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Abstract
Introduction: Midbrain ischemic stroke represents a condition mainly 
caused by an occlusion of the Posterior Cerebral Artery (PCA) branches, 
which are paired terminal branches of the basilar artery in the circle of 
Willis. PCA provides supply to most parts of the occipital cortex, the 
inferior and medial temporal cortices, the thalamus, and rostral midbrain. 
In the pre-ART era, Patients Living with HIV (PLWH) had a high risk of 
ischemic stroke compared to those without HIV, and the strokes occurred 
mostly in those with advanced AIDS, complicated with secondary 
infections such as fungal meningitis, toxoplasmosis encephalitis, 
tuberculous meningitis and neurosyphilis or those with coagulopathies or 
vasculitis.
The main aid of this review is to report a case presenting a midbrain stroke 
due to HIV vasculitis and to bring more light into the pathogenesis of this 
condition regarding its pathogenesis on vascular occlusion and reperfusion.
Methods: A large search of the articles published in SCOPUS, and 
MEDLINE to identify manuscripts related to midbrain ischemic stroke 
related to HIV vasculitis.
From 01st, January 1990 to 30th, January 2026, we comprehensively review 
the medical literature and selected the following issues: “HIV vasculitis” 
OR “midbrain stroke” OR “Weber syndrome” OR “HIV-atherosclerosis” 
OR “pathophysiology of occlusion/reperfusion”, OR “pathophysiologic 
of midbrain stroke” OR “drug management of midbrain stroke”.
Results: After searching medical publications, 407 articles were retrieved. 
We removed 291 duplicated titles and abstracts; 116 manuscripts are 
chosen. After assessing the inclusion/exclusion related to HIV-vasculitis 
midbrain stroke and pathogenesis of reperfusion criteria all publications 
were removed; finally, cero articles investigated the pathogenesis of 
occlusion and reperfusion of ischemic midbrain stroke secondary to HIV 
vasculitis.
Conclusions: Based on our comprehensive review of the medical 
literature, we concluded that Posterior Cerebral Artery (PCA) midbrain 
stroke represents a smaller proportion of IS, often results in significant 
neurological deficits and poses distinctive therapeutic challenges.
As far as we know, this is the first study that graphically represent the 
elements involved in the pathogenesis of midbrain stroke secondary to 
HIV vasculitis and its mechanism of reperfusion at the rostral midbrain.
Keywords: Midbrain ischemic stroke; HIV vasculitis; Pathogenesis of 
occlusion/reperfusion ischemic stroke

Introduction
Midbrain ischemic stroke represents a condition mainly 
caused by an occlusion of the Posterior Cerebral Artery 
(PCA) branches, which are paired terminal branches of the 
basilar artery in the circle of Willis. PCA provides supply 
to most parts of the occipital cortex, the inferior and medial 
temporal cortices, the thalamus, and rostral midbrain. PCA 
strokes comprise 6–9% of all IS [1]. 

Most PCA obstructions are caused by embolic material, 
mainly from a cardiac source (24%), an arterial source 
(14%), or large-artery atherosclerosis (32%) [2].

Other less common aetiologies include arterial dissection, 
vasculitis, fibromuscular dysplasia, and moyamoya disease 
[3]. On the other hand, the Best Medical Treatment (BMT) 
for midbrain stroke traditionally includes antiplatelet 
agents, anticoagulants, statins, and supportive care [3].

Ipsilateral third nerve palsy and contralateral hemiparesis 
are the hallmarks of Weber’s syndrome. However, it’s 
an uncommon sign of brainstem stroke compared with 
supratentorial region stroke. Midbrain infarction is the 
commonest cause of Weber’s syndrome. The perforating 
branches of the basilar bifurcation or occlusion of the 
posterior cerebral artery commonly cause Ischemic Stroke 
(IS). Other investigators reported that isolated midbrain 
infarction accounts for less than 1% of posterior circulation 
cases [4,5].

Only a few case reports have documented the classic figure 
of Weber’s syndrome [6-8].

Human Immunodeficiency Virus (HIV) infection remains 
a significant global health concern, with millions affected 
worldwide [9].
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HIV infection can present with a variety of nonspecific 
symptoms, often delaying diagnosis. Neurological and 
autoimmune complications have been associated with 
HIV-induced immune dysregulation from the direct action 
of the virus on the central nervous system. Although HIV-
associated vasculitis is rare in many countries, in our region it 
is quite common; its recognition is crucial due to its potential 
impact on disease outcome and drug management. The 
confirmation of HIV-associated vasculitis requires detailed 
clinical assessment and imaging studies. ART remains 
the cornerstone of treatment, controlling viral replication, 
reducing immune dysregulation, and improving systemic 
inflammation. Early diagnosis and prompt initiation of 
ART play a critical role in preventing complications and 
ensuring a favourable long-term prognosis [10].

The first phase of HIV infection classically presents within 
two to four weeks after exposure, during which many 
individuals experience Acute Retroviral Syndrome (ARS). 
This period is typically characterised by nonspecific 
symptoms such as pharyngitis, rash, fever, lymphadenopathy, 
myalgia, and headache [11].

It is crucial to note that while these symptoms are 
generally self-limited, they are associated with high viral 
replication and a marked increase in HIV transmission 
risk. Nevertheless, this acute phase can present a transient 
decline in CD4+ T-cell counts, which sometimes recovers 
fully after the initial immune response [3].

Soon after the acute phase, people can experience a 
prolonged asymptomatic period, known as clinical latency, 
which can last several years. There is growing evidence 
linking HIV infection with exacerbations of autoimmune 
disorders and vasculitis, which can further obscure 
diagnosis [12]. The interplay between HIV infection, 
autoimmune conditions, and vasculitis requires heightened 
clinical suspicion, as it may significantly impact the course 
and management of patients [11].

The global incidence of ischemic stroke among patients 
with HIV is increasing gradually. Schaefer et al., conducted 
a retrospective, observational study of HIV-positive patients 
treated between 2012 and 2018, and they found that 0.7% 
were newly or previously diagnosed as HIV-positive. The 
same authors reported that IS were caused by large-vessel 
disease (37.5%), small-vessel disease (20.8%), cryptogenic 
embolism (20.8%), vasculitis (16.7%), and cardioembolism 
(4.2%). They also reported that large-vessel disease-related 
strokes were more often located in the posterior circulation 
(77.8%), the HIV-related cerebral vasculitis was associated 
with high mortality (75%), and the incidence of IS in HIV-
positive peoples appears to be higher than in the general 
population, and the age at onset appears to be younger [12] 
as was previously confirmed by other investigators [13].

Chronic infections as well as HIV medication itself might 
increase the risk of stroke based on the pathophysiological 
explanations, which include atherosclerosis fostered 
through chronic inflammation or dyslipidaemia due to 
antiretroviral medication [14].

The assumption of a specifically HIV-associated vasculitis 
and its differentiation from common atherosclerosis and 
vasculitis have been reported before [15].

In 1986, Ischemic Stroke (IS) was first reported in patients 
with HIV infection by Anders and colleagues [16].

