior cerebral and posterior cerebral artery
compression against dural structures, can greatly limit the potential for a meaningful clinical
recovery or even survival. Surgical decompression with decompressive hemicraniectomy
performed within 48 hours of stroke onset in patients of 18 to 60 years of age with malignant
infarctions significantly reduced mortality from 78% to 29% and significantly increased
favorable outcomes.165 Similar benefit was observed in patients with dominant and nondominant
hemisphere infarctions, but the outcome was affected in older patients who had worse
outcomes.166 Surgical decompression can reduce mortality from 80% to ≈20%167 but the decision
to perform decompressive surgery may be individualized due to the risk of survival with
moderate to severe disability. 168
Hemorrhagic Transformation
Ischemic infarction may be accompanied by petechial hemorrhage occurring in patients not
treated with recanalization strategies169 or symptomatic hemorrhage in patients after IV rtPA and
IA recanalization strategies and anticoagulant use. 170 It can also occur in patients not undergoing
reperfusion therapies who may require similar vigilance, especially in patients with larger

strokes, older age, or with a cardioembolic pathogenesis. Most hemorrhages occur within the
first 24 hours after IV rtPA; majority of hemorrhages occurring within the first 12 hours are fatal.
The symptoms include worsening neurological symptoms, decreasing mental status, headache,
increased blood pressure and pulse, and vomiting.171
If a patient demonstrates signs of symptomatic hemorrhage, any remaining IV rtPA should be
withheld immediately. An emergent noncontrast CT scan and a complete blood count,
coagulation parameters (PT, aPTT, INR), type and screen, and fibrinogen levels should be tested.
Antithrombotics can be used safely after hemorrhagic infarction. 172
As mentioned in a case report, no further hematoma expansion was reported after use of
tranexamic acid in the treatment of an IV rtPA–associated hemorrhage in a Jehovah’s Witness
stroke patient.173 Evacuation may be considered for large hemorrhages but smaller hematomas
may be tolerated without clinical relevance174 since cerebellar hemorrhagic conversion is more
likely to become symptomatic.175
Seizures
Some of the studies reported the following incidences of seizures after ischemic infarction:
o Varied incidences with most reports indicating an incidence of <10%176
o Increased incidence in patients with hemorrhagic transformation177
o Varied incidences of recurrent and late-onset seizures.178
Little to no information is available regarding the effects of prophylactic anticonvulsants after
ischemic stroke or its long-term use after seizure.
Recommendations12
• Patients with major infarctions are at high risk for brain edema and increased ICP.
Measures to lessen the risk of edema and close monitoring of the patient for signs of
neurological worsening during the first few days after stroke are recommended.
• Decompressive surgical evacuation of a space-occupying cerebellar infarction is effective
in preventing and treating herniation and brain stem compression.

12.0 STROKE REHABILITATION
Evidence describes rehabilitation as a major contributor to positive outcomes for stroke
survivors. The effects of stroke cannot be reversed but rehabilitation should be aimed to improve
function and/or prevent deterioration of function, and to achieve the highest possible level of
independence: physically, psychologically, socially, and financially. The outcome depends
largely upon the time when rehabilitation is commenced and the facilities provided. Early
commencement of rehabilitation provides better outcomes for stroke survivors.27 In addition,
rehabilitation provided in a dedicated Stroke Rehabilitation Unit has shown better outcomes than
in a general ward.
The rehabilitation depends on the patient’s needs and may work on improving one or more of the
following skills:
o Self-care skills such as feeding, grooming, bathing, toileting, and dressing
o Mobility skills such as transferring, walking, or self-propelling a wheelchair
o Communication skills in speech and language
o Cognitive skills such as memory or problem solving
o Social skills for interacting with other people
The rehabilitation techniques or services may include one or more of the following:
o Rehabilitation nursing
o Physical therapy
o Occupational therapy
o Speech-language pathology
o Audiology
o Recreational therapy
o Nutritional care
o Rehabilitation counseling
o Social work
o Psychiatry/Psychology
o Patient/Family education
o Support groups
There is strong evidence for physical therapy interventions favoring intensive highly repetitive
task-oriented and task-specific training in all phases after stroke.179 In high quality randomized
clinical trials, the effect of task-oriented exercise training to restore balance and gait and for
strengthening the lower paretic limb was strongly evident.180

