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Abstract 
Over the past 10 years great progress has been made in the diagnosis and treatment of neurological pathology such is stroke. Primary 
intracerebral hemorrhage (PICH) is a devastating subtype of stroke, caused by acute and spontaneously of the blood in the cerebral 
parenchyma. Its many causes offer a substantial heterogeneity in terms of clinical appearance, evolution, prognosis and 
therapeutically resources.  Despite of high importance in neurology, the pathophisiological mechanisms of PICH is not complete 
understand. The aim of this paper is to emphasize the importance of etiological factors and pathophysiological mechanisms in the 
clinical evolution, prognosis and patient's rehabilitation in PICH 
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Introduction 
Primary intracerebral hemorrhage (PICH) is an acute 
and spontaneous blood extravasation in the cerebral 
parenchyma by vascular rupture. Bleeding may 
extend into the subarachnoid space or the ventricular 
system. PICH is clinically the most severe subtype of 
stroke with a mortality of 35-50% in the first month 
of evolution [1,2]. The relative frequency of PICH as 
the first manifestation of cerebral vascular pathology 
is between 6,5% and 14,5% in western countries [3-
5]. The incidence of PICH is clearly dependent on 
race or ethnic groups, being higher in Afro-
Americans, Latin-Americans and populations in the 
Far East, probably in association with genetic factors, 
eating habits, arterial hypertension and the socio-
economic status [1,2,6]. Existing data also suggests a 
gender-dependent difference in large PICH study 
groups: men with a slightly higher incidence than 
women [1,6]. Older age is associated with an increase 
in PICH incidence as well as with a worse prognosis, 
due to the involvement of various vascular cerebral 
pathophysiological risk factors and the existence of 
many other comorbidities [7,8]. Moreover, patients 
with a history of migraine with aura have a higher risk 
of hemorrhagic stroke due to the presence of 
vasodilatation mechanism [9-11]. PICH is in itself a 
form of focal lesion of the central nervous system.  
 
 Anatomo-pathological classification criteria 
for primary intracerebral hemorrhage and their 
prognosis 
 