The incidence of IS was reported to be higher in HIV-
infected children and young adults, with a lack of traditional 
risk factors [17,18].

In the Pre-ART era, Patients Living with HIV (PLWH) 
had a high risk of ischemic stroke compared to those 
without HIV, and the strokes occurred mostly in those with 
advanced AIDS, complicated with secondary infections 
such as fungal meningitis, toxoplasmosis encephalitis, 
tuberculous meningitis and neurosyphilis or those with 
coagulopathies or vasculitis [19-21].

On the other hand, Cole et al., reported that in the pre-ART 
population, the incidence of ischemic stroke was nine times 
higher in AIDS patients than in their control group [22].

In the post-ART era, other investigations confirmed an 
increased risk of IS in PLWH independent of age and 
traditional vascular risk factors [22].

Genetic factors also highlighted the increased risk of IS in 
HIV infected patients. Some investigations have shown an 
increased risk of IS in African Americans in ART-treated 
PLWH compared with other race/ethnic groups and a 
greater risk of stroke in women and younger people in the 
US population [23,24].

Nevertheless, it has been proven that HIV remain quiescent 
in many cells of the body, including those of the CNS [25]. 
Therefore, viral reservoirs are being confirmed in microglia, 
astrocytes, perivascular macrophages, and pericytes [26,27].

Although Retroviral Therapy (ART) has moved the outcome 
of HIV-positive infection from a fatal condition to a chronic 
disease. As previously cited, treated HIV patients have a 
high prevalence of HIV associated comorbidities, including 
ischemic stroke. Despite the aetiology of stroke being HIV-
related remaining unknown, several factors such as vascular 
abnormalities, opportunistic infections, atherosclerosis 
and diabetes can contribute to the pathogenesis of stroke. 
In addition, chronic administration of ART contributes to 
the increased risk of stroke in HIV infected patients. Some 
investigators reported that murine model of ischemic stroke 
have HIV infection worsens stroke outcome, increases blood 
brain barrier permeability and increases neuroinflammation 
and residual HIV viral proteins, such as trans-activator of 
transcription, glycoprotein 120 and negative regulatory 
factor are involved in its pathogenesis [28].

The main aid of this review is to report a case presenting 
a midbrain stroke due to HIV vasculitis and to bring more 
light into the pathogenesis of this condition regarding its 
pathogenesis on vascular occlusion and reperfusion.

Materials and Methods
A large search of the articles published in SCOPUS, and 
MEDLINE to identify manuscripts related to midbrain 
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ischemic stroke related to HIV vasculitis.

From 01st, January 1990 to 30th, January 2026, we 
comprehensively review the medical literature and selected 
the following issues: “HIV vasculitis” OR “midbrain 
stroke” OR “Weber syndrome” OR “HIV-atherosclerosis” 
OR “pathophysiology of occlusion/reperfusion”, OR 
“pathophysiologic of midbrain stroke” OR “drug 
management of midbrain stroke”.

Results and Discussion
Literature search

After searching medical publications, 407 articles were 
retrieved. We removed 291 duplicated titles and abstracts; 
116 manuscripts are chosen. After assessing the inclusion/
exclusion related to HIV-vasculitis midbrain stroke and 
pathogenesis of reperfusion criteria all publications were 
removed; finally, cero articles investigated the pathogenesis 
of occlusion and reperfusion of ischemic midbrain stroke 
secondary to HIV vasculitis.

Mrs ZM is a 37-year-old female, RVD-reactive, and 
on ART since December last year. She complained of 
difficulty seeing in both eyes, which started eight months 
ago and progressively worsened. It was alleviated by 
reading glasses, with difficulty seeing distant objects still 
visible; if she was not wearing them, she closed one eye 
to see better. Worsened when outside exposed in the sun 
and was associated with itchy, painful eyes. Weakness in 
the right arm and leg began 7 months ago; she noticed 
that when carrying things, they would fall and that people 

noticed she was limping. Seven months ago, she attended a 
traditional healer and got better, but the weakness suddenly 
struck heavily two months later, and she decided to come 
to the hospital. The double vision started six months ago; it 
has improved since she attended the clinic. 

Physical examination: Sitting on the bed, reading glasses 
next to the patient; ptosis noted. The face is dry with 
hypopigmented patches. 

General examination: Unremarkable. VITALS, BP: 
130/93, PR: 76 bpm, T: 36.8°C, RR: 18 bpm.

Neurological examination: The patient is alert and well-
oriented to time, place, and person. GCS: 15/15, CN1: 
Intact, CNII: Visual fields clear in all fields, fundoscopy 
normal, CNIII, IV, VI: Impaired accommodation; left 
eye did not constrict with accommodation. Pupillary 
light reflex: The left eye does not constrict. Extraocular 
movements: On both the left and right medial movements, 
the sclera was visible on the side each eye was looking at 
(Figure 1).

All other cranial nerves are intact. Motor examination: 
Upper limbs, Tone: Distal-normal: Proximal-normal, Bulk: 
Normal and symmetrical, Power: Right arm: 4/5, Left arm: 
5/5, Lower limbs: Right 4/5, left 5/5.

Laboratory investigations: MRI brain with contrast, Full 
blood count, electrolytes, renal function, liver function 
tests, ESR/CRP, Autoimmune screen, CSF studies (Table 
1).

Figure 1: Before-and-after eye treatment photos showing reduced under-eye puffiness, smoother skin texture, and a brighter, refreshed appearance 
with improved contour and overall facial rejuvenation
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Non-pharmacological management performed included: 
Admission for better neurological assessment and regular 
neurological observations (level of consciousness, pupils, 
limb power), fall-risk assessment and assistance with 
mobilisation if weakness is significant, eye patch over one 
eye if binocular diplopia is distressing, physiotherapy for 
limb weakness and gait training, occupational therapy for 
activities of daily living, speech and language assessment if 
dysarthria or dysphagia develops, ensure adequate nutrition 
and hydration, patient counselling and health education.
Pharmacological management included antiretroviral 
therapy, antiplatelets aggregation, symptomatic and 
supporting therapy.
Comments and final remarks
HIV-associated vasculitis is relatively rare (reported 

incidence of 1-5% of advanced HIV infection) and can 
affect various vessel sizes and types. Some authors reported 
that HIV-associated vasculitis predominantly affects small 
and medium-calibre vessels and is more frequently seen in 
individuals with high viral load or very low CD4 counts. 
Notwithstanding, the pathogenic mechanism involves 
direct viral effects on the vascular endothelium, immune 
complex deposition, and the dysregulated immune response 
characteristic of HIV infection. Clinically, HIV-associated 
vasculitis can present with diverse manifestations, 
depending on the specific vessels involved and the extent of 
the inflammatory process [29,30]. The typical histological 
features are seen in Figure 2.