The National Stroke Foundation Clinical Guidelines 2010 recommends that all patients including
those with severe stroke, who are not receiving palliative care, be assessed by a specialist
rehabilitation team before discharge from hospital regarding their suitability for ongoing
rehabilitation. A future follow-up assessment and/or revaluation for patients discharged into
long-term care, to identify opportunities to access public rehabilitation services is also needed,
where appropriate.
Rehabilitation is part of the continuum of care that has to be offered in outpatient or inpatient
settings. Home-based rehabilitation is being commonly practiced and can be encouraged;
however, evidence in the Indian setting is needed.
13.0 PREVENTION
Risk Factors
The Framingham Heart Study and other international prospective epidemiological studies
identified the major atherogenic risk factors for stroke as hypertension, diabetes mellitus,
hyperlipidemia, and smoking. Based on the results of a case-control study in the West Central
India, diabetes mellitus, hypertension, tobacco use and low hemoglobin were the main risk
factors for ischemic stroke. 181Cross-sectional community based case-control study for risk factor
analysis in Kolkata demonstrated that hypertension was the most important risk factor for stroke.
182 Another community based cross-sectional case-control study demonstrated heart disease,
hypertension, and smoking to be significantly associated with stroke.183
The risk factors of stroke can be hereditary, function of natural process, or result from a person’s
lifestyle as presented in Table 18.184,185
Primary Prevention
A number of risk factors are amenable to prevention and early intervention and can be targeted
across the different stages of disease. Table 19 summarizes the effectiveness of drug therapies for
the primary prevention of first-ever stroke.186
Secondary Prevention
Secondary prevention includes measures to reduce the risk of recurrence of stroke in patients
who have had TIA or stroke. The following risk factors should be evaluated within one week of
the onset of acute phase:
o Hypertension
o Diabetes mellitus
o Smoking
o Carotid artery stenosis (for those with nondisabling stroke)

o Artial fibrillation or other arrhythmias
o Structural cardiac disease
o Investigation of rare causes in the absence of above mentioned risk factors
The secondary prevention measures include, but are not limited to49
o Antiplatelet therapy for all patients with established noncardiac causes of
ischemic stroke unless there is an indication of anticoagulation, including
aspirin, or combination of aspirin and dipyridamole or clopidogrel etc
o Oral anticoagulation for patients with ischemic stroke associated with mitral
wall disease, prosthetic heart valves, or within 3 months of myocardial
infarction
o NOACs should be preferred over VKAs in cases of nonvalvular atrial
fibrillation.
o Lowering of blood pressure for all patients using diuretics or combination of
diuretics and an angiotensin converting enzyme inhibitor
o Carotid intervention along with other secondary measures
o Lipid lowering therapy including use of statins
Not all stroke patients may be good candidates for all of the secondary prevention measures due
to contradicting conditions and hence one or more of these measures need to be implemented on
case-to-case basis. Long-term management of lifestyle risk factors and adherence to
recommended medications (particularly in relation to the management of hypertension,
cholesterol, and diabetes), carotid artery surgery and antiplatelet therapies are essential for
effective secondary stroke prevention. Table 20 describes the effectiveness of secondary
prevention initiatives.49
Lifestyle Measures
The following lifestyle measures can aid in timely recovery as well as secondary prevention of
stroke15:
o Regular exercise
o Smoking cessation and avoiding environmental smoke
o No alcohol or remaining within safe drinking limits
o Effective weight loss
o Use of low fat dairy products and products based on vegetable and plant oils,
and reduction of red meat intake
o Reduction of salt intake

14.0 STROKE CARE QUALITY DETERMINANT AND BENCHMARKING
The provision of performance measure (PM) benchmarks in cardiac care has been shown to
improve adherence leading to effective stroke management. 187 In the Stroke Practice
Improvement Network (SPIN) study, the baseline data were used to derive the below-mentioned
achievable benchmarks for nine in-hospital PMs. These PMs were not meant to quantify the
quality of care of the hospital but to include different aspects of acute stroke care: hyper-acute
care, in-hospital care, and discharge care.188
-

door-to-needle time of ≤ 1 hour for tPA

-

screening for dysphagia
prophylaxis for deep vein thrombosis (DVT)
warfarin for atrial fibrillation
discharge on antithrombotics
tPA considered
etiology documented
smoking assessed and counsel given
stroke education and resources given