 From the anatomo-pathological point of view, 
there are several subtypes of PICH determined by 
localization, possibilities of expansion and clinical 
evolution [2,12]:  putaminal hemorrhage with severe 
prognosis; lobar hemorrhage (interesting regions of 
cerebral hemispheres, in ascending order: occipital 
lobe, temporal lobe and frontal lobe) with better 
prognosis than putaminal hemorrhage but with higher 
risk of recurrence; thalamic hemorrhage in which the 
prognosis is dependent on the size of the lesion (a 
diameter greater than 3 cm is often fatal); cerebellar 
hemorrhage- frequently represents a cause of 
herniation of the cerebellar tonsils; pontine 
hemorrhage leading to locked in syndrome with a 
survival rate of 35-45%; caudate hemorrhage in 
which the extension into lateral ventricle may mimic 
a subarachnoid hemorrhage, intraventricular 
hemorrhage with about 50 % mortality rate. Midbrain  
and medulla oblongata are rarely involved in PICH. 
 Modern neuroimaging applying the T2*-
weighted MRI sequence, also detects another type of 
intraparenchymatous hemorrhage: microbleeds 
(small perivascular bleeding that is clinically silent). 
In subjects without cerebrovascular suffering, the 
presence of microbleeds ranges between 4-8,5% 
[13].Their association with PICH is evaluated 
between 47-80% and with ischemic cerebrovascular 
pathology between 18-78% [13,14]. Although their 
significance is still uncertain and seems devoid of 
specificity, microbleeds are generally considered 
elements that predict PICH [13-15]. Their presence, 
however, is an aggravating prognostic factor in 
patients with stroke [16].  
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 The etiology of PICH 
 There are many conditions in human 
pathology that increase the risk of PICH. Clinical 
appearance, clinical evolution and recovery prognosis 
largely depend on the determinant cause of PICH. 
Arterial hypertension causes approximately 50% 
[2,12] to 75% [14] of PICH. Hypertensive 
hemorrhage occurs most commonly in putamen and 
thalamus (approximately 60%), in the cerebral 
hemispheres (lobar haematoma approximately 20%), 
in the cerebellum (13%) and in the pons (7%) [2]. The 
risk in PICH increases in proportion to the blood 
pressure values and the duration they have acted on 
the vascular wall, generating structural changes 
[2,15]. Another cause for PICH is the cerebral 
amyloid angiopathy (CAA), secondary to the amyloid 
deposit in the arterial wall of the cerebral 
parenchyma. CAA is responsible for 12% of PICH, 
also being a common cause of lobar hemorrhage 
(30% of cases) in elderly and normotensive patients 
[2,12,17]. Frequently, in 80% of CAA cases, micro-
bleeds are found during the MRI examination [2,18]. 
The modified Boston criteria for probable CAA 
diagnosis were validated in 2010 and have a 
sensitivity of 94,7 % and a specificity of 81,2% [19]. 
PICH can also be caused by anticoagulant, 
antiplatelet and thrombolytic treatment. 
Approximately 10% of PICH occur in association 
with a well controlled and limited anticoagulant 
therapy [20]. In opposition, antiplatelet therapy is 
used on a larger scale. However, the risk of PICH is 
small compared to the benefits that such treatments 
have in the prophylaxis of myocardial infarction and 
stroke ([21]. What should be taken into account is the 
fact that, in the case of PICH,  anticoagulant and 
antiaplatelet treatment increases the volume of the 
hematoma leading to a worse prognosis (  [20,22]. 
HAS-BLED Score is used for the evaluation of the 
risk of hemorrhage in patients with atrial fibrillation 
treated with anticoagulant therapy [23]. Thrombolytic 
therapy in used in management of cerebral strokes 
can contribute to the development of an intracerebral 
hemorrhage. Nonetheless, in such cases, the 
intracerebral hemorrhage occurs in the ischemic zone 
and it is not an actual primary intracerebral 
hemorrhage. Moreover, the incidence of PICH after 
thrombolytic therapy for myocardial infarction is 0.3-
0.8% [24]. Arterio-venous malformations (AVM), 
aneurysms and angiomas can be the root for PICH at 
any age. There is a tendency for a more visible 