Parameter Result at admission Reference range

Haemoglobin 11.5 g/dL 12.0-16.0 g/dL

Platelets 170 × 10⁹/L 150-400 × 10⁹/L

Leukocytes 3.23 × 10⁹/L 4.00-11.00 × 10⁹/L

ESR 51 mm/hour 0-30 mm/hour

CRP 2.0 mg/L <3.0 mg/L

IgG 1,093 mg/dL 600-1,560 mg/dL

HIV-1 RNA (viral load) 11,000 copies/mL 20-10,000,000 copies/mL

ANA Negative -

ANCA Negative -

Hepatitis B/C Negative -

Syphilis Negative -

TB screening (IGRA) Negative -

CD4 count 250 cells/µL Normal >500 cells/µL

Table 1: Blood test table of laboratory blood test

Figure 2: Shows a cross section of the blood vessel with vasculitis stained with H/E
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Regarding primary HIV infection, some neurological 
manifestations may be seen associated with small-vessel 
vasculitis, direct nerve damage due to the rapid replication 
of the HIV virus during this phase, or reactivation of other 
latent viruses, such as herpes simplex or varicella zoster.

In the presented case, we thought that we were probably 
dealing with direct damage to the midbrain blood supply 
by HIV associated vasculitis.

In Figure 3, we shown the histological differences between 
the normal blood vessels and vasculitis. Considering the 
finding of midbrain damage by occlusion of small branches 
of the left posterior cerebral artery is most likely caused 
by small-vessel vasculitis induced by the autoinflammatory 
response associated with primary HIV infection [3].

HIV infection is characterised by progressive immune 
system depletion, leading to increased susceptibility to 

opportunistic infections and, if untreated, the development 
of AIDS [4]. Early detection during this phase is 
challenging due to the nonspecific nature of symptoms and 
the potential for misdiagnosis. Efforts to promote early 
testing and awareness are crucial to identify and manage 
HIV infections as soon as possible. In the context of HIV 
infection, there is an increased risk of immune dysregulation 
and exacerbation of autoimmune conditions.

In Figure 3, is shown the features of vasculitis compared 
with normal blood vessels.

While specific studies for autoinflammatory states in HIV 
infected patients are limited, it is known that HIV-related 
inflammation can increase the risk of autoimmune diseases 
such as vasculitis and other inflammatory disorders [31].

The summary of causes of vasculitis is listed in Figure 4.

Figure 3: Shown the features of vasculitis compared with normal blood vessels

Figure 4: List the number a cause of vasculitis according with the size of the affected blood vessel
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Brief comments on drug therapy

The treatment of HIV-associated vasculitis requires a dual 
approach: Controlling the underlying HIV infection with 
ART and managing the inflammatory vascular process [32].

Initiation of ART as quickly as possible is the cornerstone 
of drug therapy, as it helps suppress viral replication, reduce 
systemic inflammation, and restore immune function, 
thereby potentially resolving vasculitic manifestations 
in most people. In patients with severe or symptomatic 
vasculitis, adjunctive immunosuppressive therapy, such 
as corticosteroids, may be required to control acute 
inflammation and prevent end-organ damage. However, 
the administration of immunosuppressive drugs must be 
carefully monitored, as excessive immunosuppression can 
increase the risk of opportunistic infections, particularly 
in individuals with low CD4 counts, as in our reported 
case. In refractory cases or those involving large-vessel 
vasculitis, additional immunomodulatory therapies, such 
as methotrexate, azathioprine, or cyclophosphamide, may 
be considered under close monitoring [32].

Due to the risk of complications associated with both 
HIV infection and vasculitis, a multidisciplinary approach 
involving infectious disease, autoimmune disease, and 
vascular specialists is vital to ensure optimal drug therapy 
and long-term patient outcomes.

We hypothesise that the best follow-up of HIV-associated 
vasculitis in patients presenting with midbrain ischemic 
stroke relates to HIV-vasculitis, and close clinical and imaging 
surveillance is necessary to monitor disease progression and 
response to ART. For small-vessel vasculitis, such as the 
suspected involvement in our patient, prognosis is generally 
favourable with ART initiation, as immune reconstitution 
tends to resolve vasculitic activity over time. If the clinical 
picture persists or worsens, additional immunosuppressive 
therapy, such as corticosteroids, may be considered, though 
with caution due to the risk of opportunistic infections.

In patients presenting large-vessel vasculitis, particularly 
aortic vasculitis detected on PET-CT, long-term monitoring 
is crucial due to the risk of vascular complications, 
including vessel stenosis, aneurysm formation, or IS [33].

We also believe that for the above-cited cases, serial imaging 
with PET-CT or MRI angiography at regular intervals is 
strongly recommended to assess disease activity and detect 
structural changes in the great vessels. In most people, ART 
alone can lead to regression of vascular inflammation, but 
in patients with persistent vasculitis, corticosteroids or other 
immunosuppressants may be prescribed. The prognosis of 
large-vessel vasculitis in HIV remains variable, depending 
on the degree of vascular involvement and response to 
therapy. While controlled HIV infection generally leads to 
better outcomes, untreated or severe cases can result in life-
threatening vascular complications.

Brief comments on the role of coagulopathies in HIV-
Ischemic stroke

It has been documented that HIV is associated with various 

coagulopathies such as thrombotic thrombocytopenic 
purpura, protein S and C deficiency, and antiphospholipid 
syndrome [34-36]. Decreased levels or impaired function of 
proteins S and C increase the risk of thrombophilia, which 
can lead to DVT and IS. Nonetheless, some investigations 
in HIV infected patients with ischemic stroke have shown 
that 45% of patients had protein S deficiency [35].

Other investigators reported no significant association 
between protein S deficiency and the occurrence of 
stroke in HIV positive patients, suggesting that protein S 
deficiency is an epiphenomenon of the HIV infection with 
no recognised relationship to IS [37].

Although we could not confirm it in our series, it is well 
proven that deficiencies in protein C and protein S were 
observed in IS patients with HIV; therefore, the question 
remains unclear whether these deficiencies are secondary 
events or directly caused by HIV infection. Additionally, 
a case-controlled study in young HIV positive IS patients 
demonstrated elevated levels of VWF in comparison with 
both uninfected and HIV-infected patients without IS [38].

Brief comments on the role of opportunistic infections

Several opportunistic infections such as neurosyphilis, 
tuberculosis meningitis, and varicella-zoster vasculitis may 
predispose people to IS. Tubercle bacillus (TB) is the most 
common pathogen known to cause opportunistic infections 
associated with HIV in our setting. In fact, IS is thought to 
be a complication of tuberculous meningitis [39].

HIV infection causes an immunocompromised condition 
that increases one’s susceptibility to secondary infections 
[40].

On the other hand, Varicella zoster infection remarkably 
elevates the risk of stroke and cerebral vasculitis in 
immunosuppressed patients as well [41].

In PLWH, increased meningovascular complications and 
neurosyphilis have been observed [42]. As mentioned before, 
infections are thought to trigger widespread neurovascular 
inflammation leading to endarteritis, a prothrombotic state, 
and consequent IS. The combination of arterial wall swelling 
and a predisposition to thrombus formation contributes to an 
increased risk of atherosclerosis, which leads to an IS [43].

