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Abstract 
Control of blood pressure (BP) represents an essential element in management of acute cerebrovascular accident (CVA) (ischemic or hemorrhagic). The high blood pressure (HBP) can be found at 75% of ischemic acute CVAs and at 80% of cerebral hemorrhage. The acute hypertensive response is present at patients with known HBP but also at those with normal blood pressure. In the first 10-12 hours from the onset of acute CVA, the BP tends to drop spontaneously. 
The pathogenetic mechanisms which produce the hypertensive response in acute CVA, the poor prognosis of severe BP increase, but also of rapid BP drop and the HBP management in the acute period of ischemic and hemorrhagic CVA are presented. The results of clinical studies, as well as the recommendations of treatment guides, outlining the problems of antihypertensive treatment at the patients with thrombolysis are commented. 
The arterial hypotension, rare in the acute ischemic CVA, has negative results, especially for the shadow zone with dysfunctional cerebral auto-regulation. The negative results of volume expansion (hemodilution) are pointed out as well as the preliminary data of pressor therapy as a treatment method for selected groups of patients with acute cerebrovascular accident. 
The acute CVA (stroke) is a frequent pathological and emergency condition, which is treated for variable time periods in the specialized neurovascular emergency institutions, in the cardiological stations or internal diseases stations or, in special cases, in the ATI stations. Under clinical and pathogenetic aspect, CVA is so heterogeneous from the point of view of clinical reactions that the subject initially arrives – for evaluation and immediate treatment – in the non-neurological stations. 
Besides the option of thrombolytic treatment, the urgent therapeutical problems of acute CVA concern the general treatment(1) elements: 

1. the respiratory function and the protection of respiratory passages; 

2. the cardiac function; 
3. BP control; 
4. glycaemia control; 
5. fever and hyperpyrexia control; 
6. water-electrolytic restoration.

Among these emergencies, evaluation and control of any cardiac failure (which can be at the origin of CVA) and HBP control (stroke aggravation factor) are aspects which influence the negative or favourable evolution decisively of CVA, both short-term and long-term. This article regards the problems which the BP control raises in the acute period of CVA. 
Blood pressure control represents an essential element in the acute, ischemic or hemorrhagic CVA management. The high blood pressure (HBP) is generalized in acute stroke, while the arterial hypotension is rare; both conditions require a differentiated approach, from the point of view of evaluation and treatment. 
I. The high blood pressure (or an acute hypertensive reaction) defined as BP ≥140/90 mm Hg at 2 readings in the first 24 hours from the stroke onset, can be found at approximately 75% of acute ischemic  strokes or at 80% of intra-cerebral hemorrhage (ICH)(2). In IST (International Stroke Trial -17.398 randomized patients in the first 48 hours from the onset of stroke), the systolic BP average was 160,1 mm Hg and 82% of the patients had systolic BP >140 mm Hg(3). The hypertensive acute reaction can be found at patients with old, known HBP, at the patients with HBP (as a disease) discovered with the occasion of CVA, but also at normotensive patients. The reaction is characterized by its high prevalence, its auto-limited nature and prognostic significance, often negative. 

The level of hypertensive reaction is diversified, from sever to medium; it is dependent on the BP level before the neurologic event, the time of finding (monitoring), as to the stroke onset (a few hours or 24 hours) and on the proper cases of hypertensive reaction. In the first hours of stroke onset, high fluctuations of BP may be recorded with prognostic implications. After the initial hypertensive reaction, a progressive decrease or even progressive decrease of BP is recorded (in the acute stroke) (averaging 20/10 mm Hg) 10 days of CVA and, especially in the first 10-12 hours from the first record. One study pointed out the spontaneous decrease of systolic BP by 28% in the first day. The BP decrease, with possibility of normalization, in the acute stroke can however be achieved under special treatment conditions. 
The mechanisms through which an acute hypertensive response is produced are important for the choice of treatment. At a patient with acute, ischemic or hemorrhagic CVA, several pathogenetic mechanisms are usually present, which explains the blood pressure increase: 
1. Presence of an incompletely treated chronic HBP, important risk factor for CVA; 

2. Permanent or transitory injury produced by the thromboembolic event, of some cerebral areas involved in cardiovascular pacing, especially of BP; 
3. Increase of sympathoadrenal tone and the subsequent activity of the aldosterone angiotensin rennin system; 

4. Any increase of intracranial pressure, found especially in intracerebral hemorrhage, but also in large ischemic infarcts (Cushing reflex); 

5 Other conditions related to the stressful factors, such as abnormal hospitalization, cephalea, pain, hypoxia, urinary retention, superinfections. 