clinical manifestation in younger patients compared 
to elderly patients, whose PICH is often caused by 
hypertension [12]. AVM have an incidence of 
approximately 0,14% of the global population. AVM 
represent congenital anomalies of blood vessel 
development such as a direct communication between 
arterial and venous channels without an intervening 
capillary network [25]. Cavernous angiomas are 
estimated to be present in about 4% of the population. 
The presence of remote blood- breakdowns around 
this kind of lesion is often manifest in patients who 
relate no history of cerebral hemorrhage [25]. 
Developmental venous anomalies (venous 
malformations) have no arterial component. Brain 
tissue around this venous malformation is usually 
normal without evidence of hemosiderin staining or 
gliosis [26]. This malformations have an overall 
incidence of 2%, as shown by a large autopsy study 
[27] but rarely cause neurological symptoms [28]. 
Cerebral aneurysms are found in 4% of the population 
[29]. While unruptured aneurysms may cause 
symptoms mainly due to the mass effect, the real 
danger occur when an aneurysm rupture takes place, 
leading to subarachnoid hemorrhage. Ethyl alcohol 
and drug abuse (specifically cocaine, heroin and 
sympathomimetics) significantly increase the risk of 
PICH. The age of PICH onset for alcohol consumers 
is younger if the duration of the consumption was 
longer [30].The relative risk for PICH was 2,4 for 
ethanol consumers, who exceeded 400 g of ethanol 
per week. In this situation the PICH are usually lobar 
[31].  
 Pathophysiology of PICH  
 Despite its clinical and therapeutically 
importance, the pathophysiology of PICH is not well 
understood. PICH is much more complex than the 
simple mechanical lesion generated by the 
penetration of the blood into the brain parenchyma. 
We propose a mechanism that evolves in three stages. 
The first stage is the primary brain damage. Cerebral 
angiography has demonstrated that intracerebral 
hemorrhage usually originates from a single artery 
and it may continue for many hours or days [32].  
Blood from intracerebral hemorrhage accumulates as 
a foreign mass that mechanically dissects gray and 
white matter. The hemorrhage expansion occurs 
along the tracts of the white matter and compresses 
adjacent brain tissues. All of this acute neuronal 
destructions are lead to negative clinical 
manifestation. Associated oxidative stress can further 
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damage cerebral tissue and can result in long term 
sequelae and being more important in elderly people 
that can have various supplementary disorders (as are 
diabetes mellitus or cognitive dysfunctions due to 
hypothyroidism) [8,33]. The progression of the 
hemorrhagic outbreak also affects other vascular 
structures leading to secondary bleeding sites 
[2,17,32], meaning that PICH is a dynamic process 
that progresses in the first 24 hours with an expansion 
peak of 6 hours [17]. The next stage of PICH is the 
secondary brain damage . Distal to the bleeding point 
of the artery, parenchymatous territory becomes 
ischemic due to the decreased perfusion pressure and 
the formation of platelet plugs. The rupture of other 
arterioles and capillaries leads to other areas of 
ischemia. Therefore, the result of a hemorrhagic 
outbreak is a mosaic of ischemic and hemorrhagic 
lesions. On the other hand, there is an impairment of 
the cerebral circulatory autoregulation in the 
perihaematoma area and, as a consequence, the 
sudden decrease in blood pressure can lead to 
vasodilatation, which can increase the intracranial 
pressure and lower the cerebral perfusion pressure 
even further [17]. All these elements contribute to the 
disruption of the blood-brain-barrier and to the 
formation of perihemorrhagic edema. PICH and the 
accompanying edema may also disrupt or compress 
adjacent brain tissue, leading to neurological 
dysfunction. Substantial displacement of brain 
parenchyma may cause an elevation in intracranial 
pressure with the potential outcome of total herniation 
syndromes [34,35]. The last stage in the 
pathophysiology of PICH is represented by the 
territory brain damage, which is, for the most part, 
attributed to the presence of intraparenchymal blood 
and may be dependent on the initial haematoma 
volume [36]. Many parallel pathophysiological 
pathways may occur, including: cytotoxicity of the 
blood components, excitotoxicity, oxidative stress 
and inflammation [37-41].  
 Finally, all these pathogenetic mechanisms 
lead to irreversible disruption of the brain-blood-
barrier and of the neurovascular unit with massive 
brain cell death [41]. Especially mediators of the 
locally produced inflammation (as a response to the 
brain lesion) have the capacity to augment the 
damage caused by PICH. The involvement of 
inflammatory cells microglia and macrophages is 
vital for the removal of the damaged tissue from the 
haematoma. [42]. The blood components 

(erythrocytes, plasma proteins, ATP, lipid mediators, 
cellular membrane fragments) and the components of 
the necrotic and damaged tissue determine a strong 
cytotoxic, pro-oxidative and pro-inflammatory insult 
against adjacent viable brain cells. As in the case of 
cerebral ischemia, time is very important. The three 
described stages are succeeded one after another but 
overlapping of the phases may occur.   
 Diagnosis 
 The diagnosis consists of clinical 
investigation and imaging. First of all, in an 
emergency situation such as PICH, focused history 
and eliciting specific risk factors for stroke like 
symptoms is important. The ROSIER scale is very 
helpful. This scale ranges from -2 to +5 points. Any 
patient scoring greater than 0 has a 90% likelihood of 
stroke. The ROSIER scale is a rapid stroke 
assessment tool (sensitivity of 92%, specificity of 
86%, positive predictive value 88%) [34]: 
components with + 1 point each (asymmetrical facial 
weakness, asymmetrical arm weakness asymmetrical 
leg weakness speech disturbances,  visual field 
defect) ; components with - 1 point each (seizure, loss 
of consciousness). 
 As for imaging, cranial non-contrast 
computed tomography (CT) and magnetic resonance 
imaging (MRI) are both the first line ways to diagnose 
PICH. Due to the urgency of getting a diagnosis and 
the rapid acquisition of images, CT is almost always 
carried out in the first examination [12]. PICH 
appears as an intraparenchymatous area of high 
density specifying the location and the extent of the 
hemorrhage. CT also highlights the brain edema, 
midline shift, brain herniation and ventricular 
extension. It is thought to be nearly 100% sensitive 
for detecting relevant acute hemorrhages [34]. With 
the hemolysis of the blood its density diminishes and 
the hemorrhagic outbreak is cleared in about 4 weeks 
[12].  CT angiography (CTA) has proven to be a 
useful in detecting aneurysms. Compared to CT, MRI 
offers structural details and both edema and 
herniation are better visible. However, the MRI 
interpretation of the evolution of cerebral 
hemorrhages is more sophisticated than CT. The 
temporal evolution of the biochemical changes in the 
hemorrhagic outbreak offers only a relative staging 
(i.e. acute, subacute, chronic), as shown in table 1 
[25]. 
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Table 1. Indicative changes for temporal evolution of PICH of MRI. In the first 3 groups, oxyhemoglobin, 
deoxyhemoglobin and methemoglobin are intracellular [25]. 
Biochemical form Stage Temporal evolution T1 weighted 