From our comprehensive review, we could not find accurate 
and confident information to support the hypotheses that 
Candida albicans and cytomegalovirus infections are 
associated with HIV-patients presenting IS. Therefore, 
additional investigations should be done to confirm their 
roles in the pathogenesis of IS in HIV-positive people.

Brief comments on HIV associated vasculopathy

Despite the great advancement of ART, vascular disease 
remains a major cause of morbidity and mortality in the 
HIV-infected population and is the leading cause of IS [44].

Some investigators have reported vasculopathy in post-
mortem human brain samples from immunosuppressed 
patients [45-47].
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Other authors reported that the major inflammatory damage 
caused by HIV infection on the arteries is localised at the 
level of the adventitial intima. Atherosclerosis of the large 
arteries and small vessels is the commonest cause of IS in 
HIV infected patients [48,49].

Large vessel vasculopathy with ectasia and aneurysm 
formation was also documented intra- and extracranially, 
and it was the main cause of IS and intraparenchymal 
haemorrhage [50,51].

Brief comments on cardioembolism and atherosclerosis

In PLWH, cardioembolic IS represents approximately 
4-20% of ischemic strokes [52,53].

The main causes of cardioembolic strokes include arrhythmias, 
cardiac chamber abnormalities, and valve disorders. HIV-
positive people have a higher risk of developing atrial 

fibrillation and cardiomyopathy. Additionally, bacterial 
and marantic endocarditis, and ischemic heart disease 
significantly contribute to cardioembolism [54-56].

On the other hand, HIV infection induces vascular 
abnormalities such as increased carotid arterial wall 
stiffness, carotid intimal thickness, vascular inflammation, 
and abnormalities in vascular compliance and distensibility 
in the absence of ART, which are major risk factors for 
atherosclerotic disease [57-59].

HIV alone can directly initiate atherogenesis by activating 
immune and endothelial cells, increasing the number of 
circulating atherogenic immune cells, and altering lipid 
levels and function [59]. The main elements involved in the 
pathogenesis of accelerated atherosclerosis in HIV infected 
peoples are represented in Figure 5.

Figure 5: Graphical representation of: 1) HIV, 2) trans-activators of transcription (tat), 3) Glycoprotein-120, 4) Negative regulatory factor, 5) Moncyte 
chemoattractant protein, 6) Interleukin, 7) Tumor necrosis factor alpha, 8) Nuclear factor kappa-beta, 9) Monocyted, 10) CD4+T-cells, 11) Oxidative 
free radicals, 12) Macrophage, 13) Cell Adhesion Molecules (CAMs), 14) Chemoattract Chemokine Ligands (CCL2), 15) Thrombomodulin. Other 
elements non included are von Willebrand, Plasminogen activating inhibitor-1 antigen, D-Dimer

The vascular endothelium is permanently exposed to 
stimuli such as HIV-infected cells (monocytes, CD4+ T 
cells, macrophages, and circulating viruses), viral proteins 
released with host cell lysis and actively secreted, and 
virus-induced proinflammatory mediators. Therefore, these 
stimuli will damage the vascular endothelium, increase its 
permeability, and lead to extravasation of immune cells, 
ultimately resulting in chronic inflammation [60].

On the other hand, HIV infection trigger the synthesis of 
oxidative free radicals, Cell Adhesion Molecules (CAMs), 
and release of chemoattractant such as Chemokine 
Ligand 2 (CCL2) at the site of inflammation, which 
attracts leukocytes, and on top of that, endothelial specific 
coagulator molecules such as plasminogen activator 
inhibitor-1 antigen, tissue factor, von Willebrand factor 

(VWF), thrombomodulin, and d-dimer are disturbed in 
HIV infection, favouring a prothrombotic state, which 
potentially accelerates atherosclerosis [61,62].

The HIV viral proteins, the trans-activator of transcription 
(tat), glycoprotein-120 (gp120), and negative regulatory 
factor (nef) are important participants of the immune 
expression. The Tat and gp120 proteins increase CAM 
expression, induce oxidative stress, and enable leukocyte 
transmigration and adhesion to the endothelium [63,64].

The Tat induces the production of Monocyte Chemoattractant 
Protein-1 (MCP-1), which recruits monocytes to the site of 
infection and promotes the synthesis of Tumour Necrosis 
Factor Alpha (TNF-α), Nuclear Factor kappa-B (NF-κB) 
and Interleukin-6 (IL-6) [65,66].
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gp120 boosts TNF-α synthesis and immunoglobulin 
secretion in B-lymphocytes and stimulates macrophage 
expression, along with Nef. Furthermore, Nef proteins 
promote the transformation of macrophages into foam cells, 
a process that underlies atherosclerotic transformation. 
Altogether, HIV viral proteins create a pro-inflammatory 
milieu that facilitates atherogenesis [67-69].

Brief comments on antiretroviral therapy

We hypothesised that the increased incidence of IS in 
HIV-positive patients is due to the increased prevalence 
of opportunistic infections and inflammation due to 
immunosuppression, and older ART regimens that 
predisposed patients to dyslipidaemia and lipodystrophy, 
as has been suggested by others [70].

However, HIV/AIDS therapy also increases the risk of IS, 
both directly by accelerating atherosclerosis and indirectly 
by increasing life expectancy [71].

Nevertheless, ART has changed the HIV treatment 
outcomes; low levels of viral suppression in the CNS 
reservoirs leading to increased risk of IS must be taken into 
consideration. The same authors have demonstrated that 
prolonged ART treatment was associated with an increased 
prevalence of cardiovascular disease and IS [72].

While other investigators have highlighted that 
immunosuppression and increased viral loads are 
associated with increased incidence of IS [73-75], low viral 
titter can induce low-grade systemic inflammation, which 
may further add to the risk of stroke.

Prolonged use of Protease Inhibitors (PIs) like darunavir is 
associated with stroke and myocardial infarction [76].

Moreover, atazanavir is associated with vascular remodelling 
and Nucleoside Reverse Transcriptase Inhibitor (NRTI), 
and abacavir is also associated with increased incidence of 
cardiovascular events and stroke [77].

Despite ART reducing the virulence of HIV and increasing 
life expectancy in PLWH, with long-term endothelial and 
metabolic challenges, there is a great risk of IS. Conversely, 
there are few studies that report ART is associated with 
reduced risk of IS. This is where ART functions to control 
the HIV infection, whereby viral suppression and improved 
immune function confer protection against stroke. However, 
prolonged exposure to ART may lead to a rise in vascular 
risk over time [78].

We also believe that there are challenges when dealing 
with the clinical manifestation of HIV-associated stroke. 
Improved life expectancy in treated HIV patients increases 
incidence traditional risk factors along with prolonged 
viral infection and side effects of ART. However, there are 
several ways to confront these challenges, starting from 
preventive measures to early screening of risk factors and 
novel therapeutic interventions.

Because of its narrow therapeutic window, stroke 
reperfusion therapies have led to remarkable improvement 
in clinical outcomes; however, a small population of patients 
are benefiting. ART drugs are known to be beneficial for 
suppressing the viral load, but their prolonged use is still 
not clinically proven safe for HIV patients.