Action plans like the Global Stroke Guidelines and Quality Action Plan include similar measures
and can be used to inform stroke policy and setting strategic directions to elevate standards of
care for people with stroke. The key quality indicators in these action plans provide a mechanism
and opportunity for benchmarking of stroke care delivery, with a common goal of achieving high
quality comprehensive stroke care. Successful implementation with similar action plans may
have a significant positive effect on decreasing mortality and morbidity from stroke.189
A formative research study aimed to systematically develop educational intervention for
management of post stroke disability for stroke survivors in India, and evaluate the feasibility
and acceptability of delivering the intervention by using smart phones and with caregiver
support. 190
“Care for Stroke” is a smart phone-enabled, educational intervention for management of physical
disabilities following stroke. It is delivered through a web-based, smart phone-enabled
application and includes inputs from stroke rehabilitation experts in a digitized format.
Evaluation indicated that the Care for Stroke intervention was feasible and acceptable in an
Indian context. An assessment of effectiveness is now warranted. 191 Data suggest that
opportunities exist for establishing programs like Get With The Guidelines®-Stroke (GWTGStroke) in India.192

15.0 FUTURE SCOPE
The gaps between the new evidence-based knowledge and the current guidelines can act as
triggers for conducting future extensive research in form of clinical trials, case series, etc. Data
of patients with stroke regarding the utility of endotracheal intubation in management of
critically ill patients, induced hypothermia as a treatment, prophylactic administration of
medications to prevent cardiac arrhythmias, efficacy of mechanical flow augmentation
techniques, benefit of long-term prophylactic anticonvulsant use after ischemic stroke, safety or
efficacy of adjunctive anticoagulation, safety of antiplatelet agents when given within 24 hours
of IV fibrinolysis, and routine use of hyperbaric oxygen in treatment of patients with acute
ischemic stroke are limited.
The usefulness of other antithrombin medications, other antiplatelet agents (clopidogrel alone or
in combination with aspirin), and precise timing of initiation for long-term secondary prevention,
except dabigatran, efficacy of near-infrared laser therapy in acute phase, effectiveness of urgent
anticoagulation for treatment of patients with arterial dissection or vertebrobasilar disease, and
role of anticoagulants as an adjunct in addition to mechanical or pharmacological fibrinolysis has
not been established. Limited data are available regarding the utility of early statin
administration, use of external compression of the veins in the lower extremities, role of
angioplasty and stenting of the extracranial carotid arteries in the early management of acute
stroke, safety and efficacy of CEA in various subsets of patients with acute stroke, optimal
timing for revascularization and its role in emergency management of stroke. Although several
devices have resulted in recanalization with acceptable safety, direct comparative data between
the devices are not available.
In India, thrombolysis is not possible in majority of patients due to delay in reaching hospital, no
early access to scanning facility, lack of infrastructure, and high cost required for thrombolytic
and/or endovascular therapy. Thus, for patients who reach after 6 hours of acute ischemic stroke,
only supportive treatment is offered. This creates the scope for research on adjuvant therapy,
which may help to improve stroke outcome. In addition, a continued research is required to
identify the best means for triaging patients and integrating non-stroke centers with PSCs and
CSCs due to the challenges in building effective stroke systems.

16.0 KEY RECOMMENDATIONS
The key recommendations include the following:
• Certified stroke units/centers and better emergency transport systems
• Emergency brain imaging should be performed before initiation of any specific therapy
• Door-to-needle time of ≤60 minutes from hospital arrival
• IV rtPA to be initiated as quickly as possible (within 1 hour, if possible) in patients
eligible for IV rtPA
• Endovascular therapy preferably with stent retrievers should be performed for all eligible
patients with proximal large vessel occlusion.
• Cardiac monitoring within at least 24 hours to screen for atrial fibrillation and other
potentially serious cardiac arrhythmias
• Continuation of previously described antihypertensive drugs, unless otherwise indicated
• Patient monitoring for stroke-related complications, bleeding complications after IV rtPA,
infections, and glucose levels
• Primary prevention strategies to promote general awareness
• Better palliative care
Conclusion
The burden of acute ischemic stroke and its risk factors in India calls for a sound public health
initiative to stem the epidemic. Modern medicine has now entered in an era of proactive
approach. Management of patients with acute ischemic stroke is multifaceted, and indications for
definitive therapies vary among patients. Early intervention is crucial and requires shortening of
prehospital period. This is possible through education of patients and healthcare professionals
and optimization of transport strategies. Availability and access to stroke centers/units with
Telestroke expertise will help to treat a larger number of acute stroke patients. There is an urgent
need for efforts to be put in place for an intervention program that is complemented with a robust
surveillance mechanism to monitor, evaluate, and guide policies and programs regarding acute
stroke management in India.
It has been demonstrated in a pilot mode that it is feasible to establish surveillance for
cardiovascular disease risk factors at the community levels. It has been scaled up to the national
level, and is now included in the National Programme for Prevention and Control of Diabetes,
Cardiovascular Diseases and Stroke. The future of surveillance systems lies in its timeliness,
systems approach, and enduring partnerships for an effective stroke management guideline with
quality standards.
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