The severe increase of BP in acute CVA is associated with a short-term and long-term poor prognosis. A systematic analysis of observational studies (>10.000 subjects) concluded that, at the patients with acute CVA, the increase of systolic and diastolic BP was associated with an increase of 1,5-5 times of dying risk or dying and dependency(4). In the first IST study, at patients with ischemic CVA, a U-wave type relation was found between the basic BP and the premature and delayed dying. The highest BP values were independently associated with the increase of dying risk (possible by brain edema), while the lower BP values were associated with severe CVA and excess of mortality by coronary disease. The best evolution was observed at the subjects with moderate BP increase (optimum systolic BP 150 mm Hg)(3). 
In the ischemic CVA, above normal BP values are required in order to keep the cerebral perfusion pressure. In the acute CVA, auto-regulation is affected in the shadow zone, where vasodilatation is present as a reaction to ischemia and acidosis. Maintaining the cerebral perfusion pressure (>70 mm Hg) is thus required in order to maintain a proper regional delivery in the ischemic  zone which is an area vulnerable to progressive ischemia under conditions of BP decrease(1,5). 
Management of acute hypertensive reaction is, mostly, stated in guides. Before introducing a pharmacological therapy, identification of intravascular volume retention is required and the proper control of volemia; generally, the hypovolemic subjects have an exaggerated hypotensive reaction to antihypertensive medication. Control of cardiac condition is also required, which is frequently affected at the patients in acute stroke: trachyarrhythmias, myocardial ischemia, ventricular dysfunction or cardiac failure and which influence the level of hypertensive reaction and its evolution. Eventually, there are multiple data which have shown that the severe BP reduction in the acute ischemic stroke, at least in the first 24-48 hours, is frequently accompanied by progression of ischemic shortness and that moderate-high values of BP are associated with a better evolution of CVA (2,3,6). 
A few large INWEST studies (Nimodipina West European Stroke Trial), ACCESS (Acute Candesartan Cilexetil Evaluation in Stroke Survivors) and the post hoc analysis NINDS rtPA have provided divergent conclusions on the results of antihypertensive treatment in the acute stroke. The INVEST study with nimodipine pointed out that administration of nimodipine in 12 hours from the incursion of symptoms was associated with an unfavourable evolution(7). In the prospective study CHHIPS, at patients with acute cerebral failure or cerebral hemorrhage, no significant difference was found in acute neurologic deterioration after 72 hours, between the antihypertensive treatment and the placebo group(8). Although some results from the clinical studies regarding control of hypertensive reaction are ambiguous, most guides recommend that hypertension is not decreased rapidly at the patients with ischemic stroke, except for some special situations: acute coronary ischemia, heart failure, aorta biotomy, acute kidney failure, hypertensive encephalopathy(1,5,9).  Pharmacological treatment is not recommended in the first 24 hours, unless the systolic BP exceeds 220 (200) mm Hg and diastolic BP exceeds 120 mm Hg. Thr purpose of reducing the BP, when this is recommended in case of emergency, includes reduction of appearance of brain edema, of risk of hemorrhagic transformation of infarct, prevention of some vascular injuries and of recurrent CVA. When the treatment is recommended, decrease of BP must be performed progressively and not with more than 15% in the first 24 hours. The aggressive treatment of HBP may lead to neurologic aggravation, by decrease of perfusion pressure in ischemic zones. 
The recommended hypertensive agents (RHA) are applied intravenously in bolus or phleboclysis drip; they have a direct effect upon the vascular muscle (or β receptors), they increase the cerebral blood flow and, partially, the cerebral perfusion pressure. Generally, the intravenous labetalol is the optimum antihypertensive agent(1,2,9).
Table 1. Pharmacologic agents applied in HBP from acute stroke
	Agent
	Dosage
	Life span