Brief comments on our patient

Despite having a midbrain infarction, our patient was stable 
and had moderate to mild disability at hospital discharge. We 
treated this patient appropriately; the condition gradually 
improved with medical treatment and physical therapy. We 
reported a very rare case of IS as Weber’s syndrome related 
to HIV-vasculitis/atherosclerosis. This condition was 
caused by an ischemic lesion in the ventromedial midbrain 
with very severe stenosis of branches of the left posterior 
cerebral artery. The vascular territory of the posterior 
cerebral artery and its branches are shown in Figure 6.

Figure 6: Shows a cross section of the midbrain with the vascular territory of different arterial branches. 1) Superior colliculus, 2) Mesecephalic 
nucleus of the trigeminal nerve, 3) Aqueduct of Sylvius, 4) Oculomotor nucleus, 5) Edinger Westphal nucleus, 6) Medial lemniscus, 7) Red nucleus, 
8) Substantia nigra, 9) Cerebral peduncle
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This syndrome is usually caused by a lack of blood supply 
to the brain from the paramedian mesencephalic branches 
(basilar), the peduncular perforating branches (posterior 
cerebral artery), the choroidal arteries, and the superior 
cerebellar artery, which supply the midbrain, resulting from 
an isolated occlusion of these vessels. In addition, other 
less common causes of this syndrome are haemorrhage, 
aneurysms, cavernomas, tumours, and demyelinating 
diseases [79].

In this syndrome, the hallmark neurological findings 
are crossed sensory disturbance or motor weakness 
and oculomotor nerve palsy [5,6]. Our reported patient 
had right-side motor weakness, medial gaze palsy, with 
anisocoria, with the left pupil (5 mm) and the right one (3 
mm), due to third nerve palsy with diplopia. The patient’s 
condition improved gradually with medical treatment and 
physical therapy.

The oculomotor nuclei are located at the level of the superior 
colliculus in the midbrain and extend approximately 10 
mm from rostral to caudal. Most of the fiber in the pupils 
is supplied by the Edinger Westphal nucleus in the upper 
midbrain, while most of the fiber in the extra-ocular eye 
muscles is supplied by the motor nucleus in the lower 
midbrain [3,4].

Pathological lesions in the lower midbrain impair extra-
ocular muscles but not pupils, whereas lesions in the upper 
midbrain cause pupillary dilatation [4,5]. Most patients 
with Weber’s syndrome are neurologically stable [80].

Brief comments on targeting ferroptosis and necroptosis 
to treat stroke

We investigated the role played by different types of 
programmed cell death in the CNS associated with 
neurocysticercosis [81-84].

Now, we investigate the role played by the previously 
cited pathological processes in the pathophysiology 
of IS, which is a leading cause of death and long-term 
disability worldwide. It results from cerebral blood flow 
obstruction (ischemia) and, in some cases, the restoration 
of cerebral blood flow (reperfusion), triggering a cascade 
of pathophysiological events collectively known as the 
ischemic cascade and reperfusion injury, which leads 
to the activation of different regulated cell death types, 
and this review focuses on necroptosis and ferroptosis. 
Both pathways are closely linked to oxidative stress and 
contribute significantly to neuronal death and inflammation 
following ischemic stroke. Dysregulation of redox 
homeostasis, iron dyshomeostasis, glutathione depletion, 
and mitochondrial dysfunction are key events in neuronal 
damage. Understanding the interplay between oxidative 
stress and these pathways is crucial for developing effective 
neuroprotective therapies. This review highlights recent 
advances in understanding necroptosis and ferroptosis in 
ischemic stroke, proposing redox-targeted interventions as 
promising strategies to mitigate brain injury and improve 
outcomes in patients affected by this condition.

Brief comments on therapeutic drug

The rt-PA contributes to neurovascular injury during 
reperfusion and supports the need to better understand 
its interactions with regulated cell death pathways, such 
as ferroptosis and necroptosis. Importantly, patients who 
survive an IS have an increased risk of recurrent events. 
Prevention of a new event involves antiplatelet and 
anticoagulant therapy, as well as control of causal risk 
factors, with a focus on the underlying mechanisms [85].

As we documented before, IS represents a clinical condition 
characterised by the sudden onset of focal neurological 
deficits caused by an underlying cerebrovascular disease, 
being the second cause of death worldwide, only preceded 
by ischemic heart disease, and it is expected to remain so in 
2030. Furthermore, it is the leading neurological disease-
causing disability in the world population [86,87].

To align with the main goal of acute management of IS, 
it is mandatory to optimise haemodynamic status and 
achieve early tissue reperfusion. Hemodynamic status is 
optimised by controlling fluid volume, blood pressure, and 
cardiovascular function. Tissue reperfusion is achieved 
with intravenous (i.v.) thrombolysis or mechanical 
thrombectomy [88].

Recombinant tissue Plasminogen Activator (rt-PA) is the 
treatment of choice for acute IS. rt-PA binds fibrin and 
converts plasminogen to plasmin, which degrades fibrin 
and dissolves the clot [89].

Alteplase is the oldest approved plasminogen activator 
used for ischemic stroke (1996). It is administered i.v. 
administered within 3 h after ischemic stroke symptoms 
onset with a dose of 0.9 mg/kg (maximum 90 mg) over 60 
min with an initial bolus of 10% [90] and can administered 
in patients until 4.5 h with the same dose, but considering 
the following exclusion criteria: a) Older than 80 years old, 
b) With a National Institute of Health Stroke Scale (NIHSS) 
score>25, c) Who take oral anticoagulants, d) With diabetes 
mellitus, or e) Who have had a previous stroke [91].

Additionally, alteplase could be administered to patients 
who awake with stroke symptoms and have a Diffusion-
Weighted Magnetic Resonance Imaging (DW-MRI) lesion 
smaller than ⅓ of the middle cerebral artery territory, with 
no change on T2-weighted Fluid-Attenuated Inversion 
Recovery (FLAIR) [90]. It can also be used in patients with 
focal neurological deficits without a differential diagnosis of 
stroke type. Moreover, alteplase is strictly contraindicated 
in patients with haemorrhagic stroke, tumours, abscesses, 
or any vascular malformation [91].