image 
T2 weighted 
image 

• Oxyhemoglobin hyperacute the first hours = ↑ 
• Deoxyhemoglobin acute hours to days =, ↓ ↓↓ 

• Methemoglobin early 
subacute 

first several days ↑↑ ↓↓ 

• Extracellular 
methemoglobin 

subacute to 
chronic 

days to months ↑↑ ↑↑ 

  = defines isointensity, ↓ defines hypointensity,  ↑ defines hyperintensity 
   
  This evolution in time of T1-T2-weighted 
signal changes requires the additional use of T2* (or 
SWI) sequence for a more accurate diagnosis. This 
way we obtain the specific neuroimagistical models 
for the clinical etiology of PICH.  
 Prognosis  
 PICH is associated with high mortality and 
unfavorable outcome [36]. There is a large 
heterogeneity of clinical appearance within PICH 
depending on etiology, neuro-imaging aspect, 
localization and lesion extension. The initial clinical 
appearance is also important for the prognosis. 
Currently, there are numerous grading scales for 
assessing prognosis and functional recovery 
possibilities. Two of these are widely used in 
intracerebral hemorrhage clinical trials: ICH Score 
(which predicts 30-days mortality) and FUNC 
(functional outcome risk stratification) Score, which 
assesses the risk of functional impairment at 90 days 
post stroke. The FUNC Score completes the previous 
scale with the functional prognosis [43,44].  
 Involvement of this multiple aspects of PICH  
has been the target of numerous clinical trials for a 
proper setting of the therapeutic strategies. It balances 
the clinical and therapeutic reasoning based on “early 
subjective clinical judgment” (the personal 
experience of the physician) and the therapeutic 
implication of the prognostics provided by the 
“formal scales” and neuroimaging aspect. All this to 
develop a better understanding of the therapeutic 
attitude for PICH [45,46].These studies have found a 
significant variability in physician prognostic 
estimation and treatment recommendations for cases 
of moderate to severe PICH. It was found that 
medical recommendations for the magnitude and 
intensity of treatment were altered when they were 
provided with a valid prognostic score [45]. Two 
extreme situations have been identified in these 

