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MICHAEL BRAININ —
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Foreword

Participating in the development of stroke medicine over several decades, | have especially fol-lowed the
development of therapeutic concepts and new pharmacological agents. The overall aim for these therapies was
to improve outcomes after acute neurological injury. Many ap-proaches and substances have been developed
and undergone clinical testing during my time. Among these, the clinical development and use of Cerebrolysin
for enhanced recovery after brain damage has been of particular interest and has, almost singularly, withstood
the test of time.

What makes the case collection Outcomes Il particularly interesting is its broad representation. The 45 reports
presented in this book come from different clinical settings and from physicians working in different parts of
the world. They illustrate the differing settings in which Cerebroly-sin has been used to enhance recovery after
neurological injury. These cases showcase applica-tions at different stages of disease, combined with varying
treatment concepts and offer a glimpse into a wide range of clinical realities.

Of course, individual case reports cannot replace evidence from controlled clinical trials. Their value lies in
a complementary role: they provide a window into a real-world clinical practice and illustrate vividly how
therapeutic concepts are applied to individual patients. Furthermore, they can be used for generating new
questions that deserve further investigation.

| am therefore pleased to see this broad international experience brought together in a single volume. This
experience builds on a broader body of evidence, including numerous randomized clinical trials and its
inclusion in international clinical guidelines and recommendations. | hope that these cases will stimulate
further discussion, encourage further clinical research and, above all, contribute to improve outcomes for
patients affected by stroke and traumatic brain injury.







Acute Ischemic Stroke



ANDREI ALEXANDROV E=
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INTRODUCTION

The role of Cerebrolysin as stand-alone or combination therapy...

Advances in reperfusion therapies have transformed the management of acute ischemic stroke, however, many
patients continue to develop irreversible brain injury despite successful recanalization. Moreover, the majority
of patients either present beyond the therapeutic time window or have contraindications to intravenous
thrombolysis or endovascular thrombectomy. This challenge remains particularly relevant in low- and middle-
income countries, where access to reperfusion therapies may be limited. For these patients, treatment relies
on optimized stroke unit care, careful management of physiological parameters, neuro-rehabilitation and
secondary prevention —and evidence-based cerebroprotective treatment.

Ischemic brain injury continues to evolve beyond the initial vascular occlusion through a complex cascade of
secondary pathological processes—including excitotoxicity, oxidative stress, neuroinflammation, mitochondrial
dysfunction and apoptosis—contributes to the progression of tissue injury within the ischemic penumbra. As
many of these mechanisms remain active for hours to days after stroke onset, they represent a therapeutic
window for interventions aiming to protect vulnerable neurons and support the brain’s intrinsic repair
processes.

The goal of cerebroprotection is to complement standard treatment, particularly early mobilization and
-rehabilitation, by limiting secondary injury and promoting neurological recovery. Preclinical studies have
demonstrated that it exerts neurotrophic factor-like effects, modulates neuroinflammation, reduces excitotoxic
and oxidative damage, promotes neuronal survival and enhances neuroplasticity and synaptic remodeling.
Together, these mechanisms provide a biological rationale for investigating its use in patients with acute
ischemic stroke.

The cases presented in this chapter illustrate a range of patients who received Cerebrolysin in addition to
standard stroke care because they were not eligible for reperfusion therapy. Although individual case reports
cannot establish treatment efficacy, they provide valuable insights into real-world clinical practice and
demonstrate how cerebroprotective strategies may be integrated into comprehensive stroke management.
Collectively, these cases highlight the ongoing need to explore treatment approaches that not only preserve
vulnerable brain tissue but also maximize the potential for functional recovery.
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ALEXANDER BORISEVIC :
Brest City Emergency Hospital, Brest
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...with high-dose anti-thrombotic treatment

Abstract

This clinical case is an example of a potential synergistic neuroprotective interaction of Cerebrolysin and

high doses of aspirin. The case describes the significant recovery of neurological deficits in a patient with
moderate ischemic stroke (NIHSS 12 points) caused by right posterior cerebral artery thrombosis (RPCAT)
after treatment with Cerebrolysin in combination with high dose of aspirin. Within 7 days after the initiation
of the treatment regimen, the NIHSS score improved to 3 points and a control MRI that was performed on
the 10th day after stroke, showed a significant decrease of the ischemic area and cerebral edema zone. It
further might have an evidence that the combination of Cerebrolysin with high-dose aspirin is safe and might
have a synergistic effect in the treatment of ischemic stroke.

Keywords: aspirin, cerebrolysin, ischemic stroke, posterior cerebral artery thrombosis

Introduction

Acuteischemicstrokeisthe second leading cause of death and one of the most common causes of adult disability
worldwide.1 Thrombolytic therapy within 4.5 hours after stroke onset can significantly reduce mortality and
morbidity. However, the effect is negligi-ble after 4.5— 6 hours and useful for only a small portion of patients.
[1] Therefore, many therapeutic strategies have been developed targeting the pathophysiological cascade
that starts with ischemia and ultimately leads to irreversible tissue damage. [2] One of the most effective neu-
roprotective drugs used in the acute phase of ischemic stroke is Cerebrolysin, which consists of low molecu-lar
weight peptides and free amino acids and has been shown to exert both neuroprotective and neurotrophic
effects. [1-4] A meta-analysis of these studies confirmed the beneficial effect of Cerebrolysin on the early
recovery of neurological deficits in patients with acute ischemic stroke. [1,5,6] Acetylsalicylic acid (aspirin) is
widely used as secondary preventive drug in stroke therapy. In ischemic stroke, aspirin in high doses of 160—
326 mg is used to achieve antithrombotic as well as neuroprotective effects. [7] Antithrombotic treatment is
an effective management tool for acute ischemic stroke and early secondary prevention as it reduces the risk
of recurrent ischemic stroke with a low risk of hemorrhagic compli-cations. [7] The combination of high doses
of aspirin and Cerebrolysin may have a potential effect in cases of ischemic stroke.

Patient Information

A 72-year-old male patient, left-handed, was taken to the hospital by ambulance with complaints of weakness
in the left extremities, left- sided visual field loss, speech im-pairment, nausea, and dizziness which appeared
immediately after awakening. The patient had a history of arterial hypertension (grade 2, risk 4) which was
not properly con-trolled by antihypertensive medication. As the exact time of stroke onset was not known, the
patient was not eligible for thrombolytic therapy.



Clinical Findings

Upon admission, vital signs showed an increase in blood pressure (180/110 mm Hg), while the heart rate
(65 bpm) and the respiration rate (18 per minute) were within nor-mal limits. The neurological examination
revealed the fol-lowing features: transcortical sensory aphasia, left-sided homonymous hemianopia, mild left-
sided central facial nerve palsy, moderate dysarthria, left-sided central hy-poglossal nerve palsy, mild left-sided
hemiparesis (4/5), a pathological Babinski sign on the left, and left- sided hemilateral hemihypesthesia. The
NIHSS score was 12 points. The mRS score was 2.

Diagnostic Assessment

The laboratory and instrumental examinations were made after the patient’s admission to the neurological
unit in order to identify possible causes of the disease, as well as to exclude other pathologies with similar
clinical features.

Blood tests revealed relative and absolute monocytosis, absolute basophilia, platelet size decrease, increased
lev-els of total and conjugated bilirubin, an increase in pro-thrombin time as well as an increased fibrinogen
level. In addition, an increase in total cholesterol level (6.7 mmol / L) was observed, which, according to the
SCORE table for European regions indicates a very high risk of developing fatal cardiovascular diseases for this
patient (210%).8

The patient underwent brain magnetic resonance im-aging, on which the diffusion restriction zone without
clear contours and smoothing of the adjacent furrows was found in the right temporo-occipital region,
measuring 30 x 90 x 40 mm (Figure 1).

A focus with similar character-istics was also visualized in the right thalamus. MRI data confirmed the clinically
diagnosed cerebral infarction in the RPCAT basin.

Subsequently, the patient underwent ultrasound ex-amination of the brachiocephalic arteries, which revealed
stenosis of the bifurcation of the right common carotid artery (30—40%) and the left common carotid artery
(30%).

Figure 1: MRI images of the brain in axial projection with an edema and ischemia zone in the right posterior cerebral
artery blood suppply area.

Therapeutic Intervention

After hospitalization of the patient in the stroke unit, an-tithrombotic and neuroprotective therapy was
initiated: 30ml Cerebrolysin intravenously once daily for 16 days and oral administration of high-dose aspirin
(326 mg) once daily for 9 days, followed by low dose Aspirin (75 mg). In addition, the patient received basic
stroke therapy in accordance with the AHA-ASA recommendations and the clinical protocol of the Ministry
of Health of the Republic of Belarus. For the concomitant hypertension, candesartan (8 mg once daily) and
indapamide (2.5 mg once daily) were administered. Due to the fact that the patient has a very high risk of
developing fatal cardiovascular diseases, atorvastatin (40 mg once daily) was prescribed to lower cholesterol
levels. Furthermore, the patient received gas-troprotection, with 20mg pantoprazole once daily during the
entire course of treatment.
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Follow-up and Outcome Section

Within 7 days after the initiation of the treatment regimen, the NIHSS score improved to 3 points, with
remaining signs and symptoms of partial hemianopsia, hemiataxia, and mild central facial nerve palsy. The
modified Rankin scale score (mRS) was 1 point. A control MRI was per-formed on the 10th day after stroke,
which indicated a significant decrease of the ischemic area and cerebral edema zone (Figure 2).

Figure 2: MRI images of the brain in axial view 10 days after stroke.

At the time of the patient’s discharge and after the last dose of Cerebrolysin on day 16 after stroke, the
neurological status further improved and the residual deficits were limited to a partial left-sided homonymous
hemianopsia and a positive pathological Babinski reflex on the left. The NIHSS score further improved to 1
point, MRS score remained at 1 point.

Discussion

This case is an example of a combination widely used: aspirin and the neuroprotective drug Cerebrolysin which
can be applied in other similar cases. It further provides evidence that the combination of Cerebrolysin with
high-dose aspirin is safe and might have a synergistic effect in the treatment of ischemic stroke.

The clinical effectiveness of Cerebrolysin has repeatedly been demonstrated in randomized double-blind
placebo-controlled multicenter studies.[1,2] A meta-analysis confirms previous evidence that Cerebrolysin
has a beneficial effect on early global neurological deficits in patients with acute ischemic stroke.[5] These
underlying mechanisms of Cerebrolysin are associated with the inhibition of calpain and consequently the
stabilization of neuronal cells and with the induction of neuronal sprouting and neurogenesis. It has also been
shown to affect a number of signaling pathways including the phosphatidylinositol 3-kinase (PI13)/AKT pathway,
the glycogen synthase kinase 3 beta (GSK3B) pathway, the Sonic hedgehog (Shh) pathway, and other pathways,
which are responsible for the formation and maintenance of the blood- brain barrier integrity.[4]
Antithrombotic treatment is an effective management tool for acute ischemic stroke and early secondary pre-
vention as it reduces the risk of recurrent ischemic stroke with a low risk of hemorrhagic complications. This
effect is mediated by inhibition of COX-1 in the platelets preventing their adhesion to the vascular wall, as well
as by the inhibition of acetylation of coagulation proteins which ultimately increases the rate of fibrinolysis.
[7] The neuroprotective effect of aspirin occurs once the blood flow in the thrombosed vessel is restored and
is due to its inhibi-tion of COX- 2 in brain tissue, a decrease of NOTCH-1 gene expression as well as IL-6 levels,
which downregulates neuroinflammation.[9,10] Furthermore, aspirin has also been shown to interact with the
ischemic cascade on the level of glutamate and to significantly decrease its levels post-stroke.[9]

Therefore, the combined treatment of ischemic infarction with the simultaneous use of high-dose aspirin
and Cerebrolysin should act synergistically and contribute to a more complete neurological deficit recovery
through the combined neuroprotective and neurotrophic effects of both agents. It further provides evidence
that the combi-nation of Cerebrolysin with high-dose aspirin is safe and might have a synergistic effect in the
treatment of ischemic stroke.

The use of Cerebrolysin in combination with high doses of aspirin may have been the main reason for the
almost complete remission of neurological deficit in the patient with moderately severe stroke in the right
posterior cerebral artery basin, which clearly justifies the further use of this combination in prospective studies
and clinical practice.



CASE SUMMARY

(Q\ Patient e 72 years e Acute ischemic stroke

% Challenge e Moderate stroke with aphasia and hemiparesis

% Treatment e Cerebrolysin 30 mL/day IV x 16 days + high-dose aspirin

U”ﬂn Outcome  oNIHSS12 > 1 emRS2 - 1 e Significant reduction of ischemia/edema on MRI

@ Take Home Message

Cerebrolysin combined with high-dose aspirin (326 mg) was well tolerated and associated with
marked neurological improvement, with no clinically significant adverse drug interactions observed.

PUBLISHED
Scan the QR Code

to access the full publication.
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ANAAL AWNI MOH‘D EL-KHASAWNEH EZ

Neurology Department, King Hussein Medical Center,
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Jordan

...in post-percutaneous coronary intervention after right ACA territory
infarction

Abstract

Periprocedural ischemic stroke is an uncommon but potentially devastating complication of coronary
angiography and percutaneous coronary intervention (PCl). We describe the case of a 68-year-old man who
developed an acute right anterior cerebral artery (ACA) infarction approximately 24 hours after elective
coronary stenting. He presented with dense left-sided hemiplegia, with muscle strength graded 0/5 in both
the upper and lower limbs, an initial National Institutes of Health Stroke Scale (NIHSS) score of 8, and a
modified Rankin Scale (mRS) score of 5. Reperfusion therapy was not pursued following multidisciplinary
clinical assessment. Following neurology consultation, the patient was managed conservatively with

dual antiplatelet therapy, Cerebrolysin, citicoline, and an early structured physiotherapy program. Serial
neurological assessments demonstrated progressive recovery, with complete neurological and functional
improvement by day 42 that remained stable at 90-day follow-up. No adverse effects related to Cerebrolysin
were observed during treatment. This case highlights the favorable clinical recovery that may be achieved
with comprehensive multidisciplinary stroke care and raises interest in the possible adjunctive role of
neurotrophic therapy in post-stroke rehabilitation.

Keywords: Periprocedural ischemic stroke, Percutaneous coronary intervention (PCl), Cerebrolysin,
Rehabiliation

Introduction

Stroke after cardiac catheterization and PCl is rare, with reported incidence rates ranging from approximately
0.1% to 0.4%, but it remains one of the most serious procedural complications because of its association
with significant disability and mortality. [1,2] Proposed mechanisms include thromboembolism from catheter
manipulation, embolization of aortic atherosclerotic debris, vascular injury, and procedure-related thrombosis.
(1,2]

Management of ischemic stroke in the early post-PCl setting can be particularly complex. Recent arterial
access, ongoing antiplatelet therapy, and concerns regarding bleeding risk may influence decisions regarding
thrombolytic or endovascular reperfusion therapy. [3]

Cerebrolysin is a peptide-based neurotrophic agent that has been studied as an adjunctive treatment in
ischemic stroke recovery. Experimental and clinical studies have suggested possible cerebroprotective and
neurorestorative effects through modulation of neuroplasticity, reduction of excitotoxic injury, and support of
neuronal survival pathways. [4,5,7] Several clinical trials and meta-analyses have evaluated its potential role in
improving neurological recovery after ischemic stroke. [4-6]

We present a case of post-PCl right ACA territory ischemic stroke in a patient who experienced marked
neurological recovery following conservative management, early rehabilitation, and administration of
Cerebrolysin.



Case Presentation

A 68-year-old man with a history of hypertension, hypothyroidism, chronic smoking, and ischemic heart
disease was admitted for elective coronary angiography and percutaneous coronary intervention (PCl).

His regular medications included aspirin, candesartan (Atacand), and levothyroxine (Thyroxin). Clopidogrel had
been added four days prior to admission in preparation for coronary stent placement. Coronary angiography
and PCl were completed successfully without immediate procedural complications.

Approximately 24 hours later, on 3 December 2025, the patient developed sudden weakness affecting the left
upper and lower limbs. Neurological examination demonstrated dense left hemiplegia with Medical Research
Council (MRC) muscle power graded 0/5 in both limbs. Initial stroke assessment demonstrated a moderate-to-
severe neurological deficit, with a National Institutes of Health Stroke Scale (NIHSS) score of 8 and a Modified
Rankin Scale (mRS) score of 5, indicating significant functional impairment at presentation. Brain magnetic
resonance imaging (MRI) demonstrated an acute ischemic infarction involving the right ACA territory.

Figure 1: Brain MRI Diffusion-weighted imaging demonstrating an acute infarction involving the medial aspect
of the right frontal lobe with hemorrhagic transformation noted (anterior cerebral artery infarction) (A), with the
corresponding diffusion restriction on ADC sequences (B).

Based on the temporal relationship to PCl and the patient’s vascular risk profile, the stroke was considered most
consistent with a catheterization-related embolic ischemic event in the setting of underlying atherosclerotic
disease. Blood pressure during the acute phase remained stable at 120/74 mmHg.

The patient was evaluated jointly by the neurology and cardiology teams. Intravenous thrombolysis and
endovascular intervention were ultimately not pursued following individualized assessment in the context of
recent PCl and ongoing dual antiplatelet therapy. Dual antiplatelet therapy with aspirin and clopidogrel was
continued because of the recent coronary stent placement.

On 4 December 2025 (day 1 after stroke onset), Cerebrolysin therapy was initiated at a dose of 30 mL diluted in
250 mLnormal saline and administered intravenously over approximately 1.5 to 2 hours daily for 14 consecutive
days. This dosing approach has been described in previous stroke studies. [4,5] The patient also received
Citicoline (Somazina) for one month, in addition to a structured physiotherapy program that was initiated 48
hours after symptom onset and continued throughout follow-up. No infusion reactions or treatment-related
adverse effects were observed during hospitalization.

Clinical Course and Outcomes

By week 1 (9 December 2025), the patient had already demonstrated noticeable neurological improvement.
The left arm showed persistent drift, while the left leg demonstrated movement but not yet against gravity.
NIHSS improved from 8 to 4, and mRS improved to 4.

15
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At week 2 (14 December 2025), further recovery was observed. The left arm continued to demonstrate mild
drift, and the left leg was able to move with some effort against gravity. NIHSS improved further to 3, while
MRS remained 4.

At day 42 (11 January 2026), neurological examination showed complete recovery without residual motor
deficit. Both NIHSS and mRS scores improved to 0. This full neurological and functional recovery remained
stable at 90-day follow-up (24 February 2026).

NIHSS Score Over Time
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Figure 2: NIHSS Score and mRS Score over time.

Discussion

Periprocedural ischemic stroke remains one of the most concerning complications of coronary catheterization
and PCl because of its potential for severe long-term disability and increased mortality. [1,2] The present
patient had several recognized vascular risk factors associated with post-catheterization stroke, including
advanced age, hypertension, smoking, and diffuse atherosclerotic disease. [1,2]

ACA territory infarctions classically produce contralateral lower-limb-predominant weakness, although larger
infarcts may also present with severe hemiparesis and significant functional impairment. [3] Despite presenting
with dense hemiplegia and substantial disability at onset, this patient experienced progressive neurological
recovery over the following weeks, ultimately achieving complete functional independence.

Cerebrolysin has been evaluated in multiple randomized trials investigating recovery after ischemic stroke.
[4-6] In the CARS trial, patients treated with Cerebrolysin in combination with rehabilitation demonstrated
improved motor recovery compared with placebo-treated patients undergoing rehabilitation alone. [4] Meta-
analyses have also suggested a potentially favorable effect on neurological recovery while maintaining an
acceptable safety profile. [5] Proposed mechanisms include cerebroprotection, enhancement of synaptic
plasticity, stimulation of neurogenesis, and reduction of secondary neuronal injury. [7]

Although the present case occurred in the setting of a periprocedural stroke following PCl, the potential role
of Cerebrolysin is not necessarily limited to this specific clinical context. The proposed cerebroprotective and
neurorestorative mechanisms of Cerebrolysin target biological processes involved in ischemic brain injury,
including cerebroprotection, neuroplasticity, neurogenesis, and modulation of secondary neuronal damage,
which are largely shared across ischemic stroke etiologies. [8]

The exact contribution of Cerebrolysin in this case cannot be determined. Spontaneous neurological recovery,
early supportive care, and structured rehabilitation likely all played important roles in the favorable outcome



observed. Nevertheless, the relatively rapid improvement following initiation of therapy was clinically notable.
Early physiotherapy may also have contributed substantially to recovery, astimely rehabilitationis recommended
to improve functional outcomes after ischemic stroke. [3] While conclusions regarding efficacy cannot be
drawn from a single case, this report adds to the existing clinical experience evaluating multimodal approaches
to stroke rehabilitation.

Conclusion

We describe a case of right ACA territory ischemic stroke occurring after elective coronary catheterization and
PClin a 68-year-old patient with multiple vascular risk factors.

The patient was managed conservatively with dual antiplatelet therapy, rehabilitation, citicoline, and early
Cerebrolysin administration, and he demonstrated complete neurological and functional recovery by day 42,
which remained sustained at 90-day follow-up.

Although causality cannot be established from a single case report, this case supports continued investigation
into the potential adjunctive role of Cerebrolysin in ischemic stroke recovery.

CASE SUMMARY

(C% Patient e 68 years e Right ACA territory infarction after periprocedural ischemic stroke

% Challenge e Dense hemiplegia after coronary stenting

@ Treatment e Cerebrolysin 30 mL/day IV x 14 days + physiotherapy

|]|]|]u Outcome e NIHSS8 > 0 emRS5 - 0 e Complete recovery by day 42

@ Take Home Message

Ischemic stroke after PCl is an uncommon but potentially devastating complication requiring
rapid multidisciplinary assessment and individualized multimodal management, particularly
when standard reperfusion therapies are not feasible.
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BENJAMIN WY LO [E3

Queen Mary Hospital, Hong Kong
China

...after acute brain injury

Abstract

Cerebrolysin is a peptide-based neurotrophic preparation with neuroprotective and neuroplastic effects

that may support recovery after acute brain injury. We present two institutional cases illustrating its use as
an adjunct to intensive neurocritical care and rehabilitation. The first case involved a 64-year-old woman
with severe traumatic brain injury after a fall, requiring decompressive craniectomy and ventriculostomy,
followed by a 14-day Cerebrolysin course. At 3 months, she was ambulatory with a stick and functionally
near-independent (Modified Barthel Index 91/100). The second case involved a 60-year-old man with acute
right M1 occlusion treated with thrombolysis and thrombectomy, followed by a 3-week Cerebrolysin course.
At 8 months, he was ambulatory with a quadripod, cognitively preserved (HK-MOCA 26/30), and functionally
improving (FIM 75/100). These cases highlight favorable recovery trajectories after severe neurological injury
when Cerebrolysin is incorporated into multidisciplinary neurorehabilitation pathways.

Keywords: Cerebrolysin, traumatic brain injury, ischemic stroke, neurorehabilitation, thrombectomy,
craniectomy

Introduction

Cerebrolysin is a peptide-based neurotrophic preparation shown to mitigate secondary neuronal injury
through modulation of neuroinflammation, enhancement of neuronal survival, promotion of synaptogenesis,
and support of cerebral plasticity [1, 2]. Clinical evidence supports its use as an adjunct to rehabilitation
after stroke. The CARS trial demonstrated improved upper-extremity motor recovery when Cerebrolysin was
combined with standard rehabilitation [3], while the ESCAS study reported improved verbal recovery when
paired with speech therapy [4]. Current European Academy of Neurology guidelines recommend Cerebrolysin
as an add-on therapy to standard early rehabilitation after acute ischemic stroke [5].

This report presents two institutional cases—one traumatic brain injury and one ischemic stroke—illustrating
meaningful functional recovery after integration of Cerebrolysin into neurocritical care and rehabilitation
pathways.

Case 1: Traumatic Brain Injury

A 64-year-old woman was admitted to Queen Mary Hospital on 10 June 2025 after falling down four steps and
striking her forehead. On admission, her Glasgow Coma Scale (GCS) score was 14. Cranial CT demonstrated
right frontal and left temporal contusions, traumatic subarachnoid hemorrhage, subdural hematoma, and
non-depressed left linear skull and middle fossa skull base fractures.

Her neurological status deteriorated over the following 48 hours, with GCS declining to E2V2MS5, prompting
decompressive craniectomy and ventriculostomy on 12 June 2025. She was managed in the neurosurgical
intensive care unit and received a 14-day course of Cerebrolysin as adjunctive neurorecovery support.



Subsequently, she underwent cranioplasty on 12 September 2025. At 3 months post-injury, the patient had
achieved substantial recovery. She was able to walk with a stick, perform activities of daily living with only
standby or mild assistance, and reached a Modified Barthel Index of 91/100, indicating near independence.

Figure 1: Cranial CT findings in Case 1 (traumatic brain injury).

Case 2: Acute Ischemic Stroke

A 60-year-old man was admitted through Queen Mary Hospital’s Green Channel stroke service on 21 December
2024 after returning from Mainland China with sudden onset left hemiplegia and hemineglect.

Initial imaging confirmed right M1 middle cerebral artery occlusion, with NIHSS 16 and ASPECTS 9. Intravenous
thrombolysis was administered, followed by successful intra-arterial thrombectomy with complete reperfusion
(TICI 3) performed 5.5 hours after symptom onset.

Figure 2: Acute imaging findings and post-treatment imaging in Case 2 (acute ischemic stroke).

Post-procedural CT showed right putaminal reperfusioninjury, and the patient was managedin the neurosurgical
ICU. The putamen is a structure located deep within the brain‘s basal ganglia, highly sensitive to changes in
oxygen and blood flow. A 3-week course of Cerebrolysin was administered during the acute recovery phase.
He subsequently entered an intensive rehabilitation pathway that included conventional therapy and robotic
rehabilitation for left hemiparesis.

At 8 months post-stroke, the patient was able to walk with a quadripod, with progressive improvement in left-
sided motor deficits. Cognitive screening showed preserved cognition with HK-MOCA 26/30, and functional
assessment demonstrated continued recovery with FIM 75/100.
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Follow-Up Outcomes
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Figure 3: Clinical timeline and follow-up overview of the two reported cases.

Discussion

These two institutional cases demonstrate meaningful recovery trajectories after severe acute brain injury
when Cerebrolysin is integrated into multidisciplinary neurocritical care and rehabilitation.

The first case is notable for the degree of functional recovery achieved after multicompartment traumatic
brain injury requiring decompressive surgery. Despite initial neurological deterioration, the patient progressed
to near-independent ambulation and self-care within three months.

The second case illustrates substantial recovery after large vessel occlusion stroke, despite severe initial deficits
and reperfusion injury. Early reperfusion therapy restored cerebral blood flow, while adjunctive Cerebrolysin
may have supported neuronal recovery during the vulnerable post-ischemic period. The favorable cognitive
and motor outcomes at 8 months suggest effective integration of pharmacological neurorecovery support
with advanced rehabilitation technologies, including robotic therapy.

Although causal attribution cannot be established in a case series, both patients showed recovery trajectories
exceeding what is often expected after the severity of their initial presentations. These cases support the
concept that Cerebrolysin may be a valuable adjunct within structured neurorehabilitation pathways across
different forms of acquired brain injury.

Conclusion

This two-patient case series demonstrates favorable long-term functional recovery after severe traumatic brain
injury and large vessel ischemic stroke when Cerebrolysin was incorporated into acute neurocritical care and
multidisciplinary rehabilitation. These institutional experiences support further use and study of Cerebrolysin
as an adjunctive neurorecovery strategy in both traumatic and vascular brain injury.



CASE SUMMARY

e 60 years e Right M1 occlusion stroke

(O\. Patient ® 64 years e Severe TBI (Oﬁ Patient

% Challenge e Neurological deterioration requiring craniectomy % Challenge e Severe hemiplegia and hemineglect

Eg Treatment ® Cerebrolysin 30 mL/day IV x 14 days + neurocritical % Treatment © Cerebrolysin 30 mL/day IV x 21 days + IVT + EVT
care

Im Outcome  ® Bl 91 e walks with stick []I]I]n Outcome e MoCA 26 e FIM 75 e walks with quadripod

IZ] Take Home Message
Favorable recovery is feasible after severe TBI and severe AIS when Cerebrolysin is integrated as an adjunct into multidisciplinary
neurocritical care and rehabilitation.
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...in metabolic emergencies due to high-temperature zone exposure

Abstract

Heat exposure and dehydration may contribute to ischemic stroke risk, particularly in vulnerable older adults
with vascular and metabolic comorbidities. We report the case of a 65-year-old man from Upper Egypt,

a region characterized by prolonged high ambient temperatures, who presented 96 hours after sudden
onset of impaired consciousness and left-sided weakness. Initial brain computed tomography (CT) was
unremarkable despite severe neurological deficits, including Glasgow Coma Scale (GCS) score of 8/15, left
hemiplegia, and left upper motor neuron facial weakness. Diagnostic work-up showed no hemorrhage, no
early visible infarction, no carotid plaques, and no atrial fibrillation on electrocardiography. Clinical suspicion
favored acute ischemic stroke in the setting of dehydration, hypertension, diabetes, and likely low-flow
cerebral hypoperfusion.

The patient was treated conservatively because he was outside the reperfusion window. Management
included dual antiplatelet therapy, cautious intravenous hydration, glycemic control, physiotherapy, and
adjunctive Cerebrolysin 30 mL daily for 7 days. By discharge, GCS improved to 13/15, motor deficits
regressed substantially, and follow-up CT demonstrated a right parietal hypodense infarct corresponding

to the clinical syndrome. At short-term follow-up, the patient was ambulatory with mild support. This case
highlights the importance of recognizing dehydration and environmental heat as potentially modifiable
contributors to stroke in climate-stressed regions and illustrates the value of structured supportive
neurorecovery strategies.

Keywords: ischemic stroke; dehydration; heat exposure; Cerebrolysin; neurorecovery;

Introduction

Stroke remains a major cause of disability and mortality in low- and middle-income countries. In Upper
Egypt, prolonged periods of high temperature may increase the burden of dehydration, hemoconcentration,
metabolicinstability, and systemic hypoperfusion, all of which may precipitate ischemic cerebrovascular events
in susceptible individuals. This risk may be amplified in older adults with hypertension and diabetes mellitus.

The present report describes a delayed-presenting ischemic stroke in a patient from a high-temperature
climate region whose initial CT was negative despite severe focal deficits. The case is presented in accordance
with the CARE reporting guideline, with emphasis on diagnostic evolution, conservative acute management,
and early neurorecovery.

Patient Information

A 65-year-old man presented to the emergency department of Assiut University Hospital with a 4-day history
of sudden impaired consciousness and left-sided weakness. He had a history of moderately controlled
hypertension treated with ramipril 2.5 mg daily and recently diagnosed type 2 diabetes mellitus controlled on
metformin 1000 mg/day. No previous stroke, malignancy, atrial fibrillation, or other major debilitating illness



was reported.
The history obtained from relatives suggested recent exposure to hot weather conditions with insufficient
fluid intake before symptom onset, raising suspicion of dehydration as a precipitating factor.

Clinical Findings

On admission, blood pressure was 155/90 mmHg and random blood glucose was 180 mg/dL. Neurological
examination revealed marked impairment of consciousness with GCS 8/15, complete left hemiplegia, and
left upper motor neuron facial weakness. The presentation was highly suggestive of right hemispheric acute
ischemic stroke.

Timeline

Table 1: Clinical timeline and therapeutic interventions from symptom onset to follow-up.

Time point Clinical event

96 hours before |Sudden impaired consciousness and left hemiparesis progressing

admission to hemiplegia
Day 0 Admission, negative initial CT, supportive stroke management
initiated
Days 1-7 Dual antiplatelet therapy, hydration, glycemic optimization,
Cerebrolysin, physiotherapy
Day 5 Initiation of assisted mobilization and range-of-motion exercises
Day 7 Clinical improvement; repeat CT showed right parietal hypodensity
1 month Continued outpatient neurorecovery treatment and follow-up

Diagnostic Assessment

The differential diagnosis at presentation included acute ischemic stroke with delayed radiological visibility,
metabolic encephalopathy, postictal deficit, and less likely intracranial hemorrhage. The severe focal
neurological syndrome strongly supported a vascular event.

Routine laboratory investigations were within acceptable limits apart from mild hyperglycemia.
Electrocardiography showed no atrial fibrillation. Carotid duplex ultrasonography demonstrated no significant
plagues or hemodynamically relevant stenosis. No evidence suggested tumor, infection, or another structural
brain lesion.

The initial CT being negative despite profound deficits was interpreted as consistent with either an early
ischemic lesion below CT sensitivity or delayed radiographic evolution. Repeat CT after 7 days demonstrated
a rightparietal hypodense area, confirming ischemic infarction and matching the patient’s left-sided deficits.

Therapeutic Intervention

Because the patient presented well beyond the thrombolysis and thrombectomy windows, conservative stroke
management was pursued.

Treatment included aspirin 162 mg once daily plus clopidogrel 75 mg once daily. Careful intravenous hydration
was initiated with 250 mL normal saline/day and 250 mL of 5% glucose/day, with attention to avoid fluid
overload. During hospitalization, glycemic control was optimized using short-acting insulin, later transitioned
back to oral therapy under diabetology follow-up.

As an adjunctive neurorecovery strategy, Cerebrolysin 30 mL intravenous infusion once daily was administered
for 7 days. Piracetam 1200 mg/day intravenously was also prescribed. Physiotherapy focusing on passive
range-of-motion exercises began early and progressed to assisted mobilization from day 5 onward.

After discharge, the patient continued rehabilitation and received weekly Cerebrolysin 25 mL intravenous
infusions for 1 month as part of the local neurorecovery protocol.
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Figure 1: Initial non-contrast CT brain showed no hemorrhage and no clearly visible acute infarction. Given the
environmental context, age, diabetes, and presumed inadequate hydration, the most likely mechanism was low-flow
ischemia or dehydration-associated cerebral hypoperfusion superimposed on chronic vascular risk factors.

Figure 2: CT at the time of discharge with hypodense area and resolution of most symptoms

Follow-up and Outcomes

Clinical recovery was notable within the first week. By discharge, the patient’s GCS improved from 8/15 to
13/15. Motor recovery progressed from complete left hemiplegia to the ability to walk with mild support.
Facial weakness and overall responsiveness also improved.

The repeat CT on day 7 confirmed a right parietal infarct, while the clinical trajectory suggested substantial
salvage of functionally impaired but viable tissue (Figure 2).

Planned follow-up included serial neurological assessment, risk-factor optimization, diabetic monitoring, and
repeat CT every 90 days during the first year. According to the patient and family, functional recovery continued
over subsequent follow-up visits.

Discussion

This case illustrates several clinically relevant themes in neurorecovery-oriented stroke care. First, dehydration
and heat exposure may act as underrecognized triggers of ischemic stroke in regions with extreme climate
conditions. In Upper Egypt, sustained high temperatures, excessive sweating, and inadequate fluid intake may
promote hemoconcentration, endothelial dysfunction, and reduced cerebral perfusion, especially in older
adults with hypertension and diabetes.



Second, the case demonstrates the well-recognized mismatch between early CT findings and clinical syndrome.
A normal initial CT does not exclude ischemic stroke, particularly in delayed or small cortical infarctions, and
repeat imaging remains essential when clinical suspicion is high.

Third, the favorable recovery observed here likely reflects a combination of factors: preserved collateral
circulation, cautious rehydration, metabolic stabilization, antiplatelet treatment, and early mobilization.
The adjunctive use of Cerebrolysin was incorporated as part of the neurorecovery protocol to support
neuroplasticity, reduce secondary neuronal injury, and enhance functional restoration. Although causality
cannot be established in a single case, the temporal association between treatment initiation and rapid
neurological improvement is clinically noteworthy.

The case also supports the concept that climate-related metabolic stressors may produce stroke syndromes
indistinguishable from other ischemic mechanisms. Therefore, clinicians working in hot environments should
actively evaluate hydration status, renal perfusion, glycemic control, and recent environmental exposure when
managing cryptogenic or low-flow stroke presentations.

The main limitation of this report is the absence of magnetic resonance imaging and perfusion-based vascular
characterization, which would have better defined lesion timing and mechanism. Nevertheless, the clear
clinicoradiological evolution and functional recovery make the case valuable for educational neurorecovery
literature.

Conclusion

Dehydration and heat exposure can trigger ischemic stroke in vulnerable adults, even with initially normal
imaging. Prompt supportive care, metabolic optimization, and early neurorehabilitation can yield substantial
recovery, underscoring the need for awareness in climate-stressed regions.

Patient Perspective

The patient and family expressed satisfaction with the recovery trajectory, particularly the regained ability
to walk with mild assistance after severe initial deficits. They agreed to long-term monitoring and preventive
follow-up.

CASE SUMMARY

(Oj Patient e 65 years e Acute Ischemic Stroke

% Challenge e Impaired consciousness and hemiplegia

% Treatment e Cerebrolysin 30 mL/day IV x 7 days + Piracetam + Physiotherapy

[][I[h] Outcome o GCS8 - 13 e Hemiplegia markedly improved

@ Take Home Message

Heat-related dehydration is a modifiable risk factor for stroke that underscores the
importance of early metabolic optimization to prevent or limit secondary
neurological injury.
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...with intra-arterial infusion of autologous bone marrow
mononuclear cells

Abstract

We present a patient with severe middle cerebral artery occlusion who received an intra-arterial infusion of
autologous bone marrow stem cells combined with Cerebrolysin IV. The patient was evaluated before and
after treatment using the National Institutes of Health Stroke Scale, the Medical Research Council Muscle
Scale, Modified Brunnstrom Classification, Barthel Index and modified Rankin Scale. After the therapy, the
patient showed good outcome with functional as well as neurological improvements especially in terms of
functional motor recovery without any side effects. Further controlled studies are needed to find possible
side effects and establish net efficacy.

Keywords: Stem cell therapy, cerebrolysin, ischemic stroke

Introduction

Ischemic stroke, of all strokes, is a major cause of serious long-term disability and the therapeutic efficacy of
medical treatment is usually very limited.! In particular, large middle cerebral artery (MCA) infarction poses
an increased risk of mortality (by 17%) and severe disability (by 50%) compared to other infarcts.? One of
the most encouraging innovative treatment options is restorative therapy using stem cell replacement in the
injured cerebral tissues. Although evi-dence of the beneficial effects of stem cells in animal stroke models is
growing, there is a lack of clinical data.>

Cerebrolysin is a neuropeptide preparation with neuro-protective and neurorestorative effects. In stroke
patients with severe motor impairment, patients receiving intrave-nous infusions of Cerebrolysin had
significantly better improvements in motor function compared with those who do not receive Cerebrolysin.6
This case report presents the good outcome of a patient with MCA occlusion after intra-arterial infusion of
autolo-gous bone marrow stem cell (BMSC) combined with Cerebrolysin.

Case Report

A 58-year-old man with a medical history of hypertension and hyperlipidemia was admitted to our stroke
center 1 day after a sudden left-sided weakness and facial drooping. Physical examination showed clouding
of consciousness, hemineglect and left-sided hemiparesis. The initial NIHSS score’ was 17. He was bedridden
and required constant nursing care and attention, corresponding with modified Rankin Scale (mRS) of 5. Head
magnetic resonance imag-ing (MRI) on day 14 after stroke onset (pre-therapy) showed a large hyperintensity
lesion on diffusion-weighted imaging (DWI; Figure 1(d)) and hypointensity on the apparent diffusion coefficient
(ADC) image (Figure 1(e)) in the right hemisphere consistent with an acute infarct.

Magnetic resonance (MR) angiography revealed occlusion at the M1 segment of the right MCA (Figure 1(f)).
Patient received medical treatment according to the American Heart Association and the American Stroke
Association (AHA/ASA) stroke guideline.



In total, 14 days after stroke onset, the patient still showed severe disability: left-sided hemiparesis (upper
extremity: MRC grade 1; lower extremity: MRC Grade 2)%° and there was no movement in the patient’s hands
and fingers (MBC Grade 1).1°! The patient was not able to sit on the bed and required constant nursing care
(MRS 5).*2He still had unilateral neglect and some symptoms of right hemispheric damage. The patient scored
12 on the NIHSS and 10 on the Barthel Index (Bl) scales.

Figure 1: Head MRI at day 14 from stroke onset (pre-therapy) showed a large hyperintensity lesion on DWI (d), T2ZW
(b), T2FLAIR (c) images and hypointensity on ADC (e), TIW (a) images in the right hemisphere. MR angiography
revealed occlusion at the M1 segment of the right MCA (f).

We decided to offer the patient the following treatment:
e Intra-arterial infusion of 1 x 106 autologous bone marrow mononuclear cells (BMMCs), infused
through the internal carotid artery, using digital sub-traction angiography;

e A 10-day treatment course with daily intravenous infusion of 20 mL of Cerebrolysin, repeated every
month for the first 6 months after the stroke.

After infusion of BMMCs, the patient was evaluated every hour for the first 24 h for vital signs, any neurological
dete-rioration as well as anaphylactic reactions, and then every day for the following week. The patient was
discharged on day 28.

Table 1: NIHSS, MRC grade, Bl and mRS score over time.

Scale Baseline | Day 14 (Pre-therapy) Day 45 Day 105 Day 195
NIHSS (all items) 17 12 4
MRC grade (upper - 1 5
extremity)
MRC grade (lower - 2 5 5 5
extremity)
MBC (hand) - 1 5 5 5
Barthel index - 10 75 90 90
mRS = 5 3 2 2

Bl: Barthel Index;13 MBC: Modified Brunnstrom Classification;10,11 MRC: Medical Research Council;8,9 mRS: modified Rankin
Scale;12 NIHSS: National Institutes of Health Stroke Scale.7

On day 45 after stroke, which corresponds to day 30 after infusion of BMMCs and initiation of Cerebrolysin
treatment, the patient showed remarkable improvements, in particular, in terms of motor function recovery.
Motor strength was 5/5 for both upper and lower extremities, and the patient was able to walk without
assistance. He had regained motor func-tion in his hands and fingers almost completely and was able to hold
objects in his hand (MBC 5). However, certain neu-rological sequelae could be observed, such as facial palsy,
dysarthria and neglect—corresponding to an NIHSS score of 4. The patient required help with certain daily
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activities, such as showering and climbing stairs, and also had cognitive deficits, corresponding to an mRS of
3 and a Bl score of 75 (Table 1).

On day 105, corresponding to day 90 after initiation of BMMC and Cerebrolysin treatment, further
improvements were observed, especially in terms of cognitive function. The patient was able to carry out
daily activities corresponding to an mRS of 2 and a Bl score of 90. The patient still had some remaining signs
of cognitive decline resembling mild cogni-tive impairment (MCI), neglect and facial paralysis. The NIHSS score
was 3 (Table 1).

At the final examination on day 195 (day 180 after ther-apy), no further improvement could be observed. The
patient was stable, with assessment scales remaining the same as on day 105 (NIHSS 3, mRS 2 and BI 90; Table
1). Head MRI showed a hypointense lesion on DWI and hyperintense lesion on ADC, with the dimensions of
23 x 53 x 20 mm (Figure 2), having reduced in size compared to day 14 (30 mm x 55 mm x 25 mm; Figure 1).
During and after using this therapy, we found no adverse effects, which are related to the techniques as well
as cell therapy. Study testing disclosed no safety concerns. Serial physical exams and blood testing did not
disclose any sig-nificant findings.

(b))
TIR/IRM (22)

bOI[18)

Figure 2: Head MRI at day 195 from stroke onset (6 months after therapy) showed a large hyperintensity lesion on
ADC (e), T2 W (b), T2FLAIR (c) images and hypointensity on DWI (d), T1 W (a) images in the right hemisphere. MR
angiography revealed occlusion at the M1 segment of the right MCA (f).

Discussion

Normally, the prognosis of patients with a large MCA infarc-tion is very poor. Even with the current optimal
medical treatment, MCA infarction may lead to death in 17% of cases, and survivors frequently suffer from long-
term severe disability (50%), especially in the motor and speech func-tion.? Unfortunately, the survivors have
no effective treat-ment available other than neurorehabilitation in order to improve neurological functions. In
recent years, steady pro-gress in the clinical applications of regenerative medicine has occurred for a variety
of diseases. Cell transplantation has emerged as a promising treatment for stroke recovery. Depending on this
approach, we have decided to use this new therapy for patient.

In our case study, BMSCs were infused for patient at day 17 from the onset corresponding to subacute stage of
cere-bral infarction. We selected this time window upon revision of preclinical trials and clinical trials.>** Also,
stroke patients are liable for deterioration in early days either by the effect of cerebral edema or hemorrhagic
transformation. Finally, some patients with ischemic stroke have spontaneous recov-ery, therefore, we selected
the subacute stage to be sure that the patient has stable deficit due to ischemic stroke.

After the therapy, the patient showed remarkable out-come. His improvements manifested most clearly in
terms of motor function, especially the recovery of the motor function in the hand. It is well known that the



recovery of motor func-tion in upper extremities, particularly in the hand, is harder to achieve compared to
in lower extremities due to its com-plex structure, specialized functions.* Jang et al. investi-gated the motor
outcomes in 23 patients with a complete middle cerebral artery territory infarct, about 70% of these patients
were able to walk independently after 3—6 months, but no patient achieved functional hand recovery.°

As mentioned earlier, while many treatment methods have been developed, there is a lack of effective
therapies that can facilitate the recovery of patients from subacute phase post-stroke, and rehabilitation is
the only method that is known to contribute to the functional recovery. Several rehabilitation measures, such
as robotic rehabilitation ther-apy and mirror therapy, have been reported to be effective in improving hand
function of stroke survivors with severe sequelae.’®'” Apart from their individual impact, research shows that
exercise enhances the effect of stem cells by help-ing the mobilization of local stem cells and encouraging
angiogenesis. Hence, the concept of neuroregenerative reha-bilitation therapy (NRRT) is becoming a potential
research direction in the hope of finding a more effective approach to treat stroke sequelae.®

In terms of the safety of the therapy, patient was closely followed during and after the treatment (6 months),
no side effect was noted. We chose autologous BMSCs for treat-ment because they are easily accessible
through the aspira-tion of the bone marrow, can be isolated from patients themselves thereby bypassing the
ethical problems and can easily be administered to the patients for autotransplanta-tion. Furthermore, some
studies have demonstrated the safety and advantages of this kind of stem cell.** We referred to the dose of
BMSCs based on a number of previous stud-ies and the results of these studies showed that they did not find
any dose-response association, raising doubt about cause and effect relationship between BMSCs and out-
come.*® Previous research has shown that Cerebrolysin is safe and has positive effects on neurorecovery after
various types of brain lesions such as ischemic stroke and brain trauma.®*2!

Conclusion

In conclusion, intra-arterial infusion of BMSCs combined with long-term concomitant treatment of Cerebrolysin
over 6 months appeared to be safe therapy without adverse effects in our case. Functional and neurological
improvement, espe-cially in terms of functional motor recovery, were initially observed in this patient who
initially had a very poor progno-sis due to the MCA occlusion. To corroborate our findings, larger and controlled
clinical studies should be initiated to further investigate the efficacy and safety of BMSCs therapy combined
with Cerebrolysin in the treatment of disability in ischemic stroke.

CASE SUMMARY

% Patient e 58 years e Large MCA infarction (M1 occlusion)

% Challenge e Severe disability, bedridden, neglect and hemiparesis

% Treatment ® Cerebrolysin 20 mL/day IV x 10 days (repeated monthly for the first 6 months
after the stroke) + autologous bone marrow cell infusion

0}, Outcome e NIHSS12 >3 emRS5->2 eBI10-> 90

[Z\ Take Home Message

In large MICA infarction, combining autologous bone marrow—derived cell therapy with
Cerebrolysin may offer a promising restorative approach beyond standard care, with substantial
functional improvement and no treatment-related adverse effects observed in this case.
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INTRODUCTION

The role of Cerebrolysin as adjunct treatment...

The introduction of intravenous thrombolysis and mechanical thrombectomy has revolutionized the
treatment of acute ischemic stroke. For many patients, timely recanalization offers the best opportunity to
salvage threatened brain tissue and improve functional outcomes. Yet, despite successful restoration of blood
flow, a considerable proportion of patients fail to achieve the recovery expected from technically successful
reperfusion. This discrepancy has shifted attention from reopening the occluded artery alone to preserving
the integrity of the neurovascular unit, the downstream microcirculation and protecting the brain throughout
ischemic injury, reperfusion, and subsequent recovery.

Among the determinants of successful recovery, the blood—brain barrier (BBB) has emerged as a critical
therapeutic target. Ischemia disrupts the BBB, leading to increased vascular permeability, inflammatory cell
infiltration, cerebral edema, and hemorrhagic transformation. Although recanalization restores perfusion,
it does not immediately reverse these pathological processes and may, in some circumstances, aggravate
tissue injury through reperfusion-associated oxidative stress, inflammation, and further disruption of the
neurovascular unit. Consequently, BBB dysfunction and the complex pathophysiological processes associated
with reperfusion injury are increasingly recognized as important contributors to futile reperfusion.

These concepts have also been highlighted in a recent publication in the Journal of Stroke and Cerebrovascular
Diseases,which discusses the need to complement successful recanalization with therapeutic strategies
addressing the biological consequences of ischemia and reperfusion.! Such considerations have stimulated
interest in adjunctive therapies that stabilize the neurovascular unit while supporting neuronal survival and
repair. Cerebrolysin is a multimodal neurobiological agent with anti-inflammatory, anti-excitotoxic, antioxidant,
and anti-apoptotic properties. Its broad mechanistic profile suggests that it may have the potential to
attenuate several components of reperfusion injury, including oxidative stress, inflammatory activation, and
BBB disruption. Experimental and emerging clinical evidence further suggests that Cerebrolysin may preserve
BBB integrity, potentially limiting vascular leakage, cerebral edema, and hemorrhagic transformation after
reperfusion. By preserving the neurovascular environment, Cerebrolysin may also facilitate neuroplasticity
during post-stroke recovery.

The patients presented in this chapter all underwent successful evidence-based reperfusion treatment
with intravenous thrombolysis, mechanical thrombectomy, or both. Nevertheless, their treating physicians
recognized that restoring cerebral blood flow is only one component of optimal stroke management. In
these cases, Cerebrolysin was introduced as adjunctive therapy with the aim of supporting the neurovascular
unit and potentially addressing pathological mechanisms associated with ischemia and reperfusion injury,
while promoting recovery following recanalization. While these observations cannot replace evidence from
randomized clinical trials, they illustrate the practical application of a multimodal cerebroprotective strategy
alongside current standards of acute stroke care.
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...in the management of MCA re-occlusion after EVT resulting in
divergent outcomes

Abstract

Background: Hemorrhagic transformation and incomplete clinical recovery remain important limitations
after endovascular thrombectomy (EVT), even when angiographic reperfusion is successful. Adjunctive
cerebroprotective treatment strategies have been applied, while achieving conclusive evidence remains
under investigation.

Case presentation: A 63-year-old woman with vascular risk factors and suspected atrial fibrillation
experienced two contralateral middle cerebral artery (MCA) occlusion strokes within approximately 3
months. During the first episode, EVT failed to achieve immediate angiographic reperfusion, but the
patient subsequently recovered with good functional outcome. During the second episode, near-complete
reperfusion was achieved after EVT, but the patient developed severe hemorrhagic deterioration and
ultimately died. The two events differed in adjunctive post-EVT management.

Conclusion: This same-patient case illustrates divergent outcomes after two MCA occlusion episodes treated
with EVT. The observation does not establish causality, but supports further investigation of adjunctive
neuroprotection after EVT in high-risk cardioembolic MCA infarction.

Keywords: acute ischemic stroke; endovascular thrombectomy; Cerebrolysin; atrial fibrillation; hemorrhagic
transformation; reperfusion injury

Introduction

Endovascular thrombectomy (EVT) is the standard treatment for acute ischemic stroke caused by anterior-
circulation large-vessel occlusion. Although successful reperfusion improves functional outcomes, angiographic
success does not always translate into neurological recovery. Reperfusion injury, blood—brain barrier disruption,
hemorrhagic transformation, and delayed neuroinflammation may contribute to poor outcomes despite
technically successful EVT.*®

Patients with atrial fibrillation and cardioembolic MCA occlusion are at particularly high risk because they
often present with large thrombus burden and require early anticoagulation while remaining vulnerable to
hemorrhagictransformation.*® Adjunctive neuroprotective therapiesthat preserve neurovascularintegrity have
therefore attracted interest, although clinical evidence remains limited.>” Cerebrolysin is a multimodal peptide
preparation with neurotrophic and neuroprotective properties. In the CEREHETIS trial 8, early Cerebrolysin
added to intravenous thrombolysis was reported to reduce symptomatic hemorrhagic transformation and
early neurological deficit.®?

We report a patient who experienced two contralateral MCA occlusion strokes within approximately 3
months. Despite opposite angiographic outcomes after EVT, the clinical courses were markedly different,
providing a unique within-patient observation that may generate hypotheses regarding adjunctive post-EVT
neuroprotection.



Patient Information

A 63-year-old woman had a history of hypertension, dyslipidemia, prediabetes with HbA1c 6.2%, and suspected
Af, with family reporting prior anticoagulant use with edoxaban 30 mg once daily. Her premorbid functional
status was independent in activities of daily living. She experienced two separate MCA territory ischemic stroke
episodes within approximately 3 months.

First stroke episode: right MCA occlusion with failed immediate angiographic reperfusion

On July 27, 2024 the patient developed acute left-sided weakness and slurred speech. On admission (NIHSS
11), rtPA0.9 mg/kg was administered. During thrombolysis, her left-sided weakness progressed to Medical
Research Council (MRC) grade 0 andshe was transferred to our institution for EVT evaluation.

On arrival at ER, neurological examination showed severe right hemispheric stroke syndrome (NIHSS 21)
Noncontrast CT and CT angiography/perfusion demonstrated right M1 occlusion, right MCA territory ischemic
changes with ASPECTS 8 and a perfusion mismatch of 26 mL. The occlusion was considered to have a large
thrombus burden.

EVT was performed using multiple techniques because of refractory right M1 occlusion.Aspiration
thrombectomy was first attempted with a RED 72 reperfusion catheter for 3 passes, followed by stent retriever
thrombectomy using a 5 x 22 mm Embotrap device for 3 passes. Balloon angioplasty with a 2.5 x 10 mm
Euphora balloon was also attempted for 3 inflations. However, right MCA occlusion persisted.

Tmax

28 ml
28 ml
infinite

Figure 1: First right MCA occlusion episode: persistent occlusion after EVT followed by delayed complete
recanalization. A) Initial coronal CT angiography shows right M1 occlusion. B) Initial noncontrast CT and CT perfusion
demonstrate ASPECTS 8 with a perfusion mismatch, including Tmax >6 seconds volume of 28 mL and CBF <30%
volume of 0 mL. C) Post-EVT DynaCT obtained after failed reperfusion shows right basal ganglia hyperdensity,
compatible with contrast staining and/or early hemorrhagic transformation. Cerebrolysin was initiated shortly
after EVT with a 50 mL intravenous loading dose, followed by 30 mL/day for 10 days. D) Follow-up noncontrast CT
approximately 10 hours after EVT shows persistent evolving right MCA infarction, with ASPECTS decreasing from 8 to
7. E) Follow-up magnetic resonance angiography shows delayed complete recanalization of the right M1 segment.

Adjunct pharmacological treatment included intra-arterial tirofiban (3 mL bolus diluted in 20 mL normal saline,
followed by infusion of 47 mL in 200 mL normal saline at 10 mL/hour). Due to persistent right M1 occlusion,
a Solumbra maneuver was performed with deployment of a stent retriever across the occluded segment and
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continuous infusion of heparinized saline (3000 units heparin in 1000 mL normal saline) through the aspiration
catheter for approximately 10 minutes before retrieval. Activated clotting time was 250 seconds initially and
256 seconds post-procedure. Despite extensive mechanical and pharmacological measures, final reperfusion
remained TICI 0. Postoperatively, the patient was managed in a neurocritical care setting. With persistent TICI
0 occlusion, systolic blood pressure was maintained below 180 mmHg. Follow-up CTA at ~10 hours showed
persistent total right MCA occlusion with ASPECTS decline to 7. Antiplatelet therapy (aspirin, clopidogrel) was
withheld due to ongoing occlusion. Enoxaparin was initiated 12 hours post-EVT (1 prefilled syringe every 12
hours for 7 days). Subsequent MRI angiography demonstrated spontaneous complete recanalization of the
right M1 segment, and apixaban 5 mg twice daily was restarted.

Cerebrolysin was administered early after EVT with a 50 mL intravenous loading dose (diluted in 70 mL normal
saline) within 3 hours, followed by 30 mL/day intravenously for 10 days. The course was complicated by mild
right basal ganglia hemorrhagic transformation without clinical deterioration. The patient improved and
achieved mRS 2 at 3 months.

Second stroke episode: contralateral left MCA occlusion with near-complete reperfusion
but fatal hemorrhagic deterioration

Approximately 3 months after the first stroke, while receiving apixaban 5 mg twice daily, the patient developed
sudden falling down, dense right hemiplegia, and left gaze deviation during a rehabilitation program. Initial
assessment showed NIHSS 20. Imaging demonstrated a left MCA territory acute ischemic stroke with ASPECTS
9. EVT was performed for the second occlusive event. Aspiration thrombectomy was performed twice using a
React™ 71 catheter. A Solumbra technique using a Tigerl7 device was then performed twice, with removal of
a long clot. Final angiography demonstrated near-complete reperfusion, documented as mTICl 2c. Immediate
DynaCT showed minimal subarachnoid hemorrhage.

In contrast to the first episode, intra-arterial tirofiban and heparinization were not administered, and
Cerebrolysin was not given postoperatively. Aspirin and clopidogrel were not administered. Six hours after the
procedure, the patient developed severe hemorrhagic deterioration. Surgical intervention with craniotomy
was required 7 days later. Despite intensive management, the patient ultimately died.

Table 1: Comparison of therapeutic interventions and outcomes across two consecutive stroke events.

First Second

Cerebrolysin v X
IA tirofiban v X
Heparinized aspiration v X
Reperfusion TICIO [ mTICI 2¢c

Hemorrhagic transformation Mild Severe

Outcome mRS 2 | Death

Discussion

This case presents a rare within-patient comparison of two contralateral MCA-LVO stroke episodes treated
with EVT but followed by markedly different clinical outcomes. The first episode resulted in good functional
recovery despite failed immediate angiographic reperfusion (TICI 0), whereas the second achieved near-
complete reperfusion (MmTICI 2c) but was followed by early hemorrhagic deterioration and death. This
observation highlights that angiographic success alone does not necessarily determine clinical outcome after
EVT.

The findings should be regarded as hypothesis-generating only. They do not demonstrate that Cerebrolysin



prevented hemorrhagic transformation during the first episode or that its absence contributed to the fatal
outcome during the second. Hemorrhagic transformation after ischemic stroke is multifactorial, reflecting
interactions among reperfusion injury, blood—brain barrier (BBB) disruption, infarct evolution, antithrombotic
therapy, hypertension, and procedural factors.*-> The two stroke episodes also differed in hemisphere,
timing, procedural findings, anticoagulation status, and reperfusion success. Notably, minimal subarachnoid
hemorrhage was already present on immediate DynaCT after the second EVT, suggesting early vascular injury
or reperfusion-related tissue fragility before clinical deterioration.*

Nevertheless, the within-patient comparison reduces some interindividual biological variability because the
patient's vascular risk factors and suspected atrial fibrillation were shared across both episodes. The favorable
recovery after an initially unsuccessful thrombectomy, followed by delayed spontaneous recanalization, raises
the possibility that factors beyond angiographic reperfusion—including thrombus resolution, microvascular
integrity, neurovascular stability, and tissue resilience—may influence recovery after EVT.>

~

118 ml

118 ml
infinite

Figure 2: Second left MICA occlusion episode: near-complete reperfusion followed by early hemorrhagic deterioration.
A) Initial vascular imaging and noncontrast CT demonstrate left MCA occlusion with ASPECTS 9. B) Initial CT
perfusion shows a large perfusion mismatch, with Tmax >6 seconds volume of 118 mL and CBF <30% volume of O mL.
C) Digital subtraction angiography demonstrates distal left MCA occlusion before thrombectomy and near-complete
reperfusion after EVT, with final mTICI 2c. D) Immediate post-EVT DynaCT shows left hemispheric hyperdensity,
compatible with contrast staining and/or early subarachnoid hemorrhage; follow-up CT 6 hours later demonstrates
severe left intracerebral hemorrhage with mass effect.

Cerebrolysin has proposed multimodal cerebroprotective effects, including stabilization of the neurovascular
unit, attenuation of BBB disruption, anti-inflammatory activity, and promotion of neuronal repair.%:8 In the
CEREHETIS trial, early Cerebrolysin added to intravenous thrombolysis was associated with reduced early
neurological deterioration and symptomatic hemorrhagic transformation, although no consistent long-
term functional benefit was demonstrated.® Subsequent post-hoc analyses suggested that these effects
may be greater in patients at high risk of hemorrhagic transformation and may facilitate earlier transition to
anticoagulation, although these findings remain exploratory and were derived from IVT-treated rather than
EVT-treated patients.®.°

Evidence specific to EVT is emerging. A propensity-matched observational study reported improved 12-month
functional outcomes in patients receiving adjunctive Cerebrolysin after EVT, but these findings require
confirmation in randomized trials.” Together with growing interest in adjunctive neuroprotection during EVT,
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these studies support the concept that post-EVT recovery may depend not only on successful recanalization
but also on preservation of neurovascular integrity.®’

This report has several limitations. As a single-patient observation, it cannot establish causality. The two stroke
episodes differed in vascular territory, thrombus characteristics, procedural course, reperfusion status, and
adjunctive management. Important variables, including collateral status, thrombus composition, perfusion
characteristics, blood pressure variability, and the combined use of tirofiban, heparin, enoxaparin, and
Cerebrolysin during the first episode, preclude attribution of the outcome to any individual intervention.

Despite these limitations, the case illustrates the potential discordance between angiographic reperfusion
and clinical recovery after EVT. It supports further prospective investigation of adjunctive neuroprotective
strategies, including Cerebrolysin, in carefully selected patients with cardioembolic large-vessel occlusion who
are at increased risk of hemorrhagic transformation.®’

Conclusion

This same-patient case report describes two contralateral MCA occlusion strokes treated with EVT and
followed by sharply contrasting outcomes. The first right M1 occlusion, despite failed immediate reperfusion,
was followed by delayed complete recanalization and meaningful recovery after intensive adjunctive therapy
including early Cerebrolysin. The second left MCA occlusion, despite near-complete reperfusion, was
complicated by early hemorrhagic deterioration and death without Cerebrolysin. The observation is not causal
but is hypothesis-generating. In light of emerging data on hemorrhagic transformation risk after reperfusion
therapy and exploratory EVT cohorts using adjunctive Cerebrolysin, further prospective study of post-EVT
cerebroprotection appears warranted in high-risk AF-related MCA infarction with large thrombus burden and
competing hemorrhagic and recurrent embolic risks.””®

CASE SUMMARY

% Patient e 63 years e Two MCA occlusion strokes within 3 months

% Challenge e Recurrent cardioembolic large-vessel stroke, High risk of hemorrhagic transformation

% Treatment ° Stroke 1: Cerebrolysin 50 mL loading dose, then 30 mL/day IV x 10 days + EVT
e Stroke 2: EVT

Stroke 1: e mRS 2 at 90 days, ® Delayed complete recanalization

[]|]|]IJ Outcome
Stroke 2: e Severe hemorrhagic deterioration e Death

EI Take Home Message

Successful EVT restores cerebral perfusion, but preservation of neurovascular integrity remains
critical; early adjunctive Cerebrolysin may help mitigate reperfusion-related injury and hemorrhagic
transformation, supporting safer neurological recovery after recanalization.




DANIEL SANAK Do

Comprehensive stroke center, Department of Neurology,
University Hospital Olomouc

Czech Republic

...in the management of severe MCAO after EVT

Abstract

Acute ischemic stroke (AlS) due to middle cerebral artery (MCA) occlusion presents usually with a severe
neurological deficit associated with poor clinical outcome and many sequels, which affect significantly
quality of life after stroke. In case of AlS in dominant hemisphere, the related severe aphasia also occurs very
often. Despite of early treatment with endovascular mechanical thrombectomy (MT), not many patients
achieve a good three-month functional outcome. We present a case of 58-year old male without previous
medical history, who was admitted for AIS due to left MCA occlusion. Patient presented with severe right
hemiparesis and global aphasia (NIHSS 15). The stroke onset was unknown and brain MRI showed acute
and subacute ischemic changes in left MCA territory with MCA occlusion. Patient underwent MT with
complete recanalization of MCA, however he did not improve immediately. Thus, after control brain CT,

the Cerebrolysin treatment was started (50 ml for 10 days) with intensive rehabilitation (RHB) incl. speech
therapy, which continued at RHB department subsequently. Patient was discharged home after three weeks.
After three months, he presented with a very mild motor aphasia only (NIHSS 1). This case documents well
the benefit of adjunct Cerebrolysin treatment with combination of intensive RHB in severe AlS.