	Labetolol
	5-20 mg/bolus at 15 min, up to 300 mg
	3-6 hours

	Hidralazine
	5-20 mg bolus at 15 min.
	1-4 hours

	Glycerol trinitrate
	20-40 μg/min
	3-5 min

	Nicardipine
	5-5 mg/hour
	0,5-4 hours

	Enalapril (?)
	1,25-5 mg every 6 hours
	1-4 hours


During administration of antihypertensive medication with acute effect, proper monitoring is required, both of BP and of the neurological and cardiac condition. Decrease of BP must preserve the cerebral perfusion pressure and not be accompanied by neurological degradation. 
A special problem concerns the antihypertensive treatment at the subject who is eligible for thrombolysis. In a study performed at 1.205 subjects treated with rtPA in 3 hours after the incursion of stroke symptoms, increase of pre-treatment average arterial pressure (AAP) was associated with the increase of ICH rate. (10). The ASA Guide and ESI (European Stroke Initiative) recommend the pre-thrombolysis antihypertensive treatment – when it is required – to be performed so as to achieve the systolic BP ≤185 mm Hg and the diastolic BP ≤110 mm Hg(5). If BP does not decrease and remains >185/110 mm Hg, rtPA is not applied. In the first 24 hours post-thrombolysis, BP must be pharmacologically stabilized and maintained at values <180/105 mm Hg(1,2,9). After thrombolysis, the patients with antihypertensive treatment may have a BP sudden drop, probably accountable by re-canalization and reperfusion, but also a possible additional increase of BP. The data concerning treatment of acute hypertensive reaction after thrombolysis are limited, most clinical studies excluding the thrombolysis in difficult-to-control HBP. 
At release from hospital of patients with acute stroke and/or in the immediately post-stroke period and after the neurological stabilization in general, recommendations are required for treatment of chronic HBP. The time of restarting of antihypertensive therapy, the “target” levels of post-stroke BP, choice of antihypertensive agents are the most frequent questions. Theoretically, the oral antihypertensive agents, can be applied after 24-48 hours from the stroke incursion, with gradual dosage titration. The decision of continuing or cutting the antihypertensive therapy must be established individually, avoiding hypotension, excessive hypertension and myocardial ischemia. The European Guide for HBP recommends that BP is maintained at an intermediary level (approximately 160/100 mm Hg), until effective neurological stabilization. After the first week or when the neurological stabilization is obvious, a more antihypertensive treatment can be started, more intense, for secondary prevention of stroke recurrence. Systolic BP levels are desirable <140 mm Hg, except for the cases when there are critical senses of cervical arteries (cranio-cerebral). The type of antihypertensive oral medication would continue the one applied previously to stroke, provided it controlled the HBP effectively. In the post-stroke treatment regimen, ACE-I, blockers of angiotensin receptors and the calcium blockers have proven beneficial effects in the secondary prevention. 
The HBP treatment at the subjects with HBP and sub-arachnoid hemorrhage is different from the treatment applied in the ischemic stroke. It is based on pathophysiological data and observations of clinical studies. A hypertensive reaction (with BP ≥180 mm Hg) is associated with the expansion of hematoma, forming of perihematom edema and increase of mortality rate. On the other hand, the intracerebral hemorrhage increases the intracranial pressure and reduces the cerebral perfusion pressure(11,12). Maintaining the perfusion pressure implies minimal values of 60-70 mm Hg of PAM, which would imply the increase of systemic pressure(11). Thus, the clinician must also put into balance the risk (decreasing of cerebral perfusion) of BP drop when deciding the potential benefit (decrease of bleeding), in case of hemorrhagic CVA. 
The ASA Guides and the European Stroke Initiative recommends decrease of BP at the patients with intra-cerebral hemorrhage, at values <180 mm Hg(12,13); the decrease may be more aggressive at the patients with good neurological status or chronic HBP (who have the cerebral auto-regulation deviated to the right)(2,13). Presently, there are ongoing clinical studies and observational data which suggest that a more aggressive decrease of BP (<160 or <150 mm Hg) is beneficial and reduces the rate of expansion of hematoma. Thus, the preliminary results of ATACH and INTERACT studies suggest that decrease of BP at values <140 mm Hg, reduces expansion of hematoma without also increasing the adverse events (11).
In the Guide of Romanian Neurological Society, a differentiated treatment is recommended(11):
· At the patients with HBP history and paraclinical HVS elements, the target BP should be  170/100 mm Hg (PAM 120 mm Hg)