studies. If the prognosis suggested by scores was 
poor, physicians were more inclined towards 
therapeutic limitation compared to indication made 
by subjective clinical judgment. If the prognosis score 
suggested a favorable outcome, physicians have had 
a broader and more generous therapeutic initiative 
[45,46] . The results of these studies suggest that 
increased use of formal scales may alter physician 
treatment recommendations – especially in severe 
cases [45]. 
  Treatment of PICH 
 Medical therapy  
 PICH is a major medical emergency. The 
patient should rapidly be evaluated by a team of 
physicians, who are experienced in this field. Patients 
have a better prognosis if they are treated in a stroke 
unit (a neurointensive care). The American Heart 
Association, American Stroke Association and 
European Stroke Organization have developed 
guidelines for the management of PICH [12, 47, 48].  
  Surgical Treatment 
 Surgical treatment in intracerebral 
hemorrhage has the following reasons: removing 
blood from the hemorrhagic outbreak (to minimize 
the cytotoxic, proinflammatory, excitotoxic impact of 
blood on neighboring brain structures); to prevent 
brainstem compression by intracranial hernias 
(cerebellar hemorrhage);to control the increase of 
intracranial pressure. Despite these rational 
arguments, the International Surgical Trial in 
Intracerebral Hemorrhage (STICH) concluded that 
surgery offered no benefit [49]. However, there are 
studies that indicated that surgery is beneficial for 
patients with intraventricular hemorrhage and 
hydrocephalus. Cerebral hematoma have indication 
of surgical evacuation if their diameter exceeds 3 cm 
[49] .  
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Rehabilitation of intracerebral hemorrhage patients 
 
 Rehabilitation after PICH is an important goal 
of the treatment aimed to  reduce the impairment, to 
improve independent activities, and return patients to 
a social life. To optimize plasticity and restoration of 
function after neural injury, neurorehabilitation be 
started early and should be given at a high intensity 
and dose [50]. The rehabilitation methods consists in 
physical training and brain stimulation.  Early and 
intensive behavioral physical training augments 
recovery after ICH, and that this training is 
accompanied by anatomical changes in the neural 
substrate [51]. Brain stimulation by vagal nerve may 
increase neuromodulators (like BDNF and prefrontal 
norepinephrine concentration), that have an important 
role in brain plasticity [52]. For the patients who have 
a serious motor impairment providing an exoskeleton 
can be implemented as component of rehabilitation 
therapy [53]. 
 
 Conclusion 
 
 Primary intracerebral hemorrhage remains a 
devastating cause of stroke. The many etiological 
causes offer a substantial heterogeneity in terms of 
clinical appearance, evolution, prognosis and 
therapeutic resources. During primary intrecerebral 
hemorrhage evolution we need to focus on the 
variable risk factors that can be therapeutically 
influenced. Deciphering the complexity of the 
pathogenetic phenomena opens new therapeutic 
opportunities with important implications in 
neurorehabilitation. Specific complications that may 
lead to increased intracranial pressure, deterioration 
of neurological status and cerebrospinal fluid 
disorder, should be treated individually. At the level 
of current medical practice, but also from the 
analyzed clinical studies, it appears there is a great 
variability in the prognosis established by physicians 
due to a subjective clinical impression or due to the 
use of formal scales, the same substantial variability 
is also found in treatment recommendation. 
Therefore, in our opinion, in a patient with 
intracerebral hemorrhage, all the therapeutic 
resources should be used, even if the prognosis given 
by the formal scales or by the physician’s experience 
is severe. This especially in the case of lobar 
hematoma, thalamo-capsulo-lenticular hemorrhage 
and cerebellar hematoma. 

 
References 
 

1. Roquer J, Rodríguez-Campello A, Jiménez-Conde 
J, Cuadrado-Godia E, Giralt-Steinhauer E, 
Vivanco Hidalgo RM, Soriano C et al, Sex-related 
differences in primary intracerebral hemorrhage, 
Neurology, 2016; 87(3):257-62 

2. Ferrer J, Kaste M, Kolimo H, Parenchymal Brain 
Hemorrhage, In: Love S, Louis DN, Ellison DW 
editors. Greenfield’s Neuropathology, 8th 
Edition, Hodder Arnold, London; 2008; 204-11. 

3. Bamford J, Sandercock P, Dennis M, Burn J, 
Warlow C, A prospective study of acute 
cerebrovascular disease in the community: the 
Oxfordshire Community Stroke Project-1981-86 
.J Neurol Neurosurg Psychiatry, 1990 ;53(1):16-
22. 

4. Rothwell PM, Coull AJ, Silver LE, Fairhead JF, 
Giles MF, Lovelock CE, Redgrave JN et al,  
Population-based study of event-rate, incidence, 
case fatality, and mortality for all acute vascular 
events in all arterial territories (Oxford Vascular 
Study), Lancet,  2005;366(9499):1773-83. 