Keywords: Acute ischemic stroke, middle cerebral artery occlusion, aphasia, mechanical thrombectomy,
Cerebrolysin

Introduction

Acute ischemic stroke (AlS) due to middle cerebral artery (MCA) occlusion presents usually with severe
neurological deficits associated with poor clinical outcome and many important sequels, which affect the
quality of life significantly.. In case of AIS in the dominant hemisphere, arelated severe aphasia also occurs very
often and contributes to poor outcome and leads to further social isolation.

Currently, endovascular mechanical thrombectomy (MT) is recommended as a standard treatment of MCA
occlusion and it may be considered also in selected patients with unknown stroke onset based on neuroimaging
findings [1, 2]. Despite a great technical success of MT with high recanalization rates, not all patients achieve
excellent or good functional outcome after three months. Intensive rehabilitation incl. speech therapy became
an important part of stroke therapy and recent research focuses on possibilities to support neurogenesis and
regeneration of damaged neurons with activation of restoration processes called as “neuroplasticity” [3].

We present a case of severe AIS due to MCA occlusion treated with MT and followed with intensive RHB
supported by adjunct Cerebrolysin treatment, according to CARE case reporting guideline criteria.
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Patient Information

A 58-year old male was admitted in the morning at our comprehensive stroke center for acute severe right
hemiparesis with a global aphasia; National Institutes of Health Stroke Scale (NIHSS) was 15. The time of stroke
onset was unknown; patient was last seen healthy in the evening a day before admissionby neighbors. He has
no medical history and he did not use any medication regularly.

Clinical findings

On arrival at the emergency department, the patient presented with severe right hemiparesis, lesion of the
right facial nerve and with a global aphasia (NIHSS 15). Blood pressure was 140/80 mmHg, sinus rhythm (87/
min) was detected on ECG. Blood level of glucose was 6.3 mmol/L.

Figure 1: Acute ischemic changes in left MCA territory on DWI|

Figure 2: Acute ischemic changes in left MCA territory on FLAIR

Diagnostic Assessments

Brain MRI showed large acute ischemic changes in the left MCA territory on DWI (Figure 1) and some of them
were visible also on FLAIR (Figure 2). MR angiography showed left MCA occlusion in M1 segment (Figure 3).

Figure 3: MR angiography of occluded left MCA in M1 segment.
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Therapeutic Intervention

After brain MRI, the patient underwent endovascular MT with successful recanalization of the occluded MCA
(Figure 4). After the intervention, the patient was admitted at ICU in our comprehensive stroke center and no
early clinical improvement was observed at admission. A control brain CT performed after 24 hours showed
acute ischemic changes in the left MCA territory with hemorrhage (Figure 5). Aspirin ( 100 mg per day) was
administered for secondary prevention. Intensive RHB incl. speech therapy was started in combination with
the adjunctive Cerebrolysin treatment; a dose of 50 ml of Cerebrolysin per day was administered for 10 days.

Figure 5: Control brain CT after 24 hours.

Follow-up

No complications were observed during the hospitalization at ICU, and the patient improved after two weeks
into severe motor aphasia with moderate right hemiparesis (NIHSS 7). He underwent diagnostic setting to
assess the etiology of stroke: transesophageal echocardiography with normal findings and 24-hour ECG Holter
monitoring without detection of paroxysmal atrial fibrillation (AF). The patient presented with normal levels
of blood pressure, LDL-c was 2.9 mmol/I and he received statin (40 mg per day). Ultrasound of carotid arteries
showed mild to moderate atherosclerotic (AS) plaques in both internal carotid arteries (Figure 6).

Figure 6: AS plaques in internal carotid artery

The patient was transferred to the rehabilitation department of our hospital, where intensive RHB incl. speech
therapy was continued. He was discharged home after three weeks. At discharge, he presented with mild
motor aphasia and very mild right hemiparesis: NIHSS 3, modified Rankin scale (mRS) score: 2, Barthel index:

39



40

95. He continued with outpatient RHB and speech therapy and underwent a four-week ECG Holter monitoring
for screening subclinical AF.

Three-month outcome

At three-month follow-up, the patient presented with very mild motor aphasia without impairment on right
limbs; NIHSS: 1, mRS: 1, Barthel index: 100. He had already returned back to his work at the same position
(technician). Etiology of AIS was graded as cryptogenic embolic stroke of undetermined source.

Discussion

AIS due to MCA occlusion is usually associated with severe neurological deficit and many patients have poor
clinical outcome with serious sequels despite early treatment with MT [4]. Specific intensive rehabilitation is
very important for recovery after stroke and recent research has shown that the main goal is a reorganization
of neuronal networks damaged by ischemia — neuroplasticity [5,6]. Metabolic, inflammatory and genetic
processes, which are associated with neuroplasticity, are mostly present in the first 30 days after ischemic
damage [7,8].

Cerebrolysin has shown its positive effect on neuroplasticity and neurogenesis after ischemic stroke associated
with recovery [3,9,10], which was observed in experimental studies and in animal models [11,12]. The results
of these studies have also shown, that significant improvement was achieved, if Cerebrolysin treatment was
combined with a RHB training program. These findings support the suggestion that Cerebrolysin may affect
biological repair and regeneration processes after ischemic stroke [13,14].

The recently published results from the large international prospective multicentric CREGS (Cerebrolyisn
Registry Study in Stroke) study have shown significant superiority of Cerebrolysin treatment in comparison to
standard care in neurological improvement and functional outcome after AlS [15].

In the case presented, the adjunct Cerebrolysin treatment after MT in combination with intensive RHB led to
the significant clinical improvement and excellent three-month functional outcome after severe AIS despite

large acute ischemic damage due to MCA occlusion.

CASE SUMMARY

(Oﬁ Patient e 58 years e Left MCA occlusion stroke

% Challenge e Global aphasia and severe hemiparesis

ES Treatment e Cerebrolysin 50 mL/day IV x 10 days + EVT + rehabilitation

[]I]ﬂn Outcome e NIHSS 15 -> 1 e mRS > 1 e Returned to work

@ Take Home Message

In dominant-hemisphere AlS, severe aphasia contributes to poor outcomes and
social isolation, while Cerebrolysin combined with intensive speech and language
rehabilitation may improve clinically relevant recovery.
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...in the management of progressive ACA ischemic stroke following IV
thrombolysis

Abstract

Acute ischemic stroke (AIS) may progress despite timely reperfusion therapy, particularly in patients with
evolvinginfarction and persistent hemodynamic compromise. We report the case of a 55-year-old Japanese man
with well-controlled hypertension who presented with transient right-sided weakness followed by persistent
right arm impairment approximately two hours after symptom onset. Initial neuroimaging demonstrated acute
infarction within the left anterior cerebral artery (ACA) territory without evidence of large-vessel occlusion.
During diagnostic evaluation, neurological deterioration occurred with worsening right-sided weakness and
an NIHSS score of 6. Intravenous alteplase was administered 45 minutes after hospital arrival, resulting in
complete initial clinical recovery.

Follow-up imaging at 24 hours demonstrated progression of the ischemic lesion. Standard post-stroke
management was initiated, including dual antiplatelet therapy and Cerebrolysin treatment. On day 5, the
patient developed recurrent neurological deterioration with severe right lower-limb weakness. Neuroimaging
revealed furtherinfarct progression and severe stenosis of the left ACA. Supportive hemodynamic management
and continued Cerebrolysin treatment were provided. Progressive neurological recovery subsequently
occurred, with motor strength improving from grade 1 on day 15 to grade 4 by day 17. This case illustrates the
potential role of adjunctive Cerebrolysin therapy as part of a comprehensive treatment strategy in patients
with progressive ischemic stroke despite reperfusion therapy.

Key Words: acute ischemic stroke; anterior cerebral artery infarction; Cerebrolysin; thrombolysis; neurological
recovery; progressive stroke

Introduction

Acute ischemic stroke (AIS) remains a leading cause of death and long-term disability worldwide. (1) Although
intravenous thrombolysis and endovascular reperfusion therapies have significantly improved outcomes, a
substantial proportion of patients experience neurological deterioration or infarct progression despite timely
treatment. (2) Ongoing secondary injury mechanisms—including excitotoxicity, oxidative stress, inflammation,
and delayed neuronal cell death—may contribute to continued neurological damage after the initial ischemic
event. (4)

Anterior cerebral artery (ACA) infarctions are relatively uncommon, accounting for less than 5% of all ischemic
strokes. (3) The anterior cerebral artery perfuses the medial frontal and parietal lobes, including the cingulate
gyrus and much of the corpus callosum; consequently, infarction in this vascular territory commonly presents
with contralateral leg weakness, gait impairment, behavioral changes, and executive dysfunction. (3) In some
cases, progressive ischemia related to intracranial atherosclerotic disease or hemodynamic insufficiency may
lead to infarct expansion and delayed neurological worsening despite initial clinical improvement. (3)
Cerebrolysin is a neuropeptide preparation with neuroprotective and neurorestorative properties that has
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demonstrated beneficial effects on neurological recovery in patients with ischemic stroke. Experimental
studies suggest that Cerebrolysin may reduce ischemia-induced injury, enhance neuroplasticity, and support
endogenous repair mechanisms. (5) Clinical studies have reported improved functional recovery when
Cerebrolysin is administered early after stroke, particularly in combination with standard stroke care and
rehabilitation. (5,6)

We report a case of acute left ACA territory infarction treated with intravenous thrombolysis followed by
adjunctive Cerebrolysin therapy. Despite initial recovery, the patient developed progressive neurological
deterioration associated with infarct expansion before achieving substantial neurological improvement. This
case highlightsthe challenges of progressive ischemic stroke and the potential role of adjunctive neuroprotective
strategies in supporting recovery.

Patient Information

A 55-year-old Japanese man presented to the emergency department with acute right lower-limb weakness.
Approximately two hours prior to admission, while watching television, he experienced sudden-onset right-
sided hemiparesis lasting approximately 30 minutes, followed by partial spontaneous improvement. Residual
clumsiness of the right arm and hand persisted at presentation.

His medical history was significant for hypertension that was reportedly well controlled. No additional vascular
risk factors, family history, or previous neurological disorders were reported.

Clinical Findings

On admission, blood pressure was 197/136 mmHg and pulse rate was 97 beats/minute with regular rhythm.
Neurological examination demonstrated an alert and cooperative patient who was fully oriented. Cranial nerve
examination was unremarkable. Motor strength was largely preserved, although mild right-hand clumsiness
and impaired right-sided finger-to-nose testing were observed. Sensory function was intact.

During MRI assessment, the patient developed neurological worsening characterized by a decline in right
lower-limb strength from grade V to grade Il and right upper-limb strength from grade V to grade IV. The NIHSS
score increased to 6.

Timeline

Table 1: Clinical course and treatment timeline.

| Time Point | Clinical Course and Therapeutic Interventions

Sudden-onset right hemiparesis with partial spontaneous improvement; residual right-
hand impairment remained. Neurological deterioration occurred; NIHSS score increased
to 6. Intravenous alteplase (0.9 mg/kg) administered 45 minutes after arrival. Complete
resolution of neurological deficits following thrombolysis.

Day O

Follow-up MRI demonstrated infarct progression. Standard stroke care and Cerebrolysin 50
Day 1 mL/day initiated. Please mention early rehabilitation if it happened Applied rehabilitation
& blood pressure measurement.

Recurrent neurological worsening with severe right leg weakness and dysarthria. MRI

Day S showed infarct progression; severe left ACA stenosis identified.

Days 5-12 Intensive hemodynamic support, hydration, and continuation of Cerebrolysin therapy.
Day 15 Motor power improved to grade 1

Day 16 Motor power improved to grade 3

Day 17 Motor power improved to grade 4



Diagnostic Assessment

MRI performed on admission demonstrated acute infarction involving the left ACA territory, specifically the
cortical-subcortical region of the left mid-cingulate gyrus.

Figure 1: MRI brain upon admission

Magnetic resonance angiography demonstrated no high-grade stenosis or occlusion within the A1-A3

segments of the bilateral ACAs, although reduced flow-related enhancement was observed in the distal ACA
branches.

Figure 2: Magnetic resonance angiography upon admission
Follow-up MRI performed 24 hours after thrombolysis demonstrated progression of the infarction involving
the left mid-cingulate gyrus and corpus callosum.

Following neurological deterioration on day five, repeat MRI revealed further expansion of the infarction

involving the parasagittal frontal and parietal regions, genu, and body of the corpus callosum. Severe stenosis
of the left A2 segment was identified.
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Figure 3: Follow-up MRI on day five

Figure 4: MRI brain on day 7th

Therapeutic Intervention

Intravenous alteplase at a dose of 0.9 mg/kg was administered 45 minutes after hospital arrival. Following
treatment, the patient’s right-sided weakness completely resolved.

Standard stroke management included close monitoring in the intensive care unit, dual antiplatelet therapy
with aspirin and clopidogrel initiated after 24 hours, and strict blood pressure management. Cerebrolysin was
initiated on the first day of hospitalization at a dose of 50 mL intravenously once daily.

After recurrent neurological deterioration, management focused on maintaining cerebral perfusion through
intravenous fluids, albumin administration, permissive blood pressure management, and continuation of
cerebroprotective therapy with Cerebrolysin.

Follow-up and Outcomes

Although the patient initially achieved complete neurological recovery following thrombolysis, recurrent
deterioration occurred on day 5 with profound right lower-extremity weakness, mild facial weakness, dysarthria,
and psychomotor slowing. Subsequent treatment was associated with gradual neurological improvement. No
adverse events related to Cerebrolysin treatment were reported.

Discussion

This case illustrates several clinically relevant aspects of acute ischemic stroke management. Despite timely
intravenous thrombolysis and complete initial neurological recovery, the patient experienced progressive
infarct expansion and recurrent neurological deterioration associated with severe intracranial ACA stenosis.
Such delayed worsening is well recognized in patients with persistent hemodynamic compromise, impaired
collateral circulation, or progression of underlying intracranial atherosclerotic disease, emphasizing that
successful reperfusion does not completely prevent secondary ischemic injury. (3,4)

Cerebrolysin was initiated within the first 24 hours after stroke onset and continued throughout the patient’s
subsequent clinical course (How many days) For 18 days. The rationale for early administration is supported by
both experimental and clinical evidence indicating that many of the pathophysiological processes responsible
for secondary brain injury—including excitotoxicity, oxidative stress, neuroinflammation, apoptosis, and blood—
brain barrier (BBB) disruption—are activated shortly after ischemia and continue during the first days following



stroke. (4-6) Beyond its multimodal neuroprotective and neurorestorative actions, Cerebrolysin has been
shown in preclinical studies to preserve BBB integrity, reduce vasogenic edema, and attenuate neurovascular
unit injury. These observations are complemented by clinical data suggesting that early Cerebrolysin
administration is safe following reperfusion therapy and may contribute to reducing complications related to
BBB dysfunction, including hemorrhagic transformation, while supporting neurological recovery.

The present case is also consistent with the emerging concept underlying the CERECAP (Cerebrolysin Early
RECanalization Adjunctive Program), which evaluates Cerebrolysin as an adjunctive treatment to contemporary
recanalization therapies. Rather than targeting a single stroke mechanism, the CERECAP program recognizes
that patients undergoing intravenous thrombolysis and/or mechanical thrombectomy represent a biologically
heterogeneous population in whom secondary injury pathways remain active despite successful reperfusion.
Early adjunctive Cerebrolysin aims to address these shared mechanisms by protecting the neurovascular
unit, limiting ongoing tissue injury, and enhancing endogenous recovery processes. Consequently, CERECAP
represents an important entry point toward a precision medicine approach in acute ischemic stroke, where
patients may be stratified according to imaging characteristics, reperfusion status, vascular pathology, or
biological markers to identify those most likely to benefit from adjunctive cerebroprotective therapy.

Although causality cannot be established from a single case, the favourable clinical evolution observed despite
documented infarct progression and recurrent neurological deterioration is noteworthy. Recovery occurred in
parallel with continued Cerebrolysin administration, comprehensive stroke unit care, optimization of cerebral
perfusion, and rehabilitation. This case therefore supports the growing body of evidence suggesting that
Cerebrolysin can be safely incorporated into multimodal treatment strategies following recanalization therapy
and reinforces the rationale for investigating its efficacy across different ischemic stroke subtypes within
structured clinical programs such as CERECAP.

Further prospective studies are needed to determine which patient populations derive the greatest benefit
from early adjunctive Cerebrolysin and to define its role within individualized treatment algorithms for acute
ischemic stroke.

CASE SUMMARY

% Patient e 55 years e Progressive left ACA ischemic stroke

% Challenge e Recurrent neurological deterioration despite thrombolysis

@ Treatment e Cerebrolysin 50 mL/day IV x 18 days + alteplase + intensive stroke care

D[I[lu Outcome o NIHSS 6 e Motor strength grade 1 - 4 e Gradual neurological recovery

@ Take Home Message

Secondary brain injury may progress despite successful reperfusion, therefore early
adjunctive Cerebrolysin therapy protects the neurovascular unit, by limiting BBB disruption
and reperfusion injury.
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...in the management of acute basilar artery occlusion after EVT

Abstract

Basilar artery occlusion (BAQO) is an uncommon yet devastating cause of posterior circulation stroke,
frequently resulting in severe disability or death despite successful reperfusion. We describe a 67-year-old
woman with multi-ple vascular risk factors who presented with acute BAO and was treated with intravenous
thrombolysis followed by successful mechanical thrombectomy (Thrombolysis in Cerebral Infarction [TICI]
grade 3), with adjunctive Cerebrolysin therapy administered subsequently. Rapid neurological improvement
was observed within 24 hours, with the National Institutes of Health Stroke Scale (NIHSS) score decreasing
from 7 to 2, followed by complete neurological recovery (NIHSS 0) by day 3. Clinical recovery was sustained
throughout the 12-month follow-up period, with only mild residual gait disturbance noted at discharge.

No adverse events attributable to Cerebrolysin were observed. Successful reperfusion remains the key
determinant of outcome in BAO, and no causal inference can be made regarding Cerebrolysin. This case
adds to the limited evidence on the use of Cerebrolysin as an adjunct to reperfusion therapy and supports
further investigation in controlled studies of posterior circulation stroke.

Keywords: adjunctive therapy, Cerebrolysin, cerebroprotection, posterior circulation stroke, basilar artery
occlusion

Introduction

Basilar artery occlusion (BAQ) is a rare but devastating subtype of posterior circulation stroke, associated with
poor functional outcomes and reported mortality rates approaching 85% in untreated patients [1]. Recent
randomized controlled trials (RCTs), including the ATTENTION and BAOCHE trials, have shown a benefit of
mechanical thrombectomy in selected BAO patients, with intravenous thrombolysis (IVT) used as concomitant
therapy [2,3]. Despite successful reperfusion, a substantial proportion of patients have unfavorable outcomes,
highlighting an ongoing therapeutic challenge in BAO [2-5].

These limitations have prompted interest in adjunctive neuroprotective strategies to enhance neurological
recovery. Cerebrolysin is a neuropeptide preparation with proposed multimodal cerebroprotective and
neurotrophic properties and has been investigated as an adjunct to standard stroke therapy. Most clinical
evidence comes from studies in anterior circulation stroke, where Cerebrolysin is well tolerated and may
be associated with functional benefits [6-12]. However, data on posterior circulation stroke, including BAO,
remain limited.

An ongoing prospective study evaluating Cerebrolysin asan add-on therapy for posterior circulation stroke
secondary to BAO has been initiated at the Department of Neurology, University Hospital Center Sestre
Milosrdnice (ClinicalTrials. gov: NCT06489925). Here, we report a case from this study describing a favorable
clinical outcome following intravenous thrombolysis (IVT), mechanical thrombectomy, and adjunctive
Cerebrolysin therapy.



Patient Information

A 67-year-old woman with a history of hypertension, dyslipidemia, diabetes mellitus, and chronic right internal
carotid artery occlusion following elective endarterectomy presented with acute-onset vertigo and left-sided

hemiparesis.

There was no previous history of stroke or cognitive impairment. No relevant family history was reported.

Clinical Findings

On admission, the patient was somnolent but arousable, with preserved comprehension and mild dysarthria.
Neurological examination revealed left internuclear ophthalmoplegia, vertical nystagmus, mild left-sided
hemiparesis, and left-sided dysmetria. The patient was unable to stand or walk without assistance. The NIHSS

score was 7. The clinical progression and treatment timeline are presented in Table 1.

Table 1: Clinical progression and treatment timeline

Day

Clinical Course and Key Therapeutic Interventions

Day 0 (~45 minutes
before admission)

Sudden onset of left-sided limb weakness, dysmetria, somnolence, dysarthria,
and internuclear ophthalmo-plegia. NIHSS score 7.

Day O (upon admission)

IV alteplase at a standard dose of 0.9 mg/kg administered within one hour
of hospital admission, followed by immediate endovascular mechanical
thrombectomy. Cerebrolysin initiated 7 hours after symptom onset at a dose of
30 mLin 250 mL of 0.9% NaCl, administered IV once daily for 14 days.

Day 1

Mild paresis of the left upper limb and dysmetria in the left extremities observed
on clinical assessment. NIHSS score 2. ASA 100 mg PO once daily, atorvastatin 80
mg PO once daily, and LMWH 40 mg SC once daily for DVT pro-phylaxis initiated
alongside Cerebrolysin. Hyperglycaemia corrected as needed with short-acting
subcutaneus insulin. Perindopril/ amlodipine 5mg/ 5mg PO once daily continued
without dose adjustment.

Day 3

No neurological deficits detected. NIHSS score 0. Patient mobilized to upright
position with physiotherapist assistance.

Day 5

Structured daily neurorehabilitation program (45-60 min) initiated, including
coordination, mobility, balance, and activities of daily living (ADL)-focused training.

Day 16

Mild residual gait disturbance noted. mRS score 1. Patient discharged home on
ASA 100 mg PO once daily, atorvastatin 80 mg PO once daily, adjusted antidia-betic
therapy as per glycaemic control, and continuation of chronic antihypertensive
therapy.

NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IV, intravenous; PO, per os; SC, subcutaneous; ASA,

acetylsalicylic acid; LMWH, low-molecular-weight heparin; DVT, deep vein thrombosis

\

Figure 1: Non-contrast brain CT showed an encephalomalacia and gliotic scar in the right frontal lobe, consistent
with prior ischemic injury
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Diagnostic Assessment

Non-contrastbrain CTshowednoacuteischemiaorintracranialhemorrhage, apartfromanoldencephalomalacic
and gliotic scar in the right frontal lobe (Figure 1). CT angiography demonstrated basilar artery occlusion (Figure
2), with thrombus extending into both superior cerebellar arteries, and chronic occlusion of the right common
and internal carotid arteries.

Figure 2: CT angiography demonstrated basilar artery occlusion (BAO)

Laboratory evaluation revealed hyperglycemia (11.9 mmol/L); other parameters were within normal limits.
Digital subtraction angiography (DSA) demonstrated partial recanalization of the basilar artery after
thrombolysis (Figure 3), followed by complete reperfusion—Thrombolysis in Cerebral Infarction (TICI) grade 3
after mechanical thrombectomy (Figure 4).

Figure 3: Digital subtraction Figure 4: DSA showing subsequent
angiography (DSA) showing partial complete recanalization (TICI grade 3)
recanalization of the basilar artery achieved by mechanical thrombectomy

following thrombolytic therapy

Follow-up brain CT showed acute ischemia in the left anterior cerebellar lobe and superior cerebellar peduncle
without hemorrhagic transformation (Figure 5).

A comprehensive post-procedural diagnostic work-up was performed. 24-hour Holter monitoring did not
reveal atrial fibrillation or other clinically significant arrhythmias, and transthoracic echocardiography showed
no significant structural abnormalities. The transcranial Doppler (TCD) bubble test was negative for right-to-left
shunt, with no evidence of a patent foramen ovale or other intracardiac or extracardiac shunt as a potential
embolic source. Carotid and vertebral artery Doppler ultrasonography demonstrated chronic occlusion of the
right common carotid artery and right internal carotid artery, without evidence of acute or new large-artery
pathology.

Therapeutic Intervention

Intravenous (V) alteplase was administered within one hour of admission and was immediately followed by
mechanical thrombectomy. Endovascular thrombectomy was performed via a right transradial approach. A
guiding catheter was positioned in the proximal segment of the basilar artery. Angiography demonstrated



partial recanalization of the basilar apex. Mechanical thrombectomy was then performed using a stent
retriever in combination with an aspiration catheter, resulting in complete reperfusion (TICI 3). Hemostasis at
the right radial puncture site was achieved by manual compression.

Therapy with Cerebrolysin (30 mL diluted in 250 mL saline, IV once daily for 14 days) was initiated 7 hours after
symptom onset. The dosing regimen was based on commonly used protocols from previous acute ischemic
stroke studies of Cerebrolysin, in which adjunctive Cerebrolysin therapy was typically initiated shortly after
reperfusion therapy and administered at a dose of 30 mL IV once daily, with treatment durations ranging from
10 to 21 days in most trials [6-12].

Secondary prevention included acetylsalicylic acid, antihypertensive and lipid-lowering therapy, and
prophylactic unfractionated heparin. A structured neurorehabilitation program was initiated on hospital day 5
and provided daily until discharge, with 45—-60-minute sessions. The intervention included coordination training
(Frenkel exercises and proprioceptive neuromuscular facilitation [PNF] rhythmic stabilization), task-specific
training, functional mobility training [bed mobility, transfers, sit-to-stand activities, and fall prevention], and
neuromuscular re-education focusing on balance, coordination, weight-bearing, and visual cueing strategies.
Patient and caregiver education, as well as an individualized 24-hour rehabilitation program, were also
implemented.

Figure 5: Non-contrast brain CT performed 24 hours after acute treatment, demonstrating acute ischemia in the left
anterior cerebellar lobe and left anterior cerebellar peduncle, without ev-idence of intracranial hemorrhage

Follow-up and Outcomes

At 24 hours,the NIHSS scoreimprovedto 2, with mild left upper-limb paresisand dysmetria. By day 3, neurological
examination was normal (NIHSS 0). At discharge (hospital day 16), a mild gait disturbance persisted (mRS 1).
No adverse effects related to Cerebrolysin were observed. Follow-up at 1, 3, 6, and 12 months demonstrated
sustained neurological stability. At the 12-month follow-up, the patient reported intermittent gait unsteadiness
and peripheral vascular symptoms, which were managed conservatively.

Discussion

This case illustrates rapid and sustained neurological recovery following successful mechanical thrombectomy
for BAO in a patient who also received IVT and adjunctive Cerebrolysin therapy. The patient presented with an
NIHSS score of 7 and achieved complete resolution of neurological deficits within 72 hours (NIHSS 0), with
only mild residual gait impairment at discharge, resulting in a favorable functional outcome (mRS 1).
Endovascular thrombectomy has been shown to improve functional outcomes in BAO in both observational
studies and RCTs. The BASILAR registry reported favorable functional outcomes following reperfusion, while
recent RCTs demonstrated higher rates of good functional outcomes compared with medical management
[2,3,13]. Both ATTENTION and BAOCHE demonstrated early neurological improvement after thrombectomy.
ATTENTION reported lower median NIHSS scores at 24-72 hours (21 vs. 30) and at 5—7 days or discharge (16
vs. 35), while BAOCHE showed higher rates of dramatic early neurological improvement (25% vs 10%) [2,3].
Notably, these trials predominantly enrolled patients with higher baseline neurological severity (NIHSS > 10),
while data on outcomes in patients with lower NIHSS scores remain limited [2-4].
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However, despite the overall benefits of reperfusion therapy, approximately half of the patients with BAO
fail to achieve functional independence at 90 days despite successful reperfusion, reflecting the phenomenon
of futile recanalization [2-4,13,14]. These variable outcomes have been associated with baseline neurological
severity, time to reperfusion, complex vascular anatomy of the posterior circulation, and secondary ischemic
injury processes [14-18].

In this context, Cerebrolysin was administered as an adjunctive therapy based on its proposed multimodal
neurotrophicand neuroprotective properties, which are thought to reflect general pathophysiological pathways
of ischemic brain injury rather than being specific to a particular cerebrovascular territory. Clinical evidence
to date has predominantly been derived from anterior circulation stroke populations, and, in the absence of a
known circulation-specific mechanism, its potential effects in posterior circulation stroke are hypothesized to
be similar. However, this remains unproven [8,10,12,19,20].

Overall, the clinical course observed in this patient is consistent with the favorable end of the outcome spectrum
reported after complete (TICI 3) reperfusion in BAO, where early and substantial neurological improvement is
commonly driven by restoration of posterior circulation blood flow [2-4,13].

Although adjunctive Cerebrolysin was administered as a cerebroprotective agent, its contribution cannot be
disentangled from the effect of complete reperfusion, which remains the primary determinant of outcome.

Structured rehabilitation, including coordination, mobility, balance, and activities of daily living (ADL)-focused
training, was initiated after early substantial recovery; its contribution to long-term functional stability cannot
be excluded. The patient reported rapid symptom improvement and expressed satisfaction with the recovery
process, particularly regarding regained mobility and independence.

This case highlights the need for further prospective studies evaluating the use of adjunctive Cerebrolysin
alongside standard reperfusion therapies to clarify its potential cerebroprotective role in posterior circulation

stroke.
CASE SUMMARY

% Patient e 67 years e Basilar artery occlusion

% Challenge e Posterior circulation stroke with severe disability risk

@ Treatment e Cerebrolysin 30 mL/day IV x 14 days + thrombolysis + thrombectomy

|][||]EI Outcome o NIHSS7 > 0 emRS 1 e Sustained recovery at 12 months

[Z\ Take Home Message

Acute cerebroprotective therapy with adjunctive Cerebrolysin after recanalization
in patients with BAO may reduce the risk of treatment while improving chances for
improved functional outcome.
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...in a patient treated with tenecteplase

Abstract

Despite high recanalization rates with mechanical thrombectomy (MT), large-vessel occlusion stroke results
in death or dependency in over half of patients. Cerebrolysin, a multimodal neuropeptide preparation,

may attenuate ischemia—reperfusion injury and support early neurorehabilitation. We report an 88-year-
old woman with moderate prestroke disability who presented 2 h after the onset of right hemiparesis and
aphasia due to M2 occlusion of the left middle cerebral artery. She received intravenous tenecteplase
followed by MT, achieving complete reperfusion after three passes with no direct complications and no
immediate clinical improvement. Directly postprocedure, Cerebrolysin 30 mL/day was initiated as adjunctive
treatment. Over the next 24 h, neurological deficits gradually resolved with no hemorrhagic transformation
or evident infarct on follow-up CT. As the patient did not require early intensive rehabilitation and regained
her prestroke functional status, Cerebrolysin was discontinued after three doses. This report is not intended
to establish the therapeutic efficacy of short-course adjunctive Cerebrolysin. It illustrates how clinical signals
from randomized and observational studies can be interpreted for the purpose of individual therapeutic
decisions.

Keywords: Cerebrolysin; functional recovery; intravenous thrombolysis; mechanical thrombectomy; stroke;
tenecteplase

Introduction

Stroke remains a leading cause of death and disability worldwide, even with contemporary workflows in well-
developed systems with good access to reperfusion therapies [1, 2]. In large-vessel occlusion (LVO) strokes,
mechanical thrombectomy (MT) achieves successful recanalization (mTICI 2b—3) in over 80% of patients, but
only about 38% regain functional independence [2]. bese reflect the complex pathophysiology of ischemia-
reperfusioninjury, including rapid growth of theischemic core prior to recanalization, microvascular “no-reflow,”
distal microembolization, and disruption of the blood—brain barrier (BBB) [3]. Recent STAIR recommendations
have therefore emphasized that future cerebroprotective strategies should be tested as add-ons to timely
reperfusion rather than as stand-alone treatments, targeting both neuronal survival and microcirculatory
integrity [4]. In parallel, multiple randomized trials and meta-analyses have established tenecteplase as the
recommended alternative to alteplase in patients eligible for intravenous thrombolysis (IVT), especially in the
4.5-h time window or considered for MT [5].

We report an elderly patient with moderate prestroke disability treated for acute M2 occlusion with
tenecteplase-assisted MT followed by a very early short course of cerebrolysin. While no inference regarding
efficacy can be drawn from a single observation,

Our case illustrates how clinical signals from randomized and observational studies can be interpreted for the
purpose of individual therapeutic decisions.

Case
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An 88-year-old woman was transported by ambulance to the Neurological Emergency Department at 11:57,
two hours after sudden-onset right-sided limb paresis and aphasia. Her medical history included untreated
hypertension, osteoporosis, and chronic low back pain limiting ambulation (modified Rankin Scale [mRS]
score of 3). On admission, she scored 10 points on the National Institutes of Health Stroke Scale (NIHSS):
guestions and single-step commands (2 + 1), right-sided limb paresis (1 + 1), severe mixed aphasia (2), and
right facial nerve palsy with dysarthria (2 + 1). Noncontrast brain computed tomography (CT) at 12:20 showed
a hyperdense sign in the left middle cerebral artery (MCA) with no clear early ischemic changes (Alberta Stroke
Programme Early CT score of 10, Figure 1). Subsequent CT angiography confirmed the M2 occlusion of a left
MCA branch. At that point, the patient was deemed potentially eligible for both IVT and MT.

AN /

Figure 1: Noncontrast CT on admission (A) and 24 h after reperfusion therapy (B). No hemorrhagic transformation or
visible infarction is seen on follow-up CT.

After transfer to a monitored bed (blood pressure 133/70 mmHg and heart rate 80/min) and a point-of-care
blood glucose check (134 mg/dL), at 12:36, she received 20 mg of tenecteplase (0.25 mg/kg). be endovascular
procedure was started under general anesthesia at 13:15. After three passes (two aspirations with the RED62
catheter, then one combined aspiration thrombectomy with the RED62 catheter and the Solitaire X 3 x 20
mm stent retriever) at 13:44, she achieved complete reperfusion (mTICI 3) with no immediate clinical effect
(Figure 2). After return from the angio suite, Cerebrolysin 30 mL intravenously was administered as adjunctive
treatment on the basis of a biologically plausible cerebroprotective rationale and available clinical safety
data [6, 7]. This decision was made after the procedure and was not part of a predefined protocol. No direct
procedural complications or adverse events temporally associated with cerebrolysin were observed.

Figure 2: Digital subtraction angiography before thrombectomy (A) and after recanalization (B). be arrow points to
the occluded middle cerebral artery M2 branch.

We observed gradual neurological improvement reaching NIHSS O by the next morning. Cerebrolysin was
discontinued after the third daily dose because the patient had complete neurological recovery, no hemorrhagic



transformation on 24-h CT, and no stroke-related deficit requiring intensive early neurorehabilitation (Figure
1). After a comprehensive diagnostic workup, she was diagnosed with an embolic stroke of undetermined
source. be only abnormal laboratory finding was an elevated LDL cholesterol level (150 mg/dL). be patient was
discharged home on acetylsalicylic acid and high-dose atorvastatin with no neurological deficits (NIHSS O, mRS
3). At the 3-month follow-up, her condition remained stable (NIHSS 0, mRS 3).

Discussion

This case report illustrates the safety, feasibility, and potential usefulness of using cerebrolysin as additional
therapy in combination with IVT and MT. Cerebrolysin is an intravenously administered mixture of low-
molecular-weight peptides and amino acids derived from porcine brain tissue with multimodal actions,
including antiexcitotoxic, antioxidative, and anti-inflammatory effect, and promotion of neuroplasticity and
synaptogenesis [8]. Cerebrolysin modulates receptors involved in glutamatergic, GABAergic, and cholinergic
signaling, corresponding to protective effects against excitotoxicity and apoptosis. Its anti-inflammatory effects
is supposed to counteract the destabilization of BBB [7]. Both randomized and nonrandomized studies did not
reveal any important safety issues [3, 6, 7, 9— 16]. A meta-analysis of 9 randomized trials by Bornstein et al.
reported that cerebrolysin initiated within 72 h of stroke onset was associated with better 90-day functional
outcomes in patients with moderate-to-severe stroke, without excess serious adverse events [9]. In contrast,
the more recent Cochrane meta-analysis was neutral for cerebrolysin and raised concerns about imprecision
and risk of bias [10]. bis apparent discrepancy stems from methodological differences, namely, imposing the
48 h therapeutic window, that resulted in the exclusion of the positive CARS trials [11]. be 2021 European
Academy of Neurology guidelines provide a weak recommendation for its use for at least 10 days as part of
early motor rehabilitation after ischemic stroke, especially if NIHSS is > 8 [17]. bis concept has been reinforced
by the ESCAS trial on poststroke aphasia and in the recently published CREG-2 registry that included patients
with baseline NIHSS 8-15 [12, 13].

More directly relevant to our case report, the nonrandomized CEREC-Stroke study showed that patients with
baseline NIHSS > 8 and futile recanalization who received 14—21 days of cerebrolysin had lower 12-month
mortality (13% vs. 43%) and numerically fewer hemorrhagic transformations (HT, 8% vs 33%) compared
with controls [14]. In the randomized CEREHETIS trial, early addition of cerebrolysin to alteplase significantly
reduced the rate of symptomatic intracranial hemorrhage (sICH, 3% vs 9%), but with no clear effect on 90-
day functional outcome [15]. A more recent prospective, nonrandomized, blinded-endpoint study (N = 100)
focusing on patients undergoing successful MT for anterior-circulation LVO reported that add-on Cerebrolysin
initiated < 8 from the onset and continued for 21 days resulted in significantly lower occurrence of HT (14%
vs. 40%) and sICH (2% vs. 24%), with a higher proportion of good functional outcome at 90 days (68% vs. 44%)
[3]. A similar propensity score matched analysis in cardioembolic LVO also showed lower rates of HT (20% vs
57%) and sICH (3% vs 41%), with a higher proportion of good outcomes (64% vs 35%) and even lower mortality
(5% vs 33%) [16]. Taken together, previous studies provide a biologically and clinically plausible rationale for
combining cerebrolysin with reperfusion therapy to attenuate reperfusion injury and potentially improve the
translation of radiological success into clinical recovery [6, 7].

Our patient differs in several important respects from the populations studied in these trials. Firstly, she
represents a clinically relevant but largely underrepresented in trials group of very elderly patients with
prestroke dependency not related to neurological deficits. Second, her cerebrolysin regimen was initiated
immediately after MT and discontinued after three daily doses, unlike the regular 10—21-day courses used in
most studies. Such a schedule may be better suited to targeting early BBB stabilization and reperfusion injury
than to longer-term neurorestorative effects. However, direct measures of BBB stabilization were not available
in this case.

It is important to note that our patient had several well-established predictors of complete neurological
recovery, including early presentation, absence of early ischemic changes on baseline CT, an M2 branch,
intravenous tenecteplase before thrombectomy, and complete angiographic reperfusion. Previous controlled
studies indicate that very early adjunctive cerebrolysin could have contributed to getting the full potential
of recanalization without hemorrhagic transformation [6, 7]. be patient required three passes to achieve

53



54

mTICI 3, and her neurological improvement was gradual rather than immediate. Nonetheless, this case
cannot determine to what extent cerebrolysin contributed to the clinical or radiological outcome, and further
randomized studies are warranted.

Conclusion and Potential Treatment Strategy

Based on available evidence from randomized trials and observational studies, very early initiation
of cerebrolysin (30 mlL/day i.v.) may be considered as an adjunct therapy to IVT with tenecteplase
or alteplase and/or MT in selected cases [3, 6, 7, 14-16]. be intended rationale is two-fold:

e Toincrease the direct benefit from reperfusion therapy by mitigating ischemia—reperfusion injury and
reducing the risk of hemorrhagic transformation;

e To support early recovery and facilitate timely rehabilitation when indicated.

This approach may be most relevant in moderate ischemic stroke (NIHSS 8-15), particularly in patients with
cortical deficits, including upper-limb weakness or nonfluent aphasia [7, 9, 11-13]. If clinically significant
deficits persist after reperfusion and intensive rehabilitation is required, cerebrolysin may be continued for a
conventional 10—21-day course, as suggested by EAN 2021 rehabilitation guidelines [17].

In patients with rapid and near-complete clinical recovery, it seems reasonable to discontinue very early
initiated cerebrolysin after 2-3 doses. The present case illustrates the feasibility of such a treatment strategy.
However, new data from academic-driven randomized trials are needed to guide decisions in everyday clinical
practice.

CASE SUMMARY

(Oﬁ Patient e 88 years e Left MCA (M2) ischemic stroke

% Challenge e Aphasia and right hemiparesis due to LVO stroke

ES Treatment e Cerebrolysin 30 mL/day IV x 3 days + TNK + mechanical thrombectomy

Ul][ln Outcome o NIHSS10 - 0 e mTICI 3 e No hemorrhagic transformation

E Take Home Message

The combination treatment of Cerebrolysin with TNK after thrombectomy is feasable and
led to an unexpected fast recovery in a severe stroke patient.
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...to hyperacute cerebroprotection in combination with bridging
therapy

Abstract

Background: Bridging therapy with intravenous thrombolysis (IVT) followed by endovascular thrombectomy
(EVT) remains a standard reperfusion strategy for acute ischemic stroke (AlS) caused by large-vessel
occlusion (LVO). However, hemorrhagic transformation (HT) remains an important complication of
reperfusion, prompting interest in adjunctive therapies that may protect the neurovascular unit. Cerebrolysin
has demonstrated potential to reduce HT when administered during reperfusion therapy, but clinical
experience during bridging therapy remains limited.

Case presentation: We report two patients with anterior circulation LVO who underwent successful

bridging reperfusion therapy with complete recanalization (mTICI 3). Both had Alberta Stroke Program Early
CT Scores (ASPECTS) of 6 and were classified as having a high predicted risk of HT using the Hemorrhagic
Transformation Index (HTI). To the first patient, Cerebrolysin (30 mL intravenously) was initiated concurrently
with alteplase and continued for 14 days. Follow-up imaging demonstrated a small infarct without HT, and
neurological deficits improved from a National Institutes of Health Stroke Scale (NIHSS) score of 14 before
thrombolysis to 4 at discharge. The second patient was treated with standard bridging therapy alone, follow-
up imaging demonstrated asymptomatic hemorrhagic infarction type 2, despite a similarly small infarct
volume and comparable neurological recovery.

Conclusion: These cases illustrate contrasting radiological outcomes after successful bridging reperfusion in
patients with comparable baseline characteristics and predicted risk of HT. Although causal inference cannot
be made from two observations, the findings are consistent with previous clinical evidence suggesting that
early Cerebrolysin administration may reduce reperfusion-related hemorrhagic transformation. Prospective
studies are warranted to evaluate this strategy further.

Keywords: Large-vessel occlusion, thrombectomy, Cerebrolysin, hemorrhagic transformation

Introduction

For patients with acute ischemic stroke (AlS) due to large vessel occlusion (LVO), intravenous thrombolysis (IVT)
followed by endovascular thrombectomy (EVT)—bridging therapy—remains a widely used reperfusion strategy
despite ongoing debate regarding its benefit over EVT alone. Concerns that IVT may increase hemorrhagic
transformation (HT) without consistently improving outcomes have prompted interest in adjunctive therapies
to protect the neurovascular unit during early reperfusion [1,2].

Cerebrolysin, a multimodal neurotrophic preparation, has been proposed as an early adjunct to reperfusion
therapy with potential protective effects against HT and reperfusion injury. In the prospective randomized
CEREHETIS trial, Cerebrolysin initiated concurrently with IVT was associated with reduced HT, suggesting
improved blood—brain barrier integrity [3]. Post hoc analyses further supported these findings, showing
consistent reductions in hemorrhagic events across risk strata and effects on anticoagulation timing in patients
with non-valvular atrial fibrillation (AF) [4,5].

Observational studies of patients undergoing EVT have suggested improved functional outcomes with
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Cerebrolysin at 3 and 12 months, including in patients with futile recanalization after IVT, where reperfusion
injury may contribute to poor outcome [6—9]. However, real-world experience with Cerebrolysin initiated
during the IVT phase of bridging therapy remains limited.

We present two cases of bridging reperfusion therapy illustrating this hypothesis in clinical practice: one with
Cerebrolysin initiated concomitantly with IVT as an early adjunctive treatment and one managed without
neurotrophic therapy.

Case Presentation

Case 1

Patient Information and Clinical Findings

An 84-year-old woman presented with acute left-sided weakness, sensory loss and dysarthria. Intravenous
alteplase had been initiated at a referring stroke centre within two hours of symptom onset. Simultaneously,
Cerebrolysin 30 mL diluted in 100 mL saline was administered intravenously through a separate infusion line.
Medical history included hypertension, diabetes mellitus, coronary artery disease with previous myocardial
infarction and non-valvular atrial fibrillation. Before stroke, her modified Rankin Scale (mRS) score was 1.
Neurological examination demonstrated an NIHSS score of 12 on admission (14 immediately before
thrombolysis).

Diagnosis

Brain CT excluded intracranial hemorrhage and demonstrated early ischemic changes within the right
middle cerebral artery (MCA) territory (ASPECTS 6) with a hyperdense MCA sign. MR angiography and digital
subtraction angiography confirmed distal M1 occlusion extending into the M2 branches.

Laboratory investigations showed hyperglycemia, elevated fibrinogen and D-dimer levels, while
echocardiography demonstrated ischemic cardiomyopathy with reduced left ventricular ejection fraction
(39%). The Hemorrhagic Transformation Index (HTI) score was 4, indicating a high predicted risk of hemorrhagic
transformation.

Therapeutic Intervention

Intravenous alteplase (Actilyse®, Boehringer Ingelheim GmbH, Germany) was administered at the standard
dose of 0.9 mg/kg within 2 hours of symptom onset. Concurrently, Cerebrolysin® 30 mL diluted in 100 mL of
0.9% normal saline was infused intravenously over 20 minutes through a separate infusion line. Endovascular
thrombectomy using a stent retriever achieved complete reperfusion (mTICI 3) with an onset-to-groin puncture
time of 330 minutes. Cerebrolysin treatment was subsequently continued for a total of 14 consecutive days.

Follow-up and Outcomes

Twenty-four-hour CT demonstrated a small infarction (7 mL) without hemorrhagic transformation. NIHSS
improved to 6 after 24 hours and to 4 at discharge, with an mRS score of 2.

Case 2

Patient Information and Clinical Findings

A 74-year-old man presented with acute right hemiparesis, hemisensory loss and aphasia. Intravenous alteplase
was initiated within 1.5 hours after symptom onset. No adjunctive neurotrophic therapy was administered.
Medical history included hypertension, coronary artery disease, peripheral arterial disease and previous
ischemic stroke. Pre-stroke mRS was 1. Admission NIHSS was 14 (16 immediately before thrombolysis).

Diagnosis

Initial CT demonstrated early ischemic changes within the left MCA territory (ASPECTS 6) without intracranial



hemorrhage. Angiography confirmed distal M1 occlusion extending into M2 branches. Laboratory findings
showed mild hyperglycemia. Echocardiography demonstrated ischemic cardiomyopathy with left ventricular
ejection fraction of 38%. HTl score was 3, corresponding to a high predicted risk of hemorrhhagic transformation.

Figure 1: A—B: Baseline non-contrast CT displayed in the conventional brain window (width 100, level 50). Early
ischemic changes (subtle hypoattenuation) are difficult to appreciate in the right insular cortex, internal capsule, and
M5/M6 cortical regions (ASPECTS 6). C—D: Baseline diffusion-weighted imaging (DWI) demonstrates scattered acute
ischemic lesions throughout the right MCA territory. E=F: The same CT sections displayed in the stroke window (width

40, level 40) with a color lookup table (CLUT). Early ischemic changes are more conspicuous, appearing as blue
areas. G—H: Baseline fluid-attenuated inversion recovery (FLAIR) images show faint ischemic changes. Severe chronic

white matter hyperintensities (Fazekas grade 3) are present. The “spaghetti sign” (red arrow) within the right MCA
territory suggests well-developed leptomeningeal collateral circulation. I: Baseline three-dimensional time-of-flight
MR angiography demonstrates occlusion (red arrow) of the distal M1 segment extending into the M2 branches of the
right MCA. J: Digital subtraction angiography following EVT demonstrates complete reperfusion (red arrow) of the
right MCA (mTICI 3). K: Follow-up CT at 24 hours demonstrates a small right MCA territory infarct (infarct volume, 7
mL) without HT (red arrow).

Therapeutic Intervention

Intravenous alteplase was administered at the standard dose of 0.9 mg/kg within 1.5 hours of symptom onset.
No adjunctive cerebroprotective therapy was given. Endovascular thrombectomy using a stent retriever
achieved complete reperfusion (mTICI 3), with an onset-to-groin puncture time of 350 minutes.

Follow-up and Outcomes

Twenty-four-hour CT demonstrated a 10-mL infarction complicated by asymptomatic hemorrhagic infarction
type 2 (HI-2). NIHSS improved to 8 after 24 hours and to 5 at discharge, with an mRS score of 2.

Discussion

Hemorrhagic transformation remains one of the principal limitations of reperfusion therapy despite major
advances in endovascular treatment. Recanalization restores cerebral perfusion but may also exacerbate
blood—brain barrier disruption, resulting in reperfusion injury and secondary hemorrhage. Consequently,
adjunctive therapies capable of protecting the neurovascular unit during early reperfusion are of considerable
clinical interest. [1-3]

The two patients presented here shared several important characteristics that make comparison clinically
informative. Both had anterior circulation LVO, similar baseline stroke severity (NIHSS 14-16), ASPECTS of 6,
successful bridging therapy with complete reperfusion (mTICI 3), and a high predicted risk of hemorrhagic
transformation according to the HTI score. [10] Despite these similarities, only the patient who did not receive
Cerebrolysin developed radiological hemorrhagic transformation. Although the observed hemorrhage was
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asymptomatic, radiographic HT remains clinically relevant because it is associated with larger infarct burden,
poorer long-term prognosisin some patients, and may influence decisions regarding initiation of antithrombotic
or anticoagulant therapy after stroke. [4,5] The absence of HT in the Cerebrolysin-treated patient therefore
represents a potentially meaningful observation. These findings align with previous evidence from the
CEREHETIS trial and subsequent observational studies suggesting that early Cerebrolysin administration during
reperfusion therapy may reduce hemorrhagic transformation and improve functional outcomes [3-5].

The biological rationale is plausible. Cerebrolysin has been shown experimentally to stabilize the blood—brain
barrier, attenuate inflammatory cascades, reduce oxidative stress and support neuronal survival through
multimodal neurotrophic mechanisms. Administration during thrombolysis may therefore protect vulnerable
brain tissue during the early phase of reperfusion. [3].

The principal limitation of this report is its descriptive nature. Conclusions regarding efficacy cannot be drawn
from two patients, and differences in individual vascular or systemic factors cannot be excluded. Nevertheless,
both patients underwent the same bridging reperfusion strategy, achieved complete recanalization and had
comparable baseline imaging findings and predicted hemorrhagic risk, reducing several important sources of
clinical heterogeneity. [10]

These cases therefore complement existing randomized and observational evidence by illustrating the
feasibility of initiating Cerebrolysin concurrently with intravenous thrombolysis during bridging therapy and
support further prospective investigation of this treatment strategy.

Figure 2: Figure 2. Brain imaging findings in Case 2. A—B: Baseline non-contrast CT displayed in the conventional
brain window (width 100, level 50). Early ischemic changes (subtle hypoattenuation) are difficult to appreciate in the
left internal capsule and the M3, M5, and M6 cortical regions (ASPECTS 6). A hyperdense left MCA sign (red arrow)
is present. C—D: The same CT sections displayed in the stroke window (width 40, level 40) with a color lookup table
(CLUT). Early ischemic changes become more conspicuous, appearing as blue areas. E—H: Follow-up imaging at 24
hours. Non-contrast CT (E), DWI (F), FLAIR (G), and T2*-gradient recalled echo (H) demonstrate a small left MCA
territory infarct (infarct volume, 10 mL). Petechial hemorrhage (red arrow) within the infarcted tissue is consistent
with hemorrhagic infarction type 2 (HI-2). I: Baseline digital subtraction angiography demonstrates occlusion (red
arrow) of the distal M1 segment extending into the M2 branches of the left MCA. J: Digital subtraction angiography
following EVT demonstrates complete reperfusion (red arrow) of the left MCA (mTICI 3). K: Follow-up three-
dimensional time-of-flight MR angiography at 24 hours demonstrates a patent left MICA (red arrow).

Conclusion

This two-case report describes contrasting hemorrhagic outcomes following successful bridging reperfusion
therapy in two patients with anterior circulation large-vessel occlusion and a high predicted risk of hemorrhagic
transformation. Early administration of Cerebrolysin during intravenous thrombolysis was associated with the



absence of hemorrhagic transformation, whereas standard reperfusion therapy alone resulted in asymptomatic
hemorrhagic infarction despite comparable baseline characteristics and complete reperfusion. Although no
causal conclusions can be drawn from these observations, they are consistent with accumulating evidence
that early cerebroprotective treatment may reduce reperfusion-related injury and justify prospective clinical
evaluation.

CASE SUMMARY

% Patient e 84 years e Large-vessel ischemic stroke

% Challenge e High risk of hemorrhagic transformation

@ Treatment e Cerebrolysin 30 mL/day IV x 14 days + bridging therapy (IVT + EVT)

D[Iﬂu Outcome o NIHSS 14 > 4 e mRS 2 at discharge e no hemorrhagic transformation

E Take Home Message

Early administration of Cerebrolysin concurrently with intravenous thrombolysis (IVT) in
patients with high risk of hemorrhagic transformation (HT) may reduce the likelihood of
HT development, as demonstrated by the absence of HT due to its ability to preserve
blood—brain barrier integrity
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...with low-dose rt-PA after severe intraventricular hemorrhage

Abstract

Acute obstructive hydrocephalus is a complication of intraventricular hemorrhage, which requires a
combination of medical and surgical treatments. We report a clinical case of intraventricular hemorrhage
extension secondary to a ruptured arteriovenous malformation, successfully treated with a combination

of methods: endovascular embolization of arteriovenous malformation, external ventricular drainage,
intraventricular fibrinolysis with low-dose recombinant tissue plasminogen activator, and medical treatment
with the neurotrophic drug Cerebrolysin in combination with neurorehabilitation.

Keywords: External ventricular drain, Cerebrolysin, intraventricular hemorrhage, neurology

Introduction

Patients with intraventricular hemorrhage (IVH) due to a ruptured arteriovenous malformation (AVM) with
acute obstructive hydrocephalus are at high risk of mortality and poor functional outcome. Treatment is
difficult and requires a clinical strategy that combines medical, surgical, and end-ovascular methods.? The high
volume of blood in the third and fourth ventricles may cause hydrocephalus; however, insertion of an external
ventricular drainage (EVD) is ineffective due to the blood clots formed in the ventricles.? Intraventricular
fibrinolysis via the EVD is known to facili-tate the removal of blood from the ventricles and has a good safety
profile.* A large amount of blood in the ventricles may damage neurons and the blood—brain barrier, leading
to acute hydrocephalus and increased intracranial pressure.”® Pharmacological treatment was applied to
treat cerebral edema, and the neurotrophic agent Cerebrolysin was used as an add-on therapy to minimize
neuronal damage and to stimulate neurorecovery.® Rehabilitation measures followed the recommendations
of the AVANT (Austrian Vietnamese Advancement Neurorehabilitation Treatment) program,” with essential
exercises to help stroke patients regain inde-pendence. We report a case of a patient with acute obstruc-tive
hydrocephalus after IVH due to rupture of an AVM, who was successfully treated with the above strategy.

Case Report

A 18-year-old woman with normal medical history suddenly collapsed and was admitted to the emergency
department 5 hours after symptom onset. On examination, the patient was found to be in a comatose status,
Glasgow Coma Scale (GCS) 78 (Table 1), left pupil dilated to 3, mm, right pupil dilated to 2, mm, both pupils
non-reactive, with paralysis of all extremities, blood pressure of 140/80 , mmHg, pulse rate of 80 bpm, and
mild fever of 38°C.

Initial non-contrast computed tomography (CT) scan showed all four ventricles full of blood, the lateral
ventricles enlarged, suggestive of obstructive hydrocephalus, and a Graeb score of 12 points (Figure 1(a) and
(b)). A CT angiogram done shortly thereafter confirmed an AVM located beside the left lateral ventricle (Figure
1(c) and (d)).



A digital subtraction angiography showed a Spetzler—Martin Grade 3 AVM. The feeding vessels were the
branches of the anterior cerebral artery. The size of the nidus was 2 x 2 cm and it drained into the vein of the
superior sagittal sinus. Endovascular embolization is most commonly used to reduce the size of the AVM in
preparation for surgery; thus, a microcatheter was placed via AVM feeding arteries close to the nidus, and
then the embolic agent Onyx was infused in the nidus. As a result, the AVM was fully embolized.

The patient was immediately taken to the operating room and an EVD was placed, intravenous Cerebrolysin
20 mL and mannitol were administered, and the patient’s blood pressure was kept below 140/90 , mmHg. The
postoperative clinical status of the patient did not improve and a cast was formed in the ventricular system.
Ventriculostomy was adequately positioned but demonstrated a poor waveform, and cerebrospinal fluid (CSF)
output was judged to be slow at 3 mL/h (Figure 2(a)).

The possible risk of re-hemorrhage and subsequent death was discussed with the family, but the decision to
give intra-ventricular thrombolytics due to the high rate of mortality associated with the patient’s condition
was made. Specifically, the large volume of blood in all four ventricles, the obstructive hydrocephalus, and
the poor clinical status worsened the prognosis. We administered 1, mg of recombinant tissue plasminogen
activator (rt-PA) through the EVD and then flushed the EVD with 3 mL of normal saline. After administrating
the rt-PA, the ventriculostomy was clamped and the intracranial pressure was monitored closely. After 1 h,
the ventriculostomy was opened and allowed to drain at a height of 10, cm above the patient’s ear. Rt-PA was
given every 8 h, for a total of seven doses (Figure 2(b)—(d)).

Figure 2: (a) Before treatment; (b) after 5 doses of rt-PA; (c) after 7 doses of rt-PA; and (d) after removal of the drain.

The patient received intensive care and the previously described treatment. Cerebrolysin was administered
intravenously at a daily dose of 20 mL for 14 days. A tracheostomy for prolonged ventilation was carried out
after 12 days. The patient was also enrolled in a rehabilitation program following the AVANT recommendations.
Post-bleed day (PBD) 15: The patient’s neurological functions improved (GCS 9, Table 1), she could move both
extremities by herself and breathe without mechanical ventilation, and the left pupil dilation decreased to
2 mm and the right pupil dilation to 1.5 mm.
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Figure 3: (a, b) Before ventriculo-peritoneal shunt and (c, d) after ventriculo-peritone

Table 1: NIHSS, GCS and mRS scores over time.

.l

—_— .

al shunt.

Scale Baseline Day 15 Day 30 Day 40 Day 60 Day 90
NIHSS 30 20 22 12 2 1

GCS 7 9 8 15 15 15
mRS - 5 5 4 2 1

PBD 30: The patient developed increased confusion and lethargy, the GCS decreased to 7-8 (Table 1), and
the patient was put on mechanical ventilation again. A CT scan of the head showed an acute hydrocephalus
(Figure 3(a) and (b)). It was evident that the patient required permanent CSF shunting; consequently, we
decided to establish a ventriculo-peri-toneal shunt (Figure 3(c) and (d)). Cerebrolysin 20 mL was administered
intravenously daily for another 10, days, from day 31 to day 40. Participation in the AVANT rehabilitation
program was interrupted.

PBD 40: The patient’s consciousness improved moderately, and she recovered partial motor function with
muscle strength of 3/5. She could breathe without mechanical ventilation. The patient continued with the
AVANT rehabilitation program.

PBD 60: The patient’s mRS (modified Rankin Scale)® was 2 (Table 1); she showed good recovery in terms of

com-munication and was able to take care of her daily needs with-out assistance, although she remained
unable to resume all her previous activities.

PBD 90: The patient continued improving in motor and speech functions. NIHSS (National Institutes of Health
Stroke Scale)!® assessment showed a score of 0 and the mRS a score of 1 (Table 1). Figure 4 shows that the
excess fluid had been drained, and the brain had stabilized.

08585 Y, 08:5823

WeA s Soiabe e 18 Sol

Figure 4: MRI after 90 days.



Discussion

The prognosis for patients with IVH is very poor, with high rates of disability and mortality, in the presence
of any IVH up to 50%.! This high mortality rate is proportional to the amount of ventricular hemorrhage and
increases when the third and fourth ventricles are involved.'?!? In observational studies, the mortality rate
after intracranial hemorrhage from AVM rupture ranges from 12% to 66.7%.14%

The successful treatment of this case is attributable to a combination of medical, surgical, endovascular, and
pharma-cological methods. Endovascular embolization of the AVM prior to surgery helped reduce the risk
of hemorrhagic complications due to the use of rt-PA. This was followed by the placement of an EVD and
administration of rt-PA to remove the blood clot and drain the ventricles. After seven doses of rt-PA, most of
the blood was drained from the ventricles, but the patient’s clinical status did not improve due to aresorptive
hydrocephalus and complications. Aiming to reduce complications and to stimulate func-tional recovery, we
decided to apply Cerebrolysin.

Previous research has shown a positive effect on neurorecovery after various types of brain lesions such as
ischemic stroke and brain trauma. In addition, the patient received essential neurorehabilitation exercises in
accordance with the recom-mendations of the AVANT program.

Although only little improvement could be seen in the acute phase after seven doses of rt-PA, this case finally
resulted in a very positive and unexpected outcome after applying the AVANT neurorehabilitation program in
combination with intra-venous Cerebrolysin treatment. The patient was discharged after 54 days and continued
to recover with excellent results. By day 90, the patient had an mRS of 1, could walk by herself, showed good
speech recovery, and had no signs of local paralysis. The patient was able to carry out daily activities without
assistance, such as walking, communicating, and eating.

Conclusion

The combination of medical, surgical, and endovascular meth-ods with pharmacological treatment and a
structured rehabili-tation program to support neurorecovery was a successful and safe therapeutic strategy,
which should therefore encourage further research in the development of a comprehensive treat-ment
strategy for patients with IVH and hydrocephalus.

CASE SUMMARY

% Patient e 18 years e Severe intraventricular hemorrhage due to ruptured AVM

% Challenge e Coma and obstructive hydrocephalus

ES Treatment ° Cerebrolysm'zo _mL/day IV x 14 days + AVM embolization + EVD +
rt-PA + rehabilitation

(i, Outcome  #NIHSS30>1 ¢GCS7 > 15 emRS5 > 1

E Take Home Message

Severe intraventricular hemorrhage with acute obstructive hydrocephalus carries high
mortality risk, while adjunctive Cerebrolysin with intensive rehabilitation may support
neurological recovery.
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...in the management of tandem ICA and MCA occlusion after EVT
with residual perfusion deficit

Abstract

Acute ischemic stroke patients may demonstrate persistent tissue-level hypoperfusion despite successful
angiographic recanalization after mechanical thrombectomy. We report a 57-year-old man with wake-up
stroke due to tandem occlusion of the right internal carotid artery and M1 middle cerebral artery who
presented with left hemiparesis, neglect, and dysarthria (NIHSS 7). Imaging demonstrated salvageable
penumbral tissue, and the patient underwent intravenous alteplase followed by mechanical thrombectomy
with carotid artery stenting, achieving complete angiographic recanalization (TICI 3). However, post-
procedural CT perfusion revealed persistent residual hypoperfusion despite macrovascular reperfusion.
Adjunctive Cerebrolysin therapy was initiated immediately after the procedure. The patient demonstrated
rapid neurological improvement (NIHSS 1 within hours), without treatment-related adverse effects, and
was discharged on hospital day 5 with mild residual cognitive deficits. This case highlights the dissociation
between angiographic and tissue-level reperfusion after thrombectomy and supports further investigation of
adjunctive cerebroprotective strategies guided by post-procedural perfusion imaging.

Key Words: adjunctive therapy; Cerebrolysin; cerebroprotection; anterior circulation stroke; tandem internal
carotid artery occlusion; post-thrombectomy CT perfusion; wake-up stroke

Introduction

Endovascular thrombectomy (EVT) has transformed the management of acute ischemic stroke due to large
vessel occlusion, with the HERMES collaboration demonstrating successful angiographic recanalization in
approximately 71% of treated patients. Despite this success, approximately half of all successfully recanalized
patients fail to achieve functional independence at 90 days — a phenomenon termed “futile recanalization.”
Multiple mechanisms have been proposed, including microvascular obstruction, distal embolization, no-
reflow phenomenon, and reperfusion injury. Post-EVT CT perfusion (CTP) has emerged as a sensitive imaging
biomarker to detect tissue-level reperfusion failure even when modified Thrombolysis in Cerebral Infarction
(mTICI) scoring suggests complete reperfusion. Persistent Tmax >6 s hypoperfusion despite TICI 3 grade has
been documented in 20-50% of cases, and is independently associated with worse functional outcome.
These observations have prompted increasing interest in adjunctive cerebroprotective strategies aimed at
enhancing neurological recovery in patients with documented tissue-level reperfusion failure.