· At the patients without HBP history, if the systolic BP >160 and/or diastolic BP >95 mm Hg, the target BP should be 150/90 mm Hg (PAM 110 mm Hg).

The recommended medication for control of BP at the patients with intra-cerebral hemorrhage is similar to the one used in ischemic stroke. Repeated bolus administration is preferred or intravenous perfusion of labetalol, glycerol trinitrate, sodium nitroferricyanide, urapidil, fenoldopam. 

II. Arterial hypotension is a pathological condition in the ischemic stroke; it is associated with an unfavourable evolution through the factors which generates it, but also through the negative circulatory effects in the areas with cerebral ischemia. 

The BP decrease in acute stroke depends on several factors, partially rectifiable and different for various subtypes of stroke: hypovolemia, trauma produced at the level of central vasomotor centers, arrhythmias, heart failure, sepsis. Correction of these factors can bring the BP level to the recommended “target” levels in the ischemic stroke (PAM >140 mm Hg). The volume expansion (hemodilution) is a component of the joint treatment regime in the acute stroke, but the available data did not point out reduction of mortality rate to 1,3 or 6 months after use of hemodilution as a single therapeutical measure. 
Presently, the pressor therapy is being studied with inducing of hypertension in the ischemic stroke. It is generated by 2 important observations: 
1. Up to 25% of patients with ischemic stroke have BP values <140 mm Hg at hospitalization; the mortality rate would increase by 17,9% for each decrease with 10 mm Hg of BP <150 mm Hg(4);

2. Cerebral auto-regulation is dysfunctional in the shadow zone after the ischemic stroke and the cerebral blood stream passively depends on PAM; a consequence, increase of BP (possibly induced) could optimize perfusion and reduce the cerebral ischemic injury(1,2,6). Moreover, the induced hypertension is recommended for prevention and treatment of cerebral ischemic complications at the patients with angiospasm after the sub-arahnoidian hemorrhage. Application of pressor therapy would be thus justified. 
The pressor pharmacological therapy was thus suggested as a treatment method at selected groups of subjects with acute stroke(15). Phenylephrine, epinephrine, norepinephrine, dobutamine and dopamine were tried on small lots of patients, with almost negative results. The phenylepinephrine (FE) seems to be a pressor agent which would deserve a more ample study regarding the effects of BP increase in acute stroke. The authors who performed a complete analysis of any benefits of inducing an increase of BP in acute stroke have proposed several criteria of selection for the pressor treatment patients(14): patients with systolic BP <130-150 mm Hg, stroke incursion with 12-24 hours before the treatment, exclusion of severe stenoses or obturations on the large extra-cranial or intracerebral vessels, exclusion of conditions which counter-recommend the pressor therapy (for example heart failure, myocardial ischemia, significant arrhythmias, etc.). Thus, the pressor therapy should be limited, ideally to the early stages of stroke, when there is a viable ischemic shadow and a low BP (<140-130 mm Hg).
Actually, the optimal treatment of BP at subjects with ischemic CVA is a field with debates. The pressor therapy, in ischemic accidents, although has a pathogenic basis, may increase the risk of hemorrhage in the ischemic zone. It is also low or counter-recommended at the patients with thrombolysis, because of pressure instability which it may generate. 

Presently, the AHA/ASA Guide does not recommend the pressor treatment at most patients with acute ischemic CVA (class III level C), except for the well documented clinical studies(1).
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