5. Thrift AG, Dewey HM, Macdonell RA, McNeil JJ, 
Donnan GA,  Incidence of the major stroke 
subtypes: initial findings from the North East 
Melbourne stroke incidence study (NEMESIS), 
Stroke, 2001;32(8):1732-8. 

6. Gokhale S, Caplan LR, James ML, Sex differences 
in incidence, pathophysiology, and outcome of 
primary intracerebral hemorrhage, Stroke, 
2015;46(3):886-92. 

7. Camacho EJ, LoPresti MA, Bruce S, Lin D, 
Abraham ME, Appelboom G, McDowell M, Du 
Bois BG, Sathe M, Connolly ES, The Role of Age 
in Intracerebral Hemorrhage: An Intricate 
Relationship, Austin J Cerebrovasc Dis & Stroke, 
2014;1(5): 1022. 

8. Bulboacă AE, Bolboacă SD, Bulboacă AC, Prodan 
CI, Association between low thyroid-stimulating 
hormone, posterior cortical atrophy and nitro-
oxidative stress in elderly patients with cognitive 
dysfunction,  Arch Med Sci, 2017 ;13(5):1160-
1167.  

9. Kurth T,  Kase CS, Schürks M, Tzourio C, Buring 
JE, Migraine and risk of haemorrhagic stroke in 
women: prospective cohort study, BMJ,  2010; 
341:c3659.  



 

395 

10. Bulboacă AE, Bolboacă SD, Stănescu IC, 
Sfrângeu CA, Porfire A, Tefas L, Bulboacă AC,  
The effect of intravenous administration of 
liposomal curcumin in addition to sumatriptan 
treatment in an experimental migraine model in 
rats. Int J Nanomedicine. 2018 ;13:3093-3103.  

11. Bulboacă AE, Bolboacă SD, Stănescu IC, 
Sfrângeu CA, Bulboacă AC, Preemptive 
Analgesic and Antioxidative Effect of Curcumin 
for Experimental Migraine, Biomed Res Int. 
2017;2017:4754701. doi: 10.1155/2017/4754701.  

12. Roach ES, Bettermann K, Biller J. Toole's 
Cerebrovascular Disorders. 6thed. New York. 
Cambridge University Press, 2010, 217-233. 

13. Koennecke HC,  Cerebral microbleeds on MRI: 
prevalence, associations, and potential clinical 
implications,  Neurology,  2006; 66 (2). 

14. Alemany M, Stenborg A, Terent A, Sonninen P, 
Raininko R, Coexistence of microhemorrhages 
and acute spontaneous brain hemorrhage: 
correlation with signs of microangiopathy and 
clinical data,  Radiology,  2006;238(1):240-7. 

15. Staals J, Makin SD, Doubal FN, Dennis MS, 
Wardlaw JM,  Stroke subtype, vascular risk 
factors, and total MRI brain small-vessel disease 
burden,  Neurology,  2014; 83(14):1228-34. 

16. Haller S, Vernooij MW, Kuijer JPA, Larsson EM, 
Jäger HR, Barkhof F, Cerebral Microbleeds: 
Imaging and Clinical Significance,  Radiology,  
2018;287(1):11-28. 

17. Shah QA, Ezzeddine MA, Qureshi AI, Acute 
hypertension in intracerebral hemorrhage: 
pathophysiology and treatment,  European 
Neurological Review,  2006;(2):86-92. 

18. Pasi M, Boulouis G, Fotiadis P, Auriel E, 
Charidimou A, Haley K, Ayres A et al,  
Distribution of lacunes in cerebral amyloid 
angiopathy and hypertensive small vessel disease, 
Neurology,  2017;88(23):2162-2168. 

19. Linn J, Halpin A, Demaerel P,  Prevalence of 
superficial siderosis in patients with cerebral 
amyloid angiopathy,  Neurology,  2010; 74 (17). 