Cerebrolysin, a mixture of low-molecular-weight neuropeptides and free amino acids with established
neurotrophic properties, includes attenuation of glutamate-mediated excitotoxicity, reduction of oxidative
stress, modulation of post-reperfusion inflammatory cascades and promotion of neuroplastic recovery.
Clinically it has demonstrated benefits in anterior circulation stroke when used alongside standard reperfusion
therapy, with a favorable safety profile.



As part of an ongoing prospective study at the Department of Neurology, Shaare Zedek Medical Center, eligible
patients with anterior circulation large vessel occlusion who undergo mechanical thrombectomy (MT) receive
adjunctive Cerebrolysin. Here, we report a representative case from this cohort demonstrating dissociation
between post-EVT angiographic and tissue-level reperfusion, with favorable clinical recovery following
adjunctive Cerebrolysin therapy.

Patient Information

A 57-year-old single man with a history of long-standing severe smoking, peripheral vascular disease, and prior
right superficial femoral artery stenting (2021), and with a remote history of substance abuse, presented with
acute-onset left-sided weakness consistent with a wake-up stroke.

He was not taking any regular medications, including no antiplatelet or anticoagulant therapy. His baseline
modified Rankin Scale (mRS) score was 0; he had been fully independent. There was no previous history
of stroke, transient ischemic attack, or cognitive impairment. No relevant family history of cerebrovascular
disease was reported.

Clinical Findings

The patient had gone to sleep at approximately 02:00 in his usual baseline neurological state. He awoke at
approximately 05:00 with sudden onset of left-sided weakness, was unable to rise from bed, and fell while
attempting to stand, sustaining a left-sided contusion. He called emergency medical services and was admitted
to the emergency department at 08:16.

On admission, the patient was fully alert and oriented to person, place, and time. Vital signs were notable for
elevated blood pressure of 190/93 mmHg; heart rate 80 beats per minute; oxygen saturation 99% on room air.
Neurological examination demonstrated severe left-sided hemiparesis, with muscle strength graded 3/5 in
the left upper limb and 4/5 in the left lower limb, accompanied by left-sided sensory neglect, left central facial
palsy, and mild dysarthria. Pupils were equal and reactive, with intact extraocular movements. The NIHSS score
on admission was 7.

Timeline

Table 1. Clinical progression and treatment timeline.

Day Clinical Course and Key Therapeutic Interventions

Day 0 Wake-up stroke with left hemiparesis (NIHSS 7). CT/CTA/CTP demonstrated tandem right
ICA—M1 occlusion. Intravenous alteplase followed by MT and carotid stenting achieved
TICI 3 recanalization. Post-procedural CTP revealed persistent residual hypoperfusion.
Adjunctive Cerebrolysin therapy was initiated.

Days 1-3 Continued adjunctive Cerebrolysin therapy. Sustained motor recovery and mild residual
cognitive deficits noted.

Day 5 Discharged with NIHSS 1 on dual antiplatelet, antihypertensive and lipid-lowering
therapy; referred to community neurorehabilitation.

Diagnostic Assessment

Non-contrast brain CT excluded intracranial hemorrhage. CT angiography demonstrated tandem occlusion
involving the right internal carotid artery (RICA) and the M1 segment with poor distal filling.

Pre-procedural CTP (Figure 1) demonstrated a large right anterior circulation perfusion deficit,with Tmax >6 s
volume of 74.73 cm?3, an ischemic core (rCBF <30%) of 33.23 cm?, a penumbra of 41.5 cm?®, and a mismatch
ratio of 2.25. These findings indicated the presence of salvageable tissue and supported eligibility for MT.

65



66

Figure 1: (A) Pre-procedural CTP. The color overlay demonstrates a large area of ischemic core (red, rCBF <30%)
within the right anterior circulation territory, surrounded by penumbral hypoperfusion (yellow, Tmax >6 s). (B) The
automated quantitative summary shows a hypoperfusion volume of 74.73 cm? an ischemic core of 33.23 cm?, a
penumbral mismatch of 41.5 cm? and a mismatch ratio of 2.25.

Digital subtraction angiography (Figures 2) confirmed the tandem occlusion with severely diseased right
internal carotid artery and absent intracranial filling on the right side. Following stent placement in the right
ICA and MT, complete macrovascular recanalization (TICI grade 3) was achieved. (Figure 2B)

Figure 2: (A) Pre-thrombectomy digital subtraction angiography (DSA) demonstrating diseased right internal carotid
artery with absent flow into the intracranial circulation, consistent with tandem RICA—M1 occlusion. (B) Post-
thrombectomy digital subtraction angiography demonstrating complete recanalization (TICI grade 3) of the right
anterior circulation following internal carotid artery stenting and MT. Robust filling of the right middle cerebral artery
branches is now visible.

Despite the achievement of complete angiographic recanalization, post-procedural CTP performed immediately
(Figure 3) demonstrated persistent residual hypoperfusion. (Figure 3B) Scattered residual deficits were
present in the right middle cerebral artery territory, indicating that complete angiographic reperfusion did not
equate to complete tissue-level reperfusion. This finding identified the patient as a candidate for adjunctive
cerebroprotective therapy.
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Figure 3: (A) Post-procedural CTP color overlay performed immediately after MT. Despite TICI 3 recanalization,
scattered residual ischemic core (red) and penumbra (yellow) persist within the right middle cerebral artery territory,
consistent with microvascular reperfusion failure (no-reflow phenomenon). (B) Post-procedural CTP automated
quantitative summary. Hypoperfusion volume = 44.14 cm?, ischemic core = 21.36 cm? penumbral mismatch = 22.78
cm? mismatch ratio = 2.07. Although volumes are reduced compared with the pre-procedural study, significant
tissue-level hypoperfusion persists despite TICI 3 angiographic recanalization.

Follow-up non-contrast brain CT (Figure 4) demonstrated evolution of acute ischemic changes within the right
middle cerebral artery territory, without hemorrhagic transformation.

Figure 4: Follow-up non-contrast brain CT performed 24 hours after acute treatment.

Laboratory evaluation revealed admission hyperglycemia; other parameters were within normal limits.
Stroke work-up, including transthoracic echocardiography with bubble study and 24-hour Holter monitoring,
was unrevealing, andand the stroke was classified as cryptogenic.

Therapeutic Intervention

Intravenous alteplase was administered approximately one hour after admission, followed by MT with
placement of an internal carotid artery stent. Dual antiplatelet therapy (DAPT) was loaded peri-procedurally
with 300 mg clopidogrel and 300 mg aspirin to maintain stent patency.

MT Adjunctive Cerebrolysin (30 mL diluted in 250 mL saline, daily intravenously) was started immediately after
MT because of persistent post-procedural perfusion deficits and continued throughout hospitalization.
Secondary prevention measures included continued dual antiplatelet therapy, low-dose ramipril for blood
pressure control, and lipid-lowering therapy. A structured neurorehabilitation program was initiated during
the hospital stay, with focus on cognitive rehabilitation given the patient’s residual deficits.

Follow-up and Outcomes

Immediately following MT, the patient demonstrated dramatic neurological improvement, with the NIHSS
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score decreasing from 7 to 1, reflecting full motor and language recovery with only mild residual dysarthria.
He was transferred to the Neurology Intensive Care Unit for monitoring.

The early hospital course was complicated by brief hemodynamic instability requiring transient noradrenaline
support, followed by stabilization and initiation of low-dose ramipril for blood pressure control.

Over the subsequent days, motor function remained fully recovered. However, neuropsychological assessment
identified mild residual cognitive deficits, specifically affecting short-term memory and executive function.
Speech-language and physical therapy assessments confirmed otherwise satisfactory functional recovery.

No adverse effects related to Cerebrolysin therapy were observed during the inpatient stay.

At discharge on hospital day 5 (31 October 2023), the patient had a discharge NIHSS score of 1, with mild
residual cognitive impairment as the primary remaining concern. He was discharged on dual antiplatelet
therapy, ramipril, and lipid-lowering therapy, and referred to a community-based neurorehabilitation program
with continued cognitive rehabilitation.

Discussion

This case illustrates several critical aspects of contemporary stroke management and provides an important
clinical example of the dissociation between angiographic and tissue-level reperfusion that can occur even
after technically successful MT.

First, the patient’s presentation as a wake-up stroke with tandem right internal carotid artery and M1 segment
occlusion represents a clinically challenging scenario requiring imaging-based selection for late-window MT.
The presence of a significant pre-procedural ischemic core (33 cm?®) accompanied by a favorable mismatch
ratio (2.25) supported the decision to proceed with combined intravenous thrombolysis and MT with carotid
artery stenting.

Second, and most importantly for this case, the post-procedural CTP findings revealed a clinically significant
disparity between the angiographic outcome (TICI grade 3, indicating complete macrovascular recanalization)
and the actual tissue-level reperfusion (persistent Tmax >6 s volume of 44 cm? and residual ischemic core of
21 cm?®). This phenomenon — sometimes termed the “no-reflow phenomenon” or microvascular reperfusion
failure — has been documented in 20-50% of patients with technically successful thrombectomy and is
increasingly recognized as a critical mechanism underlying futile recanalization. Recent systematic reviews have
established that post-EVT CTP—defined residual hypoperfusion is independently and consistently associated
with worse functional outcome, identifying patients who may benefit from adjunctive cerebroprotective
intervention.

Third, despite the substantial residual perfusion deficit on post-procedural imaging, the patient demonstrated
dramatic acute clinical improvement (NIHSS 7 to 1) following the procedure. While spontaneous reperfusion
of penumbral tissue and early recovery of stunned but viable brain tissue likely contributed to this rapid
improvement, the magnitude of clinical recovery in the face of substantial documented residual hypoperfusion
raises the possibility of cerebroprotective benefit from adjunctive Cerebrolysin therapy.

Nevertheless, single-case observations cannot establish causality between adjunctive Cerebrolysin and the
favorable clinical course. Spontaneous recovery, the contribution of successful reperfusion to penumbral
salvage, and structured rehabilitation likely all contributed to the observed outcome. The persistence of mild
cognitive deficits at discharge, despite full motor recovery, underscores the multidimensional nature of post-
stroke recovery and highlights the importance of comprehensive cognitive assessment beyond standard motor
and language scales.

This case also illustrates the value of routine post-procedural CTP as a clinical tool for both prognostication and
patient selection for adjunctive therapy. Patients with documented residual tissue-level hypoperfusion despite
TICI 3 recanalization represent a clinically and biologically distinct subgroup who may benefit from adjunctive
cerebroprotective strategies in addition to standard reperfusion therapy.

Ongoing prospective studies, including those at our institution, are expected to further clarify the therapeutic
role of adjunctive Cerebrolysin and other cerebroprotective agents in patients with persistent post-
thrombectomy perfusion deficits.



CASE SUMMARY

(C% Patient e 57 years e Wake-up stroke (tandem ICA-MCA occlusion)

% Challenge e Residual tissue hypoperfusion despite successful thrombectomy

% Treatment °® Cerebrolysin 30 mL/day IV x 5 days + alteplase, thrombectomy and
carotid stenting

|]|]|]n Outcome @ NIHSS 7 -> 1 ¢ Complete motor recovery e mild residual cognitive deficits

@ Take Home Message

Patients with documented residual tissue-level hypoperfusion after thrombectomy
represent a clinically and biologically distinct patient population, benefitting from

adjunctive cerebroprotective strategies with immediate Cerebrolysin administration.
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...in a colon cancer patient suffering from ischemic stroke

Abstract

We present a clinical case of cancer-associated ischemic stroke in a 70-year-old patient with metastatic
sigmoid colon cancer. The patient was admitted to the hospital in the hyperacute stage of ischemic stroke
caused by thrombosis in the left middle cerebral artery territory, presenting with severe global aphasia and
right-sided hemiplegia (NIHSS score: 20). Despite the high risk of hemorrhagic complications associated
with malignancy, systemic thrombolytic therapy with alteplase was successfully administered, although
hemorrhagic transformation subsequently developed. Early comprehensive rehabilitation and adjunctive
therapy with Cerebrolysin (30 ml/day) led to significant regression of neurological deficits. One month after
stroke onset, the patient demonstrated almost complete recovery of motor function and substantial speech
improvement with no short-term complications related to anticoagulant therapy with apixaban. This case
highlights the importance of early diagnosis and a multidisciplinary approach in the management of ischemic
stroke in in patients with cancer.

Keywords: cancer-associated stroke, ischemic stroke, systemic thrombolysis, alteplase, Cerebrolysin,
hemorrhagic transformation, anticoagulant therapy, clinical case.

Introduction

This clinical case is of practical interest because ischemic (IS) stroke occurs relatively frequently in patients
with malignant neoplasms. Cancer may provoke ischemic stroke through coagulation disorders leading to
hypercoagulability, as well as through intercurrent infections. Typical features of cancer-associated ischemic
stroke (CAIS) include multiple infarctions in different vascular territories, markedly elevated D-dimer levels,
and the presence of metastases [1]. Arterial hypertension, hyperlipidemia, and congestive heart failure are
relatively less common in patients with CAIS than in the general population.

Additional risk factors for CAIS include [2] tumor-associated thrombophilia and coagulopathies, particularly in
patients with metastatic or aggressive tumors; cancer progression and the development of new metastases; the
use of cytotoxic or hormonal therapies that may affect coagulation; prolonged immobilization, which increases
the risk of venous thrombosis; advanced age and comorbid chronic conditions, especially cardiovascular and
immune disorders; and vascular embolization by tumor cells. These factors increase the risk of ischemic stroke
in patients with cancer and require careful monitoring and timely preventive measures.

Clinical Case

A 70-year-old male patient was brought to the emergency department by ambulance at 07:06 AM. According
to his wife, he awoke at around 05:40 in satisfactory condition, but at approximately 06:00 he suddenly became
unable to speak and developed weakness in the right limbs.

The medical history included ischemic heart disease and arterial hypertension; however, the patient was



not receiving regular medication, including antithrombotic therapy. He also had sigmoid colon cancer with
lung metastases and was receiving combined oncological treatment. Surgical treatment included left lung
lobectomy 14 months before stroke onset. The last course of chemotherapy had been completed 4 months
before the stroke.

Figure 1: Chest radiograph showing asymmetric lung changes. Right lung: Heterogeneous reduction in aeration,
predominantly in the middle and lower zones, with diffuse opacification and no clearly defined focal lesion. The
findings are consistent with pulmonary consolidation/infiltration, possibly due to right lower-lobe pneumonia or
pleural effusion. Left lung: Increased lucency in the lateral regions, with markedly reduced pulmonary vascular
markings, consistent with post-lobectomy changes in the left lung. Additional findings: Pulmonary vascular markings
are reduced bilaterally. The hilar structures are poorly defined.

At 07:10, the patient underwent a neurological examination. The patient weighed 102 kg, was 176 cm tall,
and had a body mass index (BMI) of 32.9 kg/m?2. Neurological assessment revealed a Glasgow Coma Scale
(GCS) score of 13 and severe global aphasia. No meningeal signs were present. The pupils were equal and
reactive to light, and eye movements were full. Examination of the cranial nerves showed flattening of the right
nasolabial fold and deviation of the tongue to the right side, while swallowing function was preserved. Motor
examination demonstrated decreased muscle tone in the right upper and lower extremities, with complete
paralysis (muscle strength 0/5) on the right side. Deep tendon reflexes were increased on the right, and a
positive Babinski sign was elicited on the same side. Sensory testing revealed right-sided hemianesthesia. The
severity of the stroke was assessed using standardized clinical scales. The patient had a National Institutes of
Health Stroke Scale (NIHSS) score of 20, indicating a severe neurological deficit, and a modified Rankin Scale
(mRS) score of 5, reflecting severe disability and dependence on assistance for daily activities.

At 07:19, brain CT (Figure 2) showed no intracranial hemorrhage or pathological lesions. The midline structures
were not displaced. The basal cisterns were preserved and ventricles were not enlarged. The ASPECTS score
was 10. Chest radiography (Figure 1) revealed subtotal heterogeneous opacity of the left lung and increased
pulmonary markings on the right side without infiltrative shadows.

Laboratory Findings and Initial Management

Laboratory investigations on admission demonstrated a blood glucose level of 10.1 mmol/L, a platelet count of
140 x 109L, a D-dimer concentration of 388 ng/mL, a prothrombin time of 12.5 seconds, a C-reactive protein
(CRP) level of 21.9 mmol/L, and an HDL cholesterol level of 0.73 mmol/L.

Based on the clinical presentation and diagnostic findings, the patient was diagnosed with a cryptogenic
ischemic stroke in the territory of the left middle cerebral artery. The stroke manifested with global aphasia,
right-sided hemiplegia, and right-sided anosognosia in the acute phase. The event occurred in the context of
metastatic sigmoid colon cancer, arterial hypertension stage Il, and cerebral atherosclerosis.

Given the severity of the neurological deficit and the absence of contraindications, the medical team decided
to proceed with intravenous systemic thrombolytic therapy using alteplase. Treatment was initiated at 08:00
with a total dose of 90 mg, consisting of a 9 mg intravenous bolus followed by an 81 mg infusion administered
over one hour. The door-to-needle time was 54 minutes.

Clinical Course

Onehourafteralteplase administration, the patient’s neurological condition showed early signs ofimprovement.
The Glasgow Coma Scale score increased from 13 to 14, while the NIHSS score improved from 20 to 18.
Fragmented speech emerged, and slight recovery of motor function was noted in the right lower extremity,
with muscle strength improving to 1/5.

71



72

Twenty-four hours after thrombolytic treatment, further neurological recovery was observed. The patient
achieved a GCS score of 15, and the NIHSS score improved to 9. Partial comprehension of speech returned,
and strength in the right leg increased to 3/5. Follow-up computed tomography performed 24 hours after
thrombolysis demonstrated the development of an ischemic lesion in the left temporoparietal region
measuring 30 x 35 mm. Early rehabilitation was initiated within the first 24 hours following stroke onset. The
rehabilitation program included proper positioning and mobilization of the patient, physiotherapy, speech
therapy, and massage of the affected extremities.

Figure 2: Non-contrast CT of the brain. The examination is significantly limited by severe motion artifacts caused by
the patient’s agitation. Within the limitations of the study, no definite evidence of intracranial hemorrhage or focal
areas of abnormal attenuation is identified. There is no midline shift. The basal cisterns are preserved. The ventricular
system is not dilated. ASPECTS: 10.

Three days after thrombolytic therapy, the patient remained clinically stable. To reduce the risk of
thromboembolic complications, dalteparin sodium 5,000 |U once daily was initiated. In addition, as part of
the early rehabilitation strategy, Cerebrolysin was administered intravenously at a dose of 30 mL/day diluted
in 200 mL of saline for ten consecutive days, with the aim of supporting speech recovery and improving motor
function of the dominant hand.

Neuroimaging and Additional Investigations

On the seventh day after stroke onset, magnetic resonance imaging of the brain revealed an acute infarction
within the territory of the left middle cerebral artery. Imaging also demonstrated cytotoxic edema involving
the left temporal and parietal lobes, as well as hemorrhagic transformation along the cortical regions of the
infarcted area. Cardiac evaluation with transthoracic echocardiography did not identify a major cardioembolic
source. Doppler ultrasonography of the brachiocephalic arteries revealed only mild atherosclerotic stenosis,
estimated at 15-20%, at the bifurcation of the left carotid artery. The patient remained hospitalized for a total
of 14 days.

Outcome and Follow-Up

At the time of discharge, mild facial asymmetry persisted, together with severe paresis of the right upper
extremity and a residual right-sided hemisensory deficit. Nevertheless, substantial neurological improvement
had been achieved, with the NIHSS score decreasing to 3 and the modified Rankin Scale score improving to 2.
The patient was discharged home on secondary prevention therapy consisting of ramipril 2.5 mg once daily,
pantoprazole 20 mg once daily, atorvastatin 40 mg once daily, and apixaban 5 mg twice daily. Despite the
presence of hemorrhagic transformation on follow-up imaging, the multidisciplinary medical board considered
early anticoagulation to be justified because of the very high risk of recurrent ischemic stroke associated with
active metastatic malignancy.

Twenty-six days after discharge, outpatient follow-up demonstrated continued neurological recovery. Only
mild residual motor aphasia remained, while no motor, sensory, or coordination deficits were detected on



examination. Functional outcome had further improved, with an mRS score of 1. No short-term complications
related to anticoagulant therapy were observed during the follow-up period.

Discussion

Admission within the therapeutic time window allowed systemic thrombolysis with standard-dose alteplase.
Given the patient’s oncological history, the risk of hemorrhagic complications was considered high, which
was later confirmed by MRI findings showing hemorrhagic transformation. Timely medical intervention
enabled successful reperfusion therapy and early rehabilitation. The favorable functional outcomes were likely
facilitated not only by prompt treatment but also by the early administration of Cerebrolysin at an effective
dose of 30 ml/day for 10 days. This therapy may have contributed both to improved rehabilitation potential
and to prevention of severe hemorrhagic complications [5,6].

Previous studies suggest that Cerebrolysin reduces the risk of hemorrhagic transformation, including
symptomatic hemorrhage [6], through stabilization of endothelial tight junction proteins within the blood-brain
barrier [7] and suppression of matrix metalloproteinase activity [8]. These mechanisms may be particularly
relevant in patients with cancer, who have a substantially increased risk of hemorrhagic transformation [9].
The multidisciplinary rehabilitation team successfully integrated these therapeutic strategies, leading to
significant improvement in speech and motor recovery, a shorter rehabilitation period, and improved quality
of life. Notably, the patient periodically resided in Belarus and did not initially speak Russian, although he
understood it. After treatment and intensive speech therapy, he was able to speak Russian again.

In conclusion, cancer-associated ischemic stroke requires special attention and careful evaluation by clinicians,
who must recognize the high risk of this complication and manage it promptly and effectively, especially in the
context of active or progressive malignancy.

CASE SUMMARY

(Oj Patient e 70 years e Cancer-associated left MCA stroke

% Challenge e Global aphasia and right hemiplegia

@ Treatment e Cerebrolysin 30 mL/day IV x 10 days + thrombolysis + early rehabilitation

|]|]|]D Outcome  ®NIHSS20 >3 emRS5—-> 1 e Near-complete motor recovery

E\ Take Home Message

Cerebrolysin, when added to reperfusion therapy and early comprehensive rehabilitation in
a patient with active metastatic cancer and severe ischemic stroke with high risk of
hemorrhagic complications, was associated with marked motor and speech recovery and a
favorable functional outcome.
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INTRODUCTION

The role of Cerebrolysin as stand-alone or combination therapy...

Hemorrhagic stroke, including intracerebral hemorrhage (ICH) and subarachnoid hemorrhage (SAH), remains
among the most severe forms of cerebrovascular disease, with high rates of mortality and long-term disability.
Despite important advances in neurocritical care, surgical management and prevention of secondary
complications, effective pharmacological strategies that directly promote neurological recovery remain limited.
Consequently, there is a continued need to explore therapies that protect vulnerable brain tissue and support
recovery after hemorrhagic injury.

The consequences of hemorrhagic stroke extend far beyond the initial bleeding event. In ICH, hematoma
formation damages surrounding brain tissue and triggers a cascade of secondary injury mechanisms. In SAH,
exposure of the brain to blood products initiates inflammatory responses and contributes to complications
such as delayed cerebral ischemia, microvascular dysfunction and impaired neuronal recovery. Across both
conditions, shared pathological pathways—including neuroinflammation, oxidative stress, excitotoxicity,
mitochondrial dysfunction, blood—brain barrier disruption and apoptosis—contribute to progressive brain
injury and may represent important therapeutic targets.

The concept of cerebroprotection is therefore highly relevant in hemorrhagic stroke. Beyond controlling
the source of bleeding and preventing complications, therapeutic approaches that limit secondary injury
and enhance endogenous repair mechanisms may provide additional opportunities to improve outcomes.
Cerebrolysin has attracted interest in this context because of its multimodal biological effects, including
modulation of inflammatory responses, reduction of oxidative and excitotoxic damage, support of neuronal
survival and promotion of neuroplasticity and synaptic remodeling. These mechanisms provide a rationale for
investigating its potential role as an adjunctive therapy in patients recovering from hemorrhagic brain injury.

The growing interest in this therapeutic approach is reflected by clinical development efforts to generate
credibleevidence, including my own CLINCH study.lt was designed to investigate the effects of Cerebrolysin
in patients with spontaneous intracerebral hemorrhage. While prospective studies are essential to define the
clinical role of cerebroprotective strategies, real-world clinical experience provides valuable insights into their
potential application. The cases presented in this chapter illustrate the use of Cerebrolysin in patients with
hemorrhagic stroke, including individuals with ICH and SAH, and highlight the broader concept that recovery
after brain hemorrhage depends not only on controlling the initial event but also on protecting and restoring
the injured brain.
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...in severe dorsal pontine hemorrhage

Abstract

Spontaneous pontine hemorrhage is an uncommon but highly lethal subtype of intracerebral hemorrhage,
frequently associated with profound neurological disability and mortality rates exceeding 70% in severe
presentations. We report the case of a previously healthy 37-year-old man who presented with abrupt
dysarthria, left hemiparesis, vomiting, and focal seizures, followed by progressive decline in consciousness.
Early computed tomography demonstrated a 2.9 cc pontine parenchymal hemorrhage related to the basilar
territory, without aneurysm or arteriovenous malformation.

The patient required intensive neurocritical care, including mechanical ventilation, strict blood pressure
control, hyperosmolar therapy, multimodal sedation, serial transcranial Doppler and optic nerve sheath
monitoring, and treatment of transient sedation-associated myocardial dysfunction. As an adjunctive
neurorecovery strategy, Cerebrolysin 50 mL intravenously once daily was started within 48 hours and
continued for 28 days.

Despite the initially poor prognosis, serial imaging showed no hematoma expansion, hydrocephalus, or
ventricular extension, and the patient demonstrated progressive neurological improvement during the ICU
stay without adverse events attributable to Cerebrolysin. This case highlights the possible role of prolonged
neurotrophic therapy within a highly optimized neurocritical care environment and supports further
prospective research on Cerebrolysin in brainstem hemorrhage.

Keywords: pontine hemorrhage; Cerebrolysin; neurocritical care; neurorecovery; neuroplasticity

Introduction

Primary pontine hemorrhage remains one of the most devastating forms of hemorrhagic stroke because of the
concentration of cardiorespiratory centers, ascending arousal pathways, and corticospinal tracts within the
brainstem. Even small hematomas may cause severe deficits, autonomic instability, and early respiratory failure.
Surgical options are often limited, leaving supportive neurocritical care as the cornerstone of treatment.’-3

Cerebrolysin is a peptide-based neurotrophic preparation containing low-molecular-weight peptides and
amino acids with proposed neuroprotective and neurorestorative properties. Experimental and clinical
literature suggests modulation of apoptosis, neuroinflammation, oxidative stress, synaptic remodeling, and
endogenous neurotrophin signaling.*~” Although evidence is stronger in ischemic stroke and traumatic brain
injury than in hemorrhagic brainstem lesions, its biological rationale supports exploratory use in carefully
selected neurocritical patients.8-"2

We present a case of severe spontaneous pontine hemorrhage in a young adult with better-than-expected
early neurological recovery after multimodal ICU treatment including 28 days of Cerebrolysin treatment.



Patient Information

A 37-year-old man with no known medical history, vascular risk factors, or previous neurological disease
developed sudden dysarthria, diaphoresis, left hemiparesis, and two episodes of vomiting after routine physical
activity. He subsequently experienced focal motor seizures without sphincter relaxation and self-presented to
the emergency department.

There was no known history of anticoagulant use, illicit drug exposure, trauma, or prior hypertension.

Clinical Findings

On arrival, blood pressure was 215/139 mmHg, heart rate 112 bpm, and respiratory rate 18/min. Neurological
deterioration prompted immediate stroke-code activation. Cranial CT performed within 10 minutes showed
acute pontine intraparenchymal hemorrhage. CT angiography of the posterior circulation did not identify
aneurysm, arteriovenous malformation, or other structural vascular lesions.

Due to worsening level of consciousness and concern for airway compromise, the patient was intubated and
transferred to the ICU. Early bedside neuromonitoring with optic nerve sheath diameter and transcranial
Doppler suggested intracranial hypertension, with estimated ICP >30 mmHg.

Timeline

Table 1: Clinical course and treatment timeline

Time Clinical event

Day O Sudden dysarthria, left hemiparesis, vomiting, focal seizures

ED (first 10 min) [ CT: pontine hemorrhage; CTA negative for vascular lesion

Day 0 IV labetalol bolus and infusion; ICU admission and intubation

First 24 h Suspected sedation-related myocardial dysfunction; levosimendan and
norepinephrine started

<48 h Cerebrolysin 50 mL IV daily initiated

Days 1-7 Hyperosmolar therapy, multimodal sedation, serial TCD/optic sheath
monitoring

ICU course Tracheostomy for ventilator weaning; refractory hypertension workup and
renal embolization

Day 28 Completion of Cerebrolysin course with progressive neurological
improvement

ICU discharge Stable imaging and improved neurological status

Diagnostic Assessment

Follow-up CT confirmed a stable pontine hematoma measuring approximately 2.9 cc without expansion,
mass effect, hydrocephalus, or intraventricular extension. Neurosurgical evaluation concluded that surgical
intervention was not indicated because of the deep pontine location and absence of hydrocephalus.

During the first ICU hours, the patient developed bradycardia, low cardiac output (cardiac index 1.4 L/min),
reduced central venous oxygen saturation (74% to 54%), and left ventricular ejection fraction of 24%. The
pattern was considered most consistent with halogenated-sedation-associated myocardial depression,
prompting discontinuation of the offending agent and escalation of hemodynamic support.

Persistent severe hypertension during the stabilization phase led to an investigation for secondary causes,
which was unrevealing.

Therapeutic Intervention

Initial blood pressure management consisted of IV labetalol bolus followed by continuous infusion, with only
partial response. In the ICU, treatment focused on strict cerebral perfusion optimization, invasive airway
protection, and mitigation of secondary brain injury.

Hyperosmolar therapy was initiated for suspected intracranial hypertension. The patient received deep
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multimodal sedation with fentanyl, midazolam, propofol, and sevoflurane, targeting a Richmond Agitation-
Sedation Scale score of -5 and bispectral index values between 37 and 40.

Because of transient myocardial dysfunction, levosimendan and norepinephrine were administered,
with vasopressor requirements up to 0.92 mcg/kg/min. Respiratory failure during sedation weaning and
thoracoabdominal dissociation led to tracheostomy as part of a planned ventilator liberation strategy.

As adjunctive cerebroprotective therapy, Cerebrolysin, was started within the first 48 hours at 50 mL
intravenously once daily for 28 consecutive days. The rationale was to reduce secondary neuronal injury and
potentially enhance endogenous neuroplasticity during the acute and subacute phases.

Refractory hypertension later required sodium nitroprusside and oral multidrug therapy. Given persistent
instability, the hemodynamics team performed bilateral selective renal artery embolization without immediate
complications.

Figure 1: (A, B) Initial non-contrast cranial CT scans obtained at presentation demonstrating an acute pontine
intraparenchymal hemorrhage.(C, D) Follow-up CT images obtained during the neurocritical care course showing
a stable hematoma without evidence of expansion, hydrocephalus, intraventricular extension, or significant mass
effect. The radiological stability of the lesion paralleled the patient’s progressive neurological improvement during

intensive care treatment.

Follow-up and Outcomes

Serial transcranial Doppler and optic nerve sheath assessments remained stable after initiation of therapy,
with no major fluctuations suggestive of worsening intracranial dynamics. Repeat neuroimaging demonstrated
persistent but non-progressive pontine hemorrhage.

Over the 28-day ICU course, the patient showed gradual neurological improvement, allowing progressive
reduction of sedation and advancement of ventilatory weaning. No renal, hepatic, hematologic, or seizure-
related adverse effects attributable to Cerebrolysin were observed.

The patient was discharged from the ICU after completion of the 28-day course with neurological status
improved beyond the initial expectation for severe pontine hemorrhage.



Discussion

This caseillustrates the potential value of combining meticulous neurocritical care with adjunctive neurotrophic
therapy in a lesion classically associated with devastating outcomes. Pontine hemorrhage carries an especially
poor prognosis because even limited hematoma volumes may interrupt consciousness pathways, descending
motor tracts, and autonomic nuclei.’-3

The favorable evolution in this patient cannot be attributed to a single intervention. Intensive blood pressure
control, prevention of hematoma expansion, respiratory support, management of intracranial hypertension,
and correction of sedation-related cardiac dysfunction were all likely essential contributors. Nevertheless,
the prolonged and early administration of Cerebrolysin may have supported the recovery environment by
promoting synaptic plasticity and neuronal survival during the secondary injury cascade.*-’

The proposed mechanisms of Cerebrolysin, including activation of PI3K/Akt and MAPK/ERK signaling,
attenuation of oxidative stress, and enhancement of neurotrophin-mediated remodeling, are biologically
relevant in hemorrhagic injury, where perinematomal edema, excitotoxicity, mitochondrial dysfunction, and
inflammatory signaling contribute to delayed tissue damage.*-®

Human evidence in hemorrhagic stroke remains limited, and current guidelines do not recommend routine
use. However, studies in ischemic stroke, traumatic brain injury, and severe disorders of consciousness suggest
a favorable safety profile and potential functional benefit when treatment is extended for 10-28 days.®—"* This
case adds clinically relevant observational evidence in a brainstem hemorrhage setting, where therapeutic
options remain scarce.

The main limitation is the inability to isolate the specific effect of Cerebrolysin from the broader multimodal
ICU strategy. As a single case, it should be interpreted as hypothesis-generating rather than proof of efficacy.

Conclusion

In this case, a young patient with severe spontaneous pontine hemorrhage experienced meaningful early
neurological improvement after optimized neurocritical care combined with 28 days of Cerebrolysin. Although
causality cannot be established, the absence of hematoma progression, the favorable safety profile, and
the better-than-expected recovery support further controlled studies exploring neurotrophic therapies in
brainstem hemorrhage and severe neurorecovery states.

CASE SUMMARY

(Q\ Patient e 37 years e Severe pontine hemorrhage

% Challenge e Progressive neurological deterioration

% Treatment e Cerebrolysin 50 mL/day IV x 28 days + neurocritical care

[]Hﬂﬂ Outcome e Progressive neurological improvement

E Take Home Message

Pontine hemorrhage is a neurological emergency requiring early imaging and
intensive monitoring, while Cerebrolysin may support neurorecovery as an adjunct
to optimized neurocritical care.
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...after aneurysmal subarachnoid hemorrhage (Fisher IV)

Abstract

A case is presented of a 72-year-old female patient with a history of systemic arterial hypertension, who
had an acute onset of severe headache, accompanied by vomiting, followed by loss of consciousness. Initial
cranial computed tomography showed a Fisher grade IV subarachnoid hemorrhage in the M2 segment of
the right middle cerebral artery, accompanied by temporal intraparenchymal hemorrhage, intraventricular
hemorrhage, and severe cerebral edema.

During her hospital stay, she developed cardiorespiratory arrest with severe neurological sequelae, requiring
advanced management in the intensive care unit with mechanical ventilation, sedation, tracheostomy, and
gastrostomy. Serial follow-up studies were performed, documenting a progressive decrease in hemorrhage
volume and partial resolution of the edema. On August 28, 2025, endovascular embolization of two
aneurysms (middle cerebral artery and internal carotid artery) was performed without complications, with
favorable postoperative evolution.

As part of comprehensive management, brain protection treatment with RENACENZ® (Cerebrolysin) was
initiated at a dose of 5 mL daily for 20 days, starting on August 28 and continuing until hospital discharge
on September 16. Over 45 days of hospitalization, the patient showed progressive improvement, achieving
a Glasgow score of 15, limited but present speech, limb movement, and participation in physiotherapy.
Comparison between the initial CT scan and the latest follow-up study demonstrated a significant reduction
in hemorrhage and partial resolution of the edema.

This case highlights the importance of a multidisciplinary approach, the favorable impact of timely
endovascular management, and the role of brain protection therapy in the functional recovery of patients
with severe subarachnoid hemorrhage.

Keywords: Subarachnoid hemorrhage, Brain protection, Fisher IV, Cerebrolysin, Endovascular therapy

Introduction

A 72-year-old woman with arterial hypertension and chronic venous insufficiency developed a sudden severe
headache on August 2, 2025, reaching 10/10 intensity within minutes and accompanied by two episodes of
vomiting followed by loss of consciousness. On admission, she was stuporous, with left hemiplegia and blood
pressure of 170/110 mmHg. Non-contrast head CT revealed Fisher grade IV subarachnoid hemorrhage, right
temporal intraparenchymal hemorrhage, and cerebral edema (Figure 1).

The patient was considered critically ill with a high risk of complications. Surgical intervention was initially
ruled out because of her age and comorbidities, and conservative intensive care management was initiated.
Twenty-four hours after admission, she remained deeply sedated (fentanyl and propofol; RASS -4), with non-
reactive pupils and invasive mechanical ventilation using lung-protective settings. Hemodynamic support
with norepinephrine was required to maintain mean arterial pressure, while Nimodipine was started for



vasospasm prophylaxis. Hyperglycemia was treated with rapid-acting insulin. No active bleeding or fever was
detected, cultures were obtained, and a urinary catheter was placed.

During the first week in the ICU, follow-up CT scans on days 4 and 7 demonstrated extensive

intraparenchymal hemorrhage with mass effect, midline shift, and left intraventricular hemorrhage (Figure
2).

Case Report

A 72-year-old woman with arterial hypertension and chronic venous insufficiency developed a sudden
severe headache on August 2, 2025, reaching 10/10 intensity within minutes and accompanied by
two episodes of vomiting followed by loss of consciousness. On admission, she was stuporous, with
left hemiplegia and blood pressure of 170/110 mmHg. Non-contrast head CT revealed Fisher grade IV
subarachnoid hemorrhage, right temporal intraparenchymal hemorrhage, and cerebral edema (Figure 1).

The patient was considered critically ill with a high risk of complications. Surgical intervention was
initially ruled out because of her age and comorbidities, and conservative intensive care management
was initiated. Twenty-four hours after admission, she remained deeply sedated (fentanyl and propofol;
RASS -4), with non-reactive pupils and invasive mechanical ventilation using lung-protective settings.
Hemodynamic support with norepinephrine was required to maintain mean arterial pressure, while
Nimodipine was started for vasospasm prophylaxis. Hyperglycemia was treated with rapid-acting insulin.
No active bleeding or fever was detected, cultures were obtained, and a urinary catheter was placed.
During the first week in the ICU, follow-up CT scans on days 4 and 7 demonstrated extensive intraparenchymal

hemorrhage with mass effect, midline shift, and left intraventricular hemorrhage (Figure 2).

Timeline

Table 1: Clinical course and treatment timeline

Date Clinical event

Aug 2, 2025 | Thunderclap headache, vomiting, loss of consciousness; CT showed Fisher IV
SAH with right temporal hematoma and IVH

Aug 3, 2025 | ICU admission, mechanical ventilation, sedation, vasopressor support,
nimodipine

Aug 14, 2025 [ Hypoxia-related cardiorespiratory arrest; ROSC after 4 minutes
Aug 19, 2025 | Tracheostomy and gastrostomy
Aug 27, 2025 | Endovascular embolization of MCA and ICA aneurysms

Sep 7, 2025 | Follow-up CT showed major hemorrhage reduction and edema improvement

Mid-Sep Discharge to home rehabilitation program
2025

Figure 1: Non-contrast cranial computed tomography. Diffuse Fisher IV subarachnoid hemorrhage is observed, with
right temporal intraparenchymal hemorrhage and associated cerebral edema. Findings are consistent with rupture
of an aneurysm in the right middle cerebral artery.
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On August 14, 2025, after 12 days of ICU management, the patient developed cardiopulmonary arrest
secondary to hypoxia caused by a mucus plug and refractory bronchospasm. Advanced resuscitation was
performed, achieving return of spontaneous circulation after 4 minutes. She subsequently developed
supraventricular tachycardia, requiring amiodarone loading as part of post-arrest management, as well as
continued sedation, analgesia, and norepinephrine support. Two weeks after admission, on August 16, 2025,
a follow-up non-contrast head CT scan performed after the arrest demonstrated subacute-phase hemorrhage
with perilesional edema, without evidence of additional ischemia compared to prior follow-up studies. On
August 19, a tracheostomy and gastrostomy were performed to ensure adequate ventilation and nutrition.

After 25 days of in-hospital ICU management, the patient exhibited spontaneous eye openingand normoreactive
pupils. As she was hemodynamically stable, it was decided to proceed with an endovascular embolization
procedure, successfully treating two aneurysms: one in the right middle cerebral artery (proximal dorsal M2
segment, Raymond-Roy classification IlI) and another in the ophthalmic segment of the right internal carotid
artery (Raymond-Roy IlIA). The procedure was completed without complications (Figure 3).

On August 28, adequate post-embolization evolution was documented, with the patient being alert, exhibiting
spontaneous eye opening, normoreactive pupils, and spontaneous movement of the right hemibody.

In the following days, the patient remained under ICU monitoring with a favorable clinical course and adequate
post-embolization evolution. Due to the initial severity of the clinical presentation and the improvement
observed after embolization, treatment with RENACENZ® (Cerebrolysin) was initiated at a dose of 5 ampoules
IV (1,076 mg/day) daily for 20 days, beginning on August 28 and continuing until hospital discharge on
September 16 as part of a brain protection strategy following the reduction of hemorrhagic volume.

On September 7, 2025, after 36 days of hospital management, a follow-up CT scan showed a decrease in
intraparenchymal bleeding, reclassified as Fishergrade |, with findings consistent with favorable progression. The
patient was significantly more alert and responsive, with improved mobility. As she remained hemodynamically
stable, she was transferred to the general ward, where a physical therapy program was initiated, with active
participation from the patient.

Figure 2: Extensive intraparenchymal hemorrhage in the right temporal lobes (52 31 mm), edema with ventricular
obliteration, left intraventricular hemorrhage and poor gray-white matter differentiation, with midline shift. A:
August 6,2025 B: August 9,2025

Figure 3: Endovascular procedure performed on August 28,2025
(A) Digital substraction angiography demonstrating a saccular aneurysm in the M2 segment of the right middle
cerebral artery. (B) Three-dimensional reconstruction showing two aneurysms: one in the right middle cerebral
artery and another in the ophthalmic segment of the right internal carotid artery. (C) Post-embolization angiographic
control evidencing adequate exclusion of the aneurysm with preservation of distal circulation.



Finally, after 45 days of hospitalization, the patient was alert and cooperative, with a Glasgow score of 15 (E4,
V4, M6). Speech was limited but present, with preserved naming and repetition. Muscle strength was 4/5 in
the right hemibody and 3/5 in the left, without focal seizures. She demonstrated adequate tolerance to enteral
feeding via gastrostomy and maintained oxygen saturation above 90% without continuous supplemental
oxygen. A final head CT scan, compared with the initial study, showed no evidence of hemorrhage and
progressive resolution of edema, findings consistent with clinical improvement (Figure 4). Based on the above,
hospital discharge was decided on September 16, 2025, with recommendations for neurological follow-up,
intensive physical rehabilitation, and home care.

Figure 4: Comparison between CT Studies. (A) Initial CT (08/02/2025): diffuse Fischer IV subarachnoid hemorrahge,
large-volume right temporal intraparenchymal hemorrhage, severe cerebral edema, and effacement of cortical sulci
are observed. (B) Final follow-up CT (09/07/2025): marked reduction in hemorrhage volume, decreased edema and
improved definition of intracranial structures are evident, findings consistent with the patient’s clinical improvement

(Glasgow 15, active mobility, and participation in physiotherapy).

Discussion

Aneurysmal subarachnoid hemorrhages represent one of the most severe neurological emergencies, with high
morbidity and mortality, especially in elderly patients. Multidisciplinary management includes hemodynamic
control, prevention of complications, surgical or endovascular treatment, and brain protection strategies.

In this case, the patient presented with an extensive and complicated hemorrhage requiring advanced critical
care. Fortunately, the initial conservative management allowed for hemodynamic stabilization during the acute
phase of the event, leading to a better outcome after endovascular embolization. Combined with supportive
care and brain protection therapy, this approach enabled a successful clinical course and outcome despite the
initially poor prognosis.

Serial imaging studies were essential to assess the evolution of the hemorrhage, demonstrating a progressive
reduction in bleeding, decreased cerebral edema, and improvement in ventricular morphology. The
administration of Cerebrolysin, a relatively recent brain protective agent that has shown efficacy in multiple
neurological conditions, with emerging evidence indicating a reduction in morbidity in severe subarachnoid
hemorrhage as an adjunctive therapy, provided the expected neuroprotective and neurotrophic effects,
associated with the patient’s documented clinical recovery.

The evolution of this clinical case demonstrates that even in severe scenarios, the combination of an
initial intensive conservative approach, allowing the course of vasospasm to stabilize, together with timely
subsequent endovascular management and brain protective strategies can significantly improve quality of life
and functional prognosis in these patients.

Conclusion

The patient showed a favorable clinical course despite presenting with a complicated Fisher grade IV aneurysmal
subarachnoid hemorrhage, which can be attributed to a comprehensive approach that included advanced
critical care management, endovascular embolization, and brain protection therapy.

This case illustrates that, even in widely known and extensively studied conditions, whose management is
often standardized or, in many cases, limited to supportive measures due to an unfavorable initial prognosis,
an intensive and up-to-date multidisciplinary approach that incorporates endovascular treatment and recently
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implemented brain protection strategies can significantly impact functional recovery. Therefore, it is essential
to remain up to date with these therapeutic advances and integrate them into daily clinical practice, with the
aim of optimizing functional outcomes and improving the quality of life of affected patients.

CASE SUMMARY

% Patient e 72 years e Fisher Grade IV aneurysmal subarachnoid hemorrhage

% Challenge e Severe SAH with cerebral edema and loss of consciousness

@ Treatment e Cerebrolysin 5 mL/day IV x 20 days + endovascular embolization and intensive care

|][||]D Outcome  ® GCS 15 e Fisher Grade IV = | e Marked hemorrhage and edema reduction on CT

Q Take Home Message

A coordinated multidisciplinary approach—including critical care, endovascular treatment,
cerebroprotection with Cerebrolysin, and early rehabilitation—can improve recovery after severe
aneurysmal subarachnoid hemorrhage.
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...in severe basal pontine hemorrhage

Abstract

Primary brainstem hemorrhage carries a poor prognosis, particularly in patients with depressed
consciousness, ventilatory failure, and larger pontine hematomas. We report the case of a 53-year-old

man with hypertension and chronic kidney disease on hemodialysis who presented with sudden impaired
consciousness caused by a 2.6 cm dorsal pontine hemorrhage with early hydrocephalus. After neurological
deterioration requiring mechanical ventilation, he underwent intracranial pressure monitoring and received
neurocritical care with adjunctive Cerebrolysin for 14 days. His consciousness gradually improved, allowing
transfer to rehabilitation and subsequent post-acute neurorecovery care. At three months, he remained
awake and interactive despite persistent right-sided paraplegia and follow-up imaging demonstrated
complete hematoma resolution without encephalomalacia. This case illustrates meaningful recovery after
severe pontine hemorrhage under structured neurocritical and neurorecovery management.

Keywords: Primary brainstem hemorrhage; pontine hemorrhage; intracranial pressure monitoring;
Cerebrolysin; rehabilitation

Introduction

Primary brainstem hemorrhage remains a highly devastating neurological emergency compared to other
spontaneous intracranial hemorrhages. The outcome is strongly influenced by the initial level of consciousness,
need for urgent ventilatory support, hematoma size, and anatomical extension. Although radiological
classification systems based on hematoma size, location, and hydrocephalus have been proposed, evidence-
based guidance for management, including blood pressure control, surgical intervention and neurorecovery
strategies remains limited. We present a case of spontaneous pontine hemorrhage managed conservatively
with ICP monitoring and adjunctive Cerebrolysin treatment.

Patient Information

A 53-year-old man presented with a sudden onset of disturbance of consciousness in the morning of admission.
His medical history was significant for IgA nephropathy, chronic kidney disease requiring regular hemodialysis,
and longstanding hypertension. No recent trauma, anticoagulant exposure, or other precipitating factors were
reported.

Clinical Findings

On arrival, the patient was in a confused state with a Glasgow Coma Scale (GCS) score of 10 (E3M5V2). His
respiratory rate was 16 breaths per minute, blood pressure was 148/96 mmHg, and both pupils were equal at
2.5 mm and reactive to light. His neurological status subsequently deteriorated to GCS 8 (E3M4V1), prompting
endotracheal intubation and mechanical ventilation.
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Timeline

Table 1: Clinical course and treatment timeline

Timepoint Clinical Event

Day 0 CT showed 2.6 cm dorsal pontine hematoma with mild hydrocephalus, Intubation due
to neurological deterioration (GCS 8), ICP monitor inserted via right Kocher’s point

Days 1-14 Neurocritical care monitoring + Cerebrolysin 30 mL/day

Week 2 Transfer to rehabilitation ward

Discharge Referral to local post-acute care hospital

3 months Persistent motor deficits, improvement to GCS 10

Follow-up imaging | Complete hematoma resolution

Diagnostic Assessment

Head computed tomography (Figure 1A) revealed a 2.6 cm hyperdense hematoma predominantly located in the
dorsal pons (tegmental region), without extension into the fourth ventricle. Mild dilation of the bilateral lateral
ventricles was present, suggesting early hydrocephalus. The lesion size and bilateral tegmental involvement
placed the patient in an intermediate-to-high risk prognostic group.

Figure 1. (A) Initial CT showing dorsal pontine intracerebral hemorrhage with early hydrocephalus before cerebrolysin
treatment. (B) Follow-up CT demonstrating complete hematoma absorption without apparent encephalomalacic
change (same slice as Figure 1A).

Therapeutic Intervention

After discussion with the family and obtaining consent, an intracranial pressure monitor was implanted through
the right Kocher’s point. The patient was then admitted to the neurocritical care unit, where he received
mechanical ventilation, continuous neurological observation, ICP monitoring, hemodynamic stabilization,
and standard conservative intracerebral hemorrhage management. Because of marked fluctuations in
consciousness and intermittent apnea during ICU care, Cerebrolysin 30 mL/day was administered for 14
consecutive days as an adjunct neurorecovery therapy.

Follow-up and Outcomes

During the ICU stay, the patient demonstrated marked neurological fluctuation ranging from GCS 3 (EIM2VT)
to GCS 10 (EAMG6VT). After two weeks, his level of consciousness improved sufficiently to allow transfer to
the ward, where rehabilitation was initiated. Following discharge, he was referred to a local hospital for a
structured post-acute care program.

Three-month Follow-up

At three-month follow-up, the patient was awake and interactive with a GCS score of 10. However, persistent
right-sided paraplegia remained. He continued to require assistance with tracheostomy care, daily activities
and mobility support.



Imaging Outcome

Follow-up computed tomography demonstrated complete hematoma resolution without obvious
encephalomalacic change (Figure 1B).

Discussion

Brainstem hemorrhage most commonly affects patients aged 40—60 years and is most frequently associated
with hypertension. Clinical manifestations include sudden coma, tetraplegia or hemiplegia, respiratory
compromise, pupillary abnormalities, and autonomic dysfunction.

Consistent with prior literature, the most important predictors of poor outcome include depressed initial
consciousness, large hematoma size, bilateral or basal extension, acute hydrocephalus, and the need for
mechanical ventilation.

Although several CT-based classification systems exist, prognosis remains difficult in patients with intermediate
features, such as our patient, who had a relatively large 2.6 cm dorsal pontine hematoma with fluctuating
neurological examination.

Current guidelines generally discourage surgical evacuation of primary brainstem hematomas, and conservative
treatment remains standard. In this context, specialized neurocritical care - including close neurological
monitoring, ICP surveillance, and early rehabilitation planning- may be crucial for optimizing recovery.

In this case, adjunctive Cerebrolysin treatment was used as a neurorecovery strategy during the period of
neurologicalinstability. While causality cannot be established from a single case, the time course ofimprovement
in consciousness and favorable radiological resolution suggest that multimodal treatment with Cerebrolysin
combined with neurocritical support may benefit selected patients whose prognosis is otherwise uncertain.

CASE SUMMARY

(C% Patient e 72 years e Fisher Grade IV aneurysmal subarachnoid hemorrhage

% Challenge e Severe SAH with cerebral edema and loss of consciousness

@ Treatment e Cerebrolysin 5 mL/day IV x 20 days + endovascular embolization and intensive care

|]|]|]IJ Outcome  © GCS 15 e Fisher Grade IV - | e Marked hemorrhage and edema reduction on CT

Iﬂ Take Home Message

A coordinated multidisciplinary approach—including critical care, endovascular treatment,
cerebroprotection with Cerebrolysin, and early rehabilitation—can improve recovery after severe
aneurysmal subarachnoid hemorrhage.
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...in ICH due to poorly controlled hypertension

Abstract

Background: Poorly controlled long-standing hypertension remains a major cause of spontaneous
intracerebral hemorrhage (ICH), particularly in older adults with vascular risk factors such as diabetes
mellitus. Early blood pressure control, neurocritical care, and structured neurorehabilitation are essential for
functional recovery.

Case presentation: A 65-year-old woman with a 20-year history of diabetes mellitus and poorly controlled
hypertension presented with sudden right-sided weakness and mixed aphasia. On admission, her blood
pressure was 220/110 mmHg, Glasgow Coma Scale (GCS) score was 7/15, and National Institutes of
Health Stroke Scale (NIHSS) score was 23. Brain computed tomography (CT) demonstrated spontaneous
intracerebral hemorrhage. She was managed in the intensive care unit with osmotherapy, blood pressure
control, supportive anti-hemorrhagic therapy, Cerebrolysin 50 mL/day, and early neurorehabilitation. After
30 days, her GCS improved to 14/15, NIHSS to 7, and she regained assisted ambulation.

Conclusion: This case highlights the importance of rapid recognition of hypertensive ICH, aggressive

blood pressure management, multidisciplinary inpatient care, and early rehabilitation. Favorable recovery
was observed over one month; however, the contribution of adjunctive neurotrophic therapy should be
interpreted cautiously within the context of comprehensive stroke care.

Keywords: Hypertensive crisis; brain imaging; intracerebral hemorrhage; sensory aphasia;
neurorehabilitation

Introduction

Hypertension is a leading modifiable risk factor for spontaneous intracerebral hemorrhage and remains a
major contributor to stroke-related disability and mortality worldwide. (1,2,8,12) Chronic poor blood pressure
control may induce lipohyalinosis, vessel wall fragility, and rupture of small penetrating cerebral arteries.
In patients with concomitant diabetes mellitus, vascular endothelial dysfunction and microangiopathy may
further increase susceptibility to hemorrhagic stroke.(11)

This report describes the clinical course and short-term recovery of an older woman with hypertensive crisis—
related ICH presenting with severe neurological deficits, including hemiplegia and aphasia, who showed marked
improvement following neurocritical care, antihypertensive optimization, and rehabilitation.(5,6,7,9,13)

Patient Information

A 65-year-old moderately obese woman presented to the emergency department with sudden onset of right-
sided weakness and inability to communicate effectively. Her medical history was significant for type 2 diabetes
mellitus for 20 years, treated with glimepiride 5 mg/day, and poorly controlled hypertension treated with
bisoprolol 5 mg/day with suboptimal follow-up and adherence. There was no known history of prior stroke,
renal disease, anticoagulant use, or other major debilitating illnesses.



Clinical Findings

On arrival, the patient was critically ill. Blood pressure was 220/110 mmHg. Neurological examination revealed
a GCS score of 7/15, complete right-sided hemiplegia, right upper motor neuron facial weakness, and mixed
motor-sensory aphasia. The NIHSS score was 23, consistent with severe stroke. Her body mass index was
mildly elevated.

Diagnostic Assessment

Urgent non-contrast CT brain demonstrated spontaneous intracerebral hemorrhage involving the left cerebral
hemisphere, correlating with the patient’s aphasia and contralateral hemiplegia (Figure 1). Routine laboratory
investigations and physiological monitoring were performed, including blood glucose, renal profile, coagulation
parameters, and serial blood pressure measurements. No secondary structural lesion was identified on
initial imaging. The clinical and radiological findings were most consistent with hypertensive intracerebral
hemorrhage.

Figure 1: CT at time of admission with ICH

Timeline

Table 1: Clinical course and treatment timeline

Time Clinical event

Day 0 Sudden right hemiplegia and aphasia; BP 220/110 mmHg; CT confirmed ICH;
admitted to ICU

Days 1-9 | ICU care with osmotherapy, BP control, Cerebrolysin infusion, monitoring, and
early rehabilitation

Day 9 Improved consciousness and stabilization; transferred to regular inpatient ward
Days Continued oral antihypertensive combination therapy, Cerebrolysin, and

10-30 rehabilitation

Day 30 Follow-up CT performed; GCS 14/15, NIHSS 7, ambulatory with mild support
>Day 30 Continued outpatient rehabilitation and follow-up imaging planned

Therapeutic Intervention

The patient was admitted to the intensive care unit for neurocritical monitoring and conservative management.
Osmotherapy was initiated using mannitol 10% at 1000 mL/day to reduce cerebral edema. Supportive anti-
hemorrhagic therapy included etamsylate 500 mg intravenously twice daily and phytomenadione 10 mg
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intravenously every 12 hours. Blood pressure control was prioritized using antihypertensive therapy, later
optimized to a combination regimen including a calcium channel blocker, angiotensin receptor blocker, and
diuretic.

Adjunctive therapy included Cerebrolysin 50 mL/day by intravenous infusion during hospitalization, followed
by continuation for 21 additional days after ICU transfer. Early neurorehabilitation, including mobilization and
speech-motor supportive therapy, was initiated during inpatient care and continued after discharge.

Follow-up and Outcomes

The patientremainedinthelCU for 9 days, followed by 21 daysintheregularinpatientward. Clinicalimprovement
became evident during the first week, particularly in the level of consciousness and hemodynamic stability.
At 30-day follow-up, the patient’s GCS had improved from 7/15 to 14/15. Motor recovery was substantial, with
the patient able to walk with mild support. The NIHSS improved from 23 to 7, reflecting marked neurological
recovery. Blood pressure was well controlled at 125/80 mmHg on combination oral therapy. Follow-up CT
showed interval improvement without evidence of hematoma expansion (Figure 2). She was discharged
with instructions to continue structured neurorehabilitation, strict blood pressure monitoring, diabetes
management, and scheduled neuroimaging follow-up.

Figure 2: CT after 30-Days Follow-up

Discussion

This case illustrates a classic but severe presentation of hypertensive intracerebral hemorrhage in an older
patient with two major vascular risk factors: long-standing hypertension and diabetes mellitus. (1,2,8,11,12) The
profound neurological deficits at presentation, including aphasia, hemiplegia, and depressed consciousness,
were consistent with a large dominant hemispheric hemorrhage.(1,7,14)

The most important determinant of outcome in this case was likely early stabilization and rapid blood pressure
control, which remain the cornerstone of ICH management.(5,6,7) Prevention of hematoma expansion, control
of cerebral edema, close neurological observation, and timely rehabilitation all contributed to the favorable
short-term outcome.(1,7,9,13)

The patient also received adjunctive Cerebrolysin throughout hospitalization and during the recovery phase.
Although improvement was temporally associated with this treatment, causality cannot be established from
a single case report, especially in the setting of simultaneous standard stroke management and rehabilitation.
(15) Any interpretation of neuroprotective or neuroplastic effects should therefore remain cautious and
hypothesis-generating rather than confirmatory.



Another important learning point is the value of early multidisciplinary care. The coordinated involvement
of neurologists, intensive care staff, rehabilitation specialists, nursing caregivers, and family support likely
facilitated the observed recovery trajectory.(9,15) This case further reinforces the importance of long-term
outpatient risk factor control, especially medication adherence and regular blood pressure monitoring, to
prevent recurrence.(1,11)

Conclusion

This CARE-compliant case emphasizes that hypertensive crisis—related ICH can present with devastating
deficits but may still show meaningful recovery when managed promptly with intensive blood pressure control,
neurocritical monitoring, and early rehabilitation. The case also underscores the importance of secondary
prevention through strict long-term vascular risk management.

Patient Perspective

The patient’s family reported satisfaction with the rapid hospital response and the progressive improvement
in speech, consciousness, and mobility over the admission period. They particularly valued the early transfer
from critical care to the ward and the patient’s ability to regain supported walking by one month.

CASE SUMMARY

(C% Patient ® 65 years e Hypertensive intracerebral hemorrhage

% Challenge e Severe hemiplegia and aphasia

% Treatment e Cerebrolysin 50 mL/day IV x 30 days + neurorehabiliation

m Outcome o NIHSS23 - 7 e GCS7 - 14 e Assisted ambulation regained

@ Take Home Message

Rapid blood pressure control and neurocritical care remain the cornerstone of
hypertensive intracerebral hemorrhage management; in addition, multimodal
pharmacological and rehabilitation therapy contribute largely to improved
functional outcome.
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...in ruptured brain arteriovenous malformations

Abstract

Brain arteriovenous malformations (AVMs) are uncommon cerebrovascular lesions that may present with
hemorrhage, seizures, or focal neurological deficits. Surgical excision remains an important treatment option
for selected patients. This report describes three patients who developed postoperative neurological deficits
following complete AVM excision and subsequently received adjunctive intravenous Cerebrolysin therapy.
Favorable functional and cognitive recovery was observed during follow-up. Although these findings suggest
a potential neurorestorative effect, larger prospective studies are required to determine the efficacy of
Cerebrolysin in the postoperative management of AVMs.

Background: Brain AVMs are abnormal vascular connections between arteries and veins without an
intervening capillary bed. They commonly present with intracranial hemorrhage, seizures, headache,

or focal neurological deficits. Surgical excision provides definitive treatment for appropriately selected
lesions. Adjunctive neurorestorative therapies such as Cerebrolysin may potentially enhance postoperative
neurological recovery.

Case Series: During a 5-year period at the Department of Neurosurgery, North Okkalapa General Hospital,
Yangon, Myanmar, 38 patients with cerebral AVMs were evaluated, and 16 underwent surgical excision.
Three patients who developed postoperative neurological deficits received adjunctive intravenous
Cerebrolysin according to the institutional protocol. These representative cases are presented to illustrate
their clinical course and recovery.

Conclusion: Adjunctive Cerebrolysin therapy following AVM excision was associated with favorable
neurological and cognitive outcomes in this small case series. Further controlled studies are needed to clarify
its therapeutic role.

Keywords: Brain arteriovenous malformation; neurosurgery; surgical excision; postoperative neurological
deficit; Cerebrolysin; neurorestorative therapy; case series

Introduction

Brain arteriovenous malformations (AVMs) are rare congenital vascular lesions characterized by direct
communications between arteries and veins without an intervening capillary network. Clinical manifestations
include intracerebral hemorrhage, seizures, headache, and focal neurological deficits. Surgical excision remains
an established treatment for selected patients, particularly those with accessible ruptured lesions. (2)

The present report describes three patients treated at the Department of Neurosurgery, North Okkalapa
General Hospital (NOGH), Yangon, Myanmar, who underwent complete AVM excision and subsequently
received adjunctive Cerebrolysin therapy for postoperative neurological deficits. Their clinical outcomes are
presented to explore the potential role of neurorestorative treatment in postoperative recovery.



Case 1l

A 48-year-old man was admitted to the Neurosurgery Unit of North Okkalapa General Hospital with sudden
onset right hemiparesis and reduced consciousness.

Clinical Findings

On examination, his Glasgow Coma Scale (GCS) score was 14/15 with right-sided motor weakness graded as
MRC 3/5.

Diagnostic Assessment

Computed tomography (CT) of the head demonstrated a left frontoparietal intracerebral hemorrhage
suggestive of a ruptured AVM. Subsequent cerebral angiography confirmed a left frontal paramedian AVM
classified as Spetzler—Martin Grade Il (S2VOE1).

e i e -
Figure 1: (A) Preoperative CT scan and (B) Preoperative Angiogram (C) Postoperative Angiogram

Therapeutic Intervention

The patient underwent craniotomy with complete excision of the AVM. Postoperatively, standard neurosurgical
management was provided together with adjunctive Cerebrolysin administered intravenously at a daily dose
of 30 mL diluted in 100 mL normal saline for 10 days. Gradual neurological improvement was observed during
recovery.

Follow-Up and Outcomes

The patient was discharged with a GOS score of 4 and improved further to GOS 5 at one-month follow-up.
Although he initially required support for ambulation, he regained independent walking ability at one year.