On the other hand, Tenecteplase at the dose of 15–25 mg 
according to patient weight (<60 kg to ≥ 90 kg) in a single 
i.v. bolus; it’s a derivative of alteplase but with 3 amino acid 
substitutions, has remarkable advantages over alteplase
such as a prolonged half-life, major fibrin specificity,
resistance to the Plasminogen Activator Inhibitor-1 (PAI-1)
and is more effective than alteplase at lysing clots in large
vessels [92,93].
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Another procedure to removes a clot (thrombus) obstructing 
the cerebral blood flow in large vessels using stent-retrieval 
or aspiration is known as Mechanical Thrombectomy (MT) 
and it has proven to be quite effective in patients within 6 h 
after IS symptoms onset, with a pre-stroke modified Rankin 
Scale (mRS) score of 0 to 1, occlusion of the internal carotid 
or middle cerebral artery segment 1 (M1), age ≥ 18, NIHSS 
score ≥ 6, and Alberta Stroke Program Early Computed 
Tomography Score (ASPECTS) ≥ 6. Notwithstanding, 
MT using stent retrieval could be considered in some 
patients with ischemic infarct in the middle cerebral artery 
territory at segments 2 and 3 (M2 and M3). Moreover, MT 
is recommended for patients with large-vessel occlusion in 
the anterior circulation, with symptom onset within 6–24 
h and DAWN eligibility criteria or 6–16 h and DEFUSE3 
eligibility criteria [90].

The rt-PA is the main pharmacological therapy in IS, 
but some adverse side effects have been reported when 
it is administered after its therapeutic window. Some 
investigators have documented that rt-PA may disrupt the 
blood–brain barrier [94].

Trigger ischemic-to-haemorrhagic stroke transformation 
[95], enhance excitotoxicity [96], and amplify inflammatory 
[97] and proteolytic responses.

Brief comments on pathophysiology of midbrain 
ischemic stroke

Under physiological circumstances, cerebral blood flow 
(50–60 mL/100 g tissue/min) provides the oxygen and 
glucose necessary for normal brain function [98,99].
At the mitochondrial level in neurons, ATP is primarily 
produced via the citric acid cycle, providing the energy 
necessary to maintain the membrane potential and generate 
action potentials, thereby enabling neuronal communication 
throughout the network [100].
An action potential opens Voltage-Gated Calcium Channels 
(VGCCs), resulting in Ca2+ influx and promoting synaptic 
vesicle fusion with the plasma membrane, thereby releasing 
neurotransmitters such as glutamate [101].
In Figure 7, we graphically represented the elements 
involved in cerebral blood flow and synapses under 
physiological conditions.

Figure 7: Schematic overview of the proposed mechanism illustrating the interaction of NMDA receptor activation, Calcium (Ca²⁺) signaling, 
mitochondrial function, neuronal networks, and molecular pathways that collectively contribute to the observed biological effects. Numbers indicate the 
corresponding components described in the figure

Note: 1) Reduced cerebral blood flow due to a clot/thrombus/vasculitis causing a reduction of oxygen and glucose delivery to the parenchymal tissue, 
promoting an ischemic core, where some biochemical alteration known as the ischemic cascade occurs. 2) Metabolism shifts from aerobic to anaerobic, 
leading to a decrease in ATP levels and an increase in lactate production, reducing cell pH level (Cells switch from aerobic to anaerobic respiration 
when oxygen supply is insufficient to meet energy demands). 3) The depletion of ATP results in an imbalance of ion gradients, due to the Na+/K+-
ATPase impairment leading to increased extracellular K+ and intracellular Na+ levels, contributing to membrane depolarisation and failure of normal 
neurophysiological function in the affected zone. An increase in cytoplasmic Na+ reverses the Na+/Ca2+ exchanger (NCX), increasing intracellular Ca2+ 

levels. Additionally, membrane depolarisation opens Voltage-Gated Ca2+ Channels (VGCC), thereby increasing Ca2+ influx into the cytoplasm. ATP 
depletion impairs the Plasma Membrane Ca2+-ATPase (PMCA), thereby increasing cytoplasmic Ca2+ levels. 4) Depolarization of the membrane and 
increased intracellular Ca2+ levels lead to glutamate release (Glutamate is released from neurons via synaptic vesicles in a calcium-dependent process, 
acting as the primary excitatory neurotransmitter in the brain), thereby increasing its concentration in the synaptic cleft and overexpression of N-methyl-
D-aspartate receptors (NMDAr). 5) Ca2+ accumulates in the postsynaptic neuron due to NMDAr activation (The NMDA receptor is a crucial ionotropic 
glutamate receptor involved in synaptic plasticity, learning, and memory, functioning as a coincidence detector for neuronal communication), and this
is exacerbated by NCX reversal and impairment of Na+/K+-ATPase and PMCA. 6) The energy failure compromises astrocyte-mediated glutamate
clearance from the synaptic space via Excitatory Amino Acid Transporters (EAAT) due to Na+ gradient alteration associated with Na+/K+-ATPase
impairment. 7) The overaccumulation of Ca2+ in postsynaptic neurons promotes mitochondrial Ca2+ accumulation (Calcium ions (Ca²⁺) act as a universal 
second messenger, regulating numerous cellular processes by transiently increasing intracellular concentrations in response to stimuli), which results in 
mitochondrial impairment and an increase in reactive oxygen species such as superoxide anion, 8) Mitochondrial activation. 



Journal of Drug and Alcohol Research 11

Figure 7 Graphical representation of our hypothesis on 
the mechanism of IS at the midbrain including the most 
remarkable components involved in this process. 1) Normal 
cerebral capillary vessels supply the necessary oxygen and 
glucose levels to the brain through the BBB. 2) For the 
production of energy, ATP, which is implicated in different 
cellular functions, such as maintaining the membrane 
potential. 3) During an action potential, the Voltage-Gated 
Ca2+ Channel (VGCC) opens, allowing the influx of Ca2+. 
This increase in Ca2+ is regulated by the Na+/Ca2+ exchanger 
(NCX) via the Na+ antiporter and the Plasma Membrane 
Ca2+-ATPase (PMCA), a mechanism that depends on ATP. 
In turn, Na+ levels are regulated by Na+/K+-ATPase via 
an ATP-dependent mechanism. 4) Increase in Ca2+ in the 
presynaptic neuron promotes the glutamate release, which 
binds to the N-methyl-D-Aspartate receptors (NMDAr), 5) 
Allowing the influx of Ca2+ in the postsynaptic neuron. The 
levels of Ca2+ are regulated by PMCA and NCX transporters 
as well as by mitochondrial storage. 6) Glutamate levels in 
the synapse are regulated by the Excitatory Amino Acid 
Transporters (EAAT) in a Na+-dependent mechanism in the 
astrocytes. 7) In a physiological condition, microglia remain 
resting. This information was reported by other authors 
[102].

A decrease in cerebral blood flow to 10–15% (4.8-8.4 
mL/100 g of tissue/min) creates an area called the ischemic 
core, as reported by other authors. This leads to cell death 
within a few minutes of reduced midbrain blood flow, 
resulting in permanent tissue damage. Whereas reductions 
of 28–70% (14.1 to 35.0 mL/100 g of tissue/min) result in 
the penumbra zone [103].

This region of the brainstem is reversibly injured and is 
considered a therapeutic target to reduce permanent tissue 
damage. The reduction in midbrain blood flow activates 
the ischemic cascade, resulting in cellular injury and 
death, ultimately leading to brainstem tissue damage. 
The mechanisms involved in the ischemic cascade in the 
brain include cellular bioenergetic failure, excitotoxicity, 
oxidative stress, inflammation, and cell death [104], 
affecting neurons, astrocytes, oligodendrocytes, pericytes 
and microglia.