20. Flibotte JJ, Hagan N, O'Donnell J, Greenberg SM, 
Rosand J, Warfarin, hematoma expansion, and 
outcome of intracerebral hemorrhage,  Neurology,  
2004;63(6):1059-64. 

21. Behrouz R, Miller CM. Aspirin and intracerebral 
hemorrhage. Where are we now?, Neurol Clin 
Pract, 2015 ; 5(1): 11–16. 

22. Roquer J, Vivanco Hidalgo RM, Ois A,  
Antithrombotic pretreatment increases very-early 
mortality in primary intracerebral hemorrhage,  
Neurology,  2017, 28; 88(9):885-891. 

23. Pisters R, Lane DA, Nieuwlaat R, de Vos CB, 
Crijns HJ, Lip GY, A novel user-friendly score 
(HAS-BLED) to assess 1-year risk of major 
bleeding in patients with atrial fibrillation: the 
Euro Heart Survey, Chest,  2010 ;138(5):1093-
100. 

24. Maggioni AP, Franzosi MG, Santoro E, The Risk 
of Stroke in Patients with Acute Myocardial 
Infarction after Thrombolytic and Antithrombotic 
Treatment, N Engl J Med, 1992; 327:1-6. 

25. Scott W, Huy M, Intracranial vascular 
malformations and aneurysms in: magnetic 
resonance imaging of the brain and spine, 
Lippincott, New York, 2009, 695-771. 

26. Burger PC, Scheithauser BW, Vascular tumor and 
tumor like lesion. Tumors of the central nervous 
system, Armed Forces Institute of Pathology, 
Washington DC, 1994, 287-299. 

27. Sarwar M, McCormick WF, Intracerebral venous 
angioma. Case report and review, Arch Neurol, 
1978  ;35(5):323-5. 

28. Malik GM, Morgan JK, Boulos RS, Ausman JI, 
Venous angiomas: an underestimated cause of 
intracranial hemorrhage, Surg Neurol,1988  ; 
30(5):350-8. 

29. Keedy A,  An overview of intracranial aneurysms, 
Mcgill J Med, 2006 ; 9(2): 141–146. 

30.  Kaku DA, Lowenstein DH, Emergence of 
recreational drug abuse as a major risk factor for 
stroke in young adults, Ann Intern Med, 1990 
;113(11):821-7. 

31. Gill JS, Shipley MJ, Tsementzis SA, Hornby RS, 
Alcohol consumption-a risk factor for 
hemorrhagic and non-hemorrhagic stroke, Am J 
Med, 1991 ; 90(4):489-97. 

32. Hayman LA, Pagani JJ. Pathophysiology of acute 
intracerebral and subarachnoid hemorrhage: 
applications to MR imaging, American Journal of 
Neuroradiology, May 1989, 10 (3) 457-461; 

33. Díaz-Gerevini GT, Repossi G, Dain A, Tarres 
MC, Das UN, Eynard AR, Cognitive and motor 
perturbations in elderly with longstanding 
diabetes mellitus, Nutrition, 2014 ;30(6):628-35. 
doi: 10.1016/j.nut.2013.11.007. 



 

396 

34. Magistris F, StephanieB, Martin J. Intracerebral 
Hemorrhage: Pathophysiology, Diagnosis and 
Management, MUMJ, 2013;15-23. 

35. Tiebosch IA, Effects of anti-inflammatory 
treatments on stroke outcome in animal models. 
Utrecht University. Utrecht. 2012: 34-42. 

36. Qureshi AI, Mendelow AD, Hanley DF. 
Intracerebral haemorrhage, Lancet, 2009 ; 
373(9675):1632-44. 

37. Wagner KR1, Sharp FR, Ardizzone TD, Lu A, 
Clark JF. Heme and iron metabolism: role in 
cerebral hemorrhage, J Cereb Blood Flow Metab, 
2003 ;23(6):629-52. 

38. Qureshi AI, Ali Z, Suri MF, Shuaib A, Baker G, 
Todd K, Guterman LR, Hopkins LN. Extracellular 
glutamate and other amino acids in experimental 
intracerebral hemorrhage: an in vivo 
microdialysis study, Crit Care Med, 2003 
;31(5):1482-9. 