Case 2

A 27-year-old male peasant presented with recurrent seizures occurring two to three times daily over a 12-
year period. He had previously been diagnosed with a ruptured AVM at another hospital five years earlier.
Neurological examination demonstrated preserved motor strength (MRC 5/5) but revealed mild right-sided
tingling and numbness, impaired articulation, and reduced memory function. Contrast-enhanced CT and
cerebral CT angiography identified a left sylvian fissure AVM adjacent to the sensory cortex and Wernicke’s
speech area, classified as Spetzler—Martin Grade Il (S2VOE1). The patient underwent successful craniotomy
and complete AVM excision. Postoperative management included standard neurosurgical care together with
intravenous Cerebrolysin administered at 10 mL every 12 hours for 7 days. Following surgery, improvements
were observed in speech articulation and memory function. The patient achieved GOS 5 at discharge and was
able to return to work within one month.

Patient Information

A 27-year-old male peasant presented with recurrent seizures occurring 2—3 times daily for 12 years. He had
a previous history of ruptured AVM diagnosed at another hospital five years earlier.
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Clinical Findings

Neurological examination revealed preserved motor strength (MRC 5/5) with mild right-sided tingling and
numbness, impaired articulation, and reduced memory function.

Diagnostic Assessment

Contrast-enhanced CT (CECT) of the head demonstrated a left sylvian fissure AVM adjacent to the sensory
cortex and Wernicke’s speech area. (Figure 2A) CT cerebral angiography confirmed a left sylvian AVM classified
as Spetzler—Martin Grade Il (S2VOE1). (Figure 2B)
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Figure 3: Postoperative cerebral Angiogram

Therapeutic Intervention

The patient underwent craniotomy with complete excision of the AVM.( Figure 3) Postoperatively, standard
neurosurgical care was provided together with intravenous Cerebrolysin administered at a dose of 30 mL in
100 mL normal saline every 24 hours for 7 days.

Follow-Up and Outcomes

Postoperative recovery showed improvement in speech articulation and memory function. The patient
achieved a GOS score of 5 at discharge and returned to work within one month.



Timeline

Table 1: Clinical course and treatment timeline of Case 2.

Day Clinical Event

Day 0 Presentation to outpatient department with 12-year history of seizures and
previous diagnosis of ruptured AVM

Day 1-5 CECT Head and cerebral CT angiography demonstrated left sylvian AVM adjacent
to sensory cortex and Wernicke’s area; Spetzler—Martin Grade Il (S2 VO E1)

Day 30-60 (approx.) Craniotomy and complete excision of AVM performed on 22 October 2020

Postoperative Day 0—7 | Standard postoperative care with daily Cerebrolysin infusion 30 mL in 100 mL
normal saline for 7 days

Postoperative Day 7-10 | Improvement in articulation and memory; discharged with GOS 5

Postoperative Day 30 Returned to work and resumed normal daily activities

Case 3

A 50-year-old man presented with right-sided weakness, slurred speech, and facial asymmetry. Neurological
examination demonstrated dysphasia, right facial palsy, and right hemiplegia with motor power graded as MRC
3/5. Emergency CT imaging revealed a large intracerebral hematoma associated with a ruptured AVM involving
the left sylvian region near Broca’s speech area. CT cerebral angiography confirmed a Spetzler—Martin Grade |l
AVM (S1VOE1). Surgical excision with complete AVM removal was successfully performed. Postoperatively, the
patient received standard neurosurgical care and adjunctive Cerebrolysin therapy consisting of 10 mL diluted
in 100 mL normal saline every 12 hours for 7 days. Progressive improvement was observed in hemiparesis,
dysphasia, and facial palsy during recovery. The patient was discharged with GOS 4 and improved to GOS 5 at
one-month follow-up, achieving independent ambulation without assistance.

Patient Information

A 50-year-old man was admitted to the Neurosurgery Unit, NOGH, with weakness of the right side of the body,
slurred speech, and right facial asymmetry.

Clinical Findings

Neurological examination demonstrated dysphasia, right facial palsy, and right hemiplegia with motor power
graded as MRC 3/5.

Diagnostic Assessment

Emergency CT of the head revealed a large intracerebral hematoma with features suggestive of a ruptured
AVM involving the left sylvian region near Broca’s speech area. (Figure 4) CT cerebral angiography confirmed a
left sylvian AVM classified as Spetzler—Martin Grade Il (S1VOE1). (Figure 5)

Figure 4: Preoperative CT
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Figure 5: (A) Pre and (B) postoperative Angiogram

Therapeutic Intervention

The patient underwent surgical excision with complete removal of the AVM. Postoperatively, standard
neurosurgical care was provided together with intravenous Cerebrolysin administered at a dose of 10 mL
diluted in 100 mL normal saline every 12 hours for 7 days.

Follow-Up and Outcomes

Postoperative recovery showed gradual improvement in right hemiparesis, dysphasia and facial palsy. The
patient was discharged with a GOS score of 4 and improved to GOS 5 at one-month follow-up, achieving
independent ambulation without assistance.

Timeline

Table 2: Clinical course and treatment timeline of Case 3.

Day Clinical Event

Day 0 Admission with right-sided weakness, slurred speech, and right facial asymmetry

Day 1-3 CT cerebral angiography confirmed AVM in left Broca’s speech area; Spetzler—
Martin Grade Il (S1 VO E1)

Day 7-14 (approx.) Craniotomy and complete excision of AVM performed in May 2020

Postoperative Day 0—7 | Standard postoperative management plus daily infusions of Cerebrolysin 30 mL in
100 mL normal saline for 7 days

Postoperative Day Gradual improvement in hemiparesis, dysphasia, and facial palsy; discharged with
7-14 GOS 4

Postoperative Day 30 | Follow-up demonstrated GOS 5 with independent walking without assistance

Discussion

This case series highlights the clinical presentation, surgical management, and postoperative recovery of
patients with ruptured cerebral AVMs treated at a tertiary neurosurgical center in Myanmar. Consistent with
previous reports, hemorrhage and focal neurological deficits were the predominant presentations. (2) Most
lesions were classified as Spetzler—Martin Grade Il or Ill, supporting microsurgical excision in carefully selected
patients with acceptable operative risk. (1)

All patients underwent complete surgical excision with favorable angiographic and functional outcomes.
Progressive recovery of motor, speech, cognitive, and memory functions was observed, with improvement in
Glasgow Outcome Scale scores and restoration of independence in daily activities. These findings are important
because neurological deficits after AVM rupture or surgery may significantly affect long-term quality of life
despite complete lesion obliteration. (3)

Adjunctive Cerebrolysin was administered postoperatively in patients with neurological impairment. Previous
studies have suggested potential benefits in stroke rehabilitation, traumatic brain injury, and cognitive recovery.



Although evidence in postoperative AVM patients remains limited, the favorable outcomes observed in this
series suggest a possible supportive role in neurological recovery.

Improvements were particularly notable in patients with AVMs involving eloquent cortical regions. Cases 2 and
3 showed recovery of speech and memory functions despite lesions adjacent to Wernicke’s and Broca’s areas,
while Case 1 demonstrated substantial motor recovery with eventual independent ambulation. Spontaneous
recovery and rehabilitation likely contributed to these outcomes, although adjunctive neurorestorative therapy
may also have supported functional improvement.

This study has several limitations, including its small sample size, single-center design, lack of a control
group, absence of standardized neurocognitive assessments, and limited follow-up in some patients. Larger
prospective controlled studies are needed to better define the efficacy and safety of Cerebrolysin following
AVM surgery.

Conclusion

This case series describes the clinical presentation and surgical outcomes of patients with brain AVMs managed
at North Okkalapa General Hospital, Yangon, Myanmar. Favorable neurological and functional recovery was
observed following complete AVM excision combined with adjunctive Cerebrolysin therapy in selected patients
with postoperative neurological deficits.

CASE SUMMARY

O . e 48 years e Ruptured left frontal O . ® 27 years e Left sylvian AVM with O . e 50 years e Ruptured left sylvian
) Patient AVM with intracerebral hemorrhage  Patient seizures (" Patient AVM with hematoma
% Challenge e Reduced consciousness and right % Challenge e Speech impairment, memory % Challenge e Hemiplegia, dysphasia and facial
g hemiparesis & deficits and sensory symptoms 8 palsy
@ Treatment ® Cerebrolysin 30 mL/day IV x 10 @ Treatment °® Cerebrolysin 30 mL/day IV x7 days @ Treatment * Cerebrolysin 30 mL/day IV x 7 days
days + AVM excision + AVM excision + AVM excision
. GOS 5 e Improved speech and e GOS4 -5 elmproved
¢GOS 4 > 5 elIndependent walkin, *
HHDU Outcome P g \m] Outcome memory \m Outcome hemiparesis and dysphasia
E Take Home Message
Complete surgical excision of ruptured AVM combined with structured postoperative rehabilitation and adjunct Cerebrolysin therapy can result in excellent
functional recovery
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Abstract

Introduction: Aneurysmal subarachnoid hemorrhage (aSAH) remains associated with substantial mortality
and neurological disability, particularly in patients with poor-grade hemorrhage. Early brain injury, including
neuroinflammation, oxidative stress, blood-brain barrier (BBB) disruption, cerebral edema, and neuronal
injury, may contribute to secondary neurological damage even after aneurysm occlusion. Cerebrolysin is a
multimodal neuroprotective and neurorecovery-oriented agent investigated in several forms of acute brain
injury, but its role in aSAH remains insufficiently defined.

Case presentation: A 64-year-old woman with mild, well-controlled hypertension presented after a generalized
tonic-clonic seizure and prolonged somnolence. Imaging demonstrated diffuse SAH with associated
intracerebral hemorrhage surrounding a ruptured left middle cerebral artery aneurysm, classified as Hunt
and Hess grade IV and Fisher grade 4. Following transfer to a tertiary neurovascular center, the aneurysm was
successfully occluded using three coils. Standard neurocritical care was initiated, and adjunctive Cerebrolysin
therapy was started approximately 2 hours after aneurysm occlusion and within 24 hours of symptom onset,
at 30 mL intravenously once daily.

Serial CT showed progressive blood resorption without hydrocephalus or secondary hemorrhagic deterioration.
Transcranial Doppler monitoring showed no clinically relevant vasospasm. Sedation was reduced after 72
hours, and the patient regained full consciousness during the following day. She was successfully weaned
from mechanical ventilation on day 9, when mild right-sided hemiparesis and expressive aphasia remained.
Cerebrolysin was discontinued on day 12, followed by transfer for continued rehabilitation.

Conclusion: Very early adjunctive Cerebrolysin administration after aneurysm occlusion was feasible in this
patient with poor-grade aSAH. The favorable early clinical course cannot establish efficacy or causality but
supports further investigation of early multimodal cerebroprotection in this setting.

Keywords: aneurysmal subarachnoid hemorrhage; Cerebrolysin; cerebroprotection; blood—brain barrier; early
brain injury; intracerebral hemorrhage

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is a severe form of acute brain injury associated with
substantial mortality and long-term neurological disability, particularly in patients presenting with poor-grade
hemorrhage [1]. Following aneurysm rupture, neuroinflammation, oxidative stress, endothelial dysfunction,
blood-brain barrier (BBB) disruption, cerebral edema, and neuronal injury develop during the early phase and
may subsequently interact with delayed cerebral ischemia and other secondary complications.

Definitive aneurysm occlusion and comprehensive neurocritical care remain central to management [1].
However, securing the aneurysm does not immediately terminate the biological processes initiated by the
hemorrhage. This provides a rationale for investigating adjunctive approaches aimed at limiting secondary
injury and supporting recovery.




Cerebrolysin is a multimodal preparation with neurotrophic, anti-inflammatory, antioxidant, anti-apoptotic,
and neurorepair-associated effects described in preclinical and clinical studies. Although clinical research
has focused primarily on ischemic stroke and traumatic brain injury, these properties have also prompted
investigation in aSAH [2-4].

We report a patient with poor-grade aSAH and associated intracerebral hemorrhage who received Cerebrolysin
very early after successful endovascular aneurysm occlusion.

Case Presentation

A 64-year-old woman with mild, well-controlled arterial hypertension and no other relevant medical history was
admitted after a generalized tonic-clonic seizure followed by prolonged somnolence. Imaging demonstrated
diffuse SAH with associated intracerebral hemorrhage surrounding a ruptured left middle cerebral artery
aneurysm. The hemorrhage was classified as Fisher grade 4 and the clinical presentation as Hunt and Hess
grade IV.

The patient was intubated and mechanically ventilated for transfer to a tertiary neurovascular center.

Therapeutic Intervention

Catheter angiography confirmed the aneurysm, which was successfully occluded using three coils. Standard
neurocriticalcareincluded nimodipine, approximately 72 hoursofanalgosedation, blood-pressure management,
venous thromboembolism prevention, and seizure prophylaxis with levetiracetam. Approximately 2 hours after
aneurysm occlusion, and within 24 hours of symptom onset, Cerebrolysin was initiated at 30 mL intravenously
once daily and continued for 12 days.

Figure 1. Ruptured left middle cerebral artery aneurysm before and after coiling.

A control CT approximately 24 hours after treatment showed perifocal edema around the intracerebral
hematoma, early resorption of the subarachnoid blood, and no hydrocephalus. Serial CT examinations
demonstrated continued blood resorption without secondary hemorrhagic deterioration. Transcranial Doppler
monitoring showed no evidence of significant vasospasm.

\

Figure 2. Control CT approximately 24 hours after coiling, showing subarachnoid and intracerebral blood with left
hemispheric edema and no radiological signs of hydrocephalus.
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After 72 hours, sedation was gradually reduced, and the patient regained full consciousness during the
following day. Mild right-sided hemiparesis and disorientation were present. On day 9, she was successfully
weaned from mechanical ventilation and demonstrated mild right-sided motor impairment and expressive
aphasia. Cerebrolysin was discontinued on day 12, and the patient was transferred to the referring hospital
for continued rehabilitation. No adverse event was clinically attributed to Cerebrolysin during the observed
period. Long-term functional and cognitive follow-up was unavailable.

Timeline

Table 1: Clinical course and treatment timeline.

Time Clinical event
Day 0 Seizure, somnolence; CT/angiography: poor-grade SAH, associated ICH and ruptured left
MCA aneurysm

Day 0 Hunt—Hess IV; Fisher 4; intubation and transfer

Day O Endovascular occlusion using three coils

~2 h after coiling | Cerebrolysin 30 mL IV once daily initiated

Day 1 CT: perifocal edema, no hydrocephalus, early blood resorption

Days 2—3 TCD monitoring without significant vasospasm

Day 4 Fully awake; mild right hemiparesis and disorientation

Day 9 Weaned from mechanical ventilation; mild hemiparesis and expressive aphasia
Day 12 Cerebrolysin discontinued; transfer for rehabilitation
Discussion

This case illustrates that Cerebrolysin could be initiated approximately 2 hours after aneurysm coiling in a
patient with poor-grade aSAH and associated intracerebral hemorrhage without interfering with standard
neurocritical care. Despite an initial Hunt and Hess grade IV presentation, the patient showed early neurological
recovery without hydrocephalus or clinically apparent delayed cerebral ischemia during the monitored period.
As an uncontrolled observation, however, the course cannot establish a treatment effect or support a general
conclusion regarding safety.

The rationale for early adjunctive treatment relates to the pathophysiology of early brain injury. Aneurysmal
SAH triggers endothelial dysfunction, BBB disruption, neuroinflammation, oxidative stress, cerebral edema,
and neuronal injury that may persist despite successful aneurysm occlusion. BBB disruption is particularly
relevant because endothelial and tight-junction damage increases vascular permeability, contributes to
vasogenic edema, and facilitates inflammatory signaling.

Experimental and translational findings suggest that Cerebrolysin may influence some of these pathways.
In @ human cerebral endothelial cell model, tissue plasminogen activator and fibrin increased endothelial
permeability and altered inflammatory mediators and tight-junction proteins; Cerebrolysin attenuated the
increase in permeability and partially reversed these changes [3]. Although such findings cannot be directly
extrapolated to aSAH, they provide a biological rationale for investigating BBB integrity as a mechanistic
endpoint. The absence of hydrocephalus or substantial progression of edema in this patient cannot be
attributed to Cerebrolysin.

Clinical evidence in aSAH remains limited. In a randomized, placebo-controlled pilot trial, 50 patients received
Cerebrolysin 30 mL/day or placebo for 14 days. Treatment was feasible and well tolerated, but no significant
differences were observed in 6-month GOSE, mRS, cognitive outcome, or delayed cerebral ischemia [2]. The
study population was predominantly good-grade (60%), with a median modified WFNS grade of I, which
limits conclusions for poor-grade aSAH. A subsequent systematic review and meta-analysis reported a possible
mortality signal but emphasized the limited evidence base and the need for larger randomized trials [4].



Further research should therefore focus on clinically defined high-risk populations and incorporate both
functional outcomes and mechanistic measures of BBB permeability or neurovascular-unit integrity. An
ongoing registered trial at our center (ISRCTN16818128) is evaluating adjunctive Cerebrolysin in patients with
subarachnoid hemorrhage and an initial Hunt and Hess grade of Ill or higher. Combination approaches are also
hypothesis-generating: a published case report described the feasibility of intraventricular recombinant tissue
plasminogen activator combined with Cerebrolysin in severe intraventricular hemorrhage, although efficacy
cannot be inferred from a single case [5].

Overall, the present case extends the limited clinical experience with very early Cerebrolysin administration
to a patient with poor-grade aSAH. Its value lies in documenting timing, co-administration with standard care,
and the early clinical course; it does not demonstrate efficacy or causality.

Strengths and limitations

A strength of this report is the detailed temporal relationship between aneurysm occlusion, very early
Cerebrolysin administration, and subsequent clinical evolution. However, the single-case design precludes
conclusions regarding efficacy, causality, or general safety. The patient received multiple established treatments,
and the absence of significant vasospasm or hydrocephalus may have contributed to the favorable course. No
direct assessment of BBB integrity was performed, and long-term functional and cognitive outcomes were
unavailable.

Conclusion

Very early adjunctive Cerebrolysin administration after aneurysm occlusion was feasible in this patient with
poor-grade aSAH. The favorable early course should be interpreted cautiously because established treatments
and the absence of major complications provide alternative explanations. This observation supports further
controlled investigation of early multimodal cerebroprotection using functional outcomes together with
mechanistic measures of BBB and neurovascular-unit integrity.

CASE SUMMARY

(Q\ Patient e 64 years e Poor-grade aneurysmal subarachnoid hemorrhage

% Challenge e Severe SAH with associated intracerebral hemorrhage and reduced consciousness

% Treatment e Cerebrolysin 30 mL/day IV x 12 days + neurocritical care

e Extubated on Day 9 e Conscious and awake by Day 4 e Transferred to

DI]D“ Outcome rehabilitation with only mild hemiparesis and expressive aphasia

@ Take Home Message

The treatment with Cerebrolysin after poor-grade aSAH is safe and feasable and resulted in
unexpectedly good recovery.
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INTRODUCTION

The role of Cerebrolysin as stand-alone or combination therapy...

Neurorehabilitation is a core component of modern neurological care. After stroke, traumatic brain injury,
neurosurgical intervention, or other causes of acquired brain injury, the initial lesion defines only the starting
point of recovery. The trajectory that follows is shaped by spontaneous biological repair, neuroplasticity,
targeted rehabilitation, patient engagement, and the quality and timing of medical interventions.

Our understanding of neurorehabilitation has advanced considerably over recent decades. Rehabilitation was
long delivered as a separate phase that began after acute medical treatment had ended. Current evidence
supports an integrated continuum in which acute care and structured rehabilitation act as complementary
elements of a unified therapeutic strategy that promotes early neurological recovery. Within this continuum,
the timing, intensity, individualization, and biological context of rehabilitation influence its effectiveness.

This integrated model of care is directly relevant to pharmacological approaches intended to support
neurorecovery. In ischemic stroke, our exploratory, randomized, placebo-controlled CARS trial evaluated
Cerebrolysin combined with standardized motor rehabilitation initiated early after onset and reported improved
upper-extremity motor recovery, its primary endpoint, together with a favorable global functional outcome
at 90 days. Drawing on this and related evidence, the joint guideline of the European Academy of Neurology
and the European Federation of NeuroRehabilitation Societies issued a recommendation for Cerebrolysin
(30 mL intravenously for at least 10 days, added to early motor rehabilitation) in patients with moderate-
to-severe ischemic stroke. In routine practice, the multinational C-REGS 2 comparative-effectiveness registry
found that, in moderate ischemic stroke, Cerebrolysin added to standard care was associated with better
functional outcome on the modified Rankin Scale at 90 days. Beyond the motor domain, our randomized,
placebo-controlled ESCAS pilot trial reported greater improvement of nonfluent aphasia when Cerebrolysin
was combined with speech-language therapy, and the ongoing multicenter, placebo-controlled CODEC trial is
evaluating Cerebrolysin for post-stroke cognitive decline.

In moderate-to-severe traumatic brain injury, our randomized, placebo-controlled, single-center CAPTAIN
Il trial evaluated Cerebrolysin as an adjunct to standard care and reported benefits across a prespecified
multidimensional set of functional and neuropsychological outcomes, supporting continued investigation
of multimodal approaches to neurorecovery. The ongoing randomized, placebo-controlled C-RETURN trial
extends this work in the same population, with global functional outcome at 90 days as the primary endpoint
and a large sample of patients.

The cases presented in this chapter illustrate the complexity of neurorehabilitation in real-world clinical
practice, where patients differ in lesion characteristics, level of disability, comorbidities, therapeutic window,
and rehabilitation potential. These differences call for rehabilitation strategies adapted to the individual patient.
Clinical experience must remain closely connected to scientific evidence. Randomized clinical trials are the
reference standard for establishing efficacy, and well-documented cases complement them with insight
into treatment implementation, patient selection, timing, multidisciplinary care, and outcomes that are
underrepresented in controlled research.

The cases collected in this chapter of Outcomes Il present neurorehabilitation from the perspective of individual
patients and their recovery trajectories. They underline a central principle of contemporary neurorehabilitation:
the goal of care is to maximize each patient’s recovery of function, independence, and participation in daily
life.
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Abstract

Background: The etiological mechanism of ischemic stroke determines acute management and secondary
prevention, whereas functional recovery is shaped primarily by neuroplasticity and structured rehabilitation.
We report two patients with mild ischemic stroke caused by markedly different mechanisms but managed
using convergent, individualized neurorehabilitation strategies.

Case presentations: A 70-year-old man (NIHSS 5) presented with a right hemispheric ischemic stroke
associated with severe (>75%) stenosis of the right internal carotid artery and a probable border-zone
atherothrombotic mechanism. He received antiplatelet therapy, high-intensity statin treatment, vascular
risk-factor management, and subsequent carotid endarterectomy. A 73-year-old man (NIHSS 4) presented
with vertigo, gait instability, and left-sided dysmetria. Brain MRI revealed multiple acute ischemic lesions

in supratentorial and infratentorial territories, while echocardiography demonstrated a left ventricular
aneurysm with mural thrombus, supporting a cardioembolic mechanism. Oral anticoagulation was
initiated. Both patients underwent deficit-oriented, structured neurorehabilitation and received adjunctive
Cerebrolysin 30 mL/day, with favorable functional evolution.

Conclusion: These cases illustrate that etiological precision remains essential for secondary prevention,
while rehabilitation strategies may converge across different stroke mechanisms. Even in mild stroke,

early, individualized, task-oriented rehabilitation should be integrated into a multimodal recovery plan.

As descriptive case reports, these observations do not establish treatment efficacy but provide clinically
relevant real-world examples of recovery-oriented care.

Keywords: ischemic stroke; border-zone infarction; cardioembolic stroke; neurorehabilitation; Cerebrolysin;
case reports

Introduction

Ischemic stroke remains one of the leading causes of long-term disability worldwide, with significant clinical
and socioeconomic impact [1]. A key principle in stroke management is the identification of the underlying
etiological mechanism, as this determines both acute therapeutic decisions and strategies for secondary
prevention [2].

Among the major ischemic stroke subtypes, large artery atherosclerosis and cardio embolism represent two of
the most clinically relevant categories. Border zone (watershed) infarcts typically occur at the interface between
major cerebral arterial territories and are often associated with hemodynamic compromise, particularly in the
presence of significant carotid stenosis [3]. In contrast, cardioembolic strokes result from embolic material
originating from the heart and are characterized by abrupt onset and a tendency to involve multiple vascular
territories [4].

While this etiological distinction is critical for guiding treatment—antiplatelet therapy and revascularization



in large artery disease versus anticoagulation in cardioembolic stroke—the processes underlying neurological
recovery are less dependent on etiology and more closely related to neuroplasticity and functional
reorganization [5].

This raises animportant clinical question: to what extent do rehabilitation strategies converge despite divergent
stroke mechanisms? The present report illustrates this concept through two cases with markedly different
etiologies but similar post-stroke recovery approaches.

Case 1l

A 70-year-old male, with a history of heavy smoking (75 pack-years) and no prior chronic treatment, presented
to the emergency department with neurological symptoms that had developed abruptly more than 12 hours
prior to admission. The patient reported impaired coordination of the left upper limb and visual disturbance
affecting the left visual field.

On neurological examination, the patient was alert and cooperative, with mild left-sided hemiparesis, more
pronounced in the upper limb (MRC 4/5), associated with dysarthria and a positive Babinski sign on the left.
A left homonymous hemianopia was also documented. The NIHSS score at admission was 5, indicating a mild
stroke.

Initial non-contrast CT revealed a hypodense area in the right parietal region, suggestive of an ischemic lesion.
(Figure 1A) Subsequent MRI confirmed an acute infarction in the territory of the right middle cerebral artery.
Importantly, CT angiography demonstrated a severe stenosis (>75%) at the origin of the right internal carotid
artery. (Figure 1B)

Figure 1: (A) Initial non-contrast CT. (B) Subsequent MRI.

Given the imaging findings and the absence of a cardioembolic source on cardiac evaluation, the stroke was
interpreted as being of atherothrombotic origin, with a probable hemodynamic component consistent with a
border zone infarction mechanism.

The patient was not eligible for reperfusion therapy due to delayed presentation. Management included
initiation of antiplatelet therapy and high-intensity statin, along with strict control of vascular risk factors.
In addition, the patient underwent carotid endarterectomy one week after discharge, without perioperative
complications.

Beyond etiological treatment, the patient was enrolled in a structured neurorehabilitation program focusing
on motor recovery and functional independence. As part of this multimodal approach, adjunctive therapy
with Cerebrolysin 30 ml/day was administered for 10 days. Clinical evolution was favorable, with progressive
improvement in motor function and partial recovery of visual deficits, allowing the patient to regain functional
autonomy in daily activities.

Case 2

A 73-year-old male with a complex cardiovascular history, including prior myocardial infarction, coronary artery
bypass grafting, and poorly controlled hypertension, presented with acute onset of vertigo, gait instability,
nausea, and vomiting. According to family members, the patient had been asymptomatic approximately seven
hours prior to presentation.

Neurological examination revealed a cerebellar syndrome characterized by bilateral horizontal-rotatory
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nystagmus, marked gait ataxia, and dysmetria affecting the left side. A mild residual right-sided weakness was
also noted, consistent with a prior stroke. The NIHSS score was 4. MRI of the brain demonstrated multiple
acute ischemic lesions of small size, distributed across both supratentorial and infratentorial regions, involving
different vascular territories. This pattern strongly suggested an embolic mechanism.

Figure 3: (A) MRI of the brain. (B) Transthoracic echocardiography.

Carotid Doppler ultrasonography did not reveal hemodynamically significant stenosis. However, transthoracic
echocardiography identified a left ventricular aneurysm with an associated mural thrombus, providing a
clear cardioembolic source. (Figure 3) Based on these findings, the diagnosis of cardioembolic stroke was
established. The patient was started on oral anticoagulation as secondary prevention. Similarly to the first case,
the patient underwent a structured neurorehabilitation program aimed at improving balance, coordination,
and functional mobility. Adjunctive therapy with Cerebrolysin 30 ml/day was also administered. During follow-
up, the patient showed gradual neurological improvement, particularly in gait stability and coordination,
leading to a significant reduction in disability.

Discussion

These two cases highlight the clinical importance of distinguishing ischemic stroke mechanisms without
allowing etiological differences to obscure the shared principles of post-stroke recovery. In the first patient,
severe ipsilateral internal carotid artery stenosis supported an atherothrombotic mechanism with a probable
hemodynamiccomponent. Inthe second patient, multifocal acute lesionsinvolving different vascular territories,
together with a left ventricular aneurysm and mural thrombus, strongly supported cardioembolism. These
distinctions were clinically decisive because they led to different secondary-prevention strategies: antiplatelet
therapy and carotid revascularization in the first case, and oral anticoagulation in the second [3,4,6,7].
Despite this divergence, both patients required an early, individualized rehabilitation plan directed at their
specificfunctional deficits. The first program emphasized motor recovery, visualimpairment, and independence
in daily activities, whereas the second focused on gait, balance, coordination, and functional mobility. This
convergence is clinically relevant because neurological recovery after stroke is mediated by neuroplasticity,
functional reorganization, and task-specific training rather than by etiology alone [5,8].

The cases are also relevant because both strokes were mild at presentation (NIHSS 5 and NIHSS 4). Mild stroke
should not be equated with negligible disability: visual-field impairment, upper-limb dysfunction, gait ataxia,
and coordination deficits may substantially affect autonomy and quality of life. A structured rehabilitation
pathway therefore remains appropriate even when the baseline NIHSS score is low.

Within a multimodal approach, both patients received adjunctive Cerebrolysin 30 ml/day. The EAN/EFNR
guideline on pharmacological support for early motor rehabilitation after acute ischemic stroke includes
Cerebrolysin as an add-on option, and the CARS randomized controlled trial provides supporting clinical
evidence [9,10]. The present report is not designed to demonstrate treatment efficacy or to attribute
the observed outcomes to any single component of care. Rather, it illustrates how guideline-informed
pharmacological support may be integrated with etiological treatment and structured neurorehabilitation in
routine clinical practice.



The interpretation of these cases is limited by their descriptive nature and by the absence of serial standardized
outcome measures in the current report. Future documentation would be strengthened by predefined
follow-up intervals and repeated measures such as NIHSS, modified Rankin Scale, and Barthel Index scores.
Nevertheless, the cases provide a pragmatic reminder that recovery-oriented care should begin early, remain
individualized, and extend to patients with mild as well as more severe stroke.

Conclusion

Although border zone and cardioembolic strokes differ substantially in pathophysiology and secondary
prevention, both patients achieved favorable functional recovery following individualized, multidisciplinary
neurorehabilitation. In line with contemporary European recommendations, post-stroke recovery is primarily
driven by tailored, task-oriented rehabilitation adapted to patient-specific deficits.

These cases further support the concept that meaningful recovery may occur across different stroke
mechanisms when evidence-based rehabilitation is implemented. Adjunctive pharmacological interventions,
including Cerebrolysin, should be considered as part of a multimodal approach.

In line with European guideline recommendations, both patients received structured neurorehabilitation
combined with adjunctive pharmacological support. The use of Cerebrolysin as an add-on therapy is supported
by the EAN/EFNR guideline for early motor recovery after acute ischemic stroke, reinforcing its role within a
multimodal rehabilitation strategy.

CASE SUMMARY

(Oj Patient e 70 years e Border-zone ischemic stroke

% Challenge e Hemiparesis and visual field deficit

@ Treatment e Cerebrolysin 30 mL/day IV x 10 days + rehabilitation

|][|]]IJ Outcome o Functional autonomy regained ¢ Motor and visual improvement

E\ Take Home Message

Despite divergent etiologies requiring distinct secondary prevention, early deficit-
oriented neurorehabilitation combined with adjunctive Cerebrolysin was
associated with functional recovery, highlighting the convergence of multimodal
rehabilitation principles across different stroke mechanisms.
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...in severe neurogenic dysphagia following severe TBI

Abstract

Background: Neurogenic dysphagia is a frequent and potentially life-threatening consequence of acquired
brain injury, often resulting in aspiration, prolonged enteral feeding, tracheostomy dependence, and reduced
quality of life. While Cerebrolysin has demonstrated neurorestorative and neuroplasticity-promoting
properties in neurological disorders, its potential role in dysphagia rehabilitation remains poorly described.
Case Presentation: We report the case of a 32-year-old male who sustained a severe traumatic brain injury
on November 15, 2024, resulting in a minimally conscious state (MCS), decompressive craniectomy, severe
neurogenic dysphagia, tracheostomy dependence, and jejunostomy feeding. Baseline swallowing assessment
demonstrated absent functional oral intake and severe impairment across swallowing outcome measures
(FOIS=1, GUSS=0, DOSS=1). The patient was enrolled in an intensive interdisciplinary neurorehabilitation
program including speech-language pathology, physical therapy, occupational therapy, and rehabilitation
medicine.

Intervention: Cerebrolysin was administered according to standard clinical protocols (Cerebrolysin 30
mL/day intravenously for 10 consecutive days, 3 repeated cycles) as an adjunct to intensive swallowing
rehabilitation. Clinical swallowing assessments and functional outcomes were monitored longitudinally
throughout treatment.

Outcomes: Over a 12-month period, the patient demonstrated progressive improvement in swallowing
function, secretion management, airway protection, and feeding-related participation. Swallowing outcome
measures improved to FOIS=4, GUSS=10, and DOSS=3. The patient was successfully decannulated on May
22,2025, achieved safe oral intake of at least one consistency (IDDSI Level 4), and subsequently underwent
jejunostomy removal on April 20, 2026, transitioning from complete enteral feeding dependence to
functional oral feeding. No significant adverse events associated with Cerebrolysin administration were
observed.

Conclusion: This case documents clinically meaningful recovery of swallowing function in a patient with
severe neurogenic dysphagia following traumatic brain injury. Although causality cannot be established, the
observed progression from tracheostomy and jejunostomy dependence to decannulation and oral feeding
supports further investigation of Cerebrolysin as an adjunct to intensive neurorehabilitation and its potential
role in facilitating neuroplasticity and functional recovery after severe acquired brain injury.

Keywords: Dysphagia; Cerebrolysin; Traumatic Brain Injury; Neurorehabilitation; Neuroplasticity; Swallowing
Rehabilitation.

Introduction

Neurogenic dysphagia affects a substantial proportion of patients following acquired brain injury. According
to the German s1 guideline for Neurogenic Dysphagia, dysphagia is a complex sensorimotor disorder affecting
the safety and efficiency of swallowing and frequently occurs following acquired brain injury. Beyond its impact
on nutrition and hydration, dysphagia is associated with aspiration pneumonia, prolonged hospitalization,



increased healthcare costs, and reduced quality of life. (1)

Recovery of swallowing function depends on the reorganization of distributed cortical and subcortical
networks involved in sensorimotor control. Consequently, rehabilitation approaches increasingly aim not only
to compensate for deficits but also to facilitate neuroplasticity and functional recovery.

Cerebrolysinis a peptide-based neurotrophic agent with demonstrated cerebroprotective and neurorestorative
properties. Experimental and clinical evidence suggests that Cerebrolysin may promote neuronal survival,
synaptic plasticity, neurogenesis, and functional recovery after neurological injury. Although it has been
investigated in stroke (2) and traumatic brain injury, evidence regarding its potential role in dysphagia
rehabilitation remains scarce.

This report describes the clinical course of a patient with severe neurogenic dysphagia treated with intensive
interdisciplinary rehabilitation and adjunctive Cerebrolysin therapy. (1)

Case Presentation

We report the case of a previously healthy 32-year-old male who sustained a severe traumatic brain
injury on November 15, 2024, resulting in a minimally conscious state (MCS), decompressive craniectomy,
tracheostomy dependence, and jejunostomy feeding. Clinical and instrumental swallowing assessments
demonstrated severe neurogenic dysphagia with absent functional oral intake, impaired airway protection,
poor secretion management, and a high risk of aspiration. Baseline swallowing outcome measures confirmed
profound impairment (FOIS=1, GUSS=0, DOSS=1). The patient was enrolled in an intensive interdisciplinary
neurorehabilitation program including speech-language pathology, physical therapy, occupational therapy,
and rehabilitation medicine.

Therapeutic Intervention

The patient participated in an intensive interdisciplinary neurorehabilitation program focused on restoring
functional swallowing and promoting overall neurological recovery. Daily speech and language therapy (SLT)
sessions were provided five days a week and included swallowing exercises targeting strength and coordination,
neuromuscular electrical stimulation (NMES), sensory stimulation strategies, airway protection training,
progressive oral intake trials and blue dye testing (BDT), compensatory and restorative swallowing techniques,
and phonatory training using a speaking valve (SV).

In parallel, Cerebrolysin was administered according to institutional clinical protocols (Cerebrolysin 30 mL/
day intravenously for 10 consecutive days, 3 repeated cycles) as a neurotrophic intervention intended to
support neuroplasticity and neurological recovery. Treatment was delivered over several weeks with regular
monitoring of swallowing performance and functional outcomes. Treatment adherence was complete, with no
interruptions in Cerebrolysin administration and rehabilitation sessions was interrupted 3 weeks during march
for holidays.
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SDH, subdural hematoma; SAH, subarachnoid hemorrhage; TBI, traumatic brain injury; FOIS, Functional Oral Intake Scale; Total follow-up:
GUSS, Gugging Swallowing Screen; DOSS, Dysphagia Outcome and Severity Scale; IDDS, International Dysphagia Diet Standardisation Initiative; NIBS, non-invasive brain stimulation. 17 months

Figure 1: Clinical course and functional recovery
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Outcomes

During follow-up, the patient demonstrated progressive recovery of swallowing function, reflected by
improvements in functional swallowing scales (FOIS: 1->4, GUSS: 0—10, DOSS: 1->3). Clinical gains included
improved secretion management, enhanced swallowing safety and efficiency, increased participation in
feeding-related activities, and the emergence of vocalizations in response to verbal stimulation and repetition.
Recovery was marked by successful decannulation on May 22, 2025, indicating improved airway protection
and secretion control. Continued swallowing rehabilitation enabled the reintroduction and progression of oral
intake, ultimately achieving safe oral feeding of at least one consistency (IDDSI Level 4). Following sustained
nutritional and swallowing improvement, the jejunostomy tube was removed on April 20, 2026.

These swallowing-related improvements occurred alongside ongoing neurological rehabilitation and were
associated with meaningful gains in functional independence and quality of life. Treatment was well tolerated,
with no significant adverse events associated with Cerebrolysin administration.

Baseline Final follow-up
Scale (range) 15 Nov 2024 20 Apr 2026 Clinical interpretation
fm.S P e et ./———. T 3 points /T©1\ Oral intake restored
B R 1 (+300%) A3 From non-oral feeding to total oral intake

(-7 4

GUS_S ; / 10 1 10 points v Swallowing safety improved
Gugging Swallowing Screen 0 (+100%) From severe impairment to safe swallowing

(0-20)

DOSS i o 3 t 2 points @\‘ Dysphagia severity reduced
7

Dysphagia Outcome and *—
Severity Scale (1-7) (+200%) From severe dysphagia to mild dysphagia

FOIS, Functional Oral Intake Scale; GUSS, Gugging Swallwing Scrsen; DOSS, Dysphagia Outcome and Severty Scale.
Clinically ingful i were in all , accompanied by decannulation, feeding tube removal, and return to home and community life.

Figure 2: Functional outcomes from baseline to final follow-up

Discussion

This case highlights the potential role of Cerebrolysin as an adjunctive therapy within a comprehensive
neurorehabilitation program for severe neurogenic dysphagia following traumatic brain injury. Over a
12-month period, the patient progressed from complete dependence on tracheostomy and jejunostomy, with
absent functional oral intake, to successful decannulation, removal of enteral nutritional support, and safe oral
feeding, accompanied by improvements across standardized swallowing outcome measures.

Swallowing recovery is increasingly recognized as a neuroplastic process involving distributed sensorimotor,
cognitive, and brainstem networks. (3) Accordingly, interventions capable of promoting neural repair
and adaptive plasticity may complement conventional dysphagia rehabilitation. Cerebrolysin has been
associated with improved functional outcomes in neurological populations through mechanisms including
neuroprotection, neurotrophic activity, synaptic remodeling, and enhancement of neuronal recovery. In
the present case, the temporal association between neurotrophic therapy and progressive restoration of
swallowing function raises the possibility that Cerebrolysin may have contributed to recovery when combined
with intensive interdisciplinary rehabilitation. (4)

Importantly, recovery occurred despite the initial severity of neurological impairment, characterized by a
minimally conscious state, tracheostomy dependence, jejunostomy feeding, and severe aspiration risk. The
achievement of decannulation and subsequent removal of enteral nutritional support represent clinically
meaningful milestones associated with reduced medical burden, improved participation, and enhanced
quality of life.

Nevertheless, the single-case design precludes any inference of causality, and spontaneous neurological
recovery, rehabilitation intensity, and other concurrent interventions may have influenced outcomes. Further
prospective studies, controlled trials, and mechanistic investigations are warranted to determine whether
Cerebrolysin exerts clinically meaningful effects on swallowing recovery and to identify the patient populations
most likely to benefit from neurotrophic therapy.

Conclusions

This case demonstrates substantial recovery of swallowing function in a patient with severe neurogenic
dysphagia following traumatic brain injury who initially presented in a minimally conscious state with



tracheostomy dependence, jejunostomy feeding, and absent functional oral intake. Over 12 months, the
patient achieved clinically meaningful outcomes, including decannulation, restoration of safe oral feeding,
removal of enteral nutritional support, and improved swallowing-related functional scores. Although causality
cannot be established from a single case, these findings support further investigation of Cerebrolysin as an
adjunct to intensive interdisciplinary neurorehabilitation and its potential role in facilitating neuroplasticity
and functional recovery after acquired brain injury.

Patient Perspective

The patient’s family described restoration of oral feeding as one of the most meaningful milestones in recovery,
improving social participation and reducing caregiver burden.

CASE SUMMARY

(Oj Patient e 32 years e Severe TBI with neurogenic dysphagia

% Challenge e Tracheostomy and jejunostomy dependence

% Treatment ° Cerebrolysin 30 mL/day IV x 10 days (3 cycles) + intensive
neurorehabilitation

I, Outcome ~ eFOIS1 >4 ¢GUSS0->10 DOSS1-> 3

E Take Home Message

Severe post-traumatic dysphagia may remain responsive to intensive
rehabilitation, with repeated Cerebrolysin cycles potentially improving swallowing
safety, airway protection, and feeding-related participation.

PUBLISHED

Scan the QR Code to access
PubMed and search with

author’s name, Cerebrolysin
and 2026.

111



112

MELECIO M. PENA

The Medical City Clark Physical Medicine and Rehabilitation
Department, Clark Global City, Pampanga

Philippines

...as adjunct to rehabilitation medicine within the critical time
window of a post-AlS patient

Abstract

Background: Severe ischemic stroke may result in persistent motor, language, swallowing, cognitive, and
functional deficits despite acute management. Cerebrolysin has been successfully investigated as an adjunct
to stroke rehabilitation because of its multimodal pharmacological and neurorestorative properties.

Case Presentation: A 65-year-old right-handed man presented with severe middle cerebral artery ischemic
stroke (NIHSS 26), global aphasia, severe dysphagia, cognitive impairment, dense hemiplegia, and complete
functional dependence. Cerebrolysin 30 mL/day intravenously for 21 consecutive days was initiated on day 4
after stroke onset as an adjunct to comprehensive multidisciplinary rehabilitation. At baseline, the Functional
Independence Measure (FIM) was 18/126, Barthel Index 0/100, modified Rankin Scale (mRS) 5, and Montreal
Cognitive Assessment (MoCA) 0/30. After one month, substantial improvement was observed across motor,
functional, language, swallowing, and cognitive domains. A second Cerebrolysin cycle was administered
at approximately three months post-stroke (30 mlL/day, 5 days/week for 20 days) alongside continued
rehabilitation.

Results: At the latest follow-up, approximately five months post-stroke, motor strength improved from 0/5
to 4/5, sensation normalized, and spasticity resolved. FIM increased to 110/126, Barthel Index to 100/100,
and mRS improved from 5 to 2. Swallowing improved from severe impairment requiring nasogastric feeding
to normal performance on swallowing assessment, while substantial recovery in language and cognition was
observed, with MoCA increasing to 20/30.

Conclusion: This case documents substantial multidomain recovery following severe ischemic stroke during
comprehensive multidisciplinary rehabilitation with Cerebrolysin administered as an adjunct treatment.
Although causality cannot be established in a single case, the progressive improvements in motor function,
independence, language, swallowing, and cognition support further investigation of Cerebrolysin as an adjunct
to post-stroke rehabilitation.

Introduction

Stroke is characterized by the sudden onset of neurological deficits caused by cerebral ischemia or hemorrhage
andremainsamajorcause of deathanddisabilityworldwide.’,? Although reperfusion therapies have substantially
improved the management of acute ischemic stroke, their benefit is limited by a narrow therapeutic window
and by restricted eligibility. Consequently, many patients remain with significant neurological and functional
deficits despite acute treatment.

Aninterventionthatmayaddressboththeearly phaseofischemicinjuryandsubsequentrecoveryisCerebrolysin,
a neuropeptide preparation of porcine origin with multimodal pharmacological properties. Experimental and
clinical studies suggest effects on excitotoxicity, oxidative stress, neuroinflammation, apoptosis, neuroplasticity,
neurogenesis, synaptic repair, and vascular function.>-® These properties may support recovery across multiple
neurological domains when used as an adjunct to comprehensive rehabilitation.



The purpose of this case report is to present the early stroke management and progressive rehabilitation of
a patient with severe ischemic stroke, global aphasia, dysphagia, cognitive impairment, and severe functional
dependence who received Cerebrolysin as an adjunct to physical and rehabilitation medicine.

Case Report

Thisis a case of a 65-year-old, right-handed, retired businessman with hypertension, hypercholesterolemia, and
diabetes mellitus who developed sudden hemiplegia, sensory loss, severe language impairment, dysphagia,
and difficulty drinking. He was immediately brought to the emergency room, where cranial magnetic resonance
imaging and angiography revealed a middle cerebral artery infarction involving the fronto-parietal region. He
was admitted to the intensive care unit under the Neurology service.

The National Institutes of Health Stroke Scale score on admission was 26/42, consistent with severe stroke.
A nasogastric tube was inserted because of dysphagia, and bladder and bowel dysfunction required
catheterization and supportive management. After stabilization on the fourth hospital day, Cerebrolysin was
initiated at 30 mL/day intravenously, diluted in normal saline, for 21 consecutive days. On the same day, the
patient was referred to the Physical Medicine and Rehabilitation Department.

At initial physiatric assessment, the Glasgow Coma Scale score was 10/15. Muscle strength of the affected
upper and lower limbs was 0/5, with severe facial weakness and absent sensation on the affected side. Mild
spasticity was present. The Functional Independence Measure (FIM) score was 18/126, the Barthel Index was
0/100, and the modified Rankin Scale (mRS) score was 5, indicating severe disability and complete dependence.
Language assessment using the Quick Aphasia Battery (QAB) demonstrated severe impairment across all
assessed domains. The Gugging Swallowing Screen (GUSS) score was 3/6, and direct swallowing assessment
could not be performed. The Montreal Cognitive Assessment (MoCA) score was 0/30.

A comprehensive rehabilitation program was initiated, including physical therapy, occupational therapy, speech
and language therapy, swallowing rehabilitation, cognitive stimulation, prevention of complications, and
nursing support. Physical therapy included range-of-motion exercises, progressive strengthening, electrical
stimulation, anti-spasticity measures, trunk control, sensory re-education, and progressive mobility training.
Occupational therapy focused on activities of daily living, socialization, and leisure participation. Speech and
language therapy addressed global aphasia, dysphagia, and cognitive impairment.

After one month of rehabilitation and completion of the first 21-day Cerebrolysin cycle, substantialimprovement
was observed. The GCS improved from 10/15 to 14/15, while muscle strength of the affected limbs improved
from 0/5 to 3-/5. Sensation improved, and spasticity decreased. The FIM increased from 18/126 to 72/126, the
Barthel Index from 0/100 to 40/100, and the mRS improved from 5 to 4. Language performance also improved
across all QAB domains. Although dysphagia persisted, the GUSS score improved from 3/6 to 5/6. Cognitive
function improved from a MoCA score of 0/30 to 13/30. Rehabilitation was continued and progressively
intensified over the following two months. The program included active and progressive resistance exercises,
functional electrical stimulation, gait and balance training, transitional mobility, sensory re-education, activities
of daily living training, intensified speech and language therapy, swallowing rehabilitation, and cognitive
stimulation.

At approximately three months post-ictus, a second cycle of Cerebrolysin was prescribed at 30 mL/day
intravenously, 5 days per week for 20 days, while multidisciplinary rehabilitation was continued.

Following the second treatment cycle, further improvement was observed. Muscle strength of the affected
upper and lower limbs improved to 4/5, facial muscle function became normal, sensation normalized, and
no spasticity was observed. The FIM increased to 110/126, the Barthel Index reached 100/100, and the mRS
improved to 2, indicating slight residual disability.

Language improved substantially across the QAB domains, including connected speech, comprehension,
naming, repetition, reading aloud, and motor speech. The GUSS score reached 6/6, allowing direct swallowing
assessment. The patient successfully passed tests with liquids, semisolids, solids, and mixed consistencies

113



114

without symptoms of dysphagia. Cognitive performance further improved, with the MoCA score increasing
to 20/30. Improvements were observed in visuospatial and executive function, naming, attention, language,
abstraction, delayed recall, and orientation. At the latest follow-up, approximately five months post-ictus, the
patient maintained 4/5 muscle strength in the affected limbs, normal sensory function, and normal muscle
tone. He was independent in activities of daily living, with a Barthel Index of 100/100, although reduced speed
of performance and residual deficits in communication and cognition remained.

Timeline

Table 1: Clinical course and treatment timeline

Time Point Clinical Events
Day O (Stroke onset) MCA stroke; NIHSS 26; ICU admission
Day 4 GCS 10; MRC 0/5; FIM 18; Bl 0; mRS 5; QAB severe aphasia; GUSS 3;
MoCA 0; Cerebrolysin cycle 1 + rehabilitation started
1 month post-stroke GCS 14; MRC 3-/5; FIM 72; BI 40; mRS 4; GUSS 5; MoCA 13
3 months post-stroke Ongoing intensive rehabilitation; Cerebrolysin cycle 2 started
4 months post-stroke MRC 4/5; FIM 110; Bl 100; mRS 2; GUSS 6; MoCA 20
5 months post-stroke (follow-up) | Independent ADLs; Bl 100; MRC 4/5; residual language and cognitive
deficits
Discussion

Despite major advances in reperfusion therapy, many patients with ischemic stroke remain ineligible for
thrombolysis or mechanical thrombectomy or continue to experience substantial disability. This has stimulated
interest in therapeutic approaches targeting multiple components of the ischemic cascade and supporting
subsequent brain recovery.

Cerebrolysin is a standardized neuropeptide preparation consisting of low-molecular-weight peptides and
free amino acids. Experimental studies have demonstrated multimodal effects, including attenuation of
excitotoxicity, oxidative stress, neuroinflammation, and apoptosis, together with neurotrophic and neuroplastic
effects that may support neuronal survival, synaptic remodeling, and neurogenesis.?-®

Experimental models of cerebral ischemia have demonstrated reductionsin infarct volume and improvementsin
functional recovery.*~® Importantly, recovery-promoting effects have also been observed when treatment was
initiated after the hyperacute phase, supporting the concept that the therapeutic potential of Cerebrolysin may
extend beyond acute brain protection and include mechanisms relevant to neuroplasticity and rehabilitation.
Clinical studies have investigated Cerebrolysin in acute ischemic stroke, including the CASTA trial, which
suggested potential benefits in patients with more severe stroke.” A particularly relevant study for the present
case is the Cerebrolysin and Recovery After Stroke (CARS) trial. In this randomized, double-blind, placebo-
controlled study, patients received Cerebrolysin 30 mL/day for 21 days beginning 24—72 hours after stroke
onset while participating in a standardized rehabilitation program. Cerebrolysin demonstrated superiority over
placebo in upper-extremity motor function and global outcome and was safe and well tolerated.®

The present case showed progressive improvement across several clinically relevant domains. Functional
recovery was reflected by improvement in the FIM from 18/126 to 110/126, the Barthel Index from 0/100 to
100/100, and the mRS from 5 to 2. Motor strength improved from complete paralysis to 4/5 in the affected
limbs, sensation normalized, and spasticity resolved.

Language improved from profound impairment at baseline to substantial recovery across connected speech,
comprehension, naming, repetition, reading, and motor speech. Swallowing improved from severe impairment
requiring nasogastric feeding to normal performance on indirect and direct swallowing assessment. Cognitive
performance also improved substantially, with the MoCA score increasing from 0/30 at baseline to 13/30 after
the first treatment and rehabilitation phase and to 20/30 following continued rehabilitation and the second
Cerebrolysin cycle.



The improvements observed in this patient occurred during intensive, multidisciplinary rehabilitation, and a
causal relationship with Cerebrolysin cannot be established from a single case. Nevertheless, the temporal
association between Cerebrolysin administration, continued rehabilitation, and progressive improvement
across motor, functional, language, swallowing, and cognitive outcomes is clinically noteworthy.

The multimodal pharmacological properties of Cerebrolysin may provide a mechanistic rationale for its potential
role as an adjunct to rehabilitation. By simultaneously influencing several components of ischemic injury and
recovery, including neuronal survival, neuroinflammation, neuroplasticity, synaptic repair, neurogenesis, and
vascular integrity, Cerebrolysin may support recovery across multiple neurological domains.>-5,°

7

Conclusion

This case demonstrates substantial and progressive recovery of a patient with severe ischemic stroke,
global aphasia, dysphagia, cognitive impairment, profound sensorimotor deficits, and complete functional
dependence who underwent comprehensive multidisciplinary rehabilitation with Cerebrolysin administered
as an adjunct treatment during the early and subsequent phases of recovery.

Marked improvements were observed in sensorimotor function, activities of daily living, language, swallowing,
and cognition. Functional outcomes improved from complete dependence to independence in activities
of daily living, while dysphagia resolved and substantial recovery was observed in language and cognitive
performance.

Asasingle case report, these findings cannot establish causality or separate the effects of spontaneous recovery,
intensive rehabilitation, and pharmacological treatment. However, the progressive improvement observed
across multiple neurological domains is consistent with the multimodal and neurorestorative properties
attributed to Cerebrolysin and supports further investigation of its role as an adjunct to comprehensive post-
stroke rehabilitation.

CASE SUMMARY

(Q\ Patient e 65 years e Severe MCA ischemic stroke

% Challenge e Global aphasia, dysphagia, and complete functional dependence

@ Treatment e Cerebrolysin 30 mL/day IV x 21 days (2 cycles) + multidisciplinary rehabilitation

I, Outcome e FIM18 > 110 emRS5 -2 e Barthel 0 > 100

@ Take Home Message

Despite initial complete functional dependence (FIM 18/126, Barthel Index 0/100, mRS 5) and
complete paralysis of the affected limbs, this patient achieved marked recovery to near
independence (FIM 110/126, Barthel Index 100/100, mRS 2), with restoration of motor strength,
normalization of sensation, and resolution of spasticity.
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...as adjunct to outpatient neurorehabiliation for aphasia and
dysphagia in multiterritorial stroke

Abstract

Background: Aphasia and dysphagia are disabling sequelae of stroke that impair communication, nutrition,
independence, and participation. Cerebrolysin has been investigated as an adjunct to neurorehabilitation,
but evidence regarding its use during subacute outpatient rehabilitation remains limited.

Case Presentation: A 49-year-old left-handed Filipino woman developed multiterritorial ischemic stroke
involving the right middle and posterior cerebral artery territories, followed by bilateral cerebral and

right cerebellar infarctions considered probably embolic in origin. Following neurological deterioration

and medical complications, she developed severe aphasia, profound oropharyngeal dysphagia, dense left
hemiparesis, and marked functional dependence. At discharge, her Modified Rankin Scale (mRS) score was 5,
Quick Aphasia Battery (QAB) score was 4, and Gugging Swallowing Screen (GUSS) score was 14/20. Twenty-
two days after discharge, Cerebrolysin 50 mL intravenously once daily was initiated for 21 treatment days as
an adjunct to outpatient rehabilitation.

Results: By treatment day 11, QAB increased to 7, accompanied by improved verbal output and
comprehension. By treatment day 19, GUSS improved to 18/20, allowing transition from nasogastric feeding
toward oral intake. At 60 days after discharge, QAB increased to 9, GUSS reached 20/20, and mRS improved
to 4. Spasticity progressed to MAS 4.

Conclusion: This case documents multidomain improvement during subacute outpatient rehabilitation
incorporating Cerebrolysin. Although causality cannot be established, the temporal pattern and objective
changes support further investigation of Cerebrolysin as an adjunct to rehabilitation.

Keywords: Cerebrolysin; ischemic stroke; aphasia; dysphagia; neurorehabilitation; subacute stroke
rehabilitation

Introduction

Stroke is a major cause of long-term disability. Aphasia and dysphagia may impair communication, nutrition,
independence, participation, and quality of life, while increasing the risk of complications such as aspiration
pneumonia.’>? Appropriately timed multidisciplinary rehabilitation is therefore fundamental to recovery.-*
Access to rehabilitation remains uneven, particularly in resource-limited settings. In the Philippines,
rehabilitation services and specialized professionals are concentrated in major urban centers, while geographic
and financial barriers may limit continuity of care.>7>1°

Cerebrolysin is a peptide-based preparation investigated for potential neuroprotective and neurorestorative
effects following ischemic stroke.® It should be considered an adjunct to, rather than a replacement for,
rehabilitation. Previous studies have investigated Cerebrolysin in combination with structured rehabilitation,
including CARS for motor recovery and ESCAS, in which Cerebrolysin combined with speech and language
therapy was associated with improved language outcomes in patients with post-stroke aphasia.®>™®



Evidence regarding its use during subacute outpatient rehabilitation remains limited. We therefore report a
patient with severe aphasia and dysphagia following multiterritorial ischemic stroke who received a 21-day
course of Cerebrolysin as an adjunct to outpatient neurorehabilitation in a resource-limited setting.

Case Report

A 49-year-old left-handed Filipino woman with no previous history of stroke was admitted on February 24, 2026,
with sudden impaired speech, facial asymmetry, and left-sided weakness. CT demonstrated acute ischemic
infarction involving the right middle cerebral artery (MCA) and posterior cerebral artery (PCA) territories.

On hospital day (HD) 2, she was conscious and oriented, with slurred speech and left facial asymmetry. Her
mRS was 2, QAB 10, and GUSS 20/20. Physical therapy was initiated.

On HD 5, she developed gastrointestinal distress, agitation, altered sensorium, tachypnea, and tachycardia,
requiring ICU transfer. Acute pancreatitis and sepsis secondary to hospital-acquired pneumonia and skin and
soft-tissue infection were diagnosed.

Following stabilization, physical therapy resumed. However, progressive neurological deficits developed. Repeat
CT on HD 14 demonstrated new infarctions involving the left inferior frontal lobe, left lentiform nucleus, left
capsulothalamic region, and right cerebellum, in addition to progression of the previous right-sided infarctions.
The pattern was considered consistent with multiterritorial ischemic infarctions, probably embolic in origin.
Following neurological deterioration, mRSincreased to 5 and QAB decreased to 3. The patient developed severe
aphasia, profound oropharyngeal dysphagia, dense left hemiparesis, impaired mobility, and dependence in
nearly all activities of daily living.

At reassessment on HD 35, mRS remained 5, QAB was 4, and GUSS was 14/20; nasogastric tube feeding
continued. Cerebrolysin had been prescribed on HD 23 but could not initially be administered because of
financial constraints. The patient was discharged on HD 36 with continued outpatient rehabilitation.
Subacute Outpatient Rehabilitation and Cerebrolysin

Cerebrolysin was initiated 22 days after discharge, approximately eight weeks after the index stroke. The
patient received 50 mL intravenously, diluted with 50 mL of 0.9% sodium chloride, once daily for a planned
21-treatment-day course.

Treatment was generally well tolerated; mild itchiness was managed with an antihistamine. Rehabilitation
was conducted twice weekly and included communication and swallowing exercises, motor and gait training,
activities-of-daily-living training, caregiver education, and home exercises. Because of limited availability
of speech-language pathologists and occupational therapists, rehabilitation was primarily delivered by the
physical therapist, with regular physiatrist reassessment.

By treatment day 11, verbal output, comprehension, and functional communication had improved, with QAB
increasing from 4 to 7. By treatment day 19, GUSS improved to 18/20, allowing discontinuation of nasogastric
feeding and progression toward oral intake.

At 60 days after discharge, mRS had improved from 5 to 4, QAB to 9, and GUSS to 20/20. Spasticity progressed
from MAS 2 to MAS 4, requiring escalation of baclofen.

Discussion

This case documents recovery of language and swallowing function during subacute outpatient rehabilitation
following a severe multiterritorial ischemic stroke complicated by medical and neurological deterioration.
Cerebrolysin was administered as an adjunct to active rehabilitation. Its proposed neuroprotective and
neurorestorative properties provide a rationale for investigating its potential role in supporting activity-
dependent neurological recovery.® The 50-mL/day, 21-day regimen used in this patient has precedent in the
randomized study by Ladurner et al., although treatment in that study was initiated during the acute phase."”
Previous studies have similarly evaluated Cerebrolysin in combination with rehabilitation. CARS investigated its
use alongside structured rehabilitation and reported exploratory benefits in upper-extremity motor recovery
and global outcomes.” More directly relevant, ESCAS evaluated Cerebrolysin combined with speech and
language therapy and reported improved language outcomes in patients with nonfluent aphasia following
acute left MCA stroke.®
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The present patient differed substantially from ESCAS participants. She was left-handed and developed aphasia
in association with a right MCA infarction within a broader multiterritorial stroke pattern. In the absence of
formal language-lateralization testing, the condition should therefore not be definitively classified as crossed
aphasia.?®

Table 1. Clinical Course and Major Events

Time point Clinical status/intervention Key findings
HD 2 Initial PM&R assessment mRS 2; QAB 10; GUSS 20/20
Medical and neurological | Pancreatitis, sepsis, new bilateral cerebral and
HD 5-14 . . . ) .
deterioration right cerebellar infarctions

HD 35 PM&R reassessment MRS 5; QAB 4; GUSS 14/20; NGT feeding

HD 36 Hospital discharge Outpatient rehabilitation continued

2.2 days  post- Cerebrolysin initiated 50 mL IV daily; planned 21 treatment days
discharge

Treatment day 11 [ Language improvement QAB 7

Treatment day 19 [ Swallowing improvement GUSS 18/20; NGT discontinued

SO GRS O s MRS 4; QAB 9; GUSS 20/20; MAS 4

discharge
Table 2. Changes in Clinical Outcome Measures

Outcome | Before Cerebrolysin | Follow-up Clinical significance

QAB 4 7 onday 11; 9 at 60 days Improved language and

communication

GUSS 14/20 18/20 on day 19; 20/20 at 60 days | Progression from NGT to oral intake
mRS 5 4 at 60 days Improved global disability

MAS 2 4 at 60 days Progressive spasticity

A notable feature of this case is the delayed timing of Cerebrolysin administration. Treatment began
approximately eight weeks after stroke, considerably later than in CARS or ESCAS. Nevertheless, progressive
improvement was documented in language, swallowing, and global disability. QAB increased from 4 to 9,
GUSS from 14/20 to 20/20, and mRS from 5 to 4. Improvements in standardized measures corresponded with
clinically meaningful gains in verbal communication and restoration of oral feeding.

Recovery was not uniform. Despite improvement in language and swallowing, spasticity progressed from MAS
2 to 4. This illustrates the multidimensional nature of stroke recovery and emphasizes the value of assessing
several functional domains.

The resource-limited rehabilitation setting is also relevant. Access to specialized speech-language and
occupational therapy was limited, and rehabilitation relied heavily on available physical therapy, caregiver
involvement, communication and swallowing exercises, and home-based activities. This reflects challenges
encountered where multidisciplinary rehabilitation resources are geographically or financially constrained.>™”
Cerebrolysin cannot replace specialized rehabilitation. However, its integration into an existing rehabilitation
program may warrant investigation where access to specialized services is limited. In this case, improvement
occurred during concurrent rehabilitation, caregiver support, nutritional management, and ongoing medical
recovery.

The temporal relationship between Cerebrolysin administration and improvement is clinically noteworthy but
cannot establish causality. Spontaneous recovery, rehabilitation-related gains, nutritional improvement, and
caregiver involvement may all have contributed. Nevertheless, the serial and concordant changes in QAB,
GUSS, and mRS provide a clinically relevant, hypothesis-generating observation.