Here, we hypothesised that the principal mechanisms 
involved during midbrain ischemia include some elements 
that are represented in Figure 7.

Additionally, xanthine oxidase catalyses the generation of 
superoxide anion, which is reduced to hydrogen peroxide, 
which is then converted to the hydroxyl radical in an Fe2+-
dependent reaction. The hydroxyl radical oxidises proteins, 
lipids, and nucleic acids, thereby contributing to cellular 
damage. Also, the accumulation of Ca2+ activates proteases, 
phosphatases, lipases, and endonucleases, which promote 
protein, lipid, and DNA damage, resulting in cell damage 
and necrosis, and the release of cytoplasmic contents into 
the extracellular space. The molecules released during 
necrotic cell death activate microglia (Activated microglia 
are the immune-responsive form of CNS-resident 
microglial cells, undergoing morphological and functional 

changes to respond to injury, infection, or pathological 
stimuli), which in turn release pro-inflammatory cytokines, 
leading to inflammation, which has been proposed by 
other investigators under different circumstances. Some of 
the elements included in this hypothesis were previously 
reported by other investigators under different scenarios 
[105].

Other investigators reported that membrane depolarisation 
(via increased extracellular K+ levels) activates VGCC, 
thereby increasing cytoplasmic Ca2+ levels [106].

Furthermore, membrane depolarisation and elevated 
intracellular Ca2+ levels trigger glutamate release, thereby 
increasing its concentration in the synaptic cleft [107].

Furthermore, energy failure compromises glutamate 
clearance from the synaptic space via astrocytic EAAT 
[108,109].

Then, increasing glutamate concentration in the synaptic 
space overactivated NMDAr, α-amino-3-hydroxy-5-
methyl-4-isoxazolpropionic acid (AMPA), and kainite 
receptors. Specifically, excitotoxicity results from the 
overactivation of NMDAr (primarily the NR2B subunit), 
which induces excessive Ca2+ influx into the cytoplasm 
and triggers signalling pathways that ultimately lead to cell 
death [107].

A first peak of Ca2+ occurs immediately after capillary 
blood flow reduction and lasts around 26 min, followed 
by a second and gradual increase in Ca2+ maintained for at 
least 3 h. The intracellular Ca2+ level is associated with the 
extent of cerebral damage [110].

This overload of intracellular Ca2+ activates Ca2+-dependent 
enzymes, including proteases, phosphatases, lipases, 
endonucleases, and neuronal nitric oxide synthase, thereby 
leading to cellular damage and cell death [107,111].

Furthermore, mitochondria are susceptible to Ca2+ 
overload, which leads to dysfunction, increased ROS 
production, decreased mitochondrial membrane potential, 
release of cytochrome c into the cytoplasm, and subsequent 
activation of apoptosis [112-114].

Additionally, the interaction between the Transient 
Receptor Potential Melastatin 4 (TRPM4), an impermeable 
Ca2+ channel, and the NMDAr (NR2B subunit) can 
exacerbate excitotoxicity [115]. ROS are oxygen-derived 
molecules partially reduced and highly reactive, produced 
during normal metabolism by mitochondria, NADPH 
oxidase, xanthine oxidase, cytochrome P450, peroxisomes, 
endoplasmic reticulum, and other enzymes (± 50 different 
sources) [116].

Physiologically, ROS play a crucial role in cellular signalling, 
cell differentiation and proliferation, gene expression, 
epigenetic modifications, migration, angiogenesis, and 
regulation of vascular tone [117,118].

However, an imbalance between ROS production and 
antioxidant defences generates oxidative stress, in which 
lipids (lipoperoxidation, as indicated by Malondialdehyde 
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(MDA) and 4-hydroxy-2-nonenal (4-HNE) levels), 
proteins (nitrotyrosine and carbonyl group levels), and 
DNA (8-hydroxy-2’-deoxyguanosine level) are oxidised. 
These oxidative modifications result in cellular damage and 
death [119,120].

ROS production is region-specific in the brain. Some 
investigators have documented that the brainstem and 
cerebellum exhibit the highest levels of ROS under resting 
conditions, and that these ROS are associated with glial 
cells. Stimulation with ATP or glutamate leads to the highest 
ROS production in the midbrain, whereas lipoperoxidation 
is highest in the hippocampus and the midbrain [121].

The continuous reduction in capillary blood flow augments 
ROS production for up to 100 min; however, ROS 
production increases at the onset of reperfusion after 60 min 
of ischemia [122]. Other authors reported that in cortical 
neuron and hippocampal cultures subjected to oxygen–
glucose deprivation, ROS production happens through 

three mechanisms. The first rise of ROS is generated by 
mitochondria at 3–7 min, followed by a second increase 
caused by xanthine oxidase, and the third rise of ROS occurs 
after reoxygenation and glucose restitution (reperfusion), 
and mitochondria and NADPH oxidase are responsible for 
this last increase [123].

Superoxide radical anion increases immediately after 
ischemia and reaches a steady state at 180 min. In contrast, 
Hydrogen Peroxide (H2O2) production is maintained for up 
to 48 h after the ischemic insult. Restoration of cerebral 
blood flow (reperfusion) increases ROS production, 
thereby activating cell death pathways, including apoptosis, 
necroptosis, and ferroptosis in the penumbra zone [124].

Brief comments on primary mechanisms activated 
during reperfusion.

In Figure 8, most of the mechanisms of reperfusion in 
the midbrain after IS are represented according to our 
hypotheses.

Figure 8: Shows graphically our hypothesis on the mechanism of reperfusion in the cross section at the rostral midbrain seen in MRI with IS 