39. Xi G, Keep RF, Hoff JT. Mechanisms of brain 
injury after intracerebral haemorrhage, Lancet 
Neurol, 2006 ;5(1):53-63. 

40. Aronowski J, Hall CE. New horizons for primary 
intracerebral hemorrhage treatment: experience 
from preclinical studies. Neurol Res, 2005 
;27(3):268-79. 

41. Felberg RA, Grotta JC, Shirzadi AL, Strong R, 
Narayana P et al. Cell death in experimental 
intracerebral hemorrhage: the "black hole" model 
of hemorrhagic damage, Ann Neurol. 2002 
;51(4):517-24. 

42. Zhao X, Sun G, Zhang J, Strong R, Song W et al. 
Hematoma resolution as a target for intracerebral 
hemorrhage treatment: role for peroxisome 
proliferator-activated receptor gamma in 
microglia/macrophages, Ann Neurol, 2007 
;61(4):352-62. 

43. Hemphill JC 3rd, Bonovich DC, Besmertis L, 
Manley GT, Johnston SC. The ICH score: a 
simple, reliable grading scale for intracerebral 
hemorrhage, Stroke, 2001 ; 32(4):891-7 

44. Rost NS, Smith EE, Chang Y, Snider RW, 
Chanderraj R et al. Prediction of functional 
outcome in patients with primary intracerebral 
hemorrhage: the FUNC score, Stroke, 2008; 
39(8):2304-9. 

45. Zahuranec DB, Fagerlin A, Sánchez BN et al. 
Variability in physician prognosis and 

recommendations after intracerebral hemorrhage, 
Neurology, 2016; 86:1864-71 

46. Hwang DY, Dell CA, Sparks MJ, Watson TD, 
Langefeld CD et al. Clinician judgment vs formal 
scales for predicting intracerebral hemorrhage 
outcomes, Neurology, 2016, 12;86(2):126-33 

47. Morgenstern LB, Hemphill JC 3rd, Greenberg 
SM, Anderson CS et al. Guidelines for the 
Management of Spontaneous Intracerebral 
Hemorrhage: A Guideline for Healthcare 
Professionals From the American Heart 
Association/American Stroke Association. 
Stroke. 2010 Sep; 41(9):2108-29. 

48. Steiner T, Al-Shahi Salman R, Beer R, 
Christensen H et al.European Stroke Organisation 
(ESO) guidelines for the management of 
spontaneous intracerebral hemorrhage, Int J 
Stroke,  2014 ;9(7):840-55. 

49. Mendelow AD, Gregson BA, Fernandes HM, 
Murray GD, Teasdale GM, Hope DT, Karimi A et 
al. Early surgery versus initial conservative 
treatment in patients with spontaneous 
supratentorial intracerebral haematomas in the 
International Surgical Trial in Intracerebral 
Haemorrhage (STICH): a randomised trial, 
Lancet, 2005, 4;365(9457):387-97 

50. Mostany R, Chowdhury TG, Johnston DG, 
Portonovo SA, Carmichael ST, Portera-Cailliau 
C. Local hemodynamics dictate long-term 
dendritic plasticity in peri-infarct cortex, J 
Neurosci, 2010;30:14116–14126.  

51. Saulle MF, Schambra HM. Recovery and 
Rehabilitation after Intracerebral Hemorrhage. 
Semin Neurol, 2016  ;36(3):306-12. doi: 
10.1055/s-0036-1581995.  

52. Follesa P, Biggio F, Gorini G, Caria S, Talani G, 
Dazzi L, Puligheddu M, Marrosu F, Biggio G, 
Vagus nerve stimulation increases norepinephrine 
concentration and the gene expression of BDNF 
and bFGF in the rat brain.Brain Res 
2007;1179:28-34.  

53. Bulboacă AE, Bolboacă SD, Bulboacă AC. 
Ethical considerations in providing an upper limb 
exoskeleton device for stroke patients. Med 
Hypotheses. 2017 ;101:61-64. doi: 
10.1016/j.mehy.2017.02.016. 

 