LIMITATIONS

This is a single-patient case report without a control group, and the independent contribution of Cerebrolysin
cannot be separated from concurrent rehabilitation and spontaneous recovery. The complex multiterritorial
stroke and medical complications may also have influenced the clinical trajectory.

Formal language-lateralization testing was not performed. In addition, the 50-mL regimen differs from the
30-mL regimens used in some rehabilitation studies.®>'®.° Limited access to specialized speech-language and
occupational therapy may have influenced rehabilitation intensity.

CONCLUSION

This case documents clinically meaningful improvement in language, swallowing, and overall disability during
subacute outpatient rehabilitation incorporating a 21-day course of Cerebrolysin initiated approximately eight
weeks after multiterritorial ischemic stroke.

QAB improved from 4 to 9, GUSS from 14/20 to 20/20, and mRS from 5 to 4, accompanied by improved
communication and restoration of oral feeding. Although the contribution of Cerebrolysin cannot be isolated,
the temporal and multidomain improvement provides a clinically relevant, hypothesis-generating signal.

The observation supports further investigation of Cerebrolysin as an adjunct to task-specific rehabilitation
during the subacute phase, particularly in patients with persistent aphasia and dysphagia and in settings with
limited access to specialized rehabilitation services.

PATIENT PERSPECTIVE

Before the stroke, the patient was independent and professionally active. The loss of communication and oral
feeding was distressing for both the patient and her family, while financial constraints affected continuity of
care.

Improved communication and restoration of oral feeding substantially improved her mood, motivation,
participation in family life, and the practical and emotional burden of care. Despite persistent motor deficits
and spasticity, the patient and her family considered the improvement in communication and swallowing
among the most meaningful aspects of her recovery.

CASE SUMMARY

% Patient e 49 years e Multiterritorial ischemic stroke

% Challenge e Severe aphasia, dysphagia, and dense hemiparesis

ES Treatment e Cerebrolysin 50 mL/day IV x 21 days + outpatient rehabilitation

fl}, Outcome emRS5->4 eQAB4 >9 eGUSS 14 -> 20

@ Take Home Message

Meaningful recovery from severe post-stroke aphasia, dysphagia, and functional
dependence may continue during the subacute outpatient rehabilitation phase as
adjunctive Cerebrolysin treatment was temporally associated with objective
improvements in language and swallowing.
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...in the management of chronic AIS

Abstract

Background: The criterion standard treatments for ischemic stroke patients, starting from systemic
thrombolysis and/or undergoing endovascular recanalization therapy to intensive rehabilitation, are the

best options available now-adays, but still cannot achieve total recovery. Neuroprotective and neurotrophic
agents seem to be promising therapeutic targets in stroke, even in ischemic and/or hemorrhagic stroke,
either in the acute stage or to sup-port neuro-recovery in subacute to chronic stages. Therefore, new
therapies are needed as adjuvants in the re-habilitation phase for promoting the recovery and monitoring
adverse effects of treatment.

Case Report: We describe a patient with an acute occlusion of the right middle cerebral artery who was
treated with recom-binant tissue-plasminogen activator (rtPA), underwent mechanical thrombectomy, and
was then enrolled in a 1-month rehabilitation program. After the post-stroke recovery plateau, the patient
received 10 days of 30 mL intravenous Cerebrolysin® to support further neuro-recovery, together with long-
term rehabilitation. We uti-lized clinical standard assessment tools, including National Institutes of Health
Stroke Scale (NIHSS), modified Rankin scale (mRS), modified Barthel Index (MBI), and function of ambulation,
to evaluate the outcome of the patient, together with the adverse events monitoring. After Cerebrolysin®
administration, the patient demon-strated improvement in all assessment scores at 1, 3, and 6 months.
Conclusions: Postoperative treatment with Cerebrolysin® in our patient with subacute ischemic stroke, after
plateau recov-ery in the rehabilitation phase, together with the standard acute stroke regimen, improved the
patient’s re-covery outcomes. No serious adverse effects were observed.

Keywords: Rehabilitaiton, Stroke, Mechanical Thrombolysis

Introduction

Intravenous administration of recombinant tissue-plasmino-gen activator (rtPA) within 4.5 hours of stroke
onset together with other endovascular reperfusion strategies has been ap-proved as a standard of care for
acute ischemic stroke [1,2]. Furthermore, intensive rehabilitation programs have shown to reduce neurological
and physical impairment, and improve function [3]. However, despite all therapeutic efforts, patients with
stroke often remain with impaired motor functions, limiting their activities of daily living. Therefore, they have
an unmet need for recovery treatment. Cerebrolysin® has anti-apoptotic, anti-oxidative, anti-inflammatory
properties and stimulates neurogenesis and synaptic plasticity, which accelerates recovery of neurological
functions after stroke [4-6]. Recent evidence from some clinical trials suggests that the neurotrophic agent
Cerebrolysin® supports neuro-recovery in the acute to the very early subacute phases of stroke [7,8], but there
is still a lack of evidence in the late subacute to chronic phases.

Case Report

A 71-year-old Thai man, with a history of hypertension and atrial fibrillation, treated with Warfarin (3 mg)



once at bedtime and Bisoprolol (2.5mg) once daily, was admitted to the hospital 1.5 hours after the onset of
symptoms and presented with left hemiplegia, strabismus, severe dysarthria, left facial weakness, and left
hemi-inattention with a baseline National Institutes of Health Stroke Scale (NIHSS) score of 15. His premorbid
status was normal ambulation and independence in activities of daily living (modified Rankin scale=0).

The non-contrast computed tomography (CT) scan revealed right hyperdense middle cere-bral artery (MCA)
sign and hyperacute right MCA infarction with an Alberta Stroke Program Early Computed Tomography Score
(ASPECTS) of 7. The thrombolysis therapy was initiated accord-ing to the standard protocol by intravenous
(i.v.) rtPA, total 66 mg (0.9 mg/kg). Computed tomography angiography (CTA) of the brain and neck after the
rtPA treatment revealed right proximal MCA occlusion around the M2 segment, with an NIHSS score of 13.
The patient was immediately referred to our institution for the mechanical thrombectomy. The thrombectomy
was performed within 5 hours after stroke onset by using the stent retriever. An angiogram of the right internal
carotid artery (ICA) re-vealed a complete occlusion of the whole posterior division of the right MCA (M2
segment), and distal occlusion of a few right ACA branches, including posterior internal frontal and paracentral
sulcus branches. A post-thrombectomy angiogram showed recana-lization of right proximal MCA and branches
with a Thrombolysis in Cerebral Infarction (TICI) score of 3. No immediate complica-tions were noted. The pre-
and post-thrombectomy angiogram images of the right ICA are shown in Figures 1 and 2.

Figure 1: Angiographic images of the right internal carotid artery (ICA) on the anteroposterior and lateral views
revealed segmental occlusion of the posterior division of the right middle cerebral artery (M2 segment). Distal

occlusion of the few of cortical branches of the right anterior cerebral artery (ACA) was also observed (black arrows).

Figure 2: Angiographic images of the right ICA on AP and lateral views after endovascular thrombectomy, showing
complete opacification of the posterior division of the right MCA (M2 segment), but distal occlusion of the right ACA
cortical branches was still observed (black arrow).

An immediate post-thrombectomy CT brain showed a small hypodense hyperacute infarction at the right
paracentral lobule, right pre-and post-central gyri, and right insular lobe. The patient still had hemiplegia, with
a NIHSS score of 12. The 24-hour post-throm-bectomy CT brain revealed intracerebral hemorrhage as a hy-
perdense lesion at the right pre- and postcentral gyri (Figure 3). Serial assessments of the NIHSS scores and
modified Rankin scale (mRS) were obtained by vascular neurologists in the acute phase (Table 1) from baseline
(pre-rtPA-bolus) until day 2 of admission to the rehabilitation program. The manual muscle testing was still
grade 0 on the left upper and lower extrem-ities. The functional outcome, assessed by modified Barthel Index
(MBI) and ambulatory function, was evaluated on the day of enrollment for rehabilitation.
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Table 1: Clinical Scores in the acute treatment phase

NIHSS* mRS** MBI*** Ambulation
Admission (Day 0) 15 5 - None
Post rtPA (2 h) 13 5 - None
Post-thrombectomy (Day 0) 12 5 - None
24 h post-thrombectomy (Day 1) 9 5 - None
Before rehabiliation (Day 2) 9 5 10 None

*National Institutes of Health Stroke Scale; **Modified Rankin scale; ***Modified Barthel Index

Figure 3: Computed tomography (CT) images of the brain 24 hours after thrombectomy, showing acute intracerebral
hemorrhage at the right frontoparietal region, affecting the right pre- and postcentral gyri.

According to the guidelines for adult stroke rehabilitation and recovery, 2016 [9], the patient was then admitted
to the rehabilitation unit on day 2 after admission and had participated in the rehabilitation program for 7
months post stroke. As soon as he became neurologically stable, an intensive re-habilitation therapy program
started for 3 hours per day on every working day (5 days per week) consisting of 1 hour of physical therapy,
1 hour of occupational therapy, half an hour of speech therapy, and resting time of 30 minutes. Two weeks
after starting the rehabilitation program, none of the assess-ment scores or muscle power tests showed any
improvement. By the completion of the 4-week program, he seemed to have plateaued, but a follow-up CT
scan 2 weeks after completion of the rehabilitation program showed interval changes of a sub-acute right
MCA infarction with decreased density of hemorrhagic transformation at the right frontal lobe and postcentral
gyrus, and a small subacute cortical infarction at the right inferior parietal lobe (Figure 4).

Cerebrolysin® was initiated once after 1 month of rehabilitation program by 30 mL Cerebrolysin® diluted in 70
mL normal saline intravenously for 10 consecutive days as an add-on to the conventional rehabilitation. Follow-
up clinical assessments of impairment and disability were performed using the NIHSS, mRS, modified Barthel
Index (MBI), and assessment of walking ability at baseline (before the ini-tiation of Cerebrolysin® treatment)
and at 1, 3, and 6 months after Cerebrolysin® administration. Oral medications were still taken: Dabigatran
(150 mg) twice daily, Atorvastatin (40 mg) once daily, Bisoprolol (2.5 mg) once daily, Omeprazole (20 mg) once
daily, and Lercanidipine (20 mg) once daily.

Initially, prior to the neurorehabilitation program, the patient had an NIHSS score of 9, scored 5 on the MRS,
and 10 on the MBI. During the first 2 weeks of neurorehabilitation, the pa-tient’s functional and neurological
status had improved to an NIHSS score of 7, a mRS of 4, and a MBI score of 50. The power of the left arm
was graded 3 and the left leg was graded 0 by manual muscle testing. The patient was able to ambu-late in
a parallel bar with a left knee brace, plastic ankle-foot orthosis, and 1 personal assistant. After the second to
fourth weeks, neither muscle power nor any function had changed. The patient was re-evaluated and asked to
continue the rehabilitation program as an inpatient for another 6 months.

Further significant clinical improvement was evident at the follow-up visits at 1, 3, and 6 months after the
initiation of Cerebrolysin® administration. Again, impairment and disability were assessed by the NIHSS, mRS,
MBI, and walking ability (Table 2). While the initial improvement achieved with neurorehabilitation reached



a plateau with an NIHSS of 7, mRS of 4, and a MBI of 50, the patient experienced further significant and
clinically relevant improvement after treatment with Cerebrolysin®. One month after Cerebrolysin® treatment,
the patient’s neurological and functional status improved to a NIHSS of 2, mRS of 3, and MBI of 75 and he
was already able to walk independently with a single cane. He continued to further improve his functional
capabilities until month 3, with a MBI of 95, while the neurological status remained the same (NIHSS of 2). At
the final examination 6 months after treatment with Cerebrolysin®, the patient was able to walk in-dependently
without gait aids. No serious adverse reactions to Cerebrolysin® occurred during or after the administration.
He felt feverish and slightly uncomfortable during the i.v. administration. The patient was impressed with the
standard of treatment, including the addition of the Cerebrolysin®, and has been able to return to work.

Figure 4: CT brain about 2 weeks after rehabilitation, showing late subacute right MCA’s territorial infarction at the
right paracentral lobule, right pre- and (particularly) postcentral gyri, with resolving hemorrhagic transformation.

Table 2: Clinical scores before and after treatment with Cerebrolysin®.

NIHSS* mRS** MBI*** | Ambulation

Before rehabiliation 9 5 10 None

After rehabilitation — before 7 4 50 Parallel bar with one person assisting
Cerebrolysin® treatment

Month 1 after 2 3 75 Independent with a single cane walking
Cererolysin®treatment

Month 3 after 2 3 95 Independent with a single cane walking
Cerebrolysin®treatment

Month 6 after Cerebrolysin® 2 2 95 Independent without gait aids
treatment

*National Institutes of Health Stroke Scale; **Modified Rankin scale; ***Modified Barthel Index

Discussion

Thereisstillan ongoing controversy about the evidence of Cerebrolysin® inischemic stroke patients. The findings
in the Cochrane review in 2017 do not demonstrate clinical benefits of Cerebrolysin for treating acute ischemic
stroke [10]. In contrast, a meta-analysis of 9 randomized clinical trials of Cerebrolysin® in 2018 demonstrated
superiority of Cerebrolysin compared with placebo in different dosages from 30 to 50 mL for 10-21 days after
stroke, with either an immediate onset of treatment or with a 7 day delay [7,11-15]. The clinical research on
Cerebrolysin® in the late subacute to chronic phas-es is still ongoing, with only 1 published retrospective study
on the reduction of spasticity, and 1 in patients with minimally conscious state after stroke [16,17]. Additionally,
sufficient safety data in several neurological conditions, such as sub-arachnoid hemorrhage, traumatic brain
injury, and mild cognitive impairment and dementia, have been published [18-20].

Generally, the published research clearly shows that patients with a baseline NIHSS of 15 only have a 23%
chance of excel-lent recovery after 3 months [21]. We decided to treat such a patient with a 30 mL daily
dosage for 10 days, which is the lowest dose, based on the established evidence and also based on the findings
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from the Copenhagen Stroke Study of 1995, which showed that functional recovery was completed within
12.5 weeks (95% confidence interval (Cl) 11.6 to 13.4) from stroke onset in 95% of patients [22]. Finally, this
patient be-came independent in activities of daily living and ambulation. He also returned to work (at home).
With an improved NIHSS score, modified Barthel index, modified Rankin scale, and walking ability, the short
course of Cerebrolysin® has demonstrated effectiveness and safety in a subacute ischemic stroke patient who
had reached a recov-ery plateau after 1 month of a neurorehabilitation program.

Cerebrolysin® together with rehabilitation dramatically improved the impairment and function in our
patient, which had a great impact on his quality of life. The efficacy of Cerebrolysin® can be attributed to its
neuroprotective and neurotrophic properties, similar to endogenous neurotrophic fac-tors [23,24]. Further
randomized controlled studies should be performed to compare the efficacy and safety of Cerebrolysin® at
all stages of stroke recovery, especially the treatment window in late subacute to chronic phases of stroke.
With increasing evidence from randomized clinical trials, the general public should benefit from Cerebrolysin
treatment, as well as by reimbursed treatment costs.

Conclusion

The data suggest that Cerebrolysin® further enhances neuro-logical recovery in late subacute stroke patients
who previ-ously underwent a standard acute stroke treatment regimen as well as a standard neurorehabilitation
program. No seri-ous adverse reaction was observed during and after the drug administration.

CASE SUMMARY

% Patient e 71 years e Right MCA ischemic stroke

% Challenge e Recovery plateau after thrombectomy and rehabilitation

@ Treatment e Cerebrolysin 30 mL/day IV x 10 days + neurorehabilitation

[}, Outcome e NIHSS7 >2 emRS4 ->2 ¢ MBI 50 > 95

I:;_\ Take Home Message

A recovery plateau does not necessarily mark the end of stroke recovery; late
subacute rehabilitation with Cerebrolysin may enable further gains in neurological
function, independence and walking ability.
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...in upper- and lower-limb recovery following AIS

Abstract

Background: Severe ischemic stroke frequently results in substantial motor impairment and long-term
disability. Pharmacological support combined with intensive neurorehabilitation has been proposed as a
strategy to enhance post-stroke recovery. This case report describes the clinical course of a patient with
severe ischemic stroke who received Cerebrolysin-supported intensive neurorehabilitation during the early
subacute phase.

Case Presentation: A 55-year-old woman developed severe right-sided hemiparesis and dysarthria due to an
ischemic stroke involving the posterior limb of the left internal capsule and posterior left lentiform nucleus.
Intravenous thrombolysis was administered in the acute phase. Following stabilization, she entered a
specialized inpatient neurorehabilitation program on day 12 post-stroke. Baseline assessments demonstrated
severe motor impairment. Cerebrolysin 30 mL/day intravenously was administered for 21 consecutive days in
combination with intensive multidisciplinary rehabilitation.

Outcomes: Over the 12-week observation period, upper-limb motor function improved substantially.
Functional independence improved, while balance and gait recovered sufficiently to allow assisted
ambulation. No treatment-related adverse events were observed.

Conclusion: This case illustrates meaningful recovery across upper-limb, lower-limb, balance, gait, and
activities-of-daily-living domains during an early subacute rehabilitation program combining Cerebrolysin
with intensive task-oriented neurorehabilitation. The findings are hypothesis-generating and support further
investigation of pharmacologically supported neurorecovery strategies.

Keywords: Ischemic stroke; Cerebrolysin; neurorehabilitation; upper-limb recovery; gait recovery; intensive
rehabilitation; motor recovery; case report

Introduction

Post-stroke motor impairment remains one of the leading causes of long-term disability after ischemic stroke.
Recovery is influenced by spontaneous biological repair processes, neuroplasticity, lesion characteristics,
corticospinal tract integrity, and rehabilitation intensity.’,? Rehabilitation interventions based on task-specific
practice, motor learning, and progressive functional training are central to maximizing recovery.
Pharmacological therapies that may support neurorecovery have attracted increasing interest, particularly
when integrated into structured rehabilitation programs. Cerebrolysin is a standardized peptide preparation
that has been investigated as an adjunct to rehabilitation after ischemic stroke. Experimental and clinical
evidence suggests multimodal effects relevant to neuronal survival and recovery, including modulation of
excitotoxicity, oxidative stress, inflammation, apoptosis, and neuroplastic processes.

Cerebrolysin has been evaluated in randomized clinical trials as an adjunct to standardized rehabilitation. In
the CARS trial, patients receiving Cerebrolysin 30 mL/day for 21 days together with standardized rehabilitation
demonstrated significantly greaterimprovementin upper-limb motor function, assessed by the Action Research
Arm Test (ARAT), than placebo.® The European Academy of Neurology (EAN) and European Federation of
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NeuroRehabilitation Societies (EFNR) subsequently issued a weak recommendation for Cerebrolysin 30 mL/
day intravenously for a minimum of 10 days as pharmacological support for early motor neurorehabilitation
after moderate-to-severe ischemic stroke.*

Importantly, the EAN/EFNR guideline specifically addressed pharmacological interventions initiated within the
first 7 days after stroke.* Therefore, the treatment initiated on day 12 in the present case represents an early
subacute rehabilitation application and should not be interpreted as a direct replication of the guideline-
defined treatment window.

The present case describes recovery of upper- and lower-limb motor function, balance, gait, and activities
of daily living in a patient with severe initial motor impairment who received Cerebrolysin as an adjunct to
intensive multidisciplinary rehabilitation beginning on day 12 after ischemic stroke.

Patient Information

A 55-year-old woman was admitted to a specialized acute stroke hospital after the sudden onset of severe
right-sided motor weakness and marked speech disturbance. The symptoms began during the night before
admission, when she first noticed difficulty moving her right arm and leg. After waking up, the weakness and
speech impairment became more pronounced, prompting emergency transport to the hospital by ambulance.
On initial examination, she presented with right central facial palsy, severe right-sided motor deficit, and
dysarthria/anarthria.

History obtained from her husband revealed no previously known chronic diseases, regular medication use,
previous surgery, known drug allergies, smoking, or alcohol consumption. During hospitalization, arterial
hypertension and hypercholesterolemia were identified as vascular risk factors, while thrombophilia was
excluded during the diagnostic work-up.

Before the stroke, she had been fully independent in all activities of daily living and professionally active. She
was an economist and company director living in Serbia and managing a family business operating in the
United States, which required regular night-time work because of the time-zone difference.

Figure 1: Neuroimaging findings during the acute phase and follow-up.(A) Initial non-contrast brain CT obtained
during the acute diagnostic work-up, showing no evidence of intracranial hemorrhage or clearly visible acute
ischemic changes. (B) Follow-up brain MRI demonstrating chronic ischemic sequelae in the posterior aspect of the
left putamen, consistent with the previously documented subcortical ischemic lesion.

Diagnostic Assessment

Initial brain CT performed during the acute diagnostic work-up showed no evidence of intracranial hemorrhage
or clearly visible acute ischemic changes. (Figure 1A) After exclusion of contraindications and stabilization
of blood pressure, intravenous thrombolysis was administered according to standard protocol. Subsequent
neuroimaging during the acute phase documented an ischemic lesion involving the posterior limb of the left
internal capsule and the posterior part of the left lentiform nucleus. CT angiography showed no intracranial
large-vessel occlusion. The lesion location was clinically consistent with the patient’s severe right-sided motor
deficit, given the involvement of subcortical motor pathways in the left internal capsule region.

During hospitalization, the diagnostic work-up included carotid and vertebral Doppler ultrasonography,
transthoracic echocardiography, laboratory analyses, coagulation testing, and thrombophilia assessment. No
cardioembolic source or thrombophilia was identified, while arterial hypertension and hypercholesterolemia
were recognized as the main vascular risk factors.



A follow-up brain MRI demonstrated chronic ischemic sequelae in the posterior aspect of the left putamen,
consistent with the previously documented subcortical ischemic lesion. (Figure 1B) The MRI also described a
smallerischemicsequelaintheright occipital regionand anincidentalarachnoid cystin the right pontocerebellar
cistern. No signs of acute diffusion restriction were reported.

Table 1: Baseline neurological, motor, functional, and cognitive assessments at admission to inpatient rehabilitation (Day 12
post-stroke).

Measure Baseline (day 12 post-stroke)
NIHSS 15

FMA-UE motor 3/36

ARAT 0/57

Barthel Index 30/100

MoCA 28/30

MAS 0 (hypotonia)

Therapeutic Intervention

The patient received intravenous thrombolytic therapy in the acute phase after exclusion of contraindications
and stabilization of blood pressure. This was followed by standard post-stroke medical management, including
antithrombotic, statin, antihypertensive, gastroprotective, antiedematous, antibiotic, and symptomatic
therapy as clinically indicated.

After clinical stabilization, early rehabilitation was initiated during the acute hospital stay and focused on
maintaining joint mobility, facilitating voluntary movement, gradual verticalization, prevention of secondary
complications, and preparation for specialized inpatient neurorehabilitation. Due to persistent severe
motor impairment and functional dependence, the patient was transferred to a specialized inpatient
neurorehabilitation clinic on day 12 post-stroke, where she remained for approximately seven weeks.

At rehabilitation baseline, she presented with severe right upper-limb impairment and no functional use of the
affected hand. She required assistance for sitting balance, was non-ambulatory, and depended on assistance
for transfers and activities of daily living. Despite the severity of motor and functional impairment, cognition
was preserved. As part of the early subacute stroke rehabilitation protocol, the patient received 30 mL of
Cerebrolysin diluted in 70 mL of normal saline, administered intravenously over approximately 30 minutes
once daily for 21 consecutive days.

The rehabilitation program consisted of individualized physiotherapy, occupational therapy, and speech therapy
when clinically indicated, with treatment intensity gradually increased toward an intensive multidisciplinary
program of up to approximately three hours of combined therapy per day. The program was designed as
a multimodal, goal-oriented approach targeting postural control, balance, transfers, gait, upper-limb motor
recovery, hand function, communication, and independence in activities of daily living.

Physiotherapy focused on verticalization, balance and gait training, strengthening, endurance training, and
functional task practice. Occupational therapy emphasized recovery of the paretic upper limb through task-
specific training, self-care activities, and reintegration of the affected hand into meaningful daily activities.
High-intensity repetitive training and neuromuscular electrical stimulation were used to facilitate motor
relearning and distal muscle recruitment. Following discharge from inpatient rehabilitation, the patient
continued outpatient rehabilitation and a structured home exercise program until the 12-week follow-up.

Follow-up and Outcomes

Over the 12-week follow-up period, the patient demonstrated meaningful improvement across several
functional domains, including upper-limb motor recovery, functional hand use, mobility, balance, and
independence in activities of daily living.
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Table 2: Longitudinal changes in motor and functional outcome measures from baseline to 12-week follow-up.

Outcome measure Baseline 3 weeks 6 weeks 12 weeks
FMA-UE 3 14 23 34
ARAT 0 13 25 50
Barthel Index 30 45 50 75
MAS 0 1+ 1 1
Berg Balance Scale 5 — 44 49
10-meter walking speed 0m/s — ?:Z 0.46 m/s

Upper-limb recovery was clinically evident. FMA-UE increased from 3 at baseline to 34 at week 12, while ARAT
improved from O to 50, reflecting a transition from absence of functional hand use to meaningful functional
capacity of the affected upper limb. Barthel Index improved from 30 to 75, showing that motor gains were
accompanied by a substantial increase in independence in daily activities. Muscle tone evolved from initial
hypotonia to mild spasticity, without development of severe spasticity during the observed recovery period.
Recovery was also observed in mobility-related domains. Berg Balance Scale improved from 5 at rehabilitation
admission to 49 at inpatient rehabilitation discharge, and 10-meter walking speed increased from 0 m/s to
0.46 m/s. Clinically, this corresponded to a transition from non-ambulatory status at baseline to assisted short-
distance walking with a quadripod cane at discharge from inpatient rehabilitation.

By the time of discharge from inpatient rehabilitation, the patient was independent in transfers and required
only minimal assistance for basic daily activities and self-care. Active movements were present in all segments
of the right upper limb, although coordination, dexterity, and movement speed remained impaired.

No treatment-related adverse events were reported during the observed rehabilitation period.

Discussion

This case illustrates substantial recovery during the early subacute phase after severe ischemic stroke.
On admission to rehabilitation (day 12), the patient had severe neurological and functional impairment
(NIHSS 15, FMA-UE 3/36, ARAT 0/57), profound balance deficits, and was unable to walk independently.
Over 12 weeks, marked improvements were observed across motor and functional domains,
including FMA-UE (3—>34), ARAT (0—>50), balance, gait velocity, transfers, and activities of daily living.

The ARAT findings are particularly relevant in the context of Cerebrolysin-supported rehabilitation.
In the randomized, placebo-controlled CARS trial, Cerebrolysin 30 mL/day for 21 days combined with
standardized rehabilitation produced significantly greater improvements in upper-limb function than
placebo, with ARAT improving by 30.7 versus 15.9 points at day 90.2 Similar to CARS, Cerebrolysin in
this case was used alongside structured rehabilitation. However, the observed recovery represents
an individual clinical observation and should not be interpreted as evidence of treatment efficacy.

Treatment timing warrants careful consideration. The EAN/EFNR guideline recommends Cerebrolysin 30 mL/
day intravenously for at least 10 days as pharmacological support for early motor neurorehabilitation after
moderate-to-severe ischemic stroke.* Importantly, the supporting evidence is based on treatment initiation
within the first 7 days after stroke.* In the present case, Cerebrolysin was started on day 12 following acute
stabilization and transfer to rehabilitation. Thus, the case should not be considered evidence for the guideline-
defined acute treatment window, but rather an example of use during the early subacute rehabilitation phase.

Recovery likely reflected the combined effects of spontaneous biological recovery, lesion characteristics,
residual neural integrity, motor learning, intensive task-specific rehabilitation, and rehabilitation-induced
neuroplasticity.?:” Improvements extended beyond the upper limb, with Berg Balance Scale increasing
from 5 to 49, gait velocity from 0 to 0.46 m/s, and progression from non-ambulation to assisted walking.



No treatment-related adverse events were observed. As a single uncontrolled case, no causal conclusions
regarding Cerebrolysin can be drawn, as recovery may have been influenced by multiple factors including
thrombolysis, rehabilitation intensity, and the natural course of post-stroke recovery. Nevertheless, the
consistent improvements across FMA-UE, ARAT, Barthel Index, Berg Balance Scale, and walking velocity provide
a clear description of clinically meaningful recovery and support further investigation of pharmacologically
supported rehabilitation in patients with moderate-to-severe stroke and severe early motor impairment.

Patient Perspective

Looking back, | believe that the work-centered lifestyle | had followed for many years, often putting everyone
else before myself, may have contributed to the stroke | suffered in May 2024. The night of the stroke is
something | will never forget. Despite having my husband and daughter by my side, | felt helpless and initially
hoped that the weakness would pass and that | would regain feeling on my right side. It was only when | could
no longer get myself into bed that | realized the seriousness of what was happening.

When | arrived at the rehabilitation clinic, | could not imagine ever standing or using my right arm and
hand again. After discussing with Dr. Sindi Mitrovi¢, | agreed to receive Cerebrolysin therapy as part of my
rehabilitation program. | was initially skeptical, but throughout the three-week treatment period | experienced
no side effects other than occasional difficulties with venous access.

After the first week of Cerebrolysin and daily therapy, | began to feel stronger and more confident. The
encouragement of my therapists motivated me to work harder, and | was surprised by how quickly | progressed.
As my strength improved, | increasingly took the initiative to perform exercises on my own and gradually
regained independence in everyday activities, from transferring in and out of bed to dressing myself and later
performing household tasks at home.

Continuing rehabilitation after discharge was challenging, and even simple daily activities initially required
much more time and effort than before. However, | remained persistent and continued the exercises | had
learned. As | learned more about stroke recovery from other patients, | became aware of how serious my
condition had been and how fortunate | was with the recovery | achieved.

In my personal opinion, my recovery was supported by a combination of faith, determination, intensive
rehabilitation, the dedication of my therapists and nurses, the support of my family, and the care | received
from Dr. Mitrovi¢. | now believe that Cerebrolysin played an important role in strengthening and accelerating
my recovery. The greatest achievement for me was regaining independence and returning to activities that
once seemed impossible.

CASE SUMMARY

(Oj Patient e 55 years e Severe subcortical ischemic stroke

% Challenge e Severe hemiparesis and loss of hand function

% Treatment e Cerebrolysin 30 mL/day IV x 21 days + intensive multidisciplinary rehabilitation

1, Outcome ~ ® FMA-UE 3 >34 o ARATO > 50 » BI 30 > 75

E Take Home Message

Cerebrolysin should be viewed as a pharmacological enhancer of active rehabilitation, providing
complementary synergies that may help maximize neurorecovery.
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INTRODUCTION

The role of Cerebrolysin as stand-alone or combination therapy...

Aphasia is one of the most common and disabling consequences of stroke. Language production and
comprehension can also be a prominent sign after moderate- and severe traumatic brain injury (TBI).
Following damage to the language-dominant brain networks, individuals may experience difficulties with
speech production, language comprehension, reading and writing, often resulting in significant limitations in
communication, independence and social participation. In both conditions, rehabilitation aims to maximise
functional communication and support meaningful participation in daily life.

Speech and language therapy remains the cornerstone of aphasia rehabilitation, with strong evidence
supporting its effectiveness across different stages of recovery. In recent years, advances in neuroscience have
expanded our understanding of neuroplasticity and the brain’s capacity for reorganisation following injury. This
has encouraged the development of complementary therapeutic strategies designed to enhance the effects of
conventional rehabilitation and provide additional opportunities for recovery, particularly in individuals with
persistent language impairment.

Among those, non-invasive brain stimulation such as repetitive transcranial magnetic stimulation (rTMS)
has gained increasing attention as potential adjunct to intensive speech and language therapy. In parallel,
pharmacological treatment strategies utilizing the polypeptide preparation Cerebrolysin have recently shown
promising results. The ESCAS study, published in Stroke and subsequently recognised as an Editor’s Pick,
provides strong evidence that personalised rehabilitation strategies incorporating pharmacological support
may improve language outcomes in individuals with chronic post-stroke aphasia.

Although most available evidence and clinical experience relate to post-stroke aphasia, interest in applying
similar therapeutic principles to TBI-related aphasia is increasing. Given the complexity and heterogeneity of
traumatic brain injury, further research is needed to define optimal treatment strategies and identify patients
most likely to benefit.

Thecasespresentedinthischapter highlighttheimpact of aphasiafollowing both strokeand TBland demonstrate
the importance of individualised, multidisciplinary rehabilitation. They reflect the evolving landscape of
aphasia care, in which established therapeutic approaches are increasingly complemented by advances in
neurorehabilitation and emerging evidence-based interventions aimed at improving communication and
quality of life.
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...in the management of aphasia after traumatic intracranial
hemorrhage

Abstract

Aphasia is a common and disabling consequence of dominant-hemisphere brain injury, and the
pharmacologi-cal options after traumatic intracranial hemorrhage are limited. A 69-year-old man developed
severe aphasia after traumatic intracranial hemorrhage. On day 7 after traumatic brain injury (TBI), he

was transferred for inpatient rehabilitation, where the Korean version of the Western Aphasia Battery
(K-WAB) showed marked language im-pairment, with an Aphasia Quotient (AQ) of 66.2 (scale 0—-100; higher
scores indicate better language function). He received intravenous Cerebrolysin, 30 mL/day infused over

60 minutes, for 21 consecutive days, together with daily speech-language therapy. By day 28, the AQ had
risen to 97.1, with gains in both expressive and receptive language, and no adverse events were recorded.
Spontaneous subacute recovery and the concurrent speech-language therapy may account for the change,
and a single patient cannot establish an effect; the time course and the size of the change nonetheless
raise the possibility of an adjunctive neurorestorative contribution from Cerebrolysin in post-traumatic
hemorrhagic aphasia. Controlled studies in TBI populations are needed.

Keywords: traumatic intracranial hemorrhage; aphasia; Cerebrolysin; speech-language therapy; case report

Introduction

Aphasiaisacommon and disabling consequence of domi-nant-hemisphere brain injury, including hemorrhagic
contusion [1]. Compared with ischemic and hemorrhagic events, pharma-cologic strategies to enhance
neurorecovery after traumatic in-tracranial hemorrhage remain relatively limited [2]. Currently, there are
no universally accepted therapeutic strategies for acute TBI neurorecovery; however, interventions such as
amantadine and methylphenidate are occasionally utilized off-labelin clinical practice to promote arousal
and cognitive processing, albeit with mixed efficacy [3]. Cerebrolysin, a neuropeptide preparation with
neurotrophic properties, has shown benefits in neuroprotec-tion, synaptic plasticity, and functional recovery,
particularly inischemic events and certain types of spontaneous intracerebral hemorrhage (ICH) [4,5]. Arecent
randomized controlled trial reported a therapeutic effect of Cerebrolysin in post-ischemic aphasia [6], but
clinical evidence in post-traumatic aphasia re-mains scarce. We report a case of substantial language recovery
after a 21-day course of Cerebrolysin combined with convention-al speech-language therapy (SLT) in a patient
with left traumatic frontal-temporal ICH and subarachnoid hemorrhage (SAH). To ensure transparency and
completeness, this manuscript was pre-pared in accordance with the CARE guidelines [7].

Patient Information

A 69-year-old male with no significant prior medical history was found collapsed at his workplace around
lunchtime, having reported to work as usual that morning. Heteroanamnesis obtained from coworkers and



emergency responders indicated a presumed mechanical fall resulting in head trauma. He first presented to
the emergency department of another hospital, where brain CT showed hemorrhagic contusion of the left
frontal and temporal lobes with a small volume of acute subarachnoid hemorrhage (Figure 1).

He was admitted for observation, but during his short stay, he developed symptoms of acute delirium. At
the request of the patient and his caregivers, he was subsequently transferred to our institution for further
management. The anatomical distribution of these traumatic lesions directly corresponded with the structural
networks governing language and cognition, providing a clear etiology for the patient’s acute delirium and
subsequent cognitive-linguistic deficits.

Figure 1: Brain computed tomography (CT) on admission showing multifocal hemorrhagic contusion

Clinical Findings and Timeline

Initial comprehensive neurological and psychiatric examinations upon transfer to our institution revealed
severe global aphasia and acute delirium. Furthermore, the detailed neurological examination demonstrated
mild quadriparesis, with motor strength decreased to Medical Research Council (MRC) grade 4/5 in all four
extremities. He was admitted to the neurosurgery department through the emergency department and
received ICU care for 3 days. He was managed conservatively to control intracranial pressure and prevent
hemorrhage expansion, achieving sufficient clinical stability. On day 7 after injury, he was transferred to the
Department of Rehabilitation Medicine for neurorehabilitation. Bedside language examination at that time
showed severe global aphasia. The clinical course and the interventions are summarized in Table 1.

Table 1: Timeline of clinical events and interventions

Time point | Clincial, imaging and laboratory findings Therapeutic strategy

Day-1 Reported to work as usual; found collapsed at|Admission to outside hospital for
workplace around lunchtime (heteroanamnesis). CT | observation

at outside hospital showed hemorrhagic contusion
in the left frontal and temporal lobes with a small
amount of acute subarachnoid hemorrhage.

Day O Development of acute delirium; Transfered to|Admission to our NICU; Conservative
our institution at patient and caregiver request. [ICP management
Neurological exam revealed severe aphasia, delirium,
and quadriparesis (MRC grade 4).

Day 7 K-WAB AQ 66.2 (global aphasia); Clinical stability | Transferred to rehabilitation medicine
achieved

Days 7-27 Resolving hemorrhagic contusions confirmed on [ Cerebrolysin 30 mL/day IV + daily
follow-up imaging speech-language therapy

Day 28 Repeat K-WAB AQ 97.1; near-complete functional | Continuation of standard
language recovery neurorehabilitation
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Diagnostic Assessment

Formal language testing on day 7 using the Korean version of the Western Aphasia Battery (K-WAB) gave an
Aphasia Quotient (AQ) of 66.2 (scale 0—100; higher scores indicate better language function), consistent with
severe global aphasia. Follow-up CT demonstrated resolving hemorrhagic contusions in the left frontal and
temporal regions without new lesions or complications. The anatomical distribution corresponded well with
the patient’s expressive and receptive language deficits.

Therapeutic Intervention

From day 7 after injury, the patient received intravenous Cerebrolysin (EVER Neuro Pharma GmbH, Unterach,
Austria) 30 mL/day, diluted in 200 mL of 0.9% sodium chloride and infused over 60 minutes, for 21 consecutive
days. Treatment was combined with daily speech-language therapy targeting comprehension, naming,
repetition, spontaneous speech, and functional communication. Acute TBI intrinsically carries a higher
risk of epileptic seizures due to direct cortical injury and perilesional edema. While there are theoretical
concerns about the seizure-threshold-lowering effects of certain neurostimulating agents, Cerebrolysin was
administered under close observation. The patient tolerated the treatment exceptionally well, and no clinical
seizure activity, infusion reactions, neurological worsening, or other adverse events were observed during the
treatment period.

Follow-Up and Outcomes

On day 28 after TBI onset, repeat K-WAB assessment showed dramatic improvement, with the AQ increasing
from 66.2 to 97.1. The patient demonstrated near-complete restoration of expressive and receptive language
abilities, with fluent functional communication in daily interactions. Although spontaneous biological recovery
and the effects of intensive SLT must be considered, the degree of language recovery far exceeded what is
commonly expected over a short subacute interval in patients with initially severe aphasia after traumatic
hemorrhagic injury. Follow-up brain CT showed decreased attenuation of the hemorrhagic contusions in the
left frontal and temporal lobes (Figure 2).

Discussion

This case demonstrates remarkable short-term recovery from post-traumatic hemorrhagic aphasia following
combined Cerebrolysin and speech-language therapy. The temporal association between treatment initiation
and substantial improvement in K-WAB scores suggests that Cerebrolysin may have contributed to accelerated
language recovery.

Several mechanisms could underlie such an association. Treatment with Cerebrolysin has been reported to
promote neuroplasticity through synaptogenesis, dendritic sprouting, and neuronal survival, and to modulate
neurotrophic signaling pathways [8]. In hemorrhagic injury, such effects may be particularly relevant in
perihematomal and diaschitic cortical regions, where viable but functionally suppressed networks can
potentially be re-engaged during rehabilitation.

Clinical evidence for Cerebrolysin is strongest in ischemic stroke, including randomized trials showing
improved motor and cognitive outcomes when combined with rehabilitation [9,10]. Emerging preclinical and
translational studies also suggest benefits in hemorrhagic injury and traumatic hemorrhage models, including
enhanced neuroplasticity and functional restoration [4,5]. Initial RCTs based on these findings have shown
evidence for positive clinical effects of Cerebrolysin on cognitive parameters after TBI [11]. The present case
raises the possibility that these benefits may extend to language-domain recovery.

The main limitation is the single-patient design, which precludes causal inference. The concurrent use of daily
SLT is an important confounder, as speech-language intervention remains the standard of care and likely
contributed substantially to recovery. In addition, spontaneous neurological improvement during the subacute
phase is expected. Nevertheless, the magnitude of AQ improvement from 66.2 to 97.1 over 21 days is notable
and well beyond what is typically expected in an early rehabilitation timeframe, supporting further prospective
investigation.



Conclusion

This case suggests that Cerebrolysin may provide additive benefit when used alongside conventional speech-
language therapy in aphasia rehabilitation after traumatic intracranial and subarachnoid hemorrhage. Given
the limited pharmacologic options available for traumatic hemorrhage recovery, larger controlled studies are
warranted to evaluate efficacy, optimal timing, and safety in language rehabilitation.

Patient Perspective

The patient’s family reported profound relief following the rapid recovery of language. Initially, the severe
aphasia and acute delirium caused immense distress and communication barriers. However, the visible
daily improvement during the 21-day Cerebrolysin infusion and concurrent speech therapy provided great
reassurance. The patient expressed satisfaction at regaining the ability to communicate effectively with his
family and medical staff, noting no specific discomfort or adverse effects during inpatient rehabilitation.

CASE SUMMARY

((% Patient ® 69 years e Post-traumatic aphasia after intracranial hemorrhage

% Challenge e Severe global aphasia

@ Treatment e Cerebrolysin 30 mL/day IV x 21 days + daily SLT

o K-WAB AQ 66.2 - 97.1 e Near-complete speech recovery

Outcome . L
D[ID” e Restored functional communication

E\ Take Home Message

In severe post-traumatic aphasia, Cerebrolysin combined with intensive speech-language
therapy was associated with rapid, near-complete language recovery.
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Abstract

Ischemic stroke remains a leading cause of mortality and long-term disability despite advances in reperfusion
therapy. Secondary ischemic injury and limited endogenous neuroplasticity often result in persistent

motor, cognitive, and speech deficits. Multimodal treatment strategies that combine reperfusion, systemic
stabilization, early rehabilitation, and neuroprotective interventions may improve outcomes.

We present two clinical cases illustrating the use of neuropeptide therapy (Cerebrolysin) within a multimodal
framework: (1) acute large vessel occlusion (LVO) stroke with severe neurological deficit, and (2) subacute
recurrent stroke with prominent cognitive impairment and retrograde amnesia. In both cases, Cerebrolysin
was administered alongside standard care and early rehabilitation.

Both patients demonstrated marked improvement in neurological, functional, and cognitive outcomes
without adverse effects. These observations support the potential role of multimodal neurorecovery
strategies incorporating neurotrophic therapy in ischemic stroke.

Keywords: ischemic stroke; Cerebrolysin; cerebroprotection; reperfusion therapy; aphasia;
neurorehabilitation

Introduction

Acute Ischemic stroke continues to impose a major global health burden, in Kasachstan the incidence rates for
AlS are amongst the world’s highest more than 40000 (reported in 2024) new strokes per annum accompanied
with high rates of mortality and long-term disability (4). Even with timely reperfusion through thrombolysis or
mechanical thrombectomy, many patients experience persistent deficits due to secondary ischemic injury and
insufficient neuroplastic recovery.

Large vessel occlusion strokes are particularly associated with severe outcomes, including motor deficits and
aphasia. Cognitive impairment is also common and significantly affects independence and quality of life. (5,6,7)
Current stroke care emphasizes a multimodal approach, combining reperfusion, physiological stabilization,
and early rehabilitation. Increasing attention is being given to neuroprotective and neurotrophic agents that
may enhance recovery by supporting neuronal survival and plasticity.

Cerebrolysin, a peptide-based neurotrophic preparation, has been investigated for its pleiotropic effects,
including cerebroprotection, modulation of neurotrophic factors, and support of synaptic remodeling. (1,2)
This report presents two clinically distinct cases to illustrate its potential role across different stages of ischemic
stroke.

Case Presentation

Case 1: Acute LVO stroke with severe neurological deficit
A 45-year-old male presented within one hour of symptom onset with sudden left-sided hemiplegia and
speech disturbance. On admission, neurological examination revealed severe stroke (NIHSS 26), impaired



consciousness (GCS 11-12), hemiplegia, dysarthria, and hemineglect. CT imaging demonstrated occlusion of

Figure 1. (A) Computed tomography of the brain on admission revealing ischemic lesion of the M1 segment of
the right middle cerebral artery (ASPECTS - 9 points). (B) Angiographic images of the right internal carotid artery:

segmental occlusion of the M1 segment of the right MCA (black arrow).

An additionally performed angiography showed segmental occlusion of the M1 segment of the right middle
cerebral artery (black arrows) (Figure 1B). Urgent mechanical thrombectomy was performed with a door-to-
puncture time of 40 minutes, achieving complete reperfusion (TICI 3).

Following intervention, the patient received multimodal therapy, including hemodynamic stabilization,
metabolic modulation (correction of water-electrolyte and metabolic disorders, including maintenance of
normoglycemia and acid-base balance), early rehabilitation, and Cerebrolysin 30 ml intravenously for 10 days.
By day 10, there was marked clinical improvement: NIHSS decreased from 26 to 2, modified Rankin Scale
(mRS) improved to 1, and Barthel Index reached 90. Motor function was fully restored, speech significantly
improved, and neglect resolved.

Case 2: Subacute recurrent stroke with cognitive impairment

A 54-year-old female with hypertension and prior left MCA stroke presented with progressive neurological
symptoms over 7-8 days, including headache, gait instability, and cognitive decline. Family members reported
retrograde amnesia and impaired recall of recent events.

On admission, she was conscious (GCS 15) with NIHSS 8-9 and mRS 3. Neurological examination revealed
significant cognitive impairment without major motor deficits.

Figure 2. Native CT scan of the brain of patient D. upon admission.

CT imaging showed subacute ischemic changes in the left frontal and parietal lobes (Figure 2). A rehabilitation-
focused multimodal strategy was initiated, including blood pressure control, metabolic optimization,
individualized rehabilitation and Cerebrolysin 30 ml intravenously for 10 days.

By day 14, substantial recovery was observed: NIHSS improved to 1, mRS to 0, and Barthel Index to 100.

Cognitive performance improved significantly (MMSE +5, MoCA +7), with regression of retrograde amnesia
and restoration of daily functioning (Table 1 and 2).
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Table 1: Dynamics of cognitive impairment according to the Mini-Mental State Examination (MMSE) scale in patient D.: 18
- 20 - 23 points, demonstrating a positive recovery trend.

Mini-Mental State Examination (MMSE)
Date 10/10/2025 13/10/2025 21/10/2025
Paragraph Score | Grade | Score | Grade | Score | Grade
Final assessment 30 18 30 20 30 23

Table 2: Dynamics of cognitive impairment according to the Montreal Cognitive Assessment (MoCA) scale in patient D.: 15
— 16 — 22 points, which corresponds to the restorative positive dynamics of cognitive functions

Montreal Cognitive Assessment (MoCA)
Education Higher education
Gender Female
Date 10/10/2025 13/10/2025 21/10/2025
Finalassessment| 30 15 30 16 30 22

Discussion

These cases illustrate the successful administration of a multimodal therapeutic strategy in both acute and
subacute ischemic stroke. While reperfusion remains the cornerstone of acute management, it does not fully
prevent secondary injury processes, including inflammation, oxidative stress, and apoptosis. These mechanisms
contribute to ongoing neuronal damage and limit recovery.

Cerebroprotective therapy may complement standard care by targeting these processes. Cerebrolysin has been
shown to exert pleiotropic effects, including modulation of neurotrophic factors (e.g., BDNF, NGF), stabilization
of the blood—brain barrier, and promotion of synaptic plasticity and neurogenesis.(1)

In the first case, early administration following successful thrombectomy was associated with rapid neurological
recovery, including resolution of severe deficits such as hemiplegia and neglect. Importantly, no safety concerns
were observed in the early post-reperfusion period.

In the second case, the predominant deficits were cognitive, including memory impairment and retrograde
amnesia, reflecting disruption of distributed neural networks. The observed improvement suggests that
combining pharmacological neurotrophic support with structured cognitive rehabilitation may enhance
functional recovery in such patients.

Available clinical evidence supports the safety of Cerebrolysin in acute stroke settings, including after
thrombolysis and thrombectomy, without increased risk of hemorrhagic transformation. Clinical trials and
meta-analyses also suggest potential benefits in neurological and functional recovery, particularly when
integrated into comprehensive rehabilitation strategies.(2)

Speech recovery, particularly in post-stroke aphasia, may also benefit from combined pharmacological and
rehabilitative approaches. Previous studies have demonstrated improved outcomes when Cerebrolysin is used
alongside targeted speech therapy.(3)

Overall, these observations align with contemporary concepts of stroke care, emphasizing not only reperfusion
but also protection of the ischemic penumbra and enhancement of neuroplasticity.

Conclusion

The presented cases support the feasibility and potential benefit of a multimodal approach to ischemic stroke
management that integrates reperfusion, systemic stabilization, early rehabilitation, and cerebroprotective
therapy.

Cerebrolysin administration in both acute and subacute settings was well tolerated and associated with
meaningful improvements in motor, cognitive, and speech functions.

However, these findings are based on descriptive observations and should be interpreted cautiously. Controlled
studies are required to confirm efficacy and define optimal treatment protocols.



Limitations
This report is limited by its descriptive design, lack of control group, and short follow-up. Improvements may

reflect spontaneous recovery, effects of reperfusion, or rehabilitation. Larger randomized studies are needed
to establish causal relationships and long-term outcomes.

CASE SUMMARY

(Qj Patient e 45 years e Acute LVO stroke (M1 MCA occlusion) % Patient ® 54 years e Recurrent ischemic stroke

% Challenge e Severe stroke with hemiplegia and neglect % Challenge e Retrograde amnesia and cognitive decline

E; Treatment :hCerelsroltysin 30 mL/day IV x 10 days + mechanical @ Treatment e Cerebrolysin 30 mL/day IV x 10 days + rehabilitation
rombectomy

m Outcome ° NIHSS 8-9 > 1 e mRS 3 -> 0 e Bl -> 100 ¢« MMSE 18 - 23
[i}

i1, Outcome ¢ NIHSS26->2 emRS 51 «BI > 90
o MoCA 15 = 22

IZI Take Home Message

Cerebrolysin integrated with reperfusion therapy, standard care, and individualized neurorehabilitation was associated with substantial recovery
after acute large-vessel occlusion stroke and with improvements in neurological, functional, and cognitive outcomes after recurrent stroke.
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Abstract

Post-stroke aphasia is a debilitating condition affecting approximately one-third of stroke survivors,
profoundly impairing communication, social participation, and quality of life. While speech-language
therapy (SLT) remains the standard of care, pharmacological agents such as Cerebrolysin may enhance
recovery through neuroprotection and neuroplasticity. We report the case of a 38-year-old female lawyer
who developed acute Wernicke’s aphasia and right-sided hemiparesis following an ischemic stroke. Despite
timely thrombolysis and mechanical thrombectomy, she experienced significant neurological deficits. Early
multidisciplinary rehabilitation, combined with a 10-day course of Cerebrolysin, memantine, and sertraline,
was associated with substantial improvements in language, motor function, and independence over three
months. This case highlights the potential synergistic effect of Cerebrolysin, in a young patient, with early
reperfusion, intensive rehabilitation including pharmacotherapy and SLT, especially in settings where optimal
post-stroke rehabilitation resources may be limited.

Keywords: stroke, rehabilitation, treatment

Introduction

Aphasia is one of the most disabling consequences of stroke, affecting roughly one-third of survivors [1].
Clinical presentations vary widely, from difficulty retrieving words to complete loss of speech, comprehension,
reading, or writing abilities. These deficits profoundly impact daily functioning, social interaction, employment,
and psychological well-being [2]. Recovery is most rapid within the first three to six months, yet many patients
continue to experience residual deficits despite standard care [3].

Speech-language therapy remains the cornerstone of aphasia rehabilitation. However, pharmacological agents
such as memantine [4] and donepezil [5] have demonstrated limited efficacy [6]. Cerebrolysin, a neurotrophic
peptide preparation, has been shown to promote neurogenesis and synaptogenesis, facilitating rewiring of
language networks after ischemic injury. Evidence suggests that combining Cerebrolysin with speech-language
therapy (SLT) may enhance functional recovery, as demonstrated in the Efficacy and Safety of Cerebrolysin in
the Treatment of Aphasia After Acute Ischemic Stroke (ESCAS) trial [3].

Diagnosing and managing aphasia is particularly challenging in low- and middle-income countries (LMICs).
Limited access to trained speech-language pathologists, delayed presentation to hospital, lack of standardized
assessment tools, and insufficient rehabilitation infrastructure can impede timely intervention, reducing
the potential for optimal recovery. Pharmacological adjuncts that enhance neuroplasticity may therefore be
particularly valuable in such contexts [6]. Only 1 to 5 % of Buenos Aires population have real access to all
reperfusion therapies [7].



Case Presentation

A 38-year-old female lawyer with no significant past medical history presented with sudden-onset Wernicke’s
aphasia and severe right-sided hemiparesis while moving houses. She arrived at the hospital two hours after
symptom onset. Initial assessment revealed a score of 21 on the National Institutes of Health Stroke Scale
(NIHSS), and fluent Wernicke’s aphasia was diagnosed. Her pre-stroke modified Rankin Scale (mRS) score was
0, indicating full functional independence.

Diagnostic Assessment

Brain MRI (Figure 1) revealed restricted diffusion in the left basal ganglia and ipsilateral parietal cortex (Wernicke
area), consistent with acute ischemic lesions. Intracranial imaging showed absent flow in the left internal
carotid artery and middle cerebral artery, confirming large-vessel occlusion. Prompt imaging and diagnosis
allowed initiation of reperfusion therapy within the recommended window, which is often a challenge in LMICs
due to delays in access and diagnostic limitations [7].

Figure 1: Brain MRI on Admission

Therapeutic Intervention

The patient received intravenous alteplase (recombinant tissue plasminogen activator [rt-PA]) followed by
emergency mechanical thrombectomy. Two stents were successfully placed in the left internal carotid artery,
achieving Thrombolysis in Cerebral Infarction (TICI) grade lic reperfusion. Antiplatelet therapy included
tirofiban and clopidogrel. During hospitalization, she developed decreased consciousness due to hemorrhagic
transformation; tirofiban was discontinued, and no neurosurgical intervention was required. She remained on
mechanical ventilation for five days, after which she was successfully extubated.

At extubation, she was alert and oriented, with moderate residual hemiparesis, dysphagia, and mild aphasia.
Clinical assessments demonstrated a NIHSS score of 17, a mRS score of 3, a Western Aphasia Battery (WAB)
score of 37, and a Barthel Index (Bl) score of 35, indicating substantial neurological impairment and severe
functional dependency (see Supplementary File S1 for details regarding these assessment scales) (Figure 2).
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Figure 2: CT scan after extubation on day 5 with hemorrhagic transformation

Rehabilitation and Pharmacological Intervention

The patient was transferred to a neurological rehabilitation facility with a nasogastric tube, aphasia, hemiparesis
and mild post stroke depression. She participated in a multidisciplinary rehabilitation program including
physical therapy, occupational therapy, SLT, and psychological support.

The rehabilitation program, which is often difficult to access in low- and middle-income countries (LMICs),
consisted of physical therapy sessions twice a day, occupational therapy three times a week, SLT for one hour
four times a week, and psychological support once a week.

Pharmacological therapy included a 10-day course of Cerebrolysin (30 mL/day), sertraline 50 mg/day, and
memantine 20 mg/day [3].

After 30 days, her aphasia had significantly improved (the patient was able to understand one step orders), the
nasogastric tube was removed following a successful swallowing assessment, and she began ambulating with
assistance. Clinical assessments showed a NIHSS score of 14, mRS score of 3, WAB score of 45, and Bl score of
52. The NIHSS score was 14, although this value was disproportionately elevated due to high subscores in the
visual and sensory deficits domains.

At three-month follow-up, the patient achieved independent ambulation and near-complete resolution of
dysphagia. Residual deficits included minimal aphasia and mild hypophonia. Clinical assessments showed a
NIHSS score of 6, mRS score of 1, WAB score of 69, and Bl score of 79, reflecting substantial functional recovery
(Table 1 and Figure 2).

Table 1: Clinical and functional outcomes over time (NIHSS, mRS, WAB, Bl)

Time Point NIHSS mRS WAB BI
Admission 21 0 37 35
30 days 14 3 45 52
3 months 6 1 69 79

Figure 3: Brain CT scan at three-month follow-up



Discussion

This case illustrates that even with optimal acute stroke care, including thrombolysis, thrombectomy, and
stenting, severe aphasia may persist, necessitating intensive rehabilitation. Aphasia profoundly impacts
communication, social engagement, and the ability to return to work.

In LMICs, challenges in aphasia care are magnified. Many patients experience delays in clinical presentation,
limited access to diagnostic imaging, acute treatment [7] and scarce availability of trained speech-language
pathologists. Rehabilitation facilities are often under-resourced, and standardized assessments may be
unavailable, making it difficult to monitor progress or tailor interventions. Pharmacological agents that enhance
neuroplasticity, such as Cerebrolysin, may help bridge these gaps when combined with available SLT, improving
functional outcomes [3].

Clinical recovery of speech fluency and understanding in this patient might be likely to be compensated for
by the right hemisphere’s homologous language regions following severe degradation of the left temporal
network. There are some case reports that reinforce the critical role of right-hemisphere plasticity in recovery
and suggest that future clinical approaches could focus on targeted therapeutic stimulation, such as repetitive
transcranial magnetic stimulation (rTMS), of right-hemisphere pathways to optimize language rehabilitation.
It is also important to highlight the value of advanced functional perfusion imaging, such as brain single-
photon emission computed tomography (SPECT), especially when standard structural imaging modalities like
magnetic resonance imaging (MRI) or computed tomography (CT) appear negative. Such functional techniques
may help identify underlying metabolic or perfusion abnormalities that are not visible on structural scans,
thereby enabling more targeted neurorehabilitation strategies. It would have been very interesting in our case
to perform functional imaging to help us understand more the complex rehabilitation process [11-13].

In patients presenting with severe acute ischemic stroke (typically defined by a high NIHSS score and large
vessel occlusion), mechanical thrombectomy (MT) has become the gold standard of care. According to high-
quality clinical evidence, the percentage of patients achieving a functional independent outcome, defined as
a mRS score of 0—2 at 90 days, is approximately 45% to 50%.

The landmark HERMES meta-analysis, which pooled data from pivotal trials such as MR CLEAN, ESCAPE, and
REVASCAT, demonstrated that 46% of patients treated with MT achieved functional independence, compared
to only 26.5% in the control group receiving best medical management alone [6].

Cerebrolysin is believed to facilitate cerebroprotection [6], neurogenesis and synaptogenesis, supporting
the rewiring of language networks after ischemic injury. In this patient, its addition to early multidisciplinary
rehabilitation appeared to accelerate recovery, resulting in significant improvements in language, motor
function and independence. These findings align with previous studies, including the ESCAS trial, which
reported enhanced outcomes when Cerebrolysin was combined with SLT [3].

Conclusion

This case highlights the tailored multidisciplinary treatment (including early reperfusion thrombolysis plus
thrombectomy, intensive rehabilitation, concomitant pharmacotherapy memantine, sertraline) and the
potential of Cerebrolysin asan adjunctto early neurorehabilitation in severe post-stroke aphasia. In combination
with structured SLT, it can enhance significant recovery in language, motor function, and independence,
especially in young patients. The case also underscores the need for tailored strategies in countries and
regions where limited access to rehabilitation resources may hinder optimal recovery. Early, intensive, and
multidisciplinary intervention remains critical to achieving the best functional outcomes and improving quality
of life for stroke survivors.
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CASE SUMMARY

(C% Patient e 38 years e Acute ischemic stroke

% Challenge e Severe post-stroke aphasia

@ Treatment e Cerebrolysin 30 mL/day IV x 10 days + SLT

fJj; Outcome e NIHSS21->6 eWAB37 569 emRS3->1 eBI35->79

|:;,| Take Home Message

Following successful thrombolysis and mechanical thrombectomy, adjunctive
Cerebrolysin combined with intensive speech-language and multidisciplinary
rehabilitation was associated with substantial three-month improvements in
aphasia, neurological function, and independence.
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Abstract

Recovery of motor and speech functions after ischemic stroke remains challenging. We report a 39-year-
old male in the late recovery phase following a left middle cerebral artery infarction, presenting with
severe right-sided hemiparesis and complex motor aphasia. He underwent a multidisciplinary rehabilitation
program including physical therapy, speech therapy, neuropsychological support, and repeated intravenous
courses of Cerebrolysin (20 ml, 10 infusions every 3 months). Over one year, he demonstrated improved
muscle strength, reduced spasticity, enhanced shoulder and elbow range of motion, faster walking speed,
and increased independence in daily activities. Speech function improved with enhanced comprehension,
grammar, and fewer paraphasias, reflected in a reduction of the Wasserman Aphasia Scale score from 48
to 40 points. Course-based Cerebrolysin therapy combined with comprehensive rehabilitation was safe and
contributed to meaningful functional recovery, supporting its role in multidisciplinary neurorehabilitation to
enhance neuroplasticity.

Keywords: ischemic stroke, neurorehabilitation, Cerebrolysin, hemiparesis, motor aphasia, neuroplasticity

Introduction

Stroke is a leading cause of mortality and long-term disability, imposing substantial social and economic
burdens. Despite advances in acute-phase interventions, including reperfusion therapy, many survivors
develop persistent motor deficits and cognitive impairments, such as aphasia. Motor deficits affect 70-90% of
patients acutely, with more than half remaining impaired at one year. (1) Aphasia occurs in 15-38% of patients
and significantly diminishes quality of life. (2)

Modern rehabilitation emphasizes early initiation, continuity, and a multidisciplinary approach. Pharmacological
support with neurotrophic agents can enhance outcomes. Cerebrolysin, a mixture of low-molecular-weight
peptides and amino acids, mimics endogenous neurotrophic factors such as BDNF. Its mechanisms include
stimulation of neurogenesis and synaptogenesis, neuroprotection during ischemia, and antioxidative effects.
Clinical trials demonstrate that Cerebrolysin improves motor, cognitive, and speech recovery when it is
combined with rehabilitation. (3,4,5)

Patient Information

A 39-year-old male presented in the late recovery phase after a left middle cerebral artery ischemic stroke
on March 23, 2024. Initial symptoms included right-sided weakness and speech impairment. Comorbidities
included stage lll hypertension, dyslipidemia, and high cardiovascular risk.

Clinical Findings at Admission (March 3, 2025)

Neurological examination revealed right facial paresis, severe right-sided spastic hemiparesis (MAS 3), a
positive Babinski reflex, reduced pain and tactile sensitivity, impaired balance, and a spastic gait requiring a
cane. Functional assessment is summarized in Table 1.
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Table 1: The table summarizes the patient’s level of disability, mobility, balance, gait, and upper-limb motor function

Scale Score
Modified Rankin Scale (mRS) 4
Barthel Index 75
Rivermead Mobility Index 9
Berg Balance Scale 41
Hauser Ambulation Index 4
Walking speed (10 m test) 0.6 m/s
Shoulder flexion/extension 3/3
Shoulder adduction/abduction 3/3
Elbow flexion/extension 3/3
Elbow pronation/supination 3/3
Wrist flexion/extension 1/2
Wrist adduction/abduction 2/2

Rehabilitation Program

The patient underwent a 1-year multidisciplinary program combining physical therapy, speech therapy,
neuropsychological therapy, and pharmacological support. Physical therapy included therapeutic exercises,
occupational therapy, treadmill training, biofeedback, robotic therapy (Armeo, Amadeo, Diego, MJS), massage,
electrical stimulation, and virtual reality therapy. Speech therapy focused on speech production, phrase
formation, attention and perseveration control, and writing skills. Neuropsychological therapy targeted praxis,
memory, and complex aphasia.

Pharmacological therapy included baseline medications (losartan, amlodipine, aspirin, atorvastatin,
escitalopram, baclofen, omeprazole), with specific interventions including Cerebrolysin (20 ml IV, 10 infusions
every 3 months) and botulinum toxin (Xeomin, 800 units) for focal spasticity. Goals were independent
ambulation, functional hand use, improved balance and strength, and resumption of social activities such as
singing.

Follow-up and Outcomes

Motor Recovery

After 12 months of intensive multidisciplinary rehabilitation, the patient demonstrated clinically meaningful
improvements in motor function and independence. Muscle strength increased on the Medical Research
Council (MRC) scale, indicating a substantial improvement in voluntary motor control and the ability to perform
functional movements against gravity and, depending on the muscle group, increasing resistance. Muscle tone
improved by one point on the Modified Ashworth Scale (MAS), which was associated with reduced spasticity
and facilitated more effective use of the affected limb during rehabilitation and activities of daily living.
Marked gains were also observed in shoulder mobility, with flexion increasing from 10° to 60° and abduction
from 20° to 80°. These changes substantially expanded the patient’s functional range of movement and
potentially contributed to improved reaching ability, positioning, and use of the upper limb in everyday
activities. Enhanced walking speed and greater independence in daily activities further indicate that the
observed neurological improvements translated into meaningful functional gains, moving beyond impairment-
based outcomes towards improved mobility and autonomy.

Speech and Cognitive Function

Relevant improvements were also observed in communication and cognitive function. Speech comprehension
and grammatical abilities improved, accompanied by fewer paraphasias and perseverations, suggesting more
effective language processing and greater control of verbal output. The improvement in the Wasserman
Aphasia Scale from 48 to 40 points reflected a clinically relevant reduction in aphasia severity and was
associated with improved functional communication. Auditory-verbal memory improved markedly, with the



number of recalled words increasing from 2 to 6, representing a threefold increase in immediate memory
performance. Improvements in praxis may have further supported the patient’s ability to plan and perform
purposeful actions, while better mood and motivation were particularly relevant for sustained participation in
the demanding, long-term rehabilitation program.

Safety

No adverse events related to Cerebrolysin were observed.

Discussion

This case illustrates the potential for substantial and sustained functional recovery after ischemic stroke
when long-term, intensive, multidisciplinary rehabilitation is combined with pharmacological support aimed
at facilitating neuroplasticity. (1,6,7) The patient underwent a comprehensive 1-year rehabilitation program
integrating physical, occupational, speech, and neuropsychological therapies with technologically assisted
interventions, including robotic therapy, treadmill training, biofeedback, electrical stimulation, and virtual
reality. This approach provided repeated, task-specific stimulation across multiple functional domains and
created favourable conditions for activity-dependent neural reorganization. (6,7)

A distinctive feature of this case was the integration of repeated Cerebrolysin treatment courses into the
rehabilitation program. Cerebrolysin was administered at a dose of 20 mL intravenously for 10 consecutive
infusions every 3 months, resulting in four treatment courses during the year. The rationale for this approach
lies in the prolonged and dynamic nature of post-stroke recovery. Although recovery is generally most rapid
during the early post-stroke period, meaningful functional improvement may continue for months or even
longer, particularly when patients remain exposed to intensive, individualized, and progressively challenging
rehabilitation. (1,6,7)

Recovery is also not necessarily linear. Different neurological functions may improve at different rates, while
apparent recovery plateaus do not inevitably represent the end of the rehabilitation potential. Instead, they
may indicate a need for renewed therapeutic stimulation or modification of rehabilitation goals. (1,6,7)
Repeated pharmacological support may therefore be of particular interest during prolonged rehabilitation,
accompanying successive phases of functional recovery and supporting patients as new therapeutic challenges
and opportunities emerge. (3-5)

Pre-clinical and clinical evidence suggests that Cerebrolysin exerts multimodal effects relevant to post-stroke
recovery, including neurotrophic activity and effects associated with neuronal survival, synaptic plasticity, and
functional reorganization of neuronal networks. (3,4,8) These mechanisms may be complementary to intensive
rehabilitation, in which repeated motor, cognitive, and behavioural training provides the activity-dependent
stimulation necessary to promote and consolidate functional recovery. (4,6,7) Cerebrolysin should therefore
not be considered a replacement for rehabilitation, but rather a potential pharmacological adjunct supporting
the biological processes underlying rehabilitation-induced neuroplasticity. (3-5)

The improvements observed in this patient extended beyond a single neurological domain and included
strength, spasticity, ambulation, hand function, balance, speech, and participation in meaningful social
activities, including singing. This multidimensional recovery reflects the importance of a comprehensive
rehabilitation strategy addressing impairment, activity, and participation. (6,7) In addition to intensive therapy,
focal spasticity management with botulinum toxin may have facilitated motor training and contributed to
improved functional performance. (9,10)

Naturally, the specific contribution of Cerebrolysin cannot be isolated in a single-patient case. The favourable
outcomewaslikelyinfluenced by severalinteracting factors, including the intensity and duration of rehabilitation,
the combination of therapeutic modalities, spasticity management, patient motivation and adherence, and
the individual’s intrinsic recovery potential. (1,3,6)

Overall, the case supports the concept that long-term recovery after stroke should be regarded as a dynamic
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process requiring continued reassessment and adaptation of therapeutic interventions. (1,6,7) Repeated
Cerebrolysin courses may represent one pharmacological approach to supporting this extended period of
recovery, in combination with intensive, activity-dependent rehabilitation. (3-5) Although controlled studies
are needed to define the optimal frequency and duration of repeated treatment, the present case provides
a practical example of sustained, multidimensional functional improvement during a prolonged rehabilitation
program.

Conclusion

Treatment-course-based Cerebrolysin therapy combined with physical, speech, and neuropsychological
rehabilitation was safe and led to significant improvements in motor, cognitive, and speech functions. Its
inclusion in multidisciplinary rehabilitation programs may enhance neuroplasticity and optimize functional
recovery after ischemic stroke.

CASE SUMMARY

(C% Patient e 39 years e Left MCA ischemic stroke with aphasia

% Challenge e Severe spastic hemiparesis and motor aphasia

@ Treatment e Cerebrolysin 20 mL/day IV x 10 days (every 3 months) + multidisciplinary rehabilitation

[][Iﬂn Outcome o MAS 3 - 2 e Wasserman Aphasia Scale 48 - 40 e Improved independence

E Take Home Message

Multidisciplinary rehabilitation incorporating Cerebrolysin was associated with meaningful
improvements in motor and speech function, functional independence, and walking performance after
ischemic stroke, supporting its potential role as a well-tolerated adjunct to neurorehabilitation in
patients with combined motor and language impairments.
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Abstract

Post-stroke aphasia is among the most disabling consequences of ischemic stroke, affecting approximately
one-third of survivors and significantly impairing communication and quality of life. We report the case of
a 44-year-old man who developed severe post-stroke aphasia after an ischemic infarction in the territory of
the left middle cerebral artery. The patient underwent a comprehensive rehabilitation program combining
pharmacological therapy with Cerebrolysin, structured speech and language therapy, and physiotherapy.
Over three rehabilitation courses, progressive improvement in language function and neurological status
was observed. The Western Aphasia Battery score increased from 44 to 51 points, corresponding to a
transition from severe to moderate aphasia. This case illustrates the potential benefit of a multidisciplinary
rehabilitation strategy and supports the use of Cerebrolysin as an adjunctive treatment in post-stroke
aphasia.

Keywords: cystic-gliotic lesion, post-stroke aphasia, speech and language therapy, rehabilitation

Introduction

Post-stroke aphasia is an acquired disorder of language affecting comprehension, speech production, reading,
and writing. (3) Approximately one-third of stroke survivors develop aphasia, and a considerable proportion
continue to experience chroniclanguage impairment despite standard rehabilitation. (2,4) Speech and language
therapy is regarded as the mainstay of aphasia treatment; however, recovery outcomes vary widely. (1,5,7)
This variability has stimulated interest in pharmacological agents capable of enhancing neuroplasticity and
supporting functional recovery. Cerebrolysin, a neuropeptide preparation with multimodal cerebroprotective
and neurotrophic effects, has been investigated as an adjunctive therapy in post-stroke rehabilitation. (6,8) We
present a case of severe post-stroke aphasia treated with a comprehensive rehabilitation program including
Cerebrolysin and structured speech therapy. (8)

Patient Information

A 44-year-old man was admitted with sudden onset of speech disturbance and right-sided weakness. More
than four hours had elapsed from symptom onset to hospital admission. His medical history was notable for
arterial hypertension (stage lll, grade 3, high additional risk), cerebral atherosclerosis (stage Ill), and bronchial
asthma. Family history revealed that his mother had suffered two previous strokes. Prior to the index event,
the patient was independent in daily activities and professionally active.

Clinical Findings

During the acute phase of hospitalization, the patient exhibited pronounced right-sided hemiparesis and severe
impairment of verbal communication. On transfer to the inpatient rehabilitation department for day 14, his
general condition was moderately severe. He was conscious but unable to communicate effectively because of
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aphasia. Physical examination showed stable cardiovascular and respiratory parameters, with no abnormalities
of abdominal organs or pelvic functions. Neurological examination revealed complex sensory-motor aphasia
with marked limitation of spontaneous speech and comprehension. Muscle strength was markedly reduced
on the right side, particularly in the upper limb and hand. A right-sided Babinski sign was present, along
with moderate hypertonia in the right arm and hemihypesthesia. Coordination was unstable in the Romberg
position. On standardized scales, the National Institutes of Health Stroke Scale score was 16 points and the
modified Rankin Scale score was 3 points. Language assessment using the Western Aphasia Battery yielded
a score of 44 points, corresponding to global aphasia with severe impairment of comprehension, repetition,
naming, and writing.

Diagnostic Assessment

Computed tomography of the brain with angiography confirmed an ischemic atherothrombotic stroke in
the territory of the left middle cerebral artery. Based on clinical and neuropsychological assessment, the
diagnosis of post-stroke global aphasia was established. No alternative etiologies for language impairment
were identified. (Figure 1)

Figure 1. MRI brain (09.01.2023); MRI reveals a large post-ischemic cystic-gliotic lesion in the left frontal, temporal,
and parietal lobes (left MICA territory) measuring approximately 109 x 45 x 98 mm, with cystic transformation of the
left basal ganglia and secondary Wallerian degeneration of the corticospinal tract.

Therapeutic Intervention

After stabilization of the acute condition, the patient entered a structured rehabilitation program. He
completed three rehabilitation courses, each lasting two weeks and repeated at three-month intervals. The
program included intravenous administration of Cerebrolysin at a dose of 30 mL diluted in 200 mL of saline for
14 infusions per course, in addition to standard secondary prevention therapy with antihypertensive agents,
antithrombotics, and statins. Daily one-hour speech and language therapy sessions were conducted throughout
each course. Physiotherapeutic procedures included electrophoresis with proserin, magnetotherapy, and
electrical stimulation of the affected limbs. The therapeutic strategy aimed to combine neurobiological support
of recovery with intensive functional training.

Follow-Up and Outcomes

After the first rehabilitation course, the patient demonstrated modest improvement in neurological status, with
a reduction of NIHSS score to 12—13 points and an increase of the WAB score to 46 points. After completion
of three rehabilitation courses, further improvement in language function was observed. (Figure 2 and 3)
The WAB score reached 51 points, indicating a transition from severe to moderate aphasia. Clinically, the
patient showed expansion of spontaneous speech, improved comprehension of moderately complex verbal
instructions, better performance in repetition and naming tasks, and reduced frequency of paraphasias. His
communicative activity increased, and he developed greater motivation for verbal interaction.



Motor function also improved. Muscle strength in the right upper and lower limbs increased, allowing partial
restoration of independent mobility and functional use of the affected extremities. No adverse reactions
related to Cerebrolysin were recorded during treatment. For secondary prevention, continued blood pressure
monitoring, long-term antihypertensive and antithrombotic therapy, statins, and regular neurological follow-
up were recommended.

Timeline

Table 1: Clinical course and treatment timeline

Time point Clinical events and interventions

Day 0 Sudden onset of aphasia and right-sided weakness

>4 hours Hospital admission

Acute phase Diagnosis of ischemic stroke in left middle cerebral artery territory

Early rehabilitation Transfer to rehabilitation department; WAB 44, NIHSS 16, mRS 3
Course 1 (2 weeks) Cerebrolysin, speech therapy, physiotherapy

After course 1 WAB 46, NIHSS 12—-13, MRS 3

Courses 2—-3 Repeated comprehensive rehabilitation at 3-month intervals
After course 2 WAB 46, NIHSS 13, MRS 3

After course 3 WAB 51, moderate aphasia, NIHSS 10, MRS 2.

Figure 2. MRI brain (23.09.2024); MRI demonstrates chronic post-ischemic cystic-gliotic changes in the left cerebral
hemisphere with a lesion measuring approximately 112 x 47 x 96 mm, associated with Wallerian degeneration of the
corticospinal tract and signs of chronic cerebrovascular disease.

Discussion

This case illustrates the potential benefits of a comprehensive rehabilitation approach in severe post-stroke
aphasia. The combination of intensive speech and language therapy with pharmacological support may enhance
recovery by acting on both functional and neurobiological levels. (1,5,7) Cerebrolysin exerts multimodal
effects that are relevant for post-stroke recovery, including modulation of neurotrophic factors such as brain-
derived neurotrophic factor, reduction of neuroinflammation, activation of anti-apoptotic signaling pathways,
and attenuation of oxidative stress and glutamate-mediated excitotoxicity. These mechanisms may promote
neuroplastic reorganization of language networks damaged by ischemia. (8)

The improvement in Western Aphasia Battery score from 44 to 51 points in this patient parallels observations
from clinical trials in which Cerebrolysin combined with rehabilitation produced greater functional gains
than rehabilitation alone. Although spontaneous recovery cannot be excluded, the progressive nature of
improvement across three structured treatment courses suggests a treatment-associated effect. The favorable
safety profile observed in this case is consistent with previously published data. (8)
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Figure 3. MRI brain (02.11.2025); MRI demonstrates chronic post-ischemic cystic-gliotic changes in the left cerebral
hemisphere with a lesion measuring approximately 112 x 47 x 96 mm, associated with secondary Wallerian
degeneration of the left corticospinal tract and atrophic changes of the corpus callosum and left cerebral peduncle.
Ventricular asymmetry and moderate enlargement of the cisterna magna are also noted, along with MRI signs of
chronic cerebrovascular disease (Fazekas grade 2)

Conclusion

This case demonstrates that a multidisciplinary rehabilitation strategy combining speech and language therapy
with Cerebrolysin may contribute to meaningful recovery in patients with severe post-stroke aphasia. The
observed improvement in language and neurological function supports the potential role of Cerebrolysin
as an adjunctive therapy during the early and subacute stages of stroke recovery. Notably, our findings are
consistent with the results of the ESCAS study (8), which demonstrated that Cerebrolysin administered in
combination with intensive speech and language therapy was associated with significant improvements in
language outcomes and neurological recovery in patients with post-stroke aphasia. Further controlled clinical
studies are warranted to clarify its efficacy and optimal use in post-stroke language rehabilitation.

CASE SUMMARY

(Oj Patient e 44 years e Left MCA ischemic stroke with severe aphasia

% Challenge e Severe post-stroke global aphasia

% Treatment ° Cerebrolysin 30 mL/day IV x 14 days + 3 rehabilitation courses
+ speech therapy

fl}, Outcome ¢ NIHSS 16 > 10 ¢ WAB44 > 51 e mRS3 > 2

E Take Home Message

Repeated intensive rehabilitation courses combined with Cerebrolysin were
associated with progressive improvements in language, communication, motor
function, and overall neurological recovery, highlighting the potential for meaningful
gains even in patients with initially severe aphasia.
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INTRODUCTION

The role of Cerebrolysin as stand-alone or combination therapy...

Traumatic brain injury (TBI) remains one of the most complex challenges in critical care, neurosurgery and
neurorehabilitation. While the initial management of acute neurotrauma focuses on stabilisation, surgical
intervention when required, and prevention of secondary injury, the long-term consequences of TBI are
increasingly recognised as major determinant of patient outcome. Recovery does not end at hospital discharge;
rather, many patients continue to experience persistent cognitive, emotional, behavioural and functional
impairments that may significantly affect their quality of life, independence and social reintegration.

From a neurosurgical perspective, long-term follow-up after TBI is essential to identify and address these
evolving challenges. The consequences of brain injury can emerge or become more apparent months or even
years after the initial event, highlighting the need for structured assessment and coordinated multidisciplinary
care. Special attention should be directed towards cognitive impairment, attention deficits, mood disturbances
and neuropsychiatric complications, which often remain underrecognised despite having a substantial impact
on recovery.

Recent clinical research has strengthened the evidence base for targeted interventions in the subacute phase
after TBI. The CAPTAIN trial represents an important milestone in this field, demonstrating the potential of
structured rehabilitation to improve outcomes in patients with persistent post-traumatic impairments. Notably,
the study reported encouraging results in neuropsychiatric outcomes, addressing these frequent and disabling
complications following brain injury. These findings reinforce the importance of recognising emotional and
behavioural sequelae as integral components of TBI management rather than as secondary considerations.

In parallel, pharmacological strategies to support recovery after TBI are gaining increasing scientific attention.
Cerebrolysin represents the first compound to develop a dedicated clinical evidence base in TBI, contributing
to a broader understanding of pharmacological strategies aimed at supporting neurological recovery.
Importantly, emerging evidence has also contributed to its inclusion in clinical guidelines addressing specific
post-TBl impairments, including attention deficits, further supporting the need for evidence-based therapeutic
strategies in long-term rehabilitation.

The cases presented in this chapter reflect the evolving understanding of TBl as a chronic neurological condition
thatrequires continued care beyond the acute phase. They emphasise the importance of comprehensive follow-
up, early recognition of persistent symptoms and personalised rehabilitation strategies. Through collaboration
among neurosurgeons, neurologists, rehabilitation specialists, and allied healthcare professionals, the goal
extends beyond survival after injury towards achieving meaningful recovery, functional independence and
improved long-term quality of life for individuals affected by traumatic brain injury.
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...in the management of persistent tetraplegia after moderate TBI

Abstract

Background: Persistent severe motor deficits after traumatic brain injury (TBI) require careful reassessment
when the clinical presentation is not fully explained by initial cranial computed tomography (CT) findings.
Serial imaging and multidisciplinary evaluation are particularly important in older patients with intracranial
hemorrhage and relevant comorbidities.

Case presentation: An 82-year-old woman receiving chronic anticoagulation was admitted after a traumatic
injury caused by a falling advertising panel. She presented with altered consciousness, motor aphasia,

and flaccid tetraplegia. Initial CT revealed multicompartment intracranial hemorrhage, including subdural
hematoma and subarachnoid hemorrhage. As the severity of the motor deficit remained unexplained

by cranial CT findings, magnetic resonance imaging (MRI) was performed and demonstrated bilateral
abnormalities affecting the descending motor pathways, extending from the brainstem into the upper
cervical spinal cord, as well as a small acute ischemic lesion. The patient received multidisciplinary supportive
management, including intensive care, rehabilitation measures, and adjunctive Cerebrolysin. Consciousness
and speech improved, whereas the motor deficit persisted at discharge.

Conclusion: This case highlights the importance of serial neuroimaging and expanded MRI evaluation when
severe neurological deficits appear disproportionate to initial CT findings after TBI. It also demonstrates the
complexity of recovery-oriented care in older patients with combined traumatic, hemorrhagic, ischemic, and
systemic complications. As a single descriptive case, it does not allow causal attribution of outcome to any
individual therapeutic intervention.

Keywords: traumatic brain injury; tetraplegia; subdural hematoma; subarachnoid hemorrhage; corticospinal
tract; cervical spinal cord; Cerebrolysin; case report

Introduction

Traumatic brain injury (TBI) is a heterogeneous condition caused by an external force and may range from
mild injury to life-threatening neurological damage. Its clinical course reflects both the primary injury and
secondary processes that may evolve over time, including intracranial hemorrhage, cerebral edema, ischemic
complications, and systemic insults. Integrated, individualized management is therefore essential, particularly
in older patients and in those receiving chronic anticoagulant treatment [1,2].

When asevere motor deficit persists or progresses despite apparently insufficient explanatory findings on cranial
CT, the diagnostic assessment should be broadened. Serial CT is important for tracking evolving hemorrhagic
lesions, while MRI may provide additional information regarding brainstem, corticospinal tract, and cervical
spinal cord involvement. This case report describes an older woman with moderate TBI, multicompartment
intracranial hemorrhage, persistent tetraplegia, and MRI abnormalities involving bilateral descending motor
pathways. The report is structured in accordance with the CARE reporting recommendations [3].



Case presentation
Patient Information and Initial Clinical Findings

On 29 March 2024, an 82-year-old woman (patient initials: C.M.) was brought by ambulance after being struck
by a falling advertising panel. Her medical history included arterial hypertension, thyroid nodules, and chronic
anticoagulant treatment. On admission, she had confusional syndrome, somnolence (GCS 10/15: E4, V2, M4),
motor aphasia, and flaccid tetraplegia. Bilateral pupillary light reflexes were present, cranial nerve examination
was otherwise reported as normal, deep tendon reflexes were symmetrical, plantar responses were flexor
bilaterally, and an occipital contused wound was documented.

Timeline

Table 1: Clinical course and treatment timeline

Day Clinical course and investigations
Admission after head trauma. GCS 10/15, motor aphasia, flaccid tetraplegia. CT: left fronto-

Day 0 temporo-parietal subdural hematoma, temporal subarachnoid hemorrhage, 4 mm midline
shift.

Day 1 CT: increased frontal contusion; persistent hemorrhages. Aphasia and tetraplegia persist.

Day 7 Improved consciousness; persistent tetraplegia.

Day 8 CT: enlarged frgntal hemorrhage with vasogenic edema; later respiratory failure and
pulmonary sepsis.

Day 10 MRI: bi.Ia’FeraI corticospinal tract abnormalities from brainstem to cervical cord; small right
thalamic infarct.

Day 11 Conscious, dysarthric, spastic tetraplegia.

Day 39 Stable consciousness; persistent motor deficits.

Day 39+ Improved consciousness and speech; ongoing motor impairment.

Diagnostic Assessment and Clinical Course

The admission cranial CT showed an acute left fronto-temporo-parietal subdural hematoma measuring
approximately 10 mm, with extension along the falx cerebri, associated left temporal subarachnoid hemorrhage,
and a rightward deviation of the midline structures of approximately 4 mm. Neurosurgical intervention was
not indicated at that time (Figure 1).

Figure 1. Admission cranial CT . Axial and coronal images demonstrate a left hemispheric extra-axial hemorrhagic
collection consistent with acute subdural hematoma, associated mass effect, and rightward deviation of the midline
Structures.

A follow-up CT performed on 30 March documented progression of the left paramedian frontal contusion.
On 6 April, CT showed a left frontal intraparenchymal hemorrhagic focus that had increased from 32 mm to
37 mm, with marked perilesional vasogenic edema, together with residual multicompartment subdural and
subarachnoid hemorrhage. Midline structures were no longer deviated (Figure 2).
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Figure 2. Follow-up cranial CT . Axial and coronal images demonstrate the left frontal intraparenchymal hemorrhagic
focus with surrounding vasogenic edema. Serial CT assessment documented evolution of the hemorrhagic contusion
and residual multicompartment extra-axial hemorrhage.

Because the persistent tetraplegia was not adequately explained by the cranial CT findings, repeat cranial CT
and MRI were obtained on 8 April. MRI demonstrated T2 and FLAIR hyperintensity with a degree of diffusion
restriction along the corticospinal tracts bilaterally and symmetrically at the pontine level and subsequently
at the medullary pyramids. The abnormalities extended into the upper cervical spinal cord, involving anterior
and lateral columns; more caudally, T2 hyperintensity was also reported in the posterior columns (Figure 3).

Figure 3. MRI showing. sagittal T2-weighted cervical image and axial posterior-fossa image illustrate abnormalities
extending through the bulbo-ponto-medullo-cervical region.

MRl also identified a small acute ischemic lesion in the right anteromedial thalamus and a small chronic lacunar
ischemic lesion in the right medial thalamus (Figure 4). The acute thalamic lesion was clinically relevant but did
not, in isolation, explain the bilateral motor deficit.

Figure 4. Diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) map . The images support the
presence of a small acute ischemic lesion in the right anteromedial thalamus.

Therapeutic interventions

The patient was managed conservatively from a neurosurgical perspective and was monitored in intensive
care. The documented treatment included analgesics, hemostatics, antihypertensive therapy, anti-edema
medication, enteral nutrition, and later antibiotic treatment for pulmonary sepsis. Anticoagulant therapy was



also documented during the subsequent clinical course. Adjunctive Cerebrolysin was administered as follows:
40 mL at treatment initiation on the day of the admission (one 100ml slow perfussion), 20 mL/day during
the early follow-up period, and 40 mL/day after readmission to intensive care. The discharge plan included
Cerebrolysin 10 mL/day for 10 days/month, monthly for 1 year, together with anticoagulant therapy and
physiotherapy.

Follow-up and Outcomes

During hospitalization, the patient showed favorable evolution in consciousness and speech. The initial flaccid
tetraplegia evolved into spastic tetraplegia. At neurological reassessment, she was conscious and dysarthric,
with preserved oculomotricity, symmetrical reactive pupils, brisk deep tendon reflexes bilaterally, and lower-
limb muscle strength graded 1/5. The motor deficit persisted at discharge, and the patient remained dependent
on nasogastric feeding. The available source document does not provide standardized serial functional scores
or long-term follow-up data.

Discussion

This case highlights several clinically important aspects of TBI care. First, the initial presentation combined
a moderate impairment of consciousness (GCS 10/15) with focal and diffuse neurological deficits, including
motor aphasia and tetraplegia. The admission CT confirmed multicompartment traumatic intracranial
hemorrhage. The subsequent enlargement of the left frontal hemorrhagic contusion and the persistence of
extra-axial blood collections illustrate why serial imaging is important when the neurological deficit is severe
or the clinical course is evolving. TBI is dynamic, and secondary injury mechanisms may alter both imaging
findings and functional outcome over time [1,2].

Second, the persistent tetraplegia was disproportionate to the supratentorial CT findings. This prompted
MRI assessment, which showed bilateral symmetrical signal abnormalities along the corticospinal tracts at
the pontine and medullary levels, extending into the upper cervical spinal cord. These findings provide an
anatomical correlate for the motor syndrome and demonstrate the value of expanded neuraxis imaging when
cranial CT alone does not explain the clinical picture. The exact pathophysiological mechanism of the tract
abnormalities should remain a neuroradiological and clinical interpretation rather than an over-specified
conclusion from the available data.

Third, the clinical course was complicated by pulmonary sepsis and respiratory failure, both of which are
relevant systemic stressors in an older patient with acute brain injury. The small acute right anteromedial
thalamic ischemic lesion added further complexity but was insufficient by itself to account for the bilateral
motor deficit.

The patient received multimodal supportive treatment, complication management, physiotherapy, and
adjunctive Cerebrolysin. Randomized controlled studies in moderate-to-severe TBI have evaluated Cerebrolysin
as an adjunct intervention to standard care, including the CAPTAIN | and CAPTAIN Il trials [4,5]. A prospective
meta-analysis of the CAPTAIN trial series has also been published [6].

This report describes a single clinical case and does not allow conclusions regarding treatment efficacy or
the contribution of individual therapeutic interventions. Limitations include the absence of standardized
serial outcome assessments and long-term follow-up data. Future reports would benefit from structured
documentation of functional recovery using validated measures, including neurological status, motor function,
activities of daily living, and swallowing ability.

Conclusion

Persistent tetraplegia after TBI requires a structured diagnostic reassessment when the initial cranial CT
findings do not fully explain the motor deficit. In this older patient with multicompartment intracranial
hemorrhage, serial CT documented evolving traumatic lesions, while MRl identified bilateral corticospinal tract
and upper cervical spinal cord abnormalities and a small acute thalamic ischemic lesion. The case underscores
the importance of serial imaging, multidisciplinary care, and cautious interpretation of outcomes within a
multimodal treatment strategy.
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CASE SUMMARY

(C% Patient e 82 years e TBI with multicompartment hemorrhage

% Challenge e Persistent tetraplegia despite moderate TBI

% Treatment ° Cerebrolysin 40 mL/day IV on admission, 10 mL/day IV x 10 days/month
for 1 year + intensive care + rehabilitation

[||]|]IJ Outcome e Improvement of consciousness and speech e tetraplegia persisted

lﬂ Take Home Message

In complex TBI with multifactorial secondary brain injury, adjunctive Cerebrolysin
integrated with intensive care and rehabilitation was associated with recovery of
consciousnhess and communication, highlighting the potential for domain-specific
neurorecovery despite persistent severe motor deficits.

160



ANDRII SHEVCHUK ™=

Municipal Non-Profit Enterprise “Vinnytsia Regional Clinical
and Medical Rehabilitation Centre for War Veterans and
Radiation Protection of the Population” Vinnytsia, Ukraine

...in management of moderate TBI

Abstract

Moderate traumatic brain injury (TBI) often leads to impairments in cognitive, speech, and motor functions,
which significantly diminish daily activity levels and overall quality of life'. We present a clinical case of an
18-year-old female patient who suffered a brain contusion, subdural haemorrhage, fractures of the left ribs
(1I-V), and contusion of the left kidney following a road traffic accident. After being transferred to a medical
rehabilitation unit, the patient underwent a multidisciplinary approach that included physical therapy,
occupational therapy, speech-language therapy, psychological support, and a course of Cerebrolysin. In

the first 10 days of rehabilitation, we observed improvements in gait and coordination, enhanced memory,
and a reduction in vestibulo-atactic and cephalalgic symptoms. This case underscores the effectiveness

of comprehensive early rehabilitation following moderate TBI, especially with the use of neurotrophic
pharmacotherapy.

Keywords: traumatic brain injury, rehabilitation, brain contusion, Cerebrolysin, cognitive impairment.

Introduction

Traumaticbraininjury (TBl)isone oftheleading causes oflong-termdisabilityamongyoungindividuals. According
to WHO data, over 69 million cases of TBI are reported annually?, with about 10% occurring in individuals
under 25 years of age®. ModerateTBIs, which include brain contusions and intracranial haemorrhages, can
result in impairments in motor function, coordination, balance, speech, cognition, and emotional well-being.
Effective rehabilitation necessitates a multidisciplinary approach, and pharmacological support for
neuroplasticity — particularly using Cerebrolysin — has demonstrated effectiveness in restoring cognitive and
neurological functions after TBI*.

Patient Information

An 18-year-old female patient was injured in a road traffic accident on 30 November 2024 while traveling as
a passenger in a vehicle. She sustained a closed moderate TBI with brain contusion and subdural hemorrhage
in the temporal region and cerebellar tentorium, accompanied by fractures of the left ribs II-V and contusion
of the left kidney. At admission her Glasgow Coma Scale (GCS) score was 11 points. She was transferred to the
rehabilitation unit on 9 January 2025 because of persistent neurological and functional deficits. The patient
presented with general weakness, gait disturbances, upper-limb tremor, impaired coordination, memory
impairment, headache, dizziness, episodic dysfunction of pelvic organs, emotional exhaustion, and anxiety.
Neurological Examination: Facial asymmetry noted, particularly in the nasolabial triangle. Palpebral fissures
are symmetric, but there is a limitation of lateral eye movements. Arm reflexes are more pronounced on the
right side (D>S), while lower-limb reflexes are brisk and symmetric. The patient demonstrated intention tremor
during coordination tests, and the Romberg test revealed an unstable position. Speech exhibited elements of
dysarthria. Memory impairment is evident. Physiological functions are not under control.
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Clinical Findings

Functionally, the patient required assistance for turning in bed, sitting, standing, and transfers. Walking and
stair negotiation were not possible. Joint range of motion was preserved, while muscle strength was reduced
to 2—4/5 across major muscle groups. Initial outcome measures showed severe disability: Barthel Index
25/100, Berg Balance Scale 15/56, modified Rankin Scale 4, and Rancho Los Amigos cognitive level IV. Montreal
Cognitive Assessment (MoCA) was not feasible at admission because of limited cognitive participation.

Diagnostic Assessment

The working diagnosis was status after moderate closed TBI with cerebral contusion and subdural hemorrhage,
complicated by vestibulo-atactic syndrome, gait abnormality, dysarthria, cognitive impairment, and functional
dependence. Associated extracranial injuries included fractures of left ribs 1=V and left kidney contusion. ICD-
10 coding included S06.31, S37.00, R42, and R26.8. The patient was evaluated by a multidisciplinary team,
which included a physical therapist, occupational therapist, speech-language therapist, and psychologist. An
individualized rehabilitation plan was formulated, incorporating three hours of active rehabilitation divided into
short 30-minute sessions. Rehabilitation Goals Included: Verticalization and restoration of gait, Restoration of
self-care skills, Improvement of coordination and balance, Control of body position in space, Enhancement of
speech, Improvement of psychological status and socialization

Therapeutic Intervention

The rehabilitation program was delivered as three hours of active therapy daily, divided into shorter 30-minute
sessions to optimize tolerance and attention.

Physical therapy focused on progressive verticalization, bed mobility, transfer practice, trunk control, balance
retraining, strength recovery, flexibility, endurance, gait re-education, and coordination tasks. Occupational
therapy targeted self-care retraining, transfer independence, kitchen-related activities, visuospatial tasks,
upper-limb coordination, and memory-oriented cognitive exercises relevant to daily routines. Speech-
language therapy addressed dysarthric speech, verbal processing, comprehension of multi-step commands,
and cognitive-communication recovery. Psychological and psychiatric support focused on anxiety reduction,
emotional stabilization, motivation, and social reintegration. Medical treatment included Cerebrolysin 30
mL intravenously diluted in 50 mL sodium chloride for 14 days, alongside ibuprofen 400 mg once daily and
omeprazole 20 mg once daily.

Timeline

Table 1: Clinical course and treatment timeline.

Week Clinical recovery dynamics

Week 1 | Moderate neurological deficits at admission, including gait disturbance, impaired coordination,
and memory dysfunction. Pharmacological treatment and intensive multidisciplinary rehabilitation
were initiated.

Week 2 [ Progressive improvement in general condition, pelvic organ control, psycho-emotional status,
gait, and coordination. Neurological deficits decreased, although memory impairment persisted.
Continuous medical monitoring was no longer required.

Week 3 | Further gains in gait, balance, endurance, and cognitive function. The patient was able to follow
complex instructions and perform balance training, indicating improved functional independence.

Week 4 | Continued neurological recovery with stable functionalimprovement during ongoing rehabilitation.

Week 5 | Memory continued to improve. The patient was fully oriented in time and place, although
responses remained slightly delayed.

Week 6 | Coordination, endurance, and emotional status improved further. Gait and coordination recovered
completely, while mild short-term memory impairment persisted. Rehabilitation goals were
achieved, and the patient was discharged with follow-up by the primary care physician.




Follow-Up and Outcomes

At discharge, the patient achieved independent bed mobility, sit-to-stand transitions, transfers, level walking,
and stair negotiation. Muscle strength improved to 4-5/5 in all major groups with preserved range of motion.
Outcome measures confirmed substantial recovery. Barthel Index improved from 25/100 to 90/100, Berg
Balance Scale from 15/56 to 53/56, modified Rankin Scale from 4 to 2, Rancho Los Amigos level from IV to IX,
and MoCA reached 24/30. She was fully oriented in time and place, able to execute complex instructions, and
demonstrated restored continence, independent ambulation, and self-care performance. Mild residual short-
term memory slowing remained, and outpatient neurological follow-up was arranged.
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Figure 1: Main clinical assessments at admission and discharge.
Discussion

Compared with published evidence from the literature, the pace of recovery in this case of a patient with
moderate TBI appears particularly favorable for the degree of initial motor, balance, continence and cognitive
impairment. In many reports involving adolescents and young adults with cerebral contusion and subdural
hemorrhagic lesions, restoration of independent gait and higher-level cognitive task execution often extends
over several months rather than weeks, especially when vestibulo-atactic features and dysarthria are present.
The relatively rapid transition from Rancho level IV to IX, together with the marked Barthel and Berg gains over
approximately five weeks, supports the potential benefit of early high-intensity interdisciplinary intervention
during the critical neuroplastic phase after injury. While direct comparison is limited by differences in lesion
burden, acute neurosurgical management, and rehabilitation dose across studies, this trajectory aligns with
literature suggesting that younger age, preserved musculoskeletal range, and early task-specific therapy are
positive prognostic factors.

This case illustrates the importance of early, structured, multidisciplinary neurorehabilitation in severe TBI
recovery. The patient presented with a combination of vestibulo-atactic dysfunction, cognitive impairment,
dysarthria, impaired continence, and severe dependence in mobility and self-care. Such multidomain deficits
are typical after cerebral contusion with subdural bleeding and require simultaneous rather than sequential
rehabilitation interventions. Several aspects make this case notable. Despite severe early functional limitations,
the patient showed rapid and clinically meaningful gains within the first 10 days, particularly in gait, balance,
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continence, and task engagement. The integration of physical, occupational, speech, and psychological
therapies likely produced synergistic benefits, with adjunctive Cerebrolysin® supporting neuroplasticity and
cognitive recovery.

Conclusions

Comprehensive rehabilitation incorporating neurotrophic therapy (Cerebrolysin) significantly improved motor,
cognitive, and speech functions following moderateTBI.

The patient regained the ability to walk independently, follow complex instructions, and perform self-care
skills. Early rehabilitation is critical for achieving a stable functional outcome.

CASE SUMMARY

'/O\' Patient e 18 years e Moderate TBI with subdural hemorrhage

% Challenge e Severe functional dependence and cognitive impairment

% Treatment e Cerebrolysin 30 mL/day IV x 14 days + multidisciplinary rehabilitation

|][||]IJ Outcome e mRS4 - 2 e BergBalance 15 - 53 e Barthel 25 - 90

IZ;_\ Take Home Message

An intensive multidisciplinary rehabilitation program combined with Cerebrolysin was
associated with rapid, clinically meaningful recovery across motor, cognitive,
communicative, emotional, and functional domains, enabling independent walking,
self-care, and near-normal cognition within six weeks.
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Abstract

Severe traumatic brain injury (sTBI) is a major cause of death and disability worldwide, resulting in

a significant individual and socioeconomic burden. Current treatment guidelines do not include any
recommendations for neuroprotective or neuoregenerative drugs. Here, we present a combined treatment
with Cerebrolysin and Citicoline in two cases. Both drugs are experimentally better than clinically proven in
their own effectiveness, but there is almost no clinical data on the combination of the two. Our case study
hints at a promising approach that may improve neurological outcome after sTBI. The first patient was a
29years male motorcyclist suffered polytrauma in a high-speed accident. He had severe bilateral chest
trauma and fractures in both thighs and an sTBI. In addition to surgical and standard neurocritical care
according to the evidence-based guidelines, he was given neuroprotective therapy with Cerebrolysin (50ml/
day) and Citicoline (3 g/day), by continuous intravenous infusion (IV), for 21days. The second patient was

a 30years male ski mountaineer who had suffered a fall over 300m in open terrain. In addition to the sTBI,
he had fractures in the cervical spine, ribs, pelvis, and lower extremities, as well as lung contusions and
massive soft tissue trauma. After initial treatment in a local hospital, he was transferred to our department
and received the same neuroprotective drugs, like all of our patients with sTBI. Considering the severity

of the injuries (Injury Severity Score [ISS]: 43/50, Revised Trauma Score [RTS: 5.0304, 2.7794]) and the
unfavorable outcome probability (Hukkelhoven Score) of 93.1% and 82.6%, the outcomes of both patients
are surprisingly encouraging 1year after the accident. They achieved a Glasgow Outcome Score of 6 and

5 and grades 2 and 4 on the modified Rankin Scale, respectively. Currently, both are able to take care of
themselves in activities of daily life to a large extent. Neuroprotective drugs may improve the regeneration of
cell membranes, improve blood brain barrier integrity, and reduce neuroinflammation leading to secondary
damage to the injured brain. Our clinical experience and data suggest that the combined administration

of Citicoline and Cerebrolysin may contribute to better recovery, without relevant side effects. However, it
would be important to validate these results by means of a controlled, prospective study.

Keywords: Cerebrolysin, multi-modal therapy, neuroprotection, secondary brain damage, severe TBI

BACKGROUND

Severe traumatic brain injury (sTBI) is a leading cause of death and disability, especially among young male
adults in low- and middle-income countries, shifting to elderly patients in developed countries. This so called
“hidden pandemic” affects more than 13 million patients annu-ally in Europe and the US alone.[1]

sTBI causes the death of about 11.8/105 people in Austria, which is comparable with data from other European
countries.[2,3] In survivors, sTBI often has life-changing sequelae such as motor and cogni-tive deficits, leading
to a life of dependency; consequently, sTBI has a significant socio-economic burden and the in-dividual burden.
The mechanisms of injury and underly-ing physiological and cellular processes accompanying the primary and
secondary brain injuries are complex and re-quire multimodal treatment.
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Nevertheless, current guide-lines, for example, from the Brain Trauma Foundation (BTF), aim to provide
evidence- based recommendations for the various manifestations of sTBI.[4,5] Outcomes may be improved
by adequate early care on scene, in the emer-gency department (ED),[6] and in the intensive care unit (ICU).
In addition, sTBI should not be understood as purely acute or static, but as a complex, acute to chronic
neurodegenerative disease. It no longer seems so clear that sTBI-induced damage can only be treated within
a few hours after the trauma, and the possibility of a longer therapeutic window of time for pharmacological
interven-tion is in discussion.[7] For reduction of secondary damage, anti-oxidants, branched-chain amino
acids, and w-3 poly-unsaturated fatty acids have shown promising pre-clinical results.[8]

However, pharmacological research has not yet identified a “gold standard” to prevent secondary brain
damage. Although there are promising data from animal studies, the only positive findings in retrospective
[9,10] and prospective “real life” clinical trials [11,12] were achieved with Citicoline and Cerebrolysin. These
were hints of reduced mortality and better functional outcome as measured by enhanced Glasgow Outcome
Score (GOSE) and modified Rankin Scale (mRS).[13] However, these agents—whether administered orally or
intravenously— have not produced significant clinical improvements when administered as single drugs and
are discussed critically in large, random-ized prospective trials.[13—-15]

CASE 1

A 29-year-old Caucasian male patient collided as motorcy-clist head-on with a car at about 65 mph. His
helmet was broken on impact with the frame of the car’s windscreen. Table 1 shows the patient’s status on
arrival of emergency medical service (EMS), the pattern of injuries as well as the emergency care measures
administered. Whole- body CT scan in the ED revealed punctiform cerebral hemor-rhages (especially in the
left temporal lobe), bilateral serial rib fractures, a left scapular fracture, prehospital-drained pneumothorax on
the left, laceration, and atelectasis of the left lower lobe, ventrocranial edge detachment on the 11th and 12th
thoracic vertebrae, wedge shaped compression fractures of the 1st and 4th lumbar vertebrae, and multi-ple
fractures in both hip joints. After placement of a probe to measure the intracranial pressure (ICP) in the ED, the
patient was admitted to ICU with stable ventilation and hemodynamic parameters (norepinephrine 0.2 ug/
kg/ min). Citicoline (3 g/day) was added to the usual stand-ard care. ICP increased repeatedly up to 19 mmHg
during the first days, responding to deepening of analgosedation and osmotherapy.

Table 2 shows laboratory findings and hemodynamic support in the first 24 h. The further course was relatively
stable with regard to the ICP and receding brain edema; weaning from ventila-tion was initiated from Day 10.
Subsequently, the patient exhibited an extreme vegetative imbalance, so that in ad-dition to the established
antisympathetic (carvedilol) and antipsychotic medication (quetiapine, tiapride, and oxaz-epam), continuous
administration of propofol had to be re-established repeatedly.

Three weeks after the accident, magnetic resonance tomography (MRT) revealed signs of intracranial axonal
injuries and microbleeds (Figure 1), seen as spotted susceptibility artifacts on the anterior tem-poral lobe and
in the frontobasal region (left > right), in the basal ganglia on both sides, as well as in the left posterior border
zone and in the white matter on both sides, in the high frontal to occipital regions.

In summary, this indicates multilocular small shear hemorrhages as well as left fron-tobasal and temporal
contusion zones, compatible with a diffuse axonal trauma stage 1. On Day 21, the patient finally underwent
stabilization of both femoral necks with inter-locking nails. A dilatative tracheostomy was also performed.
Somatosensory evoked potentials (SSEPs) on Day 23 revealed a missing central answer on the right-brain
side; on the left a central answer was derived with limited accessibility. During the following days, the patient
appeared stressed, showed repeated periods of restlessness with sweating and tremors, and moved his
extremities in a completely uncon-trolled, stretching manner. Electroencephalogram (EEG) on Day 28 showed
signs of general diffuse brain dysfunction (moderate to severe) and reduced reactivity to photogenic stimuli,
but no typical epileptic potentials.



Table 1: Status and measures on scene

Item Case 1l Case 2
GCS on scene 4 3
Pupils Both narrow, no reaction to light Both wide, minimal reaction to
light
BP 90/60 88/60
HR 80 64
Sp0, 92 93
RF 16 8
Injuries TBI 111°; Left serial rib fractures | TBI ll1°; Multiple fractures of upper

and pneumothorax, femoral neck | and lower extremities; Serial rib
fracture both sides; Fract. Vert. TH | fractures; Fract. Vert. C IV + spinal

XI-L 1l cord injury
Airway ETI ETI
Breathing CMV CmV
Circulation 500 mL HES; 1000 mL crystalloid [ 1000 mL HES; 1000 mL crystalloid

Abbreviations: BR. blood pressure; CMV, controlled mechanical ventilation; ETI, endotracheal intubation;
fract.vert.TH (C, L), fracture of thoracic (cervical, lumbal) vertebra,; GCS, Glasgow Coma Score; HES,
hydroxy ethyl starch; HR, heart rate; RF, respiratory frequency; SpO

measured at the finger tip; TVI, traumatic brain injury.

Figure 1: (A-C) Magnetic resonance tomography (MRT), Case 1: (left) MRT of the 29-year-old male patient, 3 weeks
after the accident. Diffusion-weighted (DWI) sequences (b = 1000) demonstrated multifocal areas of abnormal bright
signal along the corpus callosum and within the left corona radiate and body of caudate nucleus corresponding to
axonal injuries after the trauma. (Middle) On T2*-sequences multifocal areas of punctiform susceptibility artifacts at
the gray-white matter junction, more pronounced at the left parietal region, in the corpus callosum and the temporal
lobe (not shown) were visible, indicating small foci of posttraumatic bleeding. (Right) Follow-up MR 18 months later
showed that the edematours areas on DWI-sequences and the microbleeds had been resolved. The size of the
ventricles and the sulci seems to be a bit wider than right after the accident.

On Day 31, more or less with very limited hope for recovery, a supportive therapy with Cerebrolysin was
initiated—a novel therapeutic approach for us at that time. 10 days later, the patient began to react to verbal
stimulation in a targeted manner for the first time. Further improvement followed rapidly; the neurolog-ical
examination before transfer to open ward on Day 45 states that the patient was now awake and kept eye
contact, gaze tracking was easier to the right than to the left, and muscular tone was generally increased.
No co-operation was achieved while examining facial muscles, but he showed indicated movement, when
prompted, with fingers and forearm. There was a tendency for spontaneous but uncontrolled stretching spasm
of the left leg, but no active movement of the lower extremi-ties when requested.

One month later, at the time of discharge from hospital (Day 73), the patient presented awake and mobile in
the armchair. He was able to clearly follow simple prompts; questions were adequately answered with a nod
of the head. He showed signs of a tetraparesis, pronounced on the left, and a grasping reflex on the right.
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One year after the accident, and after a series of botulinum toxin treatments in the rehabilitation center, the
dis-abling spastic increase in muscular tone of the right leg had significantly regressed. The patient was safely
mo-bile, using a three-wheeled bicycle. Six months after this, the patient was mobile on his own by public
transporta-tion and regular bicycle, and visiting friends and cafes.

Table 2: Laboratory parameters at 24 h after admission in ICU

Item Case 1 Case 2

ICP (mmHg, mean + SD) 174+£59 11.4+3.7
S-100B 6.44 1.73
NSE 52.9 46.8
IL-6 676 154
CRP <0.1 16
PCT 0.7 1.1
Leukocytes 13.1 10.9
Erythrocytes 3.3 2.8
Hemoglobin 10.5 8.6
Thrombocytes 161 120
Norepinephrine  (mcg/| 0.25+0.1 0.12 £0.07
kg/min, mean dose)

Fluid balance (mL/24 h) +4100 +800

Abbreviations: CRP, C-reactive protein; ICP. intracranial pressure; IL-
micrograms/kilogram/minute; mls, milliliters; NSE, neuron specific
enolase; PCT, Procalcitonin; S-serum protein S-100B; SD, standard
deviation.

Outcome and follow-up

GOSE/mRS at discharge: 4/4, 1 year after the accident: 5/3, and after 18 months: 6/2.

The final MRT examination 18 months after the acci-dent (Figure 2) shows a gliotic scar cicatricial high parietal
remaining as sequelae of the axonal trauma, and a small defect on the left temporal lobe in the area of the
previ-ously identified contusion. Overall, the patient had sub-stantially improved; in particular, the frontal
contusion zone on the left had receded.

CASE 2

A 30-year-old sportsman fell from a great height (approx. 300 m, Figure 2) during a ski mountaineering trip.
Rescue was delayed due to a lack of cell- phone coverage in this remote area, as well as poor weather conditions.
The heli-copter emergency service (HEMS) arrived approximately 2 h after the accident. Table 1 shows the
patient’s status on arrival of HEMS, his pattern of injuries and the emergency care measures administered. The
patient was admitted at the nearest trauma center (level Il) 4 h after the accident.

The CT scan revealed cerebral contusions, traumatic sub-arachnoid (SAH), and subdural hemorrhage (SDH),
an unstable fracture of the 4th cervical vertebra with spinal cord injury, a pneumothorax with rib fractures and
multi-ple fractures of the upperand lower extremities. An exter-nal fixator was placed on both lower extremities,
followed by plating and screwing of the cervical spine and the left hip on the next day. A postoperative CT scan
found ex-tensive brain edema and a new ischemic zone in the area of the posterior circulation, compressing
the 4th ventricle.

After being rejected by the nearest neurosurgical uni-versity hospital because of the evidently hopeless
situation, the patient was transferred to our institution (for labora-tory findings and hemodynamic support
on admission (see Table 2). A CT scan (Figure 2) on arrival shows edema-tous swelling of both cerebellar
hemispheres and the right occipital lobe with space-occupying effect in the posterior cranial fossa, and a
persistent dislocation fracture of the 4th cervical vertebra.



Figure 2: (A, B) Cranial computer tomography (CCT) scan, Case 2: CCT of a 30-year-old male patient, 1 day after the
accident (left image) demonstrates extensive edematous swelling within the anterior cerebellar lobes as well as in
both posterior temporal and occipital lobes due to extensive hypoperfusion of the posterior circulation. The cerebellar
tentorium (right image) is slightly bowed upward and a slight compression of the basal cistern and the IV ventricle is
shown, however, liquor flow was patent.

An external ventricular drainage (EVD) was placed, followed by suboccipital decompres-sive craniotomy
with dural expansion surgery on the next day, after interdisciplinary discussion of prognosis, supported by
deducible SSEPs over both hemispheres. In addition to standard medical care (comprising “optimal handling,”
deep analgosedation, hemodynamic, and re-spiratory optimization) the patient received Cerebrolysin and
Citicoline. After prolonged weaning, characterized by vegetative disbalances and delayed recovery from an-
algosedation, EEG yielded severe abnormal EEG curves with general slowing, no distinct focus, nor typical
epilep-tic potentials.

On Day 33 after the trauma, the consulting neurologist stated: Contact via blink of an eye possible, the patient
can follow this request. During the examina-tion, the evaluation of pain was possible. The patient was able to
keep eye contact only for a short time and was able to raise the right corner of the mouth a little if requested.
He was not able to stick out his tongue. Upper extremities (UE): left distal increased tone in the sense of
spasticity, right rather flaccid. Lower extremities (LE): both legs im-mobilized, no examination possible.

After 50 more days in the acute rehabilitation process in ICU including replacing the EVD with a ventriculo-
peritoneal shunt, the patient was transferred to a specialized clinic for neurorehabilitation. At that time,
the report of the neurologist reads as follows: The patient was awake, followed simple prompts, speech
comprehension appeared to be well preserved, simple linguistic utterances were possible. Mimic muscles
appeared bilaterally symmetrical. He was able to lift and hold UE on the same side against gravity on request,
degree of strenght 3-4, increase in tone right > left. LE: Tone spastically increased on both sides, right > left.
Left leg painful when moving the hip, right leg could be lifted on request.

Outcome and Follow-up

One year after the accident, the patient was finally dis-charged from the rehabilitation center, able to move
by himself with a rollator, and was able to independently manage the transfer from bed to wheelchair and
vice versa. He shows pronounced deficits in short-term memory; long-term memory is well preserved. He was
usually in a euthymic mood and was looking forward to further development steps.

GOSE/mRS at discharge from hospital: 3/4, 1 year after the accident: 5/4, and after 18 months: 6/4.

Treatment Concept

Immediately after admission to the ICU of our level 1 trauma center (Wiener Neustadt General Hospital,
Austria), all patients with sTBI (Glasgow Coma Score [GCS] 3-8, intubated on scene), who are assessed as
hav-ing a significant chance of survival, receive Cerebrolysin (50 ml/day) and Citicoline (3 g/day), both given
intra-venously for 21 days, continuously via motor syringe, in addition to all the standard measures according
to BTF guidelines. We hypothesize that the combined effects of these two pleiotropic agents due to their
anti- inflammatory properties, reconstitution of the blood—brain-barrier, and stimulation of membrane and
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axonal regeneration can optimize the neurocognitive outcome. Cerebrolysin is a standardized, lipid-free, low-
molecular weight neuropep-tide preparation, which passes the blood—brain-barrier and mimics the actions of
endogenous neurotrophic factors. Proteins present in soluble tissue extracts and in the extra-cellular matrix
have been shown to influence the survival and development of cultured neurons.[16]

The tissue-extract-derived neuropeptides contained in Cerebrolysin promote neurotrophic stimulation
(survival and maintaining the phenotype of highly differentiated neuronal cells), neuro-modulation (changes
in neuronal and synaptic plasticity synapses),[17] and metabolic regulation such as prevent-ing lactic acidosis
and increasing the resilience against hypoxic conditions.[9,12] In addition, Cerebrolysin signifi-cantly reduces
tissue Plasminogen Activator (tPA)- and fibrin-damaged endothelial cell permeability, which is associated
with a significant reduction in proinflamma-tory and procoagulatory activity.[18] Citicoline (Cytidine
5'-diphosphocholine) is chemically identical to the essential endogenous intermediate in the biosynthetic
pathway of phosphatidylcholine. It is hydrolyzed to choline and cy-tidine triphosphate and crosses the blood—
brain barrier to be reassembled to Citicoline inside the brain. It mediates neuronal membrane integrity and
repair, and it accelerates the reabsorption of cerebral oedema and the restoration of the blood—brain barrier
integrity after TBI.[15,19] Citicoline also increases cerebral dopamine and norepinephrine levels, which causes
improved hypoxia tolerance.[20]

DISCUSSION

In these case reports, we describe the clinical develop-ment of two patients with sTBI, presenting with GCS 3—4
on site. After surgical intervention both required long-term care at the ICU, followed by intensive rehabilitation
measures. Motor vehicle accidents and falls from heights resulting from sports activities are typical causes of
sTBI in this age group and of high individual and socio-economic impact. It is of enormous importance to give
especially young patients every chance for a life that is as free of disabilities as possible and to reintegrate
them into their social environment and work process. Recovery of motor functions and cognitive abilities leads
to a significant im-provement of activities of daily living.

The optimal care for sTBI patients must be started at the emergency site and continued through the emergency
department (ED) and the early surgical phase, with ICU treatment closely following the BTF guidelines.[4,5]
Starting at the earliest possible time, at the latest when the patient is admit-ted to the ICU, the described
supplementary therapeu-tic concept should complement the standard treatment of sTBI patients. To the
best of our knowledge, these are the first cases reporting this specific pharmacological combination in sTBI,
resulting in unexpectedly favorable outcomes (Table 3). In the recent literature, we found only one paper
reporting a combined administration of Citicoline and Cerebrolysin in moderate TBI, a RCT, with remarkable
positive results.[21]

There are two aspects that we attribute to the contin-uous and high-dose administration of neuroregenerative
drugs, among all other attempts to optimize the individual recovery of our patients. Firstly, we did not observe
the development of critical brain oedema in these patients, neither in the early nor in the later stages,
despite the extremely massive trauma in both cases. Stabilization of damaged cell membranes, reduction
and/or acceleration of the absorption of brain oedema are well described ef-fects of Citicoline.[22,23] The
need for analgosedation and va-sopressors was accordingly moderate. This naturally has a positive effect on
gastrointestinal motility, which reduces the risk of translocation and bacteremia. Overall, this re-sults in better
stability during the most critical phase of the first 10 days after the trauma.

Secondly, we observed a relatively good neurocog-nitive long-term outcome in these patients in terms of
GOSE and mRS, despite the diffuse axonal trauma, typi-cal for massive acceleration or deceleration trauma.
After a phase of “vegetative storm,” typically a sign of diffuse axonal trauma, the patients developed positive
cognitive abilities over the next few weeks.

Despite the prolonged rehabilitation (especially in case 2), the patients recov-ered much better than expected
in terms of cognitive competence and mood stability. The latter may be due in particular to the positive effects
of Cerebrolysin, as was shown in the meta-analysis by Ghaffarpasand et al.[24] and the recently published
“CAPTAIN” trial.[12] Cerebrolysin may stimulate neurotrophic activity and improve neu-romodulation and



metabolic regulation.[25] Cerebrolysin and Citicoline were safe in toxicological tests, showing no significant
systemic side effects.[23] In rare cases (<1/1000) agitation, loss of appetite, dizziness, or pruritus were ob-
served in awake (stroke) patients receiving Cerebrolysin. In a retrospective cohort study among 7769 adult
patients, Muresanu et al. did not find any difference in adverse ef-fects between Cerebrolysin and placebo

controls.[9] Side ef-fects of Citicoline are also very rare and of mild intensity; single cases suffering from

headache, diarrhea, elevated liver enzymes, and weight loss were reported.

LIMITATIONS

Despite our experience of more than a decade with Citicoline, and about 4 years with Cerebrolysin, we are well

Table 3: Injury severity and prognosis scores

Score Case 1 Case 2
Hukkelhoven (27)

Mortality 77.0% 77.0%
Poor outcome 93.1% 82.6%
ISS (28) 43 50
RTS (29) 5.0304 2.7794
TRISS (30)- probability of survival 50.67% 8.49%

Abbreviations: ISS, injury severity score; RTS, revised trauma score; TRISS, trauma

and injury severity score.

aware of the limitations of these exemplary observa-tions and the ongoing discussion about the effectivity of

both drugs. Nevertheless, our data can be understood as a hint that neuroprotective and neuoregenerative

mecha-nisms may be supported by these two externally supplied pharmacologic substances. The effects of our

multimodal treatment concept may be worth testingin larger, ideally prospective, and randomized clinical trials.

CASE SUMMARY
% Patient ® 29 years e Severe TBI with polytrauma % Patient e 30 years e Severe TBI after 300m fall
% Challenge ° Dlﬁusg axonal injury and prolonged disorder % Challenge o I}ram edema, SAH/SDH and cervical spinal
of consciousness injury

@ Treatment

e Cerebrolysin 50 mL/day IV + Citicoline 3 g/day
x 21 days + neurocritical care

@ Treatment

e Cerebrolysin 50 mL/day IV + Citicoline 3 g/day
x 21 days + decompressive neurosurgery

0l

e GOSE4 > 6 emRS4 > 2 elIndependent
mobility regained

[l[l[]n Outcome

¢ GOSE3 > 6 emRS4 > 4 elIndependent
transfers and rollator assisted mobility

@ Take Home Message

By potentially limiting secondary brain injury and cerebral oedema during the acute phase of severe TBI, Cerebrolysin may help
preserve brain integrity and contribute to unexpectedly favorable long-term neurocognitive outcomes.
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IGNACIO PREVIGLIANO

JA Fernandez General Acute Hospital, Buenos Aires
Argentina

...in the management of severe traumatic axonal injury

Abstract

Severe traumatic axonal injury (TAl) is a devastating form of traumatic brain injury characterized by diffuse
white matter disruption and prolonged disorders of consciousness. We report the case of an 18-year-old
male who sustained severe TBI following a pedestrian-versus-vehicle collision. Initial Glasgow Coma Scale
(GCS) was 10 at the scene, deteriorating to 7 on admission and progressing to prolonged coma. Initial CT
demonstrated diffuse cerebral edema and punctate hemorrhagic lesions suggestive of TAl. The patient was
managed with structured neurocritical care according to the institutional CREVICE protocol and received
early Cerebrolysin for 10 days. Advanced MRI with susceptibility-weighted imaging and diffusion tensor
tractography confirmed severe axonal injury involving deep and interhemispheric white matter tracts.
Despite initial severity and prolonged coma, the patient demonstrated progressive neurological recovery.
Functional outcome improved from GOSE 5 at discharge to GOSE 6 at 3 months and GOSE 8 at 6 months,
with near-normalization of neuropsychological performance.

Keywords: Traumatic axonal injury, diffuse axonal injury, neurocritical care, neurorecovery

Introduction

Traumatic axonal injury (TAl), historically referred to as diffuse axonal injury (DAI), represents one of the most
devastating forms of traumatic brain injury (TBI). It is caused by rapid acceleration-deceleration and rotational
forces that generate shearing stress within the brain, resulting in widespread disruption of axonal fibers,
particularly at the gray-white matter junction, corpus callosum and brainstem. TAl is frequently associated
with prolonged loss of consciousness, severe neurological impairment, and unfavorable long-term cognitive
outcomes.’-3

Computed tomography (CT) remains the first-line imaging modality in severe TBI but may substantially
underestimate the burden of axonal injury. Advanced magnetic resonance imaging (MRI), particularly
susceptibility-weighted imaging (SWI), diffusion-weighted imaging (DWI), and diffusion tensor imaging (DTI)
with tractography, has significantly improved the detection and characterization of hemorrhagic and non-
hemorrhagic axonal lesions and may better correlate with neurological and cognitive outcomes.?,’—'°

Despite advances in neurocritical care, no specific pharmacological therapy has consistently demonstrated
efficacy in traumatic axonal injury. The ongoing CelLATA initiative was designed to further explore the potential
role of Cerebrolysin in patients with traumatic axonal injury in a real-world multicenter setting.”-'

We present the case of a young patient with severe traumatic axonal injury confirmed by MRI and tractography
who experienced complete functional and cognitive recovery following early administration of Cerebrolysin
and structured neurocritical care management based on the institutional Consensus REVised Imaging and
Clinical Examination (CREVICE) protocol.



Patient Information

An 18-year-old previously healthy male was admitted after a high-velocity pedestrian-versus-vehicle collision.
Prehospital emergency services found the patient with a Glasgow Coma Scale (GCS) score of 10. Due to
psychomotor agitation, 5 mg of intravenous diazepam was administered during transport.

Clinical Findings

On arrival at the emergency department, neurological status had deteriorated to a GCS score of 7, requiring
rapid sequence intubation and mechanical ventilation. Initial examination revealed severe traumatic brain
injury without major extracranial trauma. Pupils were symmetric and reactive. Hemodynamic status was stable
(blood pressure 175/102 mmHg, heart rate 83 beats/min, oxygen saturation 99% on 100% oxygen). The patient
subsequently developed deep and prolonged impairment of consciousness, remaining with a GCS score of 3
for several days, disproportionate to sedative exposure and suggestive of severe traumatic axonal injury.

Timeline

E——
DAY 0 DAYS 1-10 HOSPITALIZATION DISCHARGE 3 MONTHS 6 MONTHS
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Trauma Acute ICU Phase Advanced Imaging unctional come Follow-up Long-term Outcome
« Pedestrian vs. « Persistent coma Colifirmation - GOSE 5 - GOSE 6 « GOSE 8
vehicle collision (GCS 3) « MRI Yvith SWI: ) (Lower Moderate (Upper Moderate (Upper Good
. GCS10 at scene PR multiple hemorrhagic Disability) Disability) Recovery)
— deteriorated management e « Neuropsychological « Complete functional
to 7 on admission AearalCTeibE « DTI/ Tractography: evaluation reintegration
+ CT suggestive of no surgical lesion :'SfU‘Ptlﬁﬂ ah '";er' performed « Near-normalization
traumatic axonal b emisphencian « Deficits in attention, of cognitive
injury (TAI) « Cerebrolysin subcortical white :
L course completed matter tracts meonyexcallive Aerformancs
+ Cerebrolysin (10 days) function, language, + Returned to normal
initiated within + Severe TAI processing speed, academic and
e confirmed and visuospatial social activities
abilities
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{ Key Message: Despite severe traumatic axonal injury and prolonged coma,

the patient achieved excellent functional recovery and near-complete neurocognitive normalization by 6 months.

Figure 1: Clinical Timeline

Diagnostic Assessment

Initial CT showed diffuse cerebral edema with partial loss of gray-white matter differentiation and multiple
punctate hemorrhagic lesions suggestive of traumatic axonal injury. (Figure 1) No large mass lesion or surgical
intracranial hematoma was identified. Follow-up CT demonstrated preserved basal cisterns, no midline shift and
persistent punctate hemorrhages. Brain MRI revealed multiple hemorrhagic lesions on SWI involving cortical-
subcortical junction and deep white matter. (Figure 2) Diffusion tensor imaging and tractography confirmed
disruption of interhemispheric and subcortical white matter tracts, consistent with severe traumatic axonal
injury. (Figure 3)

Therapeutic Intervention

The patient was managed in the intensive care unit according to the institutional CREVICE protocol, including
structured neurocritical care, serial neurological examinations, ventilatory optimization, and hemodynamic
stabilization. Mechanical ventilation was maintained with midazolam and fentanyl sedation. Intracranial
pressure monitoring was not available. Based on the early suspicion of traumatic axonal injury, the patient was
enrolled in the CelLATA protocol and received Cerebrolysin within hours of admission. Treatment was initiated
within 8 hours of trauma and consisted of 30 mL/day administered as an intravenous infusion diluted in 0.9%
saline to a total volume of 100 mL for 10 consecutive days. The timing of the first infusion (time-to-needle) was
recorded according to protocol. The treatment was well tolerated, with no adverse effects observed. Patients
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without good recovery (GOS-E <7) at Day 30 were eligible for two additional recovery-phase treatment cycles
(10 mL/day intravenously on Days 31-40 and Days 61-70); however, these were not required in the present
case.

Follow-up and Outcomes

The patient gradually recovered consciousness and neurological function during hospitalization without
seizures or autonomic complications like episodes of paroxysmal sympathetic hyperactivity. At discharge,
functional outcome was GOSE 5 (lower moderate disability). At 3-month follow-up, he improved to GOSE 6,
and at 6 months achieved GOSE 8 with complete functional reintegration and no significant neurological or
cognitive sequelae.

Figure 2: Initial head CT demonstrating diffuse cerebral edema with partial loss of gray-white matter differentiation
and punctate hemorrhagic lesions suggestive of traumatic axonal injury.

Figure 3: MRI susceptibility-weighted imaging (SWI) demonstrating multiple hemorrhagic foci involving the cortical-
subcortical junction and deep white matter, consistent with hemorrhagic traumatic axonal injury.

Figure 4: Diffusion tensor imaging and tractography showing disruption and decreased integrity of interhemispheric
and subcortical white matter tracts.



Longitudinal Neurocognitive Recovery After Severe TAI

Neuropsychological Performance (Z-scores) at 3 and 6 Months

Better than I
average +2
2 g
il +1 +1 +1
()
—
8 Average 0 0 0 0
o ©) 0 -
i I
-1 4
-1.0 -1.0
-1.5 -1.5
Worse than -2
average -2.0 -2.0 -2.0 -2.0
-3 T T T T T = T T
3 X
P oV oMt N W e o Mt
W e Nl S & < o s\"‘; e Joc o
B 3 Months (Z-score) B 6 Months (Z-score)

Positive Z-scores indicate performance above the normative average.
The patient demonstrated significant improvement across all cognitive domains between 3 and 6 months.

‘ Negative Z-scores indicate performance below the normative average.

Figure 5: Neuropsicological evolution.

Discussion

Traumatic axonal injury (TAl) remains one of the most challenging forms of traumatic brain injury due to its
diffuse pathology, limited therapeutic options, and frequently poor neurological and cognitive outcomes.'3
The present case highlights key aspects of contemporary TAl management, including early clinical suspicion,
limitations of conventional neuroimaging, the value of advanced MRI techniques, and the potential role of
neurorestorative therapy such as Cerebrolysin.

A notable feature in this case was the discrepancy between the initial neurological status and subsequent
deterioration. The patient initially presented with a GCS score of 10 at the scene, progressing to deep coma
despite the absence of major intracranial mass lesions on CT. This pattern resembles the “talk and deteriorate”
phenomenon traditionally associated with evolving hematomas. However, in TAl, neurological decline may
occur without surgically treatable lesions, reflecting secondary axonal injury mechanisms such as cytoskeletal
disruption, mitochondrial dysfunction, calcium-mediated proteolysis, neuroinflammation, and impaired axonal
transport.2,® Accordingly, prolonged coma disproportionate to CT findings should raise suspicion for severe TAI.
Initial CT demonstrated diffuse cerebral edema and subtle punctate hemorrhagic lesions suggestive of TAI;
however, the full extent of injury was only identified on MRI. This reinforces the limitations of CT in diffuse
axonal injury and underscores the diagnostic value of advanced MRI modalities.?,”-'° MRI findings provided
definitive radiological confirmation and correlated more closely with the patient’s prolonged impaired
consciousness than CT alone.

Despite severe initial presentation and extensive imaging abnormalities, the patient achieved a favorable long-
term outcome, culminating in GOSE 8 at 6 months. The observed recovery suggests preserved neuroplastic
potential in young patients when secondary injury is minimized and structured neurocritical care is provided.
Management followed the institutional CREVICE protocol, which emphasizes serial neurological assessment,
repeat imaging, ventilatory and hemodynamic optimization, metabolic stabilization, and prevention of
secondary brain injury in settings without invasive multimodal neuromonitoring. Although advanced tools
such as intracranial pressure monitoring were unavailable, structured protocolized care may have contributed
to outcome optimization, particularly relevant in resource-limited environments.

Early administration of Cerebrolysin was another key aspect. Its use is supported by the concept of a therapeutic
window in secondary axonal injury. The favorable recovery observed aligns with findings from the CAPTAIN I
study and subsequent meta-analyses.™,'? This case also reflects the rationale of the ongoing CeLATA initiative
focusing on TAl as a model for neurorestorative interventions.

Finally, emerging multimodal ultrasound-based approaches such as ReCCUs-TTECCUs may further enhance
bedside assessment of intracranial dynamics and cerebral physiology where invasive monitoring is unavailable.
Integration of such tools with structured protocols may improve individualized care in the future.
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Conclusion

This case illustrates the potential for complete functional and cognitive recovery in severe TAl despite
prolonged coma, advanced MRI and tractographic abnormalities, and the absence of invasive multimodal
neuromonitoring. Early clinical suspicion, advanced neuroimaging confirmation, structured neurocritical
care based on the CREVICE protocol, and timely administration of Cerebrolysin may have contributed to the
favorable outcome observed in this patient.

CASE SUMMARY

% Patient e 18 years e Severe traumatic axonal injury

% Challenge e Prolonged coma after severe TBI

@ Treatment e Cerebrolysin 30 mL/day IV x 10 days + neurocritical care

[|[|[|D Outcome o GOSES5 - 8 e Complete functional recovery

IZ;_\ Take Home Message

Even after severe TAl with prolonged coma and extensive MRI
abnormalities, complete cognitive and functional recovery may be
achieved, if the combination of early diagnosis, advanced neuroimaging
and timely Cerebrolysin administration are provided.
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...in the management of anterior spinal artery syndrome

Abstract

Background: Anterior spinal artery syndrome is a rare ischemic myelopathy with limited evidence for
disease-specific pharmacological treatment, and its prognosis is often variable and may be unfavorable.
Cerebrolysin has been investigated as a neurorecovery agent after cerebral ischemic stroke, but its role

in spinal cord ischemia remains uncertain. We report this case because neurological and radiological
improvement was observed after multimodal management that included adjunctive Cerebrolysin and
structured neurological rehabilitation.

Case presentation: A 78-year-old man with no known chronic diseases was admitted with tetraparesis
and sensory disturbance involving the trunk and lower limbs. Symptoms first occurred 3 days before
hospitalization, lasted approximately 30 minutes, and relapsed 2 days later with persistence. Neurological
examination showed severe upper-limb paresis, marked bilateral lower-limb paresis, loss of pain and
temperature sensation from the C7 dermatome downward, preserved symmetric upper-limb deep tendon
reflexes, and absent lower-limb reflexes. Cervical MRI demonstrated elevated STIR signal in the anterior
spinal cord with an “owl-eyes” appearance, consistent with anterior spinal cord involvement at the C7
level. A compression fracture of the C7 vertebral body and C6/C7 disc protrusion causing minor spinal cord
compression were also identified. Anterior spinal artery syndrome attributed to local cervical structural
pathology was diagnosed. Surgical treatment was not undertaken. The patient received intravenous
steroids, Cerebrolysin infusions at 30 mL/day for 21 days, antiplatelet and lipid-lowering therapy, venous
thromboembolism prophylaxis, and neurological rehabilitation. After approximately 40 days of rehabilitation,
paresis and sensory deficits decreased; the patient could stand independently and walk with a walker. At

6 months, neurological examination showed further reduction of lower-limb paresis, and follow-up MRI
showed a less intense spinal cord lesion without edema.

Conclusion: This case illustrates neurological and radiological improvement after combined conservative
treatment, adjunctive Cerebrolysin, and structured rehabilitation in anterior spinal artery syndrome.

A biologically plausible but unproven mechanism is that Cerebrolysin may help stabilize the blood—

spinal cord barrier, by analogy with experimental evidence suggesting protection of blood—brain barrier
integrity through reduced endothelial permeability and preservation of tight-junction proteins. However,
causality cannot be established from a single case. Recovery may have reflected acute supportive therapy,
rehabilitation, spontaneous neurological improvement, neurorestorative treatment, blood—spinal cord
barrier stabilization, or a combination of these factors. Prospective data are needed before routine
Cerebrolysin use can be recommended for spinal cord ischemia.

Keywords: Anterior spinal artery syndrome; spinal cord infarction; Cerebrolysin; neurorehabilitation; case
report.
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Introduction

Anterior spinal artery syndrome is an uncommon cause of acute myelopathy caused by ischemia in the territory
supplying the anterior two-thirds of the spinal cord. The typical clinical pattern combines motor weakness
below the lesion with loss of pain and temperature sensation, with relative sparing of posterior column
modalities. Etiologies overlap with cerebral stroke mechanisms but also include aortic disease or procedures,
hypotension, embolic disease, degenerative or traumatic spinal pathology, vertebral fracture, and disc-related
vascular compromise [1-4].

Magnetic resonance imaging is central to diagnosis. T2/STIR hyperintensity in the anterior cord, frequently
described as the owl-eyes or snake-eyes sign on axial images, supports anterior horn and anterior cord
involvement, although the sign is not entirely specific and must be interpreted with the clinical context
and differential diagnosis [1,5]. Evidence for acute pharmacological treatment is limited; care generally
emphasizes urgent recognition, exclusion of compressive lesions, individualized antithrombotic or vascular-
risk management, prevention of complications, and early rehabilitation [2-4,6].

Cerebrolysin is a porcine brain-derived peptide preparation investigated primarily in cerebral ischemic stroke
and neurorehabilitation. In the CARS randomized trial, Cerebrolysin 30 mL/day for 21 days beginning 24-72
hours after stroke onset plus standardized rehabilitation was associated with improved upper-limb motor
recovery compared with placebo, but extrapolation to spinal cord ischemia is uncertain [7]. Recent prospective
and propensity-matched stroke cohorts also reported favorable functional and safety signals when Cerebrolysin
was used as an adjunct to successful endovascular reperfusion, although these findings remain exploratory
and require randomized confirmation [12,13].

This case describes a patient with cervical anterior spinal artery syndrome who improved clinically and
radiologically after multimodal treatment including Cerebrolysin. The exact mechanism of the recovery
remains uncertain. The blood-spinal cord barrier (BSCB) is the spinal cord functional counterpart of the blood-
brain barrier, formed by specialized endothelial cells with tight junctions, pericytes, basement membrane,
and astrocytic end-feet. BSCB disruption can permit inflammatory cells and blood-derived mediators to enter
spinal cord parenchyma, potentially amplifying edema and secondary injury after traumatic or ischemic spinal
insults [9,10]. Because Cerebrolysin has been shown experimentally to reduce impaired cerebral endothelial
permeability and preserve tight-junction proteins in a blood-brain barrier model, a similar BSCB-stabilizing
effect in spinal cord ischemia is biologically plausible but unproven [11].

Patient Information

A 78-year-old man was admitted to the Neurology Department with tetraparesis and sensory disorders of the
trunk and lower extremities. He had no known chronic diseases. Available family, psychosocial, medication, and
vascular risk-factor histories were unremarkable in the source documentation. The first neurological episode
occurred 3 days before hospitalization and lasted approximately 30 minutes. Symptoms relapsed 2 days later
and then persisted, prompting hospital admission.

Clinical Findings

On admission, neurological examination revealed severe upper-limb paresis and marked bilateral lower-limb
paresis. Pain and temperature sensation were reduced from the C7 dermatome downward. Deep tendon
reflexes in the upper limbs were present and symmetric, whereas lower-limb reflexes were absent. Pyramidal
signs and bladder dysfunction were not present.



Timeline

Table 1: Clinical course and treatment timeline

Time Point

Clinical events and management

3 days before admission

Transient  tetraparesis and sensory symptoms lasting
approximately 30 minutes.

1 day before admission

Relapse of symptoms with persistence, prompting neurological
admission.

Admission

Neurological examination showed tetraparesis, dissociated
sensory loss from C7 downward, preserved upper-limb reflexes,
and absent lower-limb reflexes. Cervical MRI showed anterior
cord STIR hyperintensity with an owl-eyes appearance plus C7
compression fracture and C6/C7 disc protrusion.

Hospital day 5

Because neurological status remained unchanged, Cerebrolysin
30 mL/day IV was started for 21 days as an adjunct to conservative
treatment.

Approximately 40 days of rehabilitation

Paresis and sensory deficits decreased; the patient could stand
independently and walk with a walker.

6-month follow-up

Further reduction of lower-limb paresis; control MRI showed a
less intense spinal cord lesion without edema.

Diagnostic Assessment

Cervical spine MRI performed on admission showed elevated STIR signal in the anterior spinal cord, described
as the owl-eyes sign. MRl also showed a compression fracture of the C7 vertebral body and protrusion of the
C6/C7 intervertebral disc causing minor spinal cord compression. CSF analysis, aortic/spinal vascular imaging,
laboratory tests, and cardiac/embolic work-up were reported as normal in the source documentation.

The final diagnosis was anterior spinal artery syndrome, considered secondary to cervical structural pathology
with presumed compromise of the anterior spinal artery or its local supply.

Figure 1: Cervical MRI on admission. Sagittal and axial images from the supplied poster show anterior cord
involvement with an owl-eyes appearance on axial imaging, together with cervical structural pathology.

Therapeutic Intervention

The patient was assessed as not suitable for surgical treatment. Acute and secondary-prevention management

consisted of intravenous dexamethasone 8 mg three times daily, antiplatelet therapy, lipid-lowering therapy,
and venous thromboembolism prophylaxis. Because the neurological status remained unchanged by hospital
day 5, adjunctive Cerebrolysin was initiated at 30 mL/day intravenously for 21 days. The patient subsequently

underwent structured neurological rehabilitation.
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Figure 2: Cervical MRI after 6 months. Follow-up sagittal and axial images from the supplied poster show less intense
cord signal abnormality and no edema compared with baseline imaging.

Follow-up and Outcomes

After approximately 40 days of rehabilitation, the neurological examination showed significant symptom
reduction. The patient had only slight global lower-limb muscle weakness and distal upper-limb weakness. He
could stand independently and ambulate with the help of a walker. Pain and temperature sensory disorders in
the trunk and lower extremities had decreased.

At 6 months, neurological follow-up showed further improvement with reduction of lower-limb paresis.
Control MRI showed a less intense signal from the lesion and no edema. No adverse or unanticipated events
were reported by the patient.

Discussion

Interpretation and relevance

This case is clinically relevant because it documents neurological and radiological improvement in an older
patient with cervical anterior spinal artery syndrome after multimodal treatment including adjunctive
Cerebrolysin. To our knowledge, this is the first reported case of Cerebrolysin administration in anterior spinal
artery syndrome.

The clinical syndrome was compatible with anterior spinal cord involvement: tetraparesis, loss of pain and
temperature sensation below C7, and MRI evidence of anterior cord signal abnormality. The presence of C7
compression fracture and C6/C7 disc protrusion provides a plausible local mechanism, as vertebral fracture
and degenerative or disc-related cervical pathology have been reported as less common causes of anterior
spinal artery syndrome [1,2].

Cerebrolysin was used as an adjunct to standard medical and rehabilitation measures. In cerebral ischemic
stroke, randomized and meta-analytic evidence has suggested possible neurorecovery benefits, especially
when combined with rehabilitation, but evidence quality, heterogeneity, and generalizability remain important
limitations [7,8]. In addition, Cerebrolysin has been evaluated as an add-on therapy after mechanical
thrombectomy in acute ischemic stroke cohorts, including different studies, with exploratory signals toward
improved functional outcomes and reduced hemorrhagic complications in selected patients [12,13]. There are
no robust prospective data demonstrating efficacy in spinal cord ischemia. Consequently, improvement in this
case should be interpreted as hypothesis-generating rather than proof of treatment effect.

Mechanistic considerations: blood-spinal cord barrier and Cerebrolysin

The BSCB is not simply a passive anatomical boundary. Like the BBB, it contributes to central nervous system
homeostasis by limiting paracellular flux through endothelial tight junctions and by regulating exchange
between the systemic circulation and spinal cord tissue. Disruption of this barrier after spinal cord injury
or ischemia-reperfusion may expose the cord to inflammatory mediators, plasma proteins, and immune-cell
trafficking, thereby promoting vasogenic edema, secondary inflammatory injury, and delayed neurological
deterioration [9,10].



This provides a mechanistic hypothesis for the present observation. Cerebrolysin has experimental evidence of
endothelial barrier protection in BBB-related models: it reduced tPA- and fibrin-impaired cerebral endothelial
permeability, downregulated proinflammatory and procoagulant proteins, and increased tight-junction
proteins including zonula occludens-1, occludin, and claudin [11]. By analogy, Cerebrolysin could hypothetically
mitigate secondary spinal cord injury through BSCB stabilization, although no direct clinical evidence currently
proves this mechanism in anterior spinal artery syndrome.

Strengths and limitations

Strengths of this case report include a clear temporal sequence, characteristic clinical and MRI findings, use of
follow-up MRI, and functional follow-up showing clinically meaningful recovery. The report also highlights an
uncommon therapeutic approach that may inform future case aggregation or registry design.

Limitations are substantial. This is a single case without a control, recovery after spinal cord infarction can occur
gradually with rehabilitation, and the contribution of Cerebrolysin cannot be separated from spontaneous
recovery, steroids, secondary-prevention therapy, thromboprophylaxis, and rehabilitation.

Take-away lessons

Anterior spinal artery syndrome should be considered in acute or recurrent cervical myelopathy with motor
weakness and dissociated sensory loss. MRI evidence of anterior cord involvement, especially an owl-eyes
pattern, supports the diagnosis but should be interpreted with competing diagnoses in mind. In this case,
multimodal therapy including adjunctive Cerebrolysin and rehabilitation was followed by functional and MRI
improvement. A biologically plausible but unproven mechanism is blood-spinal cord barrier stabilization,
by analogy with experimental evidence for Cerebrolysin-related protection of cerebral endothelial barrier
function. The observation warrants careful reporting and further study, not routine therapeutic adoption.

CASE SUMMARY

(C% Patient e 78 years e Anterior spinal artery syndrome

% Challenge e Tetraparesis and sensory loss

@ Treatment e Cerebrolysin 30 mL/day IV x 21 days + rehabilitation

|]|]|]u Outcome o Independent standing e Assisted walking ¢ MRl improvement at 6 months

@ Take Home Message

In anterior spinal artery syndrome, stabilization of the blood—spinal cord barrier
represents a promising cerebroprotective target, with Cerebrolysin as a potential adjunct
to support neurorecovery, although clinical efficacy remains to be established.
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...after surgical excision of cerebral glioma

Abstract

Multimodal treatment of patients with a brain tumor primarily involves microsurgical excision, ideally
radical, or at least subtotal resection. Tumors in deep or inaccessible locations may require biopsy followed
by adjuvant therapy with chemotherapy, radiotherapy, or radiosurgery. Beyond controlling tumor growth,
preserving neurological func-tion and promoting brain plasticity are essential goals. Persistent inflammation
and intracranial hypertension can trigger secondary injury through edema, excitotoxicity, and ischemia,
potentially resulting in irreversible neuronal damage. Multimodal strategies, including neuroprotective
measures such as Cerebrolysin administration, may help prevent or mitigate these secondary processes,
supporting recovery and functional outcomes. Clinically, patients may present with headache, nausea,
vomiting, seizures, or subtle cognitive and motor deficits, progressing in severe cases to deterioration of
consciousness. Incorporating cerebroprotective interventions in perioperative management represents

a promising approach to enhance recovery, functional independence, and quality of life in neurosurgical
oncology patients.

Keywords: cerebral glioma, Cerebrolysin, brain protection, multimodal neurooncological treatment

Introduction

Gliomas represent one of the most challenging tumors in neuro-surgery due to their infiltrative growth
pattern, high recurrence rate, and the difficulty of achieving complete surgical excision without causing
significant neurological deficits. Despite advances in microsurgical techniques, intraoperative navigation, and
perioperative multimodal management, the prognosis of patients with high-grade gliomas remains poor,
with survival and quality of life significantly affected by the balance between aggressive tumor resection and
preservation of neurological function [1].

Tumor resection, whether subtotal or radical, is often ac-companied by peri-tumoral edema, ischemia, and
secondary inflammatory cascades that compromise the viability of adja-cent tissue. This so-called ,penumbra
zone' represents an area of vulnerable but potentially salvageable brain parenchyma [2,3]. Protecting this
zone and enhancing functional recovery are therefore crucial objectives in glioma surgery.

In recent years, the concept of cerebroprotection has gained increasing relevance, not only in acute stroke
and traumatic brain injury but also in the context of planned neurosurgical interventions [4-9]. While cranial
surgery for tumor resection is a controlled procedure, it invariably produces mechanical and biochemical
stress comparable to brain trauma. Surgical manipulation, vascular compromise, ischemia—reperfusion injury,
and postoperative edema all contribute to neuronal dys-function and the risk of long-term disability [10,11].
Thus, the application of cerebroprotective agents during and after glioma surgery offers a rational therapeutic
strategy to minimize iat-rogenic damage, facilitate neuroplasticity, and improve clinical outcomes [5,7,9,12].
Cerebrolysin, a neuropeptide preparation with documented neuroprotective and neurorestorative properties,
has shown promise in conditions such as traumatic brain injury, stroke, and neurodegenerative diseases [4-



9,13,14]. Its mechanisms in-clude the modulation of neurotrophic signaling, anti-apoptotic effects, reduction
of excitotoxicity, and promotion of synaptic remodeling and neurogenesis [1]. Translating these benefits into
the multimodal management of glioma patients represents a novel but logical extension of its therapeutic
use.

We present a case in which multimodal treatment, including Cerebrolysin, was employed as an adjuvant
treatment follow-ing surgical resection of an anaplastic astrocytoma. This report highlights the potential role
of cerebroprotection in planned neurosurgical oncology, aiming to optimize patient recovery and quality of
life beyond the oncological control of the disease.

Patient Information

A 50-year-old woman with no significant medical history present-ed with severe, disabling headaches
unresponsive to analgesics. Neurological assessment and MRI revealed a temporal lobe in-tracranial tumor. In
October 2019, a biopsy confirmed an anaplastic astrocytoma, Grade lll. The patient subsequently underwent
subtotal tumor resection, followed by adjuvant chemotherapy with Temozolomide (200 mg/m? daily for 42
days) and holocranial ra-diotherapy (3 Gy/day for 10 days) at another hospital.

The patient came for a second opinion, with imaging findings consistent with a left temporal lesion suggestive
of residual or recurrent glioma, resistant to previous radio- and chemotherapy.

Follow-up imaging, PET-CT, documented a left fronto-temporal residual lesion with extensive cerebral
hypoperfusion and ischemia secondary to the tumor, as well as hypermetabolic areas corresponding to
residual-recurrent tumor (Figure 1). Neurologi-cal evaluation revealed intact cranial nerves and cerebellar
func-tion, but right hemicorporal paresis (3/5 on the Daniels scale) with preserved muscle stretch reflexes.
The second surgical procedure was performed without intra-operative complications (Figure 2). Two weeks
afterthe second glioma resection, the patient developed cerebral edema that was unresponsive to conservative
management, including conven-tional doses of dexamethasone. Consequently, a decompressive craniectomy
with duroplasty was performed (Figure 3). Following this procedure, antibiotic and analgesic therapy were
included in the postoperative treatment plan.

X: -202.70 mm Y: -378.41 mm Z: -196.00 mm

AS—
-

Figure 1: Pet CT scan FDG. Hypermetabolic temporal lesion compatible with residual or recurrent lesion.

After a multidisciplinary discussion involving the oncology, internal medicine, and neurosurgery teams, it was
decided to in-itiate Cerebrolysin therapy immediately after surgery. Before ad-ministering the treatment,
informed consent was obtained from the patient’s family. The patient received Cerebrolysin according to the
treatment schedule shown in Table 1.

At home, 3 days after surgery, the patient began a physical re-habilitation program as outlined below.

She attended sessions three times per week in the afternoons. During the initial assessment, she presented
with right-sided hemiplegia—the right upper limb was in the flaccid stage, while the right lower limb exhibited
hypotonia with no activity in the anterior tibial muscle. Her emotional state was characterized by reluctance
and poor cooperation with treatment.

Rehabilitation was initiated using proprioceptive neuromus-cular facilitation (PNF) techniques, functional
exercises, Russian current electrostimulation, stretching of muscle chains, and both passive and active joint
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mobility exercises. The main objectives were to restore trunk control, mobility, and strength in the right lower
limb to improve gait and facilitate transfers (e.g., from bed to wheelchair and from wheelchair to dining area),
while also addressing recovery of the right upper limb.

Figure 2: Pre- and postoperative cranial tomography

Over the following 4 weeks, the patient showed positive pro-gress. In the right lower limb, active mobility was
achieved with limited hip range of motion, knee hyperextension, and a plan-tar-pointed foot position, but
with improved mobility in all five toes, indicating the onset of an extensor synergy. The right up-per limb also
demonstrated improvement, with activation of the deltoid and biceps muscles, leading to a flexor synergy
pattern that enabled active elbow flexion and finger flexion with thumb opposition.

Figure 3: Simple cranial tomography after decompressive craniotomy

A few months later, with continued rehabilitation, the patient was able to walk with the assistance of a four-
point cane and an ankle-foot orthosis (AFQO), which helped prevent tripping. Due to knee hyperextension, a
knee brace with adjustable side bars was used, enabling the patient to ambulate approximately 20 meters.

In the right upper limb, improvements were also noted: shoulder flexion reached 30°, shoulder extension 15°,
shoulder abduc-tion 20°, and elbow flexion 90°. Recovery of finger extension and hand opening progressed
more slowly compared to the lower limb. However, rehabilitation was temporarily suspended due to the
COVID-19 pandemic.

Finally, a cranioplasty using a PEEK mesh was performed, with a favorable outcome during the late postoperative
period (Figure 4). Clinical observations revealed a significant improvement in motor function, particularly in
manual force, as assessed by the Daniels scale (improved from 3 to 4.5 points), and in independent standing
and walking, as reflected in Barthel Index scores before and after Cerebrolysin treatment (Table 2).

The patient’s neurological state improved considerably, as evi-denced by the clinical assessment, leading to
a notable improvement in her quality of life and that of her caregivers. Preoperative and postoperative
MRI follow-up was conducted, with an 8-month interval between the first and second postoper-ative scans
following multimodal treatment. The follow-up MRI revealed no evidence of residual tumor or recurrence,
showing only postsurgical changes (Figures 5-7).

The patient demonstrated favorable clinical progress compared with her preoperative condition, achieving
independence in daily activities and self-feeding. However, during subsequent clinical and radiological follow-
up, the patient contracted COV-ID-19 and unfortunately passed away due to complications relat-ed to the



infection.

Table 1: Cerebrolysin schedule

Renacenz (Cerebrolysin) Injectable Solution 10 ml

1st Week

2nd Week

3rd Week

4th Week

Monday

5 vials plus 50 ml of
saline solution to
be infused over 1.5
hours

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

Tuesday

5 vials plus 50 ml of
saline solution to
be infused over 1.5
hours

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

Wednesday

5 vials plus 50 ml of
saline solution to
be infused over 1.5
hours

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

Thursday

5 vials plus 50 ml of
saline solution to
be infused over 1.5
hours

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

Friday

5 vials plus 50 ml of
saline solution to
be infused over 1.5
hours

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

3 vials plus 70 ml of
saline solution to be
infused over 1 hour

Figure 4: Cranioplasty with Peek’s mesh

Table 2: Barthel Index before and after Cerebrolysin multimodal adjuvant treatment

Barthel Scale Feeding | Grooming | Dressing Bladder Mobility | Ambulation | Total
Aseo and Bowel Index
personal Control
TO. Pre-Cerebrolysin 0 10 20
T1-2 weeks 5 10 5 35
T2- End Cerebrolysin 5 10 10 40
Treatment
T3-3-month Follow- 10 5 10 10 10 10 55
up
Discussion

The conventional management of

cerebral edema and ischemia following tumor resection relies on
corticosteroids, osmotic agents, and in severe cases, decompressive craniectomy [8]. These strate-gies, while
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effective in reducing acute intracranial hypertension, do not address the long-term mechanisms of neuronal
injury, in-cluding excitotoxicity, oxidative stress, and apoptosis [15]. More-over, they do not actively promote
brain repair or neuroplasticity. In this regard, cerebroprotective and neurorestorative therapies offer a valuable
adjunct to standard care [5,7,9,12].

Figure 7: Coronal MRl images before and after multimodal treatment

Cerebrolysin has been extensively studied in the setting of traumatic brain injury and ischemic stroke, where
its administration has been associated with improved functional recovery, reduced lesion expansion, and
enhanced cognitive outcomes [4-9]. The underlying rationale is that acute brain injury—whether traumatic,
vascular, or surgical—triggers a similar cascade of secondary damage, involving glutamate excitotoxicity, mito-
chondrial dysfunction, free radical production, and activation of pro-inflammatory pathways [16,17]. Glioma
surgery, though elective, shares many of these pathophysiological features due to tumor-induced mass effect,
peri-tumoral ischemia, and surgical manipulation [1].

In the present case, the administration of Cerebrolysin as a multimodal strategy following tumor resection
and decompressive surgery could be related to functional improvement in motor strength and independence,
despite the unfavorable baseline prognosis of a high-grade glioma. While this outcome cannot be attributed
solely to pharmacological intervention, it suggests that the cerebroprotective therapy may have contributed
to the rescue of peri-lesional tissue and to the enhancement of neuroplasticity during recovery [5,7,9,12].
The relevance of cerebroprotection and multimodal treatment in planned neurosurgery lies not only in
minimizing immediate postoperative deficits but also in improving long-term quality of life.

With advances in oncological therapies extending survival, functional preservation has become an equally



important goal of care. Patients surviving with profound neurological deficits face significant limitations,
caregiver burden, and reduced quality of life. Therefore, multimodal treatment and the incorporation of
neuroprotective strategies in perioperative protocols may help shift outcomes from mere survival to meaningful
recovery [1].

Importantly, the field lacks randomized controlled trials eval-uating the role of Cerebrolysin or similar
agents in brain tumor surgery. Most evidence is derived from stroke and traumatic brain injury literature,
and extrapolation to glioma surgery remains hypothetical [4-7]. Nonetheless, the overlapping mechanisms
of injury provide a strong rationale for such investigations. Further-more, as surgery-induced brain trauma
is predictable and temporally controlled, it represents an ideal setting to test prophylactic and perioperative
cerebroprotective interventions [1].

Future research should focus on establishing standardized multimodal treatment protocols and exploring the
role of neu-roprotective and neurorestorative agents, such as Cerebrolysin, within integrated strategies that
include surgery, rehabilitation, and neurorehabilitation. Until then, individual cases such as the one presented
here may help generate hypotheses and encourage the design of controlled clinical studies.

Conclusion

The multimodal treatment, including surgical resection, rehabil-itation, and neurorestorative therapy,
demonstrates that, beyond tumor resection and standard oncological therapies, the use of cerebroprotective
agents may support functional recovery in pa-tients undergoing complex neurosurgical procedures.

While the role of cerebroprotection in planned neurosurgery is not yet established, our early experience
suggests that it could represent an important adjunct to multimodal care.

Future controlled studies in brain tumor patients are warrant-ed to determine the efficacy, safety, and optimal
integration of Cerebrolysin into perioperative treatment protocols.

Consent to publish

Consent was obtained from the patient and her family for the publication of this clinical case report and any
accompanying images.

CASE SUMMARY

% Patient e 50 years e Recurrent anaplastic astrocytoma (Grade Ill)

% Challenge e Postoperative hemiparesis and refractory cerebral edema

@ Treatment e Cerebrolysin 30-50 mL/day IV x 28 days + rehabilitation

Ul]ﬂu Outcome e Daniels Scale 3 - 4.5 Bl 20 - 55 e Independent standing and assisted walking regained

@ Take Home Message

Following glioma resection, Cerebrolysin may support peri-lesional tissue preservation and neuroplasticity,
potentially promoting functional recovery and quality of life beyond survival.

PUBLISHED
Scan the QR Code

to access the full publication.
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...after intramedullary spinal cord tumor surgery

Abstract

Postoperative neurological deterioration remains a feared complication of intramedullary spinal cord tumor
surgery, even with modern microsurgical and electrophysiological techniques. Evidence for pharmacologic
neurorecovery strategies beyond corticosteroids is limited. We report a 35-year-old man who underwent
microsurgical resection of a presumed cervical intramedullary ependymoma under full neuromonitoring.
Despite stable intraoperative somatosensory evoked potentials, motor evoked potentials, and D-wave
signals, he awoke with profound quadriparesis, including complete loss of lower-limb motor power. Standard
intensive care management with high-dose corticosteroids and early physiotherapy was initiated. In addition,
off-label Cerebrolysin was started on postoperative day 0 at 30 mL intravenously daily for 14 days, followed
by 5 mL daily for 60 days. Histopathology unexpectedly revealed malignant lymphoma. The patient showed
progressive neurological recovery: supported standing by 2 weeks, walker-assisted ambulation by 1 month,
and cane-assisted ambulation by 2 months. Follow-up magnetic resonance imaging demonstrated complete
lesion resolution and marked edema subsidence.

Keywords: Cerebrolysin, intramedullary spinal cord tumor, postoperative spinal cord injury, neurorecovery,
case report

Introduction

Intramedullary spinal cord tumors are uncommon and surgically challenging lesions. Even with advances in
microsurgical techniques and intraoperative neuromonitoring, postoperative weakness may occur because
of unavoidable manipulation of eloquent spinal cord tissue, edema, ischemia, and inflammatory secondary
injury. (4,5) Corticosteroids remain the conventional perioperative strategy, but neurological recovery is often
incomplete or delayed. (1-3, 6-8)

Cerebrolysin, a peptide preparation with neurotrophic and neuroprotective properties, has been studied
extensively in ischemic stroke and traumatic brain injury. (1-3, 6-8) However, its use in postoperative spinal
cord injury after intramedullary tumor surgery has not been well documented. (4,5) This case is presented
in CARE format to highlight a possible role for early Cerebrolysin administration in enhancing postoperative
motor recovery. (6-8)

Patient Information

A 35-year-old man presented with severe right brachialgia of 6 months’ duration, poorly responsive to medical
therapy and worsening after physiotherapy. Initial cervical magnetic resonance imaging (MRI) showed only
mild multilevel disc bulges that did not explain symptom severity, although a faint intramedullary hyperintense
cord signal was retrospectively appreciable (Figure 1).

Over the following 2 months, the patient deteriorated rapidly, developing heaviness of the right lower limb
and wasting of the intrinsic muscles of the right hand, while the brachialgia persisted.



Figure 1: MRI cervical spine T2 WI sagittal view showing multiple mild cervical disc bulge that do not explain the
patient severe symptoms. Note the faint hyperintense signal within the cord.

Clinical Findings

Neurological examination before surgery demonstrated progressive myelopathic features with right-sided
upper-limb muscle wasting and lower-limb heaviness, raising suspicion of an intramedullary cervical cord
lesion.

Timeline

Table 1: Clinical course and treatment timeline

Time point Clinical course

Initial presentation Severe right brachialgia, nondiagnostic MR

2 months later Rapid deterioration with right leg heaviness and hand wasting
Preoperative workup [ Contrast MRI, spectroscopy, perfusion, tractography suggest ependymoma
Surgery day Microsurgical gross total resection under SSEP/MEP/D-wave monitoring
Postoperative day O Profound quadriparesis; Cerebrolysin 30 mL/day started

2 weeks Able to stand with physiotherapist support

1 month Ambulating with walker

2 months Walking with cane; MRI shows lesion and edema resolution

Diagnostic Assessment

Repeat contrast-enhanced cervical MRI revealed an oblong intramedullary enhancing mass with extensive
cord edema above and below the lesion (Figure 2). Advanced imaging, including MR spectroscopy, perfusion,
and tractography, strongly favored ependymoma. Based on the radiological appearance and the patient’s rapid
progression, surgical resection with curative intent was planned. The principal diagnostic challenge was the
misleading radiological phenotype. All preoperative studies suggested a benign intramedullary ependymoma,
whereas final pathology demonstrated primary malignant lymphoma in an extremely rare intramedullary
location (Figure 3).

Therapeutic Intervention

The patient underwent microsurgical excision through a posterior cervical approach. Gross total resection
was the operative goal because the lesion was presumed benign. Intraoperative neuromonitoring with
somatosensory evoked potentials, motor evoked potentials, and D-wave remained satisfactory throughout
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the procedure. A 2 g infusion of methylprednisolone was administered during tumor dissection. Central
myelotomy was performed with the aid of a nerve stimulator to accurately identify the midline, followed by
microsurgical excision under high magnification.

Despite stable monitoring, the patient emerged with severe postoperative neurological deterioration: 0/5
motor power in both lower limbs and only gravity-assisted movements in both upper limbs. He was transferred
immediately to the intensive care unit.

Postoperative managementincluded continuation of methylprednisolonefor 3 daysfollowed by dexamethasone,
intensive early physiotherapy, and off-label Cerebrolysin initiated on postoperative day 0. The Cerebrolysin
regimen consisted of 30 mL intravenous infusion daily for 14 days, followed by 5 mL daily for 60 days.

Y ! RRCL) . o g "
Figure 2: MRI cervical spine TIWI with contrast showing oblong shaped hyperintense intramedullary mass with
extensive cord edema above and below the lesion.
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Figure 3: MRI specteroscopy, perfusion and tractography for the lesion all aimed at ependymoma.

Follow-Up and Outcomes

Neurological recovery was progressive and clinically meaningful. By the end of the second postoperative week,
the patient was able to stand with physiotherapist assistance. At 1 month, he was walking with a walker. By the
end of the second month, he was independently ambulatory with mild cane support.

Histopathology unexpectedly confirmed malignant lymphoma, prompting referral to oncology 1 month after
surgery for staging and adjuvant chemoradiotherapy planning after positron emission tomography.

Follow-up cervical MRI at 2 months demonstrated complete resolution of the intramedullary lesion with
marked subsidence of surrounding cord edema (Figure 4). No adverse effects attributable to Cerebrolysin
were observed during the treatment period.

Discussion

This case illustrates three important clinical lessons. First, rare intramedullary lymphoma may radiologically
mimic ependymoma, even when advanced imaging techniques are used. Second, profound postoperative
deficits may occur despite stable intraoperative neuromonitoring, likely reflecting secondary injury mechanisms
rather than immediate tract interruption alone. Third, early neurorecovery therapy may be valuable in selected
cases.(6-8)

The patient’s severe postoperative weakness was disproportionate to the intraoperative monitoring findings.
A plausible explanation is secondary neuronal injury from edema, inflammatory cascades, oxidative stress, and
free-radical-mediated cellular dysfunction after manipulation of an infiltrative malignant lesion. The extensive



preoperative edema likely increased susceptibility to this phenomenon. (4, 5)

The degree and speed of recovery in this case were notable given the immediate postoperative status.
Conventional contributors such as corticosteroids, decompression, edema resolution, and intensive
rehabilitation undoubtedly played an important role. However, the addition of early Cerebrolysin may have
augmented recovery through several biologically plausible mechanisms.(1-3, 8)
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Figure 4: MRI cervical spine T2 sagittal view showing complete subsidence of the intramedullary lesion with resoltion

of the edema.

Cerebrolysin contains low-molecular-weight neuropeptides and amino acids that mimic endogenous
neurotrophic factors, including brain-derived neurotrophic factor, nerve growth factor, glial-derived
neurotrophic factor, and ciliary neurotrophic factor. These pathways support neuronal survival, axonal
sprouting, synaptogenesis, and functional reorganization.(1, 3, 8) Experimental literature also suggests anti-
inflammatory effects through reduction of pro-inflammatory cytokines, attenuation of oxidative injury, and
promotion of neurovascular remodeling and neurogenesis.(1-5)

In the context of postoperative spinal cord injury, these actions may translate into reduced secondary damage,
improved synaptic reconnection, and enhanced neuroplasticity within preserved descending tracts. The
patient’s recovery trajectory—from complete paraplegia to cane-assisted walking within 8 weeks—supports
the hypothesis that these mechanisms may be clinically relevant.

The main limitation is that this is a single observational case without controls, preventing attribution of causality.
Recovery may have resulted from decompression, steroid therapy, natural resolution of edema, rehabilitation,
or the lymphoma biology itself. Nevertheless, the striking temporal association justifies further study.

Conclusion

This case suggests that early postoperative Cerebrolysin administration may be a useful adjunct in severe
neurological deterioration after intramedullary spinal cord tumor surgery. Although definitive conclusions
cannot be drawn from a single case, the favorable neurological recovery observed here supports further
prospective investigation in postoperative spinal cord neurorecovery.

CASE SUMMARY

(Q\ Patient e 35 years e Postoperative spinal cord injury

% Challenge e Profound postoperative quadriparesis

@ Treatment e Cerebrolysin 30 mL/day IV x 14 days + 5 mL/day x 60 days

ﬂl][]n Outcome e Standing at 2 weeks, walker-assisted ambulation at 1 month, Cane-assisted ambulation at 2 months

[Z] Take Home Message

Early multimodal neurorecovery incorporating Cerebrolysin and intensive rehabilitation was associated with
substantial functional recovery after severe postoperative spinal cord injury, supporting prospective
evaluation while acknowledging that causality cannot be established from a single case.
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...in a patient suffering from two pathologies: TBI and AIS

Abstract

We report a 62-year-old man with poorly controlled hypertension and a recent ischemic stroke who
sustained an acute traumatic brain injury (TBI) after a motor vehicle accident. Cranial imaging demonstrated
a right frontal hemorrhagic contusion together with chronic left parietotemporal post-ischemic changes.
After initial anti-edema treatment, Cerebrolysin 30 mL/day was administered intravenously for 7 days,
beginning on day 3 after injury, together with supportive care and early mobilization. The patient showed
progressive neurological recovery: Glasgow Coma Scale score improved from 12 to 14 and National
Institutes of Health Stroke Scale score decreased from 7 to 3 within 14 days, with return to the pre-injury
functional baseline (modified Rankin Scale 2). Follow-up neuroimaging showed regression of the traumatic
lesion and surrounding edema. This case illustrates the diagnostic and therapeutic complexity of acute TBI
superimposed on recent cerebrovascular disease and describes favorable short-term recovery temporally
associated with multimodal management including Cerebrolysin. Because this is a single case, no causal
treatment effect can be inferred.

Keywords: traumatic brain injury; Cerebrolysin; ischemic stroke; neurorecovery; hemorrhagic contusion;
case report

Introduction

Traumatic brain injury (TBI) is a heterogeneous condition in which primary mechanical injury is followed
by secondary processes that may include cerebral edema, altered perfusion, excitotoxicity, inflammation,
oxidative stress, and metabolic dysfunction. Acute management is therefore directed primarily at preventing
secondary brain injury through stabilization of oxygenation and circulation, monitoring and treatment of
intracranial hypertension when indicated, appropriate neurosurgical management of mass lesions, seizure-
risk assessment, and early multidisciplinary rehabilitation once the patient is clinically stable [1,2]. Despite
advances in neurocritical care, no single pharmacological neurorecovery strategy is universally accepted for
acute TBI, and functional recovery remains highly variable.

The clinical situation becomes more complex when TBI occurs in a patient with recent cerebrovascular disease.
Residual focal deficits and chronic structural abnormalities after ischemic stroke may complicate neurological
examination and interpretation of acute neuroimaging. Stroke recovery itself depends on organized
multidisciplinary rehabilitation and activity-based training, while pharmacological approaches intended to
enhance neuroplasticity and neurorecovery continue to be investigated [3,4].

Cerebrolysin is a parenteral neuropeptide preparation with neurotrophic and neuroprotective properties
that has been studied as an adjunct to standard care in both TBI and ischemic stroke. In moderate-to-severe
TBI, randomized CAPTAIN trials and their prospective meta-analysis reported favorable multidimensional
functional and neuropsychological outcomes with Cerebrolysin added to usual care, with safety and tolerability



comparable to placebo [5-7]. A randomized pilot study in mild TBI with intracranial contusion hemorrhage
also reported improved cognitive recovery after 30 mL/day Cerebrolysin [8]. In ischemic stroke rehabilitation,
randomized studies have evaluated Cerebrolysin together with standardized rehabilitation, including 30 mL/
day regimens initiated during the early recovery period [9,10]. However, evidence specifically addressing acute
TBI in patients with recent stroke sequelae is scarce.

We present a patient with a recent ischemic stroke and residual neurological deficits who developed an
acute right frontal hemorrhagic contusion after a motor vehicle accident. The case emphasizes diagnostic
differentiation of new traumatic injury from pre-existing post-ischemic changes and describes the clinical
course after multimodal treatment including early Cerebrolysin administration.

Case Presentation

A 62-year-old man was admitted 40 minutes after a motor vehicle accident with altered consciousness and
disorientation. His medical history was significant for ischemic stroke 3 months earlier, resulting in mild residual
right-sided weakness, and poorly controlled hypertension. Before the accident, his functional status was stable,
with a modified Rankin Scale (mRS) score of 2, indicating slight disability but preserved independence in daily
activities.

On admission, the patient was stuporous but responsive, with a Glasgow Coma Scale (GCS) score of 12/15
(E3V4M5). Blood pressure was 150/100 mmHg, heart rate 92 beats/min, and oxygen saturation remained
above 95%. Neurological examination showed spatial disorientation with preserved orientation in time,
anisoreflexia more pronounced on the right, pathological reflexes in the right wrist, and increased tone in
the right upper and lower limbs, findings consistent with residual deficits from the previous stroke. Local
examination identified a 3 x 2 cm superficial abrasion over the right frontal scalp.

Diagnostic Assessment

Initial cranial CT demonstrated an acute right frontal hemorrhagic contusion measuring approximately 2 x 2
cm, with mild ventricular deformation but no midline shift or skull fracture. Chronic left parietotemporal cystic-
atrophic changes consistent with the previous ischemic stroke were also present. The principal diagnostic
challenge was to distinguish new traumatic pathology from pre-existing post-stroke abnormalities. Correlation
of the trauma history, neurological examination, and serial neuroimaging supported the diagnosis of acute TBI
superimposed on chronic post-ischemic brain changes.

Figure 1. Multiview cranial CT panel. (A) Baseline axial CT demonstrating the acute right frontal hemorrhagic
contusion; (B) follow-up axial CT 7 days later showing interval regression of the traumatic hemorrhagic lesion;
(C) baseline coronal CT; (D) follow-up coronal CT 7 days later; (E) baseline sagittal CT; and (F) follow-up sagittal
CT 7 days later. Image contrast has been optimized to improve visualization of the traumatic lesion. Chronic left

parietotemporal post-ischemic changes are distinct from the acute right-sided traumatic lesion.
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Therapeutic Intervention

The patient initially received anti-edema therapy with intravenous 20% mannitol, 250 mL every 8 hours for
3 days, together with supportive monitoring. On day 3, Cerebrolysin 30 mL/day was initiated by intravenous
infusion and continued for 7 consecutive days. No neurosurgical intervention was required. Physiotherapy was
introduced on day 5, focusing on early mobilization and prevention of deconditioning.

Timeline of Clinical Course

Table 1: Clinical timeline and key outcomes

Day Clinical event Key outcomes
Motor vehicle accident; CT diagnosis GCS 12; NIHSS 7; pre-injury mRS 2
1-3 Mannitol and supportive care GCS improved to 13

Cerebrolysin started (30 mL/day IV) -
Physiotherapy/early mobilization introduced |-

7 Clinical reassessment GCS 14; NIHSS 4
10 Cerebrolysin course completed -
14 Follow-up assessment/neuroimaging NIHSS 3; mRS 2

Follow-Up and Outcomes

The patient demonstrated progressive neurological improvement throughout hospitalization. By day 7, GCS
improved to 14, while NIHSS decreased from 7 to 4, reflecting improvement in orientation, responsiveness,
and focal neurological deficits. By day 14, NIHSS further improved to 3 and the patient had returned to his
pre-trauma functional baseline (mRS 2). Follow-up neuroimaging demonstrated regression of the right frontal
traumatic lesion and surrounding edema, while chronic post-stroke changes remained stable. Functionally, the
patient regained his pre-injury level of independence and remained mildly disabled because of residual deficits
related to the previous stroke. The family perceived the cognitive and motor recovery after the traumatic
event as faster than during the earlier stroke rehabilitation, particularly with respect to orientation and
responsiveness. Cerebrolysin was well tolerated during the 7-day treatment course, and no clinical seizures or
other treatment-related adverse events were observed.

Discussion

This case illustrates several clinically relevant issues in the management of TBI in a patient with recent
ischemic stroke sequelae. First, pre-existing neurological deficits and chronic post-ischemic structural changes
can obscure the clinical and radiological distinction between recurrent cerebrovascular disease and new
traumatic pathology. In the present patient, the trauma mechanism, right frontal scalp injury, acute right
frontal hemorrhagic contusion, and stable chronic left parietotemporal post-ischemic changes supported the
diagnosis of acute TBI superimposed on prior stroke-related brain injury.

Second, the patient improved during a multimodal treatment course that included anti-edema therapy,
supportive monitoring, Cerebrolysin beginning on day 3, and early physiotherapy. GCS increased from 12 to
14, NIHSS decreased from 7 to 3, and the patient returned to his pre-injury mRS of 2 within 14 days. These
changes were temporally associated with treatment but cannot be attributed to Cerebrolysin alone because
spontaneous recovery, edema regression, supportive care, and mobilization were concurrent contributors.

Theobserved courseis consistentwith, butdoesnot prove, findings reportedin controlled studies of Cerebrolysin
after TBI. CAPTAIN Il evaluated Cerebrolysin as an adjunct to standard care in moderate-to-severe TBI and
used 50 mL/day for the first 10 days followed by later 10 mL treatment cycles; the multidimensional primary
outcome favored Cerebrolysin at day 90, with safety and tolerability comparable to placebo [5]. CAPTAIN |
used a similar regimen and reported signals of benefit in several cognitive and functional measures, although
the primary intention-to-treat multivariate endpoint did not reach conventional statistical significance [6].



A prospective meta-analysis of the CAPTAIN trial series (185 patients) found a small-to-medium overall effect
favoring Cerebrolysin at days 30 and 90 [7]. In a separate randomized pilot study of mild TBI with intracranial
contusion hemorrhage, 30 mL/day for 5 days was associated with greater improvement in cognitive measures
at 12 weeks than placebo [8]. The 30 mL/day dose used in our patient therefore falls within a dose range
previously studied in TBI, although the treatment duration and clinical context were different.

Evidence from ischemic stroke provides additional context because this patient was still within the recovery
period after a stroke 3 months earlier. In the CARS trial, Cerebrolysin 30 mL/day for 21 days, initiated 24-72
hours after ischemic stroke and combined with standardized rehabilitation, was associated with improved
upper-limb motor recovery and global outcome at day 90 [9]. Other randomized studies have also examined
early Cerebrolysin combined with rehabilitation after ischemic stroke [10]. Nevertheless, stroke studies
cannot be directly extrapolated to acute TBI, and the coexistence of recent stroke and traumatic hemorrhagic
contusion makes the present case clinically distinct.

Post-traumatic seizures are an important safety consideration in patients with cerebral contusions and
intracranialhemorrhage.Currentsevere-TBlguidancerecognizescortical contusionandintracerebralhematoma
among risk factors for early post-traumatic seizures and supports antiseizure prophylaxis in selected patients
when the anticipated benefit outweighs treatment-related risks [2]. In addition, the Cerebrolysin product
information lists epilepsy as a contraindication [11]. In the present patient, no clinical seizures occurred during
hospitalization, and Cerebrolysin was well tolerated. No additional electrophysiological investigations, such as
electroencephalography (EEG) or quantitative EEG, were performed; therefore, this case cannot determine
whether Cerebrolysin altered cerebral electrical activity or cortical excitability. This distinction is important
because previous research has used quantitative EEG to investigate Cerebrolysin-associated changes in brain
electrical activity after TBI [11]. Accordingly, the present report is limited to clinical tolerability and the absence
of clinically observed seizures and should not be interpreted as evidence regarding electrophysiological effects
or seizure threshold.

The principal limitations are the single-patient design, short follow-up, absence of a comparator, and the
inability to separate spontaneous recovery and edema resolution from the effects of individual treatment
components. NIHSS is primarily a stroke scale and is not a comprehensive TBlI outcome measure; future
reports would benefit from TBI-specific functional and neuropsychological assessments and longer follow-up.
The favorable temporal course observed here should therefore be interpreted as hypothesis-generating rather
than evidence of efficacy.

Conclusion

This case describes favorable short-term neurological and functional recovery after an acute right frontal
hemorrhagic contusion in a patient with recent ischemic stroke sequelae who received multimodal treatment
including Cerebrolysin. The patient returned to his pre-injury functional status within 14 days. The temporal
association is clinically noteworthy and is consistent with prior research evaluating Cerebrolysin as an adjunct
to standard care in TBI; however, causality cannot be inferred from a single case. Further controlled studies
are required to clarify the role, optimal timing, dosing, and safety considerations of adjunctive neurorecovery
therapies in patients with TBI and cerebrovascular comorbidity.
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CASE SUMMARY

% Patient e 62 years e TBI with recent ischemic stroke sequelae

% Challenge e Acute TBI superimposed on prior stroke

ES Treatment e Cerebrolysin 30 mL/day IV x 7 days + anti-edema therapy

(i, Outcome ¢ GCS12->14 e NIHSS7 >3 o mRS -> 2

E Take Home Message

Despite pre-existing ischemic stroke sequelae and a new hemorrhagic brain
contusion, early multimodal treatment including Cerebrolysin was associated with
rapid recovery to pre-trauma functional status.
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...in the management of severe TBI with acute subdural hematoma

Abstract

Background: Severe traumatic brain injury (TBI) may evolve dynamically after emergency surgery,
particularly when intracranial hemorrhage, seizures, systemic complications, and secondary ischemic lesions
coexist. We report the multidisciplinary management and short-term evolution of an older patient with
severe TBI.

Case presentation: A 71-year-old man was admitted comatose (Glasgow Coma Scale score 3) after a
presumed fall. Initial computed tomography (CT) showed an acute left convexity subdural hematoma
measuring up to 18 mm, a 13-mm midline shift with subfalcine and uncal herniation signs, multifocal
subarachnoid and intraventricular hemorrhage, cerebral contusions, and a non-displaced left parieto-frontal
fracture. Emergency left fronto-temporo-parietal craniotomy and hematoma evacuation were performed.
The subsequent course included seizures, respiratory and infectious complications, recurrent right-sided
motor deficits, delirium, and a recent right capsulo-lenticular ischemic lesion on magnetic resonance
imaging (MRI). Management included neurosurgery, intensive care, anticonvulsant therapy, rehabilitation,
and adjunctive Cerebrolysin with dose adjustments during the clinical course. At discharge, the patient was
conscious and cooperative, partially oriented, and had improved right-sided muscle strength to 4/5.
Conclusion: This case illustrates the dynamic evolution of severe TBI and the importance of serial imaging,
repeated neurological assessment, seizure management, systemic complication control, and coordinated
neurorehabilitation. As an individual case report, it cannot establish the efficacy or causality of any single
therapeutic intervention.

Keywords: severe traumatic brain injury; acute subdural hematoma; post-traumatic seizures;
neurorehabilitation; case report

Introduction

Severe TBI is a heterogeneous condition in which primary mechanical injury may be followed by evolving
intracranial hemorrhage, cerebral edema, seizures, systemic complications, and secondary ischemic injury.
Management therefore requires rapid neurosurgical decision-making, intensive monitoring, repeated
neurological assessment, and individualized rehabilitation [1,2].

This case is clinically relevant because emergency evacuation of a large acute subdural hematoma was
followed by a complex but favorable short-term trajectory involving recurrent seizures, suspected secondary
cerebral ischemia, delirium, and gradual motor improvement. The report also documents the use of adjunctive
Cerebrolysin within a multimodal treatment plan; this intervention has been investigated as add-on therapy in
moderate-to-severe TBI, but the present case cannot determine its independent effect [3-5].

Patient Information and Clinical Findings

A 71-year-old man was brought to the emergency department on 23 February 2026 in a comatose state
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(GCS 3). He had been found collapsed at home by relatives after a presumed traumatic fall; the discharge
documentation described a fall down stairs. Relevant medical history included previous left carotid-territory
ischemic stroke, cerebral small-vessel disease, hypertension, dyslipidemia, ascending aortic aneurysm, and
chronic neurological and musculoskeletal comorbidities.

On admission, the patient was intubated and mechanically ventilated. Examination showed anisocoria with
left mydriasis and weak light reactivity, right central facial paresis, flaccid right hemiparesis, reduced right-
sided deep tendon reflexes, a right Babinski sign, and a left parieto-occipital contused wound.

Diagnostic Assessment and Therapeutic Intervention

Emergency non-contrast head CT showed an acute left convexity subdural hematoma up to 18 mm thick with
mass effect, associated falcine and tentorial subdural blood, bilateral traumatic subarachnoid hemorrhage,
intraventricular hemorrhage, multifocal contusions, a non-displaced left parieto-frontal fracture, and a 13-mm
rightward midline shift with subfalcine and left uncal herniation signs (Figure 1).

Emergency left fronto-temporo-parietal craniotomy and evacuation of the acute subdural hematoma were
performed. Early postoperative CT demonstrated reduction of the residual subdural collection and improvement
of the midline shift, with postoperative pneumocephalus and diffuse left hemispheric edema (Figure 2).

Figure 1. Admission non-contrast head CT. Axial and coronal images show the acute left convexity subdural
hematoma with mass effect and marked rightward midline shift.

Figure 2. Early postoperative head CT. Axial images show postoperative changes after evacuation of the acute left
subdural hematoma, residual collections, pneumocephalus, and improved midline alignment.

Clinical course, follow-up, and outcomes

Postoperatively, the patient was managed in intensive care. He was extubated safely on the day of surgery but
developed a generalized tonic-clonic seizure controlled with diazepam. A second generalized seizure occurred
on 24 February during removal of the subgaleal drain. Anticonvulsant therapy was intensified. Cerebrolysin,
initiated as adjunctive therapy at 50 mL/day, was reduced to 20 mL/day after the first seizure, temporarily
interrupted after the second seizure, and reintroduced at 50 mL/day on 26 February after clinical reassessment.
On 28 February, the patient developed severe hypertension, hypoxemia, fever, psychomotor agitation, mixed
aphasia, and recurrent right hemiparesis. Chest CT angiography showed segmental partially obstructive
pulmonary filling defects and bilateral pulmonary consolidation. Head CT showed metabolizing traumatic
lesions and a new right caudate/internal-capsule hypodensity suspicious for ischemic injury (Figure 3).
Antibiotic treatment and continued monitoring were provided.



After stabilization, the patient was transferred to Neurology on 6 March. Active and passive physiotherapy,
bedside and standing mobilization, anticonvulsant treatment, vascular prevention, and supportive care
were continued. During the Neurology admission, delirium with confabulation, false recognition, impaired
attention and memory, behavioral disturbance, anxiety, and depression required psychiatric assessment and
symptomatic treatment.

Figure 3. Follow-up non-contrast head CT during neurological deterioration. Axial images demonstrate evolving post-
traumatic changes and the right caudate/internal-capsule hypodensity suspicious for secondary ischemic injury.

Brain MRI on 27 March documented residual post-traumatic hemorrhagic lesions, a right parieto-occipital
intraparenchymal hematoma with vasogenic edema, a recent right capsulo-lenticular ischemic lesion with
diffusion restriction, and ventricular enlargement with imaging features suggestive of altered transependymal
resorption (Figure 4). On 13 April, focal motor seizures affecting the left side with secondary generalization were
controlled with anticonvulsant medication. Continued adjunctive Cerebrolysin 50 mL/day was documented
within the multimodal treatment plan.

Figure 4. Brain MRI performed on 27 March 2026. Coronal FLAIR images document residual post-traumatic lesions,
ventricular enlargement, and the right capsulo-lenticular lesion described as recent ischemic injury.

At discharge on 21 April 2026, the patient was conscious, cooperative, and partially oriented in time and
space. He had symmetric reactive pupils, residual right central facial paresis, right-sided spastic hemiparesis
with muscle strength improved to 4/5, bradylalia, bradypsychia, and a mild post-traumatic anxiety-depressive
disorder. Active and passive physiotherapy and anticonvulsant therapy were continued after discharge. The
discharge plan also included Cerebrolysin 10 mL/day for 10 days per month.

Discussion

This case illustrates the need to treat severe TBI as a dynamic process rather than a single acute event. The
large acute subdural hematoma, marked midline shift, and herniation signs required emergency evacuation.
Serial CT and MRI were clinically useful because the subsequent course included evolving hemorrhagic lesions,
edema, seizures, systemic complications, and a secondary ischemic lesion. Current severe TBI guidance
emphasizes structured monitoring and prevention of secondary injury [1,2].

The relationship between the seizures and individual treatment components cannot be inferred from this
report. Post-traumatic seizures are recognized complications of severe TBI, particularly in the context of
intracranial hemorrhage and contusions. The dose adjustments and temporary interruption of Cerebrolysin
are therefore reported transparently as part of the chronology, without assigning causality. Cerebrolysin has
been investigated as add-on therapy to standard care in randomized studies and a prospective meta-analysis
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of the CAPTAIN trial series [3-5]. However, a single descriptive case cannot demonstrate efficacy, safety beyond
the observed patient course, or the contribution of one intervention within a complex multimodal pathway.
The report’s strengths are the detailed clinical chronology, serial neuroimaging, and documentation across
Neurosurgery, Intensive Care, Neurology, Psychiatry, and rehabilitation. Its limitations include the absence of
standardized serial functional scales beyond GCS and muscle strength, uncertainty regarding the exact injury
mechanism, and the lack of long-term follow-up. Future documentation would be strengthened by serial
Glasgow Outcome Scale-Extended, modified Rankin Scale, Barthel Index, and cognitive assessments.

Timeline

Table 1: Clinical course and treatment timeline

Date Key clinical event

23 Feb 2026 Admission with GCS 3; CT showed a large acute left subdural hematoma with herniation
signs. Emergency craniotomy and evacuation. ICU transfer; extubation; generalized
seizure.

24-26 Feb 2026 | Second generalized seizure; anticonvulsant therapy intensified; adjunctive Cerebrolysin
temporarily interrupted and subsequently reintroduced after reassessment.

28 Feb 2026 Hypoxemia, fever, and neurological deterioration. Chest CT angiography and repeat head
CT, secondary ischemic injury suspected.

6 Mar 2026 Transfer to Neurology; active and passive rehabilitation continued.

27 Mar 2026 Brain MRl documented residual traumatic lesions, recent right capsulo-lenticular ischemic
injury, and ventricular enlargement.

13 Apr 2026 Focal motor seizures with secondary generalization; controlled with anticonvulsant
medication.

21 Apr 2026 Discharge: conscious, cooperative, partially oriented; residual right spastic hemiparesis

with strength improved to 4/5.

Conclusion

In severe TBI, emergency surgery may be only the first step in a prolonged multidisciplinary pathway. Serial
imaging, repeated neurological examination, seizure control, management of systemic complications, and early
rehabilitation were central to this patient’s short-term improvement. The case supports careful documentation
of evolving complications and treatment decisions while avoiding causal conclusions that cannot be established
from an individual observation.

CASE SUMMARY

% Patient e 71 years e Severe TBI with acute subdural hematoma

% Challenge e Coma, seizures and secondary ischemic injury

@ Treatment ® Cerebrolysin 50 mL/day IV, 10mL/day x 10 days/month + surgery + ICU
case + rehabiliation

|]|][|EI Outcome o Muscle strength improved to 4 e Discharged cooperative, partially oriented

[Z}] Take Home Message

In severe TBI, early integration of Cerebrolysin into multimodal acute care followed by
individualized neurorehabilitation was associated with meaningful neurological and motor
recovery despite an initial GCS of 3 and a complex clinical course.
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...in severe TBI complicated by cranioplasty infection and repeated
cranial reconstruction

Abstract

Background: Severe traumatic brain injury (TBI) requiring decompressive craniectomy carries substantial
risks of death, persistent cognitive and language disability, post-craniectomy complications, and prolonged
dependence. Recovery may be further disrupted by cranioplasty infection and the need for repeated cranial
reconstruction.

Case presentation: A 53-year-old man sustained severe TBI in a work-related accident, with a left
frontoparietal acute subdural hematoma causing cerebral compression, skull-base and mandibular
fractures, and right-sided otorrhagia. Emergency decompressive craniectomy and hematoma evacuation
were followed by tracheostomy, temporary gastrostomy, and early cranioplasty. During neurorehabilitation,
cognitive impairment, mixed aphasia, imbalance, incoordination, and generalized weakness persisted.
Surgical-site fistulization and Staphylococcus aureus infection subsequently required debridement and
removal of the infected bone flap. During later rehabilitation, fluctuating alertness, agitation, somnolence,
disorientation, and worsening postural instability prompted urgent CT and neurosurgical review. No acute
surgically remediable lesion was found, and prolonged carbamazepine prophylaxis was discontinued
because of a suspected medication-related contribution. After definitive reconstruction of the large

left frontotemporoparietal defect, the patient showed substantial neurological recovery. At the latest
assessment, he was fully conscious and oriented, with normal limb strength, although mixed predominantly
motor aphasia, memory impairment, emotional lability, sensory deficits, and ataxic gait persisted.
Cerebrolysin was administered twice during rehabilitation at 10 ml/day for 10 consecutive days.
Conclusion: This case demonstrates meaningful neurological recovery despite severe TBI, repeated
neurosurgical procedures, cranioplasty infection, and prolonged neurobehavioral deficits. It emphasizes
longitudinal multidisciplinary reassessment, prompt evaluation of new deterioration, surgical source control,
medication review, and continued neurorehabilitation. The repeated use of Cerebrolysin was temporally
associated with improvement in neurological function.

Keywords: severe traumatic brain injury; acute subdural hematoma; decompressive craniectomy;
cranioplasty; surgical-site infection; neurorehabilitation; Cerebrolysin; case report

Introduction

Severe traumatic brain injury remains a major cause of death and long-term neurological disability. In patients
with mass effect or refractory intracranial hypertension, decompressive craniectomy may be lifesaving,
although survival can be accompanied by cognitive, language, behavioral, motor, and gait impairment [1-3].
Functional outcome depends on injury characteristics, prevention of secondary injury, systemic complications,
surgical timing, rehabilitation, and patient-specific factors.

Cranioplasty restores cranial protection and contour and may also influence cerebrospinal fluid dynamics,
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cerebral perfusion, and rehabilitation potential. Infection is among its most consequential complications
because it may require debridement, implant removal, antimicrobial therapy, and delayed reconstruction
[4-6]. We report a patient with severe TBI and acute subdural hematoma who demonstrated substantial
neurological recovery despite cranioplasty infection, removal of the infected flap, transient neurobehavioral
deterioration, and repeated cranial reconstruction.

Patient Information

A 53-year-old man with no documented pre-injury neurological disability sustained a severe work-related
head injury on 29 June 2025. Acute diagnoses included a left frontoparietal subdural hematoma with cerebral
compression, skull-base fracture, left mandibular fracture, and right-sided otorrhagia. Emergency left
decompressive craniectomy with evacuation of the subdural hematoma was performed.

A tracheostomy was undertaken on 7 July 2025 and subsequently decannulated. A gastrostomy was placed
on 15 July and removed on 28 July, indicating sufficient recovery of airway and swallowing-related functions.
Cranioplasty was performed on 1 August 2025.

Early Rehabilitation

The patient entered inpatient neurorehabilitation on 4 September 2025 with impaired memory and attention,
speech difficulty, generalized weakness, dynamic imbalance, and incoordination. CT on 10 September, although
affected by motion artefacts, demonstrated a left frontoparietal hygroma of approximately 10 mm, ventricular
compression, and approximately 3 mm rightward midline shift.

Multidisciplinary neurorehabilitation was initiated, and Cerebrolysin was administered at 10 ml/day for 10
consecutive days.

Cranioplasty infection and bone-flap removal

Persistent fistulous drainage subsequently developed in the left frontoparietal and parieto-occipital operative
region. On 18 November 2025, the patient underwent excision of the fistulous tracts, debridement of necrotic
tissue, and removal of the infected bone flap. Culture of wound discharge grew Staphylococcus aureus. The
postoperative course was satisfactory, and no recurrent drainage was reported.

CT on 19 November demonstrated postoperative changes, a small left hemispheric subdural hygroma, left
frontal subarachnoid cystic dilatation, and approximately 7 mm rightward midline shift. Doxycycline 100 mg
twice daily for 10 days was prescribed after discharge.

Figure 1: Cranial CT performed on 12 November 2025, demonstrating late postoperative changes following
evacuation of a left hemispheric subdural hematoma, including a small left hemispheric subdural hygroma,
postoperative gliotic changes, and mild rightward midline shift (~2 mm).



Transient neurobehavioral deterioration

The patient was readmitted for planned neurorehabilitation on 15 January 2026. Compared with the previous
admission, orientation and writing had improved, although clinically important memory impairment and
mixed aphasia persisted.

During 22-23 January, he developed reduced alertness, nocturnal agitation, daytime somnolence,
disorientation, behavioral change, and worsening postural instability. Given the history of severe TBI, multiple
operations, and recent wound infection, urgent CT and neurosurgical assessment were performed to exclude
recurrent structural or infectious pathology.

Laboratory testing showed no major acute abnormality. CT demonstrated a large left frontotemporoparietal
bone defect, chronic postoperative gliotic and cystic changes, mild ventricular enlargement, and only
approximately 2 mm rightward midline shift. Neurosurgical assessment identified no acute lesion requiring
operative treatment.

The family reported a similar episode during previous exposure to a higher carbamazepine dose. In the absence
of documented seizures, carbamazepine, which had been continued as prophylaxis, was discontinued and
clinical reassessment planned. Other centrally acting agents with sedative potential, including clonazepam,
alprazolam, and zopiclone, represented additional confounders. Because serum drug levels, sodium, EEG, and
formal adverse-drug-reaction assessment were unavailable, medication-related encephalopathy remained a
clinical suspicion rather than a confirmed diagnosis. A further 10-day course of Cerebrolysin at 10 ml/day was
administered during this rehabilitation period.

Definitive cranial reconstruction

Preoperative CT on 13 May 2026 demonstrated a large left frontotemporoparietal defect measuring
approximately 133 x 104 mm, a small left basal frontal encephalomalacic focus, and chronic vascular changes.
Definitive cranioplasty was performed during the 13—18 May 2026 neurosurgical admission.

Figure 2: Cranial CT performed on 19 November 2025, demonstrating postoperative changes following removal of
the bone flap, placement of an external drain within the postoperative cavity, and evacuation of a left hemispheric
subdural hematoma. Postoperative gliotic changes, a small left hemispheric subdural hygroma, and left frontal
subarachnoid cystic dilatation are also present, with rightward displacement of the midline structures by
approximately 7 mm.

Follow-up and Outcomes

Across approximately 12 months, the clinical trajectory was characterized by survival after a life-threatening
mass lesion, successful liberation from tracheostomy and gastrostomy, control of the S. aureus surgical-
site infection after removal of the infected bone flap, repeated neurorehabilitation, and definitive cranial
reconstruction.

At the latest documented assessment in June 2026, the patient was fully conscious with a Glasgow Coma Scale
score of 15 and oriented to time, place, and person. Limb strength had recovered to Medical Research Council
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grade 5/5 with normal muscle tone. Bulbar function, articulation, and phonation were normal, and sphincter
function was preserved.

Nevertheless, recovery remained incomplete. Residual mixed aphasia with predominantly motor features,
memory impairment, emotional lability, left hemihypoesthesia, ataxic gait, mild left-sided dysmetria, brisker
left-sided reflexes, bilateral extensor plantar responses, and bilateral palmomental reflexes persisted.

Overall, the outcome can therefore be characterized as meaningful and substantial neurological recovery
rather than complete recovery. Improvement occurred during a complex longitudinal course involving repeated
neurosurgical procedures, infection control, medication reassessment, two courses of Cerebrolysin, and
continued multidisciplinary neurorehabilitation. Consequently, the contribution of any individual intervention
cannot be quantified.

Figure 3: Cranial CT on 13 May 2026 showing a left frontotemporoparietal bone defect (~133 x 104 mm) with a small
left basal frontal area of encephalomalacia.

Discussion

This case is clinically instructive because favorable recovery occurred despite cumulative biological and
treatment burdens: severe mass-lesion TBI, decompressive craniectomy, repeated cranial reconstruction, S.
aureus surgical-site infection, removal of the infected flap, and transient neurobehavioral deterioration. It also
illustrates why prognosis after severe TBI should be reassessed longitudinally. Initial injury severity informs
prognosis but does not fully determine the extent of recovery achievable through prevention of secondary
injury, complication control, neuroplasticity, rehabilitation, and family support [7,8].

Decompressive craniectomy can reduce intracranial pressure and mortality in selected patients with refractory
intracranial hypertension, although favorable functional outcome is not guaranteed [1-3]. Following
craniectomy, a large skull defect may alter intracranial compliance, cerebrospinal fluid circulation, venous
return, cerebral blood flow, and metabolism. The clinical spectrum of syndrome of the trephined may include
motor, cognitive, language, behavioral, and gait manifestations that improve after cranioplasty [4,5]. In this
patient, the large persistent defect coincided with cognitive-language and gait impairment. However, the
absence of documented positional symptoms, perfusion abnormalities, or a quantified immediate response
to cranioplasty prevents a formal diagnosis.

Cranioplasty infection can interrupt rehabilitation and require further anesthesia, debridement, implant
removal, antimicrobial treatment, and delayed reconstruction. In this case, fistula formation, necrotic tissue,
positive S. aureus culture, and bone-flap removal confirm a clinically significant surgical-site infection.
Source control appeared successful according to the available clinical record, allowing subsequent definitive
reconstruction. The documented antimicrobial regimen, however, should not be generalized because detailed
susceptibility data and other infectious-disease information were unavailable.



The episode of somnolence, agitation, disorientation, and worsening balance highlights the importance of
systematic reassessment when new deterioration occurs after severe TBI. Structural, infectious, metabolic,
epileptic, and medication-related causes must be considered. Repeat CT and neurosurgical review excluded an
acute surgically remediable lesion. The subsequent discontinuation of prolonged carbamazepine prophylaxis
alsoillustratestheimportance of medication reconciliation. However, concurrent benzodiazepinesand zopiclone
were important confounders, and the absence of serum carbamazepine levels, sodium measurements, EEG,
and a documented post-withdrawal time course prevents causal attribution.

Contemporary guidance supports short-duration antiseizure prophylaxis when indicated and does not support
prolonged exposure without an appropriate clinical indication [9]. The present case therefore underlines
the need to reassess both the indication and duration of centrally acting medication during prolonged
neurorehabilitation. Cerebrolysin was administered twice during the rehabilitation course, each time at 10
ml/day for 10 consecutive days. Its multimodal neurotrophic and neurorestorative properties may be relevant
to recovery following severe brain injury. In this patient, the repeated courses were temporally associated
with further neurological improvement; however, because of the complex clinical course, concomitant
rehabilitation, surgical interventions, medication changes, and natural recovery, the contribution of any single
intervention cannot be quantified.

Limitations

Important limitations include the absence of complete acute injury severity metrics, detailed operative reports,
comprehensive rehabilitation-dose information, standardized neuropsychological and aphasia assessments,
and functional independence measures. Serum carbamazepine concentrations, sodium values, and EEG were
unavailable during the episode of transient deterioration. CT findings were derived from clinical reports rather
than central image review.

Conclusion

Meaningful neurological recovery is possible after severe TBI even when the course is complicated by
cranioplasty infection, removal of an infected flap, prolonged cognitive-language impairment, transient
neurobehavioral deterioration, and repeated cranial reconstruction. This case emphasizes the importance of
longitudinal multidisciplinary follow-up, systematic investigation of every new deterioration, effective surgical
source control, reassessment of potentially cognition-impairing medication, and continued goal-directed
neurorehabilitation.

Therepeatedadministration of Cerebrolysinwastemporallyassociated with furtherimprovementinneurological
function and may have supported the overall neurorestorative process. Nevertheless, its contribution cannot
be separated from the effects of rehabilitation, repeated neurosurgical interventions, medication changes,
and natural recovery. The case therefore supports cautious longitudinal prognostic reassessment rather than
attribution of recovery to a single intervention.

CASE SUMMARY

% Patient e 53 years e Severe TBI with acute subdural hematoma

% Challenge e Cranioplasty infection and repeated cranial reconstruction

@ Treatment e Cerebrolysin 10 mL/day IV x 10 days (2 cycles) + neurosurgery + multidisciplinary rehabilitation

ﬂ”ﬂn Outcome e GCS > 15 e Muscle strength recovered to 5/5 e Neurological recovery achieved

E Take Home Message

Even after severe traumatic brain injury complicated by multiple neurosurgical procedures, cranioplasty
infection, and prolonged neurobehavioral deficits, substantial neurological recovery may still occur when
potentially reversible factors are identified and addressed.
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INTRODUCTION

The role of Cerebrolysin as stand-alone or combination therapy...

Recovery after neurological injury is a multidimensional process, but after stroke, cognitive recovery is
often a critical prerequisite for meaningful functional recovery. Motor recovery alone does not guarantee
independence. A patient may regain the ability to walk, for example, but remain dependent because impaired
attention, slowed information processing, memory, or executive function limits safe mobility, communication,
decision-making, and participation in rehabilitation. Conversely, improving cognition can increase a patient’s
ability to engage with therapy, learn new strategies, and translate neurological recovery into everyday function.
Functional and cognitive recovery are therefore closely linked, with cognitive recovery often providing the
foundation for broader functional gains.

This relationship is particularly important after stroke. Cognitive impairment may result from the location
and severity of the acute lesion, but also be fortified by pre-existing or covert cerebrovascular disease, white
matter damage, or neurodegenerative processes. Recovery is therefore influenced by the condition of the
wider brain network and its innate ability to reorganize and compensate after injury. Beside already established
capacity for spontaneous improvement, there is unmet need to further promote neuroplasticity and restore
both cognitive and functional abilities.

Within this context, the multimodal mechanism of action of Cerebrolysin provides a biologically plausible
rationale for its use as an adjunct to neurological rehabilitation. Pre-clinical and clinical evidence suggest
that its pleiotropic effects may support neuronal survival, neuroplasticity, synaptic remodeling and network
reorganization, while also beneficially influencing mechanisms involved in secondary brain injury.

The ultimate goal of neurorestorative treatment is to help patients regain cognitive competence and translate
recovery into meaningful functional independence. The clinical cases presented in this chapter illustrate
different patterns of cognitive and functional recovery and highlight the potential for continued improvement
beyond the acute phase.
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...in a case of Guillain-Barré Syndrome with tetraparesis

Abstract

Guillain—Barré Syndrome (GBS) is a rare immune-mediated neuropathy commonly triggered by preceding
infections. While pathogens such as Campylobacter jejuni, cytomegalovirus, and Zika virus have

established associations with GBS, emerging evidence suggests that SARS-CoV-2 infection may also act

as a potential trigger through immune dysregulation, including pro-inflammatory cytokine activation and
neuroinflammatory pathways. (1,2,3,4) However, the relationship between COVID-19 and GBS remains
incompletely understood.

We report the case of a patient who developed acute inflammatory demyelinating polyneuropathy (AIDP),
a GBS variant, following COVID-19 infection, presenting with tetraparesis and hoarseness of voice, resulting
in significant functional impairment and dependence on caregivers. Considering the potential neurotropism
of SARS-CoV-2 and inflammatory mechanisms contributing to neural injury, Cerebrolysin was administered
as part of a multimodal treatment approach. Its neurotrophic and neurorestorative effects, including
modulation of neuroinflammation, support of neuroplasticity, and promotion of neuronal survival pathways,
provided the rationale for its use.

Treatment included plasmapheresis, cholinesterase inhibitors, vitamins, vasodilating agents, and
Cerebrolysin. Clinical assessment, electroneuromyography (ENMG) monitoring, and functional scales (5)
demonstrated progressive motor recovery. The treatment was well tolerated, with no adverse events
reported.

This case suggests that Cerebrolysin may represent a potential neurorestorative therapeutic option

in patients with post-COVID GBS. Further studies are required to evaluate its efficacy and underlying
mechanisms.

Keywords: Guillain-Barré Syndrome, tetraparesis, neurorestorative treatment, SARS-CoV-2

Introduction

Guillain—Barré Syndrome (GBS) is an acute immune-mediated polyradiculoneuropathy characterized by
progressive weakness, sensory disturbances, and, in severe cases, respiratory or autonomic dysfunction. It
is commonly triggered by infections such as Campylobacter jejuni, cytomegalovirus, Epstein—Barr virus, and
Zika virus. The underlying pathophysiology involves immune-mediated damage to peripheral nerves through
molecular mimicry, autoantibody production, complement activation, and inflammatory mechanisms.

Since the COVID-19 pandemic, increasing numbers of cases have described GBS following SARS-CoV-2 infection,
suggesting a potential post-infectious association. Proposed mechanisms include immune dysregulation,
excessive cytokine production, and neuroinflammatory responses that may contribute to peripheral nerve
injury. Although a temporal relationship has been observed, the exact causal mechanisms remain incompletely
understood.

Recovery from severe GBS often requires prolonged rehabilitation, particularly in patients with extensive



motor impairment. Therefore, therapeutic approaches that not only halt immune-mediated nerve damage
but also support neural recovery are of clinical interest. Cerebrolysin is a neuropeptide preparation with
neuroprotective and neurotrophic properties that has been widely investigated in stroke rehabilitation.
Proposed mechanisms include modulation of neuroinflammation, reduction of excitotoxicity, promotion of
neuroplasticity, and stimulation of neuronal survival and repair.

Thisreport describes the clinical course and functional recovery of a patient with severe post-COVID GBS treated
with standard therapy followed by two courses of Cerebrolysin as part of a multimodal neurorehabilitation
program.

Patient Information

A male patient developed severe COVID-19 infection confirmed by PCR on Day 0. Chest computed tomography
demonstrated bilateral polysegmental pneumonia involving approximately 72% of lung tissue, requiring
hospitalization and treatment according to institutional protocols.

Approximately three weeks after the acute infection, the patient developed progressive weakness affecting
both upper and lower extremities. Additional symptoms included impaired fine motor function, hoarseness of
voice, dysphagia, and choking episodes. The neurological deficits resulted in significant functional dependence
and inability to walk independently.

The patient had no relevant family history. The major antecedent medical event was severe SARS-CoV-2
infection.

Clinical Findings

Neurological evaluation on Day 21 demonstrated severe tetraparesis. Muscle strength was reduced to 3.0-
3.5/5 in the upper extremities and 2.0-2.5/5 in the lower extremities. Neurological examination also revealed
impaired fine motor function, dysphonia, and dysphagia accompanied by choking episodes. As a result of these
deficits, the patient was unable to ambulate independently and required substantial assistance with daily
activities. According to the Guillain—Barré Disability Scale, the severity of lower-limb impairment corresponded
to a level requiring wheelchair assistance.

Timeline

Table 1. Clinical Course and Treatment Timeline

Time Point Clinical Course and Therapeutic Interventions

Severe COVID-19 infection confirmed by PCR. Chest CT demonstrated bilateral polysegmental
Day 0 pneumonia with approximately 72% lung involvement. The patient was hospitalized and
treated according to institutional COVID-19 protocols.

Following resolution of the acute infection, progressive neurological symptoms developed,
Day 21 including weakness of the upper and lower extremities, dysphonia, dysphagia, choking
episodes, and impaired fine motor function.

Admitted to the neurology department. Neurological examination revealed tetraparesis
with muscle strength of 3.0-3.5/5 in the upper extremities and 2.0-2.5/5 in the lower
extremities. Diagnosis: acute inflammatory demyelinating polyneuropathy (AIDP), Guillain—
Barré Syndrome variant.

Day 21

Standard treatment was administered, including seven plasmapheresis sessions, Proserin,
Days 21-51 Nukleo 2.0, pentoxifylline, and vitamin B6. Disease progression stabilized; however,
significant motor deficits and functional dependence persisted.

Follow-up ENMG demonstrated moderate-to-severe sensorimotor demyelinating
polyneuropathy with absent sensory responses. The first neurorestorative treatment course
was initiated, consisting of Cerebrolysin 30 mL/day intravenously for 10 days followed by 5
mL/day intramuscularly for 20 days, together with supportive neurorehabilitation therapy.

Day 51
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Clinically meaningful improvement was observed. Upper-extremity strength improved to
Day 81 approximately 4/5and lower-extremity strength to approximately 3.5/5. ENMG demonstrated
improved motor nerve conduction, and the patient regained independent ambulation.

A second Cerebrolysin treatment course was initiated using the same dosing regimen (30

Day 84 mL/day intravenously for 10 days followed by 5 mL/day intramuscularly for 20 days).

Further neurological recovery was documented. Upper-extremity strength reached 5/5 and
lower-extremity strength improved to 4.5/5. Follow-up ENMG showed continued restoration

Day 127 of motor nerve conduction and the reappearance of sensory nerve responses. The patient
regained independence in activities of daily living, including dressing and self-care, and was
able to walk without assistance.

Throughout  No adverse events or treatment-related complications associated with Cerebrolysin therapy
Follow-up were reported.

Diagnostic Assessment

Brain CT revealed no acute intracranial abnormalities. Lumbar spine MRI showed degenerative changes,
including L3—L4 and L4—L5 disc protrusions and an L5-S1 disc herniation. Duplex ultrasonography of the lower
extremities excluded venous thrombosis.

Cerebrospinal fluid examination was unremarkable. Routine laboratory investigations were within normal
limits except for mildly elevated blood glucose levels (7.4 mmol/L). Serological testing showed 1gG antibodies
against cytomegalovirus, Epstein—Barr virus, and herpes simplex virus types 1 and 2, indicating prior exposure.
HIV testing was negative.

Electroneuromyography (ENMG) revealed a sensorimotor polyneuropathy of mixed axonal-demyelinating type
with predominant demyelinating features. The examination demonstrated fragmented M-responses of the
tibial nerve, reduced nerve conduction velocity, and decreased amplitudes in motor fibers, findings consistent
with acute inflammatory demyelinating polyneuropathy accompanied by secondary axonal involvement.
These findings supported the diagnosis of acute inflammatory demyelinating polyneuropathy (AIDP), the most
common variant of Guillain—Barré Syndrome.

Therapeutic Intervention

Following admission, the patient received standard therapy for Guillain—Barré Syndrome. Treatment included
seven sessions of plasmapheresis, Proserin 500 pg administered intramuscularly once daily for seven days,
Nukleo 2.0 administered intramuscularly once daily for eight days, pentoxifylline 100 mg intramuscularly once
daily for five days, and vitamin B6 administered intramuscularly once daily for fifteen days. This treatment
successfully stabilized disease progression; however, significant neurological deficits persisted and functional
recovery remained limited.

Given the persistent impairment, neurorestorative treatment was initiated. The first Cerebrolysin course
consisted of 30 mL/day administered intravenously for 10 consecutive days, followed by 5 mL/day administered
intramuscularly for 20 days. Concomitant therapy included intravenous tioctic acid, Neuromidin 20 mg orally
twice daily, Keltican twice daily, and vitamin B-complex supplementation. Following clinical improvement, a
second Cerebrolysin course was administered using the same dosing schedule.

Treatment was well tolerated, and no adverse events or treatment-related complications were reported during
the observation period.



A. DAY O (Pre-treatment)
Motor NCS

Left Ulnar Nerve (Abducter Digiti Minimi), C8-T1

1 Wrist

1[2,5 mv

?—F/\_s/——
Iz.s mv )_’_‘_/\//ﬁ

4ms 25mV
—

F1: 0.50 ms, 1 Hz
wrist

4ms 25mV

P

F1: 0.50 ms, 1 Hz
below elbow

B. DAY 31 (After First Treatment Cycle)

Motor NCS

Left Ulnar Nerve (Abductor Digiti Minimi), C8-T1

1 Wrist

IZ.S mV

2 Below elbow

IZ.S mV

4ms 25mV
I —

F1:0.20 ms, 1 Hz
wrist

4ms 25mV

[ —

F1: 0.20 ms, 1 Hz
below elbow

C. DAY 77 (After Second Treatment Cycle)

Motor NCS

Left Ulnar Nerve (Abductor Digiti Minimi}, C8-T1

1 Wrist

j[Z.S mvV

4ms  25mv
=)

F1: 020 ms, 1 Hz
wrist

of motor nerve

Figure 1. Serial ENMG
ive motor nerve

ion study

cycle (Day 31), and after the second treatment cycle (Day 77).
gy was observed over time.

and o

ion of the left ulnar nerve (Abductor Digiti Minimi, C8-T1).
obtained at baseline (Day 0), after the first treatment
i in motor nerve i

Figure 1: Dynamics of upper limbs signal of nerve-muscular motor conduction. ENMG from day O: signs of moderate
damage of nerves of upper extremities by demyelinating type — reduction of the speed of propagation of excitation
(SPE) along the nerves, increase in the latency of responses. ENMG on day 31: positive dynamics in the form of
restoration of the motor function of the nerves of the upper extremities. ENMG on day 77: positive dynamics was
recorded in the form of restoration of the motor function of the nerves of the upper extremities
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Figure 2: Dynamics of lower limbs signal of nerve-muscular motor conduction. ENMG from day O: signs of moderate
to severe damage of motor nerves of the low extremities by demyelinating type — reduction of the speed of
propagation of excitation (SPE) along the nerves. ENMG on day 31: positive dynamics in form of restoration of motor
function of the nerves of the lower extremities. ENMG on day 77: positive dynamics was recorded in the form of
restoration of the motor function of the nerves of the lower extremities.

211



2w 196 MMoTenuian peficTeus wepea

1 N [T =

Awranpomko

CPB cencopHas
p. . Medianus

e el
! [Towa Morew- | Paccr., | flar. 1 | flav. max | Aunn. | Cxop. | Haknow
war e il ] o e
g e o | i i
e G
o e
1 [rmvene 08 [0 [im [zm [ws | = [ =
;  [oomnamaon | 216 | 70 | 265 | 5 | o6 | 33 | sz
s [reians | 24 |20 4 | 520 | st | | 13

CPB concopHan
p. . Ulnaris V dig

ep
Pacer, [ a1 | nar e [ Aven. | .
e e | B |

=
J
SEEN

82 [ o [ 155 210

B l’nz s

Figure 3: Dynamics of upper limbs signal of nerve-muscular sensory conduction. ENMG dated 17.10.2020: sensory
polyneuropathy. Sensory nerve responses was absent at the time of this investigation. ENMG dated 02.12.2020:
responses on sensory nerves with minimal positive dynamics.

Follow-Up and Outcomes

Following the first course of Cerebrolysin, clinically meaningful improvement became evident. Muscle strength
increased to approximately 4/5 in the upper extremities and 3.5/5 in the lower extremities. The patient regained
the ability to walk independently without caregiver assistance, and ENMG demonstrated improvement in
nerve conduction parameters.

After completion of the second treatment course, neurological recovery continued. Upper-extremity strength
improved to 5/5, while lower-extremity strength reached 4.5/5. The patient regained independence in
activities of daily living, including dressing and self-care, attended follow-up visits without assistance, and was
able to walk long distances without support. Serial ENMG assessments demonstrated progressive restoration
of motor nerve function and reappearance of sensory nerve responses that had previously been absent.
Electrophysiological improvement was particularly evident in nerve conduction velocity, which increased from
23.8 m/s to 63.9 m/s in the lower extremities and from 48.1 m/s to 53.7 m/s in the upper extremities. At
the final follow-up visit, the patient attended independently, reflecting substantial recovery of mobility and
functional status. Serial evaluations using the Hughes Disability Scale and the Global Guillain—Barré Functional
Recovery Scale demonstrated progressive functional improvement throughout the observation period, with
recovery of both upper- and lower-extremity motor function and restoration of independent mobility.

Syndrome scale Guillan-Barre (Hugher R.A 1990)

i s —
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month

— |ower Bmbs —upper limbs

Figure 4: GBS separate dynamics of upper and lower limbs motor activity. At the moment of the disease onset since
acute signs of tetraparesis development lower extremities were damaged more pronouncedly, resulted with the
score 4.0 — (confined to a wheelchair or bed), function of upper extremities was evaluated with the score 3.0 (some
movements saved, but is not able to perform neither of the actions from the first 2 points).



Syndrome scale Guillan-Barre
Van der Meche F.G, Schmitz P. 1992
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Figure 5: GBS common dynamics of upper and lower limbs motor activity. In the second scale of Guillain Barre
Syndrome evaluation the general movement activity of upper and lower extremities is evaluated. July, August —
evaluation score 4,3 without neurorestorative therapy is corresponding to the absent of movement ability more than
10 meters with walker. Following 3 months on the background of two courses of neurorestorative therapy patients
achieves symptoms regress, possibility to walk without walker support on himself, ability to hand work.

Discussion

This case describes substantial neurological recovery in a patient with severe post-COVID Guillain—Barré
Syndrome treated with standard therapy followed by two courses of Cerebrolysin as part of a multimodal
rehabilitation strategy.

The temporal relationship between severe SARS-CoV-2 infection and the subsequent development of acute
inflammatory demyelinating polyneuropathy is consistent with previously reported cases of post-COVID GBS.
The patient developed progressive tetraparesis, dysphagia, and dysphonia approximately three weeks after
the acute infection, a timeframe compatible with an immune-mediated neurological complication.

Although plasmapheresis halted disease progression, motor recovery remained limited during the initial
phase of treatment. More pronounced clinical and electrophysiological improvements became evident after
initiation of neurorestorative therapy. These improvements included gains in muscle strength, restoration
of independent ambulation, recovery of activities of daily living, increased nerve conduction velocities, and
reappearance of sensory responses on electrophysiological testing.

Cerebrolysin has demonstrated neuroprotective and neurorestorative effects in several neurological disorders,
particularly ischemic stroke. Proposed mechanisms include modulation of neuroinflammatory pathways,
enhancement of neuroplasticity, support of neuronal survival, and stimulation of repair processes. These
biological effects may also be relevant in post-infectious peripheral nerve injury, where inflammation and
secondary neuronal dysfunction contribute to disability.

However, interpretations should remain cautious. Guillain—Barré Syndrome may undergo spontaneous
recovery, and the contributions of concomitant rehabilitation measures and supportive pharmacological
therapies cannot be excluded. Consequently, a causal relationship between Cerebrolysin treatment and the
observed recovery cannot be established based on a single case report.

Nevertheless, the parallel improvements observed in clinical status and electrophysiological parameters
highlight the potential value of further research investigating neurorestorative therapies in severe post-
infectious peripheral neuropathies.

Patient Perspective

During follow-up visits, the patient described his recovery as follows:
“| feel the strength returning to my legs and arms. | really want to run and shake hands with everyone | meet.
| enjoy every movement that | had previously taken for granted.”
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CASE SUMMARY

e 70 years e Post-COVID Guillain-Barré syndrome (AIDP variant)

roj Patient

% Challenge e Severe tetraparesis, dysphagia and loss of independent ambulation

@ T e Cerebrolysin 30 mL/day IV x 10 days, Cerebrolysin 5 mL/day IV x
reatment ) T
20 days + plasmapheresis + rehabilitation

e Upper limb strength: 3-3.5/5 - 5/5 e Lower limb strength: 2-2.5/5
Out
\m utcome - 4.5/5 e Independent walking

E Take Home Message
Cerebrolysin supported rapid and clinically meaningful motor recovery in a severe case
of post-COVID Guillain—Barré syndrome and can be associated with restoration of
motor nerve function and regained ability to walk independently.
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...in the treatment of hypertension-associated moderate VCI

Abstract

Background: Arterial hypertension is an important risk factor for cerebrovascular disease and vascular
cognitive impairment. Chronic hypertension may contribute to cerebral small-vessel disease and progressive
neurological and cognitive dysfunction despite antihypertensive treatment. A comprehensive therapeutic
approach addressing both vascular risk factors and neurological consequences may therefore be clinically
relevant.

Case presentation: We present the case of a 63-year-old man with a six-year history of arterial hypertension,
class | obesity, dyslipidemia, and hypertensive encephalopathy accompanied by moderate cognitive
impairment and high trait anxiety. At presentation, blood pressure was 160/100 mmHg, brain MRI
demonstrated Fazekas grade Il small-vessel disease, and cognitive assessment showed an MMSE score of 27
and a Clock Drawing Test score of 6. The patient received standard antihypertensive therapy together with
Cerebrolysin 30 mL intravenously once daily for 21 days, excluding weekends. Blood pressure subsequently
stabilized at 130/80 mmHg. Cognitive performance improved progressively, with MMSE scores increasing

to 28 at Day 30 and 29 at Day 90, while Clock Drawing Test scores increased to 7 and 9, respectively. Trait
anxiety decreased from a high to a low level and remained low throughout follow-up. Headache and
dizziness also improved.

Conclusion: Comprehensive treatment including blood-pressure control and a course of Cerebrolysin was
associated with sustained improvement in cognitive and psycho-emotional measures over 90 days. The
observation is consistent with previous evidence suggesting potential cognitive benefits of Cerebrolysin in
vascular dementia and with recent C-REGS2 data showing improved 90-day cognitive outcomes, particularly
among patients with pre-existing cognitive impairment. However, causal conclusions cannot be drawn from
this single case.

Keywords: hypertensive encephalopathy; arterial hypertension; vascular cognitive impairment; anxiety;
cerebrovascular insufficiency; Cerebrolysin; MMSE; Clock Drawing Test.

Introduction

Chronic arterial hypertension is a major risk factor for cerebrovascular disease and vascular cognitive
impairment. Sustained blood-pressure elevation contributes to cerebral small-vessel disease and structural
brain injury, which may manifest clinically as cognitive impairment before the development of overt dementia.
Effective blood-pressure controlis fundamental to preventing furthervascular braininjury. However, stabilization
of blood pressure does not necessarily reverse established neurological or cognitive consequences of chronic
cerebrovascular disease. This provides a rationale for comprehensive approaches combining vascular risk-
factor management with interventions aimed at supporting neurological function and recovery.

Cerebrolysin hasbeeninvestigated in vascular cognitive disorders, including vascular dementia. Inarandomized,
double-blind, placebo-controlled multicenter trial involving 242 patients with vascular dementia, Cerebrolysin
added to basic treatment was associated with improvements in cognitive and global clinical outcomes over
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24 weeks. A subsequent Cochrane review found possible benefits in cognition and general function, although
the certainty of evidence was considered very low because of methodological limitations and heterogeneity
among the available studies.

More recently, the C-REGS2 comparative-effectiveness study provided evidence regarding cognitive outcomes
after moderate acute ischemic stroke. Among 1,769 patients, 1,021 received Cerebrolysin and 748 received
standard treatment. At 90 days, ordinal MoCA outcomes favored Cerebrolysin, with a more pronounced effect
in patients with pre-existing cognitive impairment. A dedicated 2026 analysis reported a MoCA effect of +3.24
points in favor of Cerebrolysin among patients with pre-stroke cognitive impairment, compared with +0.8
points among those without previous impairment.

Against this background, we describe a patient with hypertensive encephalopathy and moderate cognitive
impairment who demonstrated progressive cognitive and psycho-emotional improvement during 90 days of
comprehensive treatment.

Patient Information

A 63-year-old man with a six-year history of arterial hypertension presented for medical evaluation. Before
seeking medical attention, he had experienced recurrent headaches and dizziness but had not undergone
regular medical follow-up and had self-medicated with analgesics.

Clinical assessment established essential arterial hypertension, grade 2, with high cardiovascular risk.
The patient had class | obesity (BMI 32.01 kg/m?), a positive family history, and marked dyslipidemia. The
neurological diagnosis was hypertensive encephalopathy (ICD-10 167.4) accompanied by moderate cognitive
impairment and anxiety symptoms.

Clinical Findings

Baseline blood pressure was 160/100 mmHg. Laboratory investigations demonstrated total cholesterol 245
mg/dL, triglycerides 251 mg/dL, LDL cholesterol 160 mg/dL, VLDL cholesterol 50 mg/dL, HDL cholesterol 35
mg/dL, and an atherogenicity coefficient of 6.0. Echocardiography demonstrated left ventricular hypertrophy.
Ultrasound examination of the brachiocephalic arteries revealed an atherosclerotic plaque in the distal right
common carotid artery causing approximately 25% stenosis, without hemodynamically significant impairment
of blood flow.

Figure 1. Brain MRl demonstrating findings consistent with vascular encephalopathy and Fazekas grade Il small-
vessel disease.

Baseline cognitive assessment showed an MMSE score of 27 and a Clock Drawing Test score of 6. The
Spielberger—Khanin Anxiety Inventory demonstrated low state anxiety but high trait anxiety. No signs of
depression were identified using the Zung Self-Rating Depression Scale.

Diagnostic Assessment

The diagnosis was based on the medical history, clinical examination, blood-pressure measurements, laboratory
investigations, cardiovascular and cerebrovascular imaging, and standardized cognitive and psycho-emotional
assessments.



The overall findings indicated arterial hypertension with multiple vascular risk factors, including obesity,
marked dyslipidemia, left ventricular hypertrophy, carotid atherosclerosis, and MRI evidence of cerebral small-
vessel disease. Cognitive impairment was identified in the context of vascular encephalopathy, accompanied
by high trait anxiety without clinically relevant depression.

The final diagnosis was hypertensive encephalopathy (167.4) associated with moderate cognitive impairment
and anxiety symptomes.

Timeline

Table 1: Clinical course and treatment timeline

Time/Day | Clinical course and intervention

Headache, dizziness, elevated blood pressure (160/100 mmHg), mild cognitive impairment
and high trait anxiety. Initiated standard antihypertensive therapy plus Cerebrolysin 30 mL IV.

Days 1-21 | Continued Cerebrolysin 30 mL IV once daily (weekdays only).

Baseline

Improvement in headache and dizziness; blood pressure reduced to approximately 130/80

Discharge . . .

! g mmHg. Continued outpatient pharmacological treatment.
Day 30 Further cognitive and psycho-emotional improvement with reduced anxiety.
Day 90 Sustained psycho-emotional benefits and continued cognitive improvement.

Therapeutic Intervention

The patient received standard antihypertensive therapy together with Cerebrolysin 30 mL intravenously once
daily for 21 days, excluding weekends.

After completion of the treatment course, continued pharmacological management, blood-pressure and heart-
rate monitoring, lifestyle modification, and follow-up by the general practitioner, cardiologist, and neurologist
were recommended. Thus, treatment addressed both the underlying vascular risk factors and the neurological
manifestations of the disease.

Follow-up and Outcomes

The patient demonstrated progressive improvement in cognitive and psycho-emotional status.

At Day 30, the MMSE increased from 27 to 28 and the Clock Drawing Test from 6 to 7. Trait anxiety decreased
from a high to a low level, while state anxiety remained low.

At Day 90, the MMSE reached 29 and the Clock Drawing Test 9 points. The low level of trait anxiety was
maintained. Blood pressure stabilized at approximately 130/80 mmHg, while headache and dizziness
significantly improved. No negative neurological changes were documented.

Importantly, cognitive improvement continued after completion of the 21-day Cerebrolysin course. However,
because anti-hypertensive therapy and other components of comprehensive management continued during
follow-up, the observed improvement cannot be attributed to Cerebrolysin alone.

Discussion

This case describes a patient with hypertensive encephalopathy, cerebral small-vessel disease, and cognitive
impairment who demonstrated progressive improvement in cognitive performance during 90 days of
comprehensive treatment. MMSE improved from 27 to 29 points and Clock Drawing Test performance from 6
to 9 points, while high trait anxiety decreased to a low level.

The findings are clinically relevant because cognitive impairment associated with hypertension and cerebral
small-vessel disease may reflect persistent consequences of vascular brain injury. Blood-pressure control is
essential to limit further vascular damage, but established cognitive dysfunction may not necessarily normalize
following stabilization of blood pressure alone. A comprehensive approach addressing both vascular risk and
neurological manifestations may therefore be of interest.

Previous clinical evidence provides relevant context. In the randomized, double-blind, placebo-controlled
multicenter trial by Guekht et al., 242 patients with vascular dementia received Cerebrolysin or placebo
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in addition to basic treatment. After 24 weeks, Cerebrolysin was associated with greater improvement in
cognitive and global clinical outcomes. A subsequent Cochrane review of six trials also suggested possible
benefits in cognition and general function. These findings support clinical interest in Cerebrolysin for vascular
cognitive disorders but do not establish its efficacy in hypertensive encephalopathy.

The recent C-REGS2 findings provide additional, although indirect, support for an effect on cognitive outcomes
after cerebrovascular injury. In 1,769 patients with moderate acute ischemic stroke, ordinal MoCA outcomes
at 90 days favored Cerebrolysin. The effect was particularly pronounced in patients with pre-existing cognitive
impairment. A dedicated analysis reported a +3.24-point MoCA effect in patients with pre-stroke cognitive
impairment compared with +0.8 points in those without previous impairment. Although C-REGS2 investigated
acute ischemic stroke rather than hypertensive encephalopathy, these findings are noteworthy because they
suggest that patients with pre-existing cognitive vulnerability may be particularly relevant when evaluating
cognitive outcomes.

Cerebrolysin has been investigated as a multimodal peptide preparation with neurotrophic, anti-inflammatory,
anti-apoptotic, antioxidant, and neuroplastic effects. Such properties could theoretically complement vascular
risk-factor control by supporting neuronal function and adaptive plasticity in patients with established vascular
brain injury. The continued cognitive improvement after completion of the 21-day treatment course is
compatible with this hypothesis, but the present case cannot establish a mechanistic relationship.

The improvement in anxiety should also be interpreted cautiously. It occurred together with improved blood-
pressure control and relief of headache and dizziness, and therefore may reflect the overall therapeutic
response rather than a specific effect of Cerebrolysin.

This case should be regarded as hypothesis-generating rather than evidence of treatment efficacy. Nevertheless,
the sustained cognitive improvement observed in this patient, together with previous evidence in vascular
dementia and recent C-REGS2 cognitive findings after ischemic stroke, supports further investigation of
strategies aimed at cognitive preservation and recovery in patients with vascular brain injury.

Conclusion

In this patient with hypertensive encephalopathy, cerebral small-vessel disease, and moderate cognitive
impairment, comprehensive treatment with antihypertensive therapy and a 21-day course of Cerebrolysin was
associated with progressive improvement in cognitive performance and sustained reduction in trait anxiety
over 90 days.

The observation is compatible with previous evidence suggesting potential cognitive benefits of Cerebrolysin
in vascular dementia and with C-REGS2 findings indicating improved cognitive outcomes after acute ischemic
stroke, particularly among patients with pre-existing cognitive impairment. However, the different clinical
populations and study designs preclude direct extrapolation, and causality cannot be established from this
case.

CASE SUMMARY

% Patient e 63 years e Hypertensive encephalopathy with moderate cognitive impairment

% Challenge e Cerebral small-vessel disease, cognitive decline and high anxiety

@ Treatment e Cerebrolysin 30 mL/day IV x 21 days + antihypertensive therapy

|]ﬂ|]u Outcome ¢ MMSE 27 - 29 e Clock drawingtest6 - 9

@ Take Home Message

In a patient with hypertensive encephalopathy, small-vessel disease, and cognitive impairment,
multimodal treatment including Cerebrolysin was associated with sustained cognitive and
emotional improvement over 90 days.
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...in functional and cognitive post-stroke recovery

Abstract

A male patient born in 1954 presented with acute ischemic stroke involving the left middle cerebral artery
territory, manifesting as sensory aphasia and right hemiparesis. Initial neurological severity was substantial,
with a National Institutes of Health Stroke Scale (NIHSS) score of 16. Brain MRI confirmed acute infarction

of the left temporal and parietal lobes. Standard acute stroke management was initiated, including
Cerebrolysin 10 mL intravenously once daily. At 2 weeks, speech recovered completely and motor deficits
improved partially. During 1-year follow-up, moderate cognitive impairment emerged and was managed

with donepezil, escitalopram, repeated Cerebrolysin courses, and comprehensive rehabilitation. After 1

year, NIHSS improved to 6 and Mini-Mental State Examination (MMSE) improved from 22 to 24. This case
highlights the potential safety and supportive role of repeated Cerebrolysin use across different rehabilitation
stages after ischemic stroke.

Keywords: Acute ischemic stroke, Aphasia, Neurorehabilitation, Long-term follow-up

Introduction

Recovery after ischemic stroke evolves across acute, subacute, and chronic phases, often involving persistent
motor, language, and cognitive deficits and remains a major contributor to global disability (3). Pharmacologic
strategies that may enhance neuroplasticity and support long-term recovery are of particular interest when
integrated with multidisciplinary rehabilitation, especially in the context of ongoing ischemia/reperfusion-
related secondary injury mechanisms (1, 4). Cerebrolysin has been studied as a neuropeptide preparation with
possible neurotrophic and neurorestorative effects in stroke recovery and is considered a potential adjunct to
standard care (2). Post-stroke recovery processes, including angiogenesis and neuronal remodeling mediated
by immune cells, further support the biological plausibility of enhanced functional improvement over time (5).
This report describes an extraordinary case of early language recovery followed by longitudinal cognitive and
motor improvement over 1 year in a patient treated with repeated Cerebrolysin courses alongside structured
rehabilitation.

Patient Information

A male patient born in 1954 was hospitalized in acute condition after awakening with impaired speech and
weakness of the right arm and leg. According to his wife, symptoms were first noted in the morning upon waking.
His past medical history was notable for a previous ischemic stroke in 2015, from which he had completely
recovered. Vascular risk factors included hypertension, with blood pressure on admission measuring 150/90
mmHg.
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Clinical Findings and Timeline

Neurological examination on admission demonstrated sensory aphasia and right-sided hemiparesis with
Medical Research Council strength graded 3/5. Stroke severity was reflected by an NIHSS score of 16.

Figure 1: MRl on admission.

Timeline

Table 1: Clinical course and treatment timeline

Time point Clinical event

Day 0 Acute ischemic stroke; NIHSS 16; sensory aphasia; right hemiparesis 3/5
First 2 weeks Complete speech recovery; motor improvement to 4/5

90 Days NIHSS 9

Month 4 MMSE 22; moderate cognitive impairment identified

Months 4-12 | Repeated 10-day Cerebrolysin courses every 3 months + rehabilitation
Year 1 NIHSS 6; MMSE 24

Diagnostic Assessment

Brain MRI showed acute infarction in the territory of the left middle cerebral artery involving the left temporal
and parietal lobes, anatomically consistent with the observed aphasia and contralateral motor deficits.

At 90-day follow-up, the patient had an NIHSS score of 9. Four months after stroke, neurocognitive reassessment
revealed moderate cognitive impairment, with an MMSE score of 22.

Therapeutic Intervention

In the acute stroke phase, the patient received mannitol, acetylsalicylic acid, enalapril, atorvastatin and
Cerebrolysin. Cerebrolysin was initially prescribed intravenously once daily.

Following the identification of post-stroke cognitive impairment at 4 months, treatment was expanded
to include donepezil 5 mg once daily and escitalopram 5 mg once daily. Cerebrolysin was continued as a
longitudinal neurorecovery strategy, administered every 3 months for 1 year as a 10-day course of 30 mL
intravenously once daily.

In parallel, the patient underwent comprehensive rehabilitation including occupational therapy and
neuropsychological training.

Follow-Up and Outcomes

Two weeks after stroke onset, the patient showed complete recovery of speech and partial motor recovery,
with right-sided weakness improving from 3/5 to 4/5.
At 4 months, despite strong language recovery, moderate cognitive impairment was identified. With continued



pharmacological treatment and rehabilitation, further gradual improvement was observed.

At 1 year, the NIHSS score improved from 16 to 6, indicating substantial neurological recovery. Cognitive
performance also improved, with MMSE increasing from 22 to 24. Cerebrolysin was well tolerated across all
treatment periods, and no safety concerns were reported.

Discussion

This case illustrates meaningful multidomain recovery after left middle cerebral artery ischemic stroke,
including rapid restoration of speech, progressive motor improvement, and partial cognitive recovery over 1
year.

The particularly striking feature is the complete recovery of speech within 2 weeks despite an initially severe
presentation with sensory aphasia and temporal-parietal infarction. While spontaneous recovery and early
reperfusion-independent neurobiological restitution may explain part of this trajectory, the concurrent use of
Cerebrolysin may have supported early neuroplastic adaptation. (1,2,4)

The later emergence of vascular cognitive impairment is clinically relevant and reflects a common yet often
underrecognized challenge in stroke survivors. Repeated Cerebrolysin cycles, combined with donepezil,
escitalopram, occupational therapy, and neuropsychological training, were associated with stabilization and
mild improvement in MMSE over the following months. (2)

The principal limitation is the single-case design, which prevents attribution of causality to Cerebrolysin
alone. The patient received multimodal treatment; natural recovery, secondary prevention and rehabilitation
interventions likely all contributed to the favorable outcome. (1,4) Nevertheless, the safe use of Cerebrolysin
in both early and later recovery phases and the sustained functional gains make this an instructive case for
extraordinary neurorecovery.

Conclusion

This case demonstrates that repeated Cerebrolysin administration across acute and chronic recovery stages
was safe and associated with favorable language, motor, and cognitive outcomes after ischemic stroke.
Although the contribution of multimodal rehabilitation must be acknowledged, this extraordinary recovery
course supports further controlled studies examining the role of Cerebrolysin in different phases of stroke
rehabilitation.

Patient Perspective

According to the family, the most meaningful improvement was the rapid restoration of communication in the
first weeks, followed by gradual recovery of independence in daily activities during the first year.

CASE SUMMARY

% Patient e 70 years e MCA ischemic stroke

% Challenge e Sensory aphasia and hemiparesis

@ Treatment e Cerebrolysin 30 mL/day IV x 10 days + rehabilitation

D[I[lu Outcome o NIHSS16 > 6 e MMSE 22 > 24 e Complete speech recovery

E\ Take Home Message

Long-term monitoring and repeated Cerebrolysin administration integrated with
structured rehabilitation may support sustained recovery and help address
emerging post-stroke cognitive impairment.
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...0f post-herpes simplex encephalitis with neuropsychiatric symptoms

Abstract

Herpes simplex encephalitis (HSE) is a severe central nervous system (CNS) infection associated with
cognitive de-cline, psychotic symptoms, and epilepsy. Despite aggressive antiviral and corticosteroid
treatments, post-HSE compli-cations remain challenging to manage. We report a case of a 33-year-

old female patient with post-HSE neuropsychi-atric symptoms who showed significant improvement
following Cerebrolysin treatment. The patient was treated with acyclovir and dexamethasone in the acute
phase, followed by Cerebrolysin administration in the post-acute phase. This case highlights the potential
therapeutic role of Cerebrolysin in managing post-encephalitic cognitive dysfunc-tion, underscoring the
need for further studies.

Keywords: herpes simplex encephalitis, neuropsychiatric symptoms, Cerebrolysin, case report

Introduction

Herpes simplex encephalitis (HSE) is a common cause of viral

encephalitis that can lead to severe neurological and neuropsy-chiatric sequelae, including cognitive
impairment, epilepsy, and behavioral abnormalities [1,2]. Standard treatment with intrave-nous acyclovir and
corticosteroids mitigates acute infection but does not prevent long-term complications [3,4]. Currently, no
established treatments exist for managing post-HSE complica-tions. Cerebrolysin is a neuropeptide preparation
with potential neurorestorative effects [5]. Cerebrolysin has shown promise in experimental models of
neuroregeneration [6]. However, clini-cal evidence in post-encephalitic patients remains limited. This report
describes a case that demonstrated a clinically meaningful benefit from Cerebrolysin administration.

Case Presentation

A 33-year-old female with no prior medical history presented to the emergency department with fever (38.4°C),
headache, and anterograde amnesia. The patient reported upper respiratory symptoms for 5 days prior to
admission. Initially, she presented with fever and voiding difficulty, leading to a misdiagnosis of cys-titis at
another hospital. However, despite receiving treatment for a urinary tract infection, the patient’s symptoms
progressed, and on day 5 of symptom onset, she was transferred to our hospital due to altered consciousness.
Upon arrival at the emergency de-partment, routine blood tests and urine analysis were performed; however,
no significant abnormalities were found to explain the fever and impaired consciousness. Consequently, a
lumbar punc-ture was performed to investigate the possibility of a central nerv-ous system (CNS) infection or
other neurological disorders.

Cerebrospinal fluid (CSF) analysis revealed an elevated white blood cell (WBC) count (65 cells/uL; lymphocytes
80%, mono-cytes 14%, neutrophils 5%, atypical cells 1%), red blood cells (RBCs) 15 cells/uL, protein 97.8 mg/
dL, and glucose 65 mg/ dL (with corresponding serum glucose of 130 mg/dL). Herpes simplex virus type 1
(HSV-1) DNA was detected in the CSF, con-firming the diagnosis of herpes simplex encephalitis (HSE). The



clinical course is summarized in Table 1. Brain magnetic reso-nance imaging (MRI) demonstrated a diffuse
cortical diffusion restriction lesion centered on the insular region (Figure 1A-F). Electroencephalography (EEG)
showed continuous periodic lat-eralized epileptiform discharges (PLEDs) at 0.3 Hz in the right temporal region,
first appearing one minute after the second pe-riod of eye closure (Figure 2A-C).

Table 1: Timeline of the patient’s clinical course, diagnostic find-ings, and therapeutic interventions during hospitalization
and follow-up

Timeline Clincial Course & Interventions

Day 0 First Admission

e Fever, Urinary symptoms, Confusion, Anterograde Amnesia
e Acyclovir 10mg/kg three times daily (14 days)

e Dexamethasone 2mg four times daily (4 days)

e MMSE 18/30

Day 7 HSV-1 Confirmed in CSF

e CSF: WBC 65(Lymphocyte 80%, monocyte 14%),

e Protein 97.8

e MRI: Right temporal involvement

e EEG: Periodic epileptiform discharges in the right temporal region
Day 30 Discharged
e Cognitive impairment persists (MMSE 22/30)

e New symptoms: Agitation, Behavioral changes

Day 45 Second Admission
e \Worsening neuropsychiatric symptoms
e Dysphagia present

Day 50 Cerebrolysin Treatment
¢ 10 mL BID for 1 week, then 10 mL TID for 3 weeks
e |nitial response minimal

Week 14 Gradual Improvement

e  MMSE increased 26/30

e Behavioral symptoms improved
Month 6 Full Recovery

MMSE 30/30

e Return to work (Bakery)

e MRI: Residual right temporal atrophy
e EEG: Normalized rhythm

Abbreviations: BID, twice daily, TID, three times daily

The patient received intravenous acyclovir (10 mg/kg every 8 hours) for two weeks, which led to an
improvement in urinary frequency and urgency. Cognitive function also showed partial improvement, with
the Mini-Mental State Examination (MMSE) score increasing from 18 to 22. However, persistent amnesia and
new-onset dysphagia were observed one month after discharge. The patient was subsequently readmitted
due to worsening neu-ropsychiatric symptoms and progressive swallowing dysfunction, characterized by food
retention in the mouth without swallowing. Despite the initial improvement following treatment for herpes
simplex encephalitis, neurological and psychiatric manifestations gradually worsened after discharge. The
patient developed dis-inhibited sexual behavior and exhibited episodes of irritability, verbal aggression, and
physical aggression. The patient’s family reported increasing agitation, confusion, and behavioral changes,
which significantly impaired daily functioning.

Given the worsening neuropsychiatric symptoms and swallow-ing difficulties, further evaluation and
management were deemed necessary. A psychiatric consultation was performed, and consid-ering the temporal
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association of symptom onset, the findings strongly suggested that the neuropsychiatric manifestations were
attributable to herpes simplex encephalitis.

Figure 1: Brain MRI diffusion-weighted images. A—C indicated a diffuse cortical diffusion restriction
lesion centered on the insular region. Brain MRI FLAIR images; D—E also demonstrated this
finding. Additionally, brain MRI with gadolinium enhancement (F) suggested focal cerebral

edema and a diffuse inflammatory lesion in the right temporal and left insular regions.

EKG1 - EKG2 3
EOG1 - EOG2 | -

Figure 2: The initial EEG showed continuous periodic lateralized epileptiform discharges at 0.3 Hz in the right
temporal region, first ap-pearing one minute after the second period of closed eyes. This EEG was obtained five
minutes after the second period of eyes closed with awake.

The patient received intravenous Cerebrolysin infusion [7]. The treatment regimen consisted of 10 mL of
Cerebrolysin di-luted in 100 mL of saline solution, administered intravenously twice daily during the first
week and subsequently increased to three times daily, with a total daily dose of 30 mL. No adverse effects
or complications were observed during the treatment pe-riod. Initial clinical improvements were minimal.
However, after 4 weeks of Cerebrolysin therapy, the patient exhibited gradu-al improvement in both cognitive
and behavioral symptoms. Throughout the 4-week course of Cerebrolysin treatment, the patient underwent
only basic motor rehabilitation and did not re-ceive any additional specialized physical or speech therapy. Over
time, cognitive function, neuropsychiatric symptoms, and motor abilities steadily improved. At 6 months post-
treatment, the pa-tient’s MMSE score recovered to 30, indicating a return to nor-mal cognitive function. The
patient was able to return to work as a baker and successfully resumed operating her own bakery. The patient
reported that before treatment, she had significant difficulties managing her daily life and felt hopeless about
return-ing to work. After undergoing Cerebrolysin therapy, she gradu-ally regained confidence and cognitive
function. Follow-up brain MRI (6 months post-treatment) showed residual cerebromalacia in the right anterior
temporal region with a dilated right ventricu-lar horn (Figure 3). Follow-up EEG demonstrated a normalized
background rhythm without epileptiform discharges (Figure 4).



The patient reported: ‘At first, | was afraid | would never be able to bake again, reflecting her initial distress
and later satisfaction with the treatment outcome. She expressed great satisfaction with the treatment and
was relieved to regain independence in her per-sonal and professional life.

Figure 3: Second Brain MRI (FLAIR) after 6 months showed cerebromalacia in the right anterior temporal region
combined with a dilated right ventricle horn (A-C).
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Figure 4: Follow-up EEG revealed normal background activity without definitive epileptiform discharges. This EEG
was obtained three minutes after the second period of eyes closed with awake.

Discussion

This case suggests that Cerebrolysin may contribute to long-term neurological recovery in patients
with neuropsychiatric and functional impairments following herpes simplex encephalitis (HSE). Current
therapeutic approaches for HSE-related neuroinflammation primarily include corticosteroids such as
dexamethasone, hydrocortisone, and methylprednisolone, while experimental studies have investigated
toll-like receptor agonists, interferon-a, and intravenous immunoglobulin as immunomodulatory strategies
[4]. Although no clinical studies have yet demonstrated the efficacy of Cerebrolysin in viral encephalitis,
its beneficial effects in other CNS disorders provide a rationale for exploring its use in this setting [8-11].

The potential role of Cerebrolysin in HSE may be explained by three complementary mechanisms. First,
it exerts anti-inflammatory effects, which may be relevant given the central role of neuroinflammation
in the development of neurological, cognitive, and psychiatric sequelae after viral encephalitis [12].
Experimental studies have shown that Cerebrolysin reduces inflammatory cytokines, including IL-1B, TNF-q,
and IL-6, and suppresses microglial activation, effects that may help attenuate secondary brain injury [6].

Second, Cerebrolysin has neuroprotective properties through the enhancement of neurotrophic factors,
including BDNF, NGF, and GDNF [5]. These effects may promote neuronal survival, preserve synaptic
connectivity, and reduce apoptosis, potentially limiting the progressive neurodegeneration observed after
HSE and other viral encephalitides. Third, Cerebrolysin promotes neuroplasticity and neuroregeneration,
mechanisms that have been associated with improved neurological recovery in stroke, traumatic brain injury,
and subarachnoid hemorrhage [8-10]. In patients with more severe stroke (NIHSS >12), Cerebrolysin has been
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associated with enhanced functional recovery, likely through stimulation of synaptic formation and dendritic
growth [8]. It is generally well tolerated, although caution is advised in patients with renal impairment [9].

Given these anti-inflammatory, neuroprotective, and neurorestorative effects, Cerebrolysin may facilitate
recovery of motor, cognitive, and psychiatric deficits following HSE. However, evidence remains limited to case
observations, and the clinical improvement observed in this patient cannot establish efficacy. Nevertheless, this
case highlights the potential of Cerebrolysin as a therapeutic adjunct for post-HSE neuropsychiatric sequelae
and supports the need for larger studies to define its efficacy and optimal treatment regimen.

Conclusion

This case highlights the potential benefit of Cerebrolysin in treat-ing cognitive and neuropsychiatric
dysfunction following HSE. Given its strong safety profile and neuroprotective properties, Cerebrolysin could
be considered an adjunctive therapy for HSE, particularly in preventing long-term neurological sequelae. Giv-
en the lack of established treatments for post-HSE complications, further research is warranted to explore the
neuroprotective and regenerative effects of Cerebrolysin in this patient population.

CASE SUMMARY

(C% Patient e 33 years e Post-herpes simplex encephalitis

% Challenge e Severe cognitive, behavioral and swallowing impairment

% Treatment e Cerebrolysin 30 mL/day IV x 28 days

|]|]|]n Outcome o MMSE 18 - 30 e Behavioral symptoms resolved, returned to work

@ Take Home Message

Cerebrolysin treatment was associated with marked and sustained cognitive and
functional recovery after herpes simplex encephalitis, supporting its potential as a
neurorestorative treatment option for post-encephalitic deficits.
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...on the brain‘s functional state in dementia of Alzheimer’s type

Abstract

Due to the increasing incidence and prevalence of Alzheimer’s disease worldwide, improving treatment
methods is important for modern society. Clinical trial and evaluation of the efficacy and safety of the
drug Cerebrolysin in the complex treatment of dementia in Alzheimer’s disease are conducted at the
clinical base of the Republican Scientific and Practical Center for Mental Health (Minsk, Belarus). The
effectiveness of the drug is illustrated by a clinical case: patient K., 82 years old, suffering from moderate
dementia, received Cerebrolysin 20.0 in the form of intravenous infusions for 20 days. As a result, a positive
effect on the cognitive status and functional state of the central nervous system was noted according to
pathopsychological and neurophysiological studies. There was no negative dynamics in MMSE. Achieved
a 2.7 points reduction in ADAS-cog scores. Self-care skills and concentration improved: the patient held
the topic of conversation longer and felt more confident. The effect obtained in the presented clinical
case indicates that Cerebrolysin helps slow down the process of neuron degeneration in Alzheimer’s type
dementia.

Keywords: Dementia, Alzheimer’s Disease, Cerebrolysin

Introduction

Deficiency of neurotrophic growth factors plays a significant role in the pathogenesis of primary
neurodegenerative diseases. This fact is the basis for the neurotrophic strategy of Alzheimer’s disease
therapy [1, 2]. Due to the ability of Cerebrolysin to reduce the process of abnormal amyloidogenesis, inhibit
the process of neuroapoptosis, and hinder the implementation of various pathogenetic mechanisms leading
to neurodegeneration and neuronal death, studies of its effectiveness in Alzheimer’s disease have been
undertaken. Clinical trials have been conducted in several coun-tries around the world to study the therapeutic
efficacy of Cere-brolysin in Alzheimer’s disease. The results of these studies have shown statistically and
clinically significant therapeutic effects of Cerebrolysin on cognitive, general, and functional parameters in the
stages of mild and moderate dementia [2-4]. Cerebrolysin has been added to the range of pharmacological
drugs as an alternative. In addition to essential medicines: NMDA antagonists, cholinesterase inhibitors, and
Cerebrolysin are included in modern protocols for the diagnosis and treatment of Alzheimer’s disease in
Belarus and the Russian Federation [5,6]. At the initiative of the manufacturing company EVER Neuro Pharma
GmbH, clinical trials and evaluation of the effectiveness of Cerebrolysin in the treatment of Alzheimer’s disease
are being conducted at the clinical base of the State Institu-tion Republican Scientific and Practical Center for
Mental Health. Its clinical effectiveness and the dynamics of the neurodegenerative process are illustrated
by a clinical example