Note: 1) The restoration of cerebral blood flow to the penumbra zone (Restoration of cerebral flow is a critical aspect of stroke treatment, aiming 
to improve blood flow to the brain and potentially prevent or mitigate damage). 2) Results in a sudden oxygen and glucose supply, increasing ATP 
production. 3) Particularly, the increase in oxygen raises superoxide anion production by the NADPH oxidase (NADPH Oxidase (NOX) which are a 
family of enzymes that create Reactive Oxygen Species (ROS). These enzymes play a crucial role in various physiological processes, including immune 
defense, cellular signaling, and re gulation of gene expression in vascular cells. The production of ROS by NOX enzymes is tightly regulated to maintain 
homeostasis and prevent damage to cells. Misreg ulation of NOX can lead to various diseases, including cancer and neurodegenerative disorders. 4) 
Mitochondria. 5) On a smaller scale, the xanthine oxidase. Superoxide anion is reduced to other reactive oxygen species, such as hydrogen peroxide, 
which is then converted to the hydroxyl radical in an Fe2+-dependent reaction. Hydroxyl radical oxidises proteins and lipids (lipoperoxidation), thereby 
promoting cell membrane disruption and the release of cellular contents into the extracellular space, resulting in ferroptosis cell death. Hydroxyl 
radicals also oxidise DNA. Mitochondrial impairment promotes. 8) Cytochrome c release, resulting in intrinsic cell apoptosis. On the other hand, 10 
pro-inflammatory cytokines such as Tumor Necrosis Factor alpha (TNFα) bind to its receptor, the Tumor Necrosis Factor Receptor (TNFR). 9) Leading 
to the recruitment of the TNFR-Associated Death Domain (TRADD), the cellular Inhibitor of Apoptosis (cIAP), the TNFR-Associated Factor (TRAF), 
and the Receptor-Interacting Protein 1 (RIP1) to the TNFR cytoplasmic domain, followed by the ubiquitination of RIP1 (9.a) by cIAP. Cylindromatosis 
(CLYD) deubiquitinates RIP1, resulting in cytoplasmic accumulation of RIP1 and TRADD, followed by their interaction with Fas-Associated via 
Death Domain (FADD) and Caspase 8 (9b), leading to extrinsic cell apoptosis. However, inhibition of caspase 8 leads to RIP1 autophosphorylation and 
subsequent RIP1-mediated phosphorylation of RIP3. 10) RIP3 phosphorylates the mixed lineage kinase domain-like protein (MLKL is a pseudokinase 
that acts as the key executor of necroptosis, a programmed form of cell death), promoting its oligomerization and membrane translocation, forming 
pore-like clusters, which result in the release of cellular content and cell death by necroptosis. 11) Microglia are activated by the cellular content release, 
resulting in the production of cytokines and inflammation.
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In our hypothesis we also considered that occlusion/
reperfusion, M1/M2 classically/alternatively activated 
microglia phenotypes, MLKL mixed lineage kinase 
domain-like protein, NAC N-acetylcysteine, NLRP3 NLR 
family pyrin domain-containing 3, OGD/Rx oxygen–
glucose deprivation/reoxygenation, pRIP1 receptor-
interacting protein kinase 1 phosphorylated, pRIP3 
receptor-interacting protein kinase 3 phosphorylated, Rp 
reperfusion, RIP1 receptor-interacting protein kinase 1, 
RIP3 receptor-interacting protein kinase 3, ROS reactive 
oxygen species, Rx reoxygenation, SH-SY5Y human 
neuroblastoma cell line.

In 2013, we hypothesised the role of oxidative stress in 
the pathophysiology of IS, and the remarkable effect of 
antioxidants and their neuroprotective properties in patients 
presenting with IS related to racemose NCC [125,126]. M1 
and M2 are early events in IS, producing proinflammatory 
factors. Microglial cells rise at 12 h after the ischemic insult, 
reaching a maximum level by 3 days [127] and remaining 
elevated until day 21. These immune cells could account 
for up to 80% of cells in the ischemic core on day 14 [128].

Nevertheless, peripheral immune cells (macrophages) 
are recruited to the affected brain region, followed by 
microglial proliferation, which begins to infiltrate the brain 

24 h after the ischemic insult and peaks after 3 days. On 
the other hand, neutrophils increase on day 3 and remain 
elevated until 7 days post-injury [127].

As we cited before and has been confirmed by other 
authors, the damage caused by microglia and peripheral 
immune cells to the brain parenchyma results from their 
proliferation and the production and secretion of pro-
inflammatory cytokines, which activate cell death pathways 
in nearby neurons [129].

On top of that, microglial cells can phagocytise damaged 
but viable cells, such as stressed neurons, thereby increasing 
neuronal loss and brain damage [130].

Brief comments on oxidative stress and cell death in 
midbrain stroke

Cytoplasmic Ca2+ elevation, ATP depletion, excitotoxicity, 
and oxidative stress lead to necrosis in the ischemic core, 
and this type of cell death occurs a few minutes after 
cerebral blood flow interruption [131,132].

Several death pathways are observed in the penumbra 
zone (e.g., apoptosis, necroptosis, ferroptosis, pyroptosis, 
autophagy, parthanatos, PANoptosis), as represented in 
Table 2 and supported by other investigators [133,134].

Cell death type
Predominant 
zone 
(corepenumbra)

Approx. time course after ischemia Mechanism

Necrosis Core 0–1 h after ischemia onset Rapid ATP depletion → failure of ion pumps → cytotoxic 
edema → membrane rupture and DAMPs release

Apoptosis Penumbra
6–24 h (can extend to 24–72 h 
depending on model and reperfusion 
time)

Intrinsic (mitochondrial) and extrinsic (death receptor) 
caspase activation → DNA fragmentation

Necroptosis Penumbra
6–24 h, may persist up to 72 h 
(inflammatory context; I/R-dependent 
time)

RIP1–RIP3 interaction → p-MLKL and membrane 
permeabilization

Ferroptosis Penumbra 6–24 h, frequently linked to early 
reperfusion; may extend to 24–72 h

Iron-dependent lipoperoxidation due to failure of GPX4/
GSH and system Xc⁻

Pyroptosis Penumbra 12–48 h (acute–subacute inflammatory 
phase)

Inflammasome activation (e.g., NLRP3) → Casp-1 → 
gasdermin pore formation and IL-1β/IL-18 release

Autophagy-associated 
cell death Penumbra 1–24 h (early stress response; outcome 

depends on magnitude and duration)
Excessive or impaired autophagic flux contributes to cell 
demise under sustained stress

Parthanatos Penumbra
6–24 h (DNA damage and PARP-
1 overactivation after oxidative/
nitrosative stress)

PARP-1 overactivation → PAR accumulation → AIF 
nuclear translocation → large-scale DNA fragmentation

PANoptosis Penumbra
12–72 h (overlaps inflammatory 
and regulated death phases; model-
dependent)

Assembly of PANoptosome integrating apoptotic, 
necroptotic, and pyroptotic machinery

CuproferroPANptosis Penumbra
Hypothesis (8–48 h, frequently linked 
to early reperfusion; may extend to 
48–72 h

Iron/cupper-dependent lipoperoxidation by unknown 
mechanism

Table 2: Cell death pathways in the ischemic core and penumbra zone

We believe that the evidence identified in our review 
supports their relevance as potential therapeutic targets, 
and that both pathways are activated by oxidative stress. 
Also, they can increase ROS production, thereby forming 
a vicious cycle that exacerbates cellular damage and death, 
suggesting that antioxidant molecules could be beneficial 
tools for reducing the resulting damage [135].

Therefore, exploring their therapeutic potential might 
provide a promising approach for decreasing disability and 
mortality associated with IS.

Conclusion
Based on our comprehensive review of the medical 
literature, we concluded that Posterior Cerebral Artery 
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(PCA) midbrain stroke represents a smaller proportion of 
IS, often results in significant neurological deficits and 
poses distinctive therapeutic challenges. Notwithstanding, 
endovascular thrombectomy confers early neurological 
recovery but does not improve long-term functional 
independence and is associated with higher risks of 
symptomatic haemorrhage and mortality compared with 
the best medical management, which has been supported 
by other authors recently.

As far as we know, this is the first study that graphically 
represent the elements involved in the pathogenesis 
of midbrain stroke secondary to HIV vasculitis and its 
mechanism of reperfusion at the rostral midbrain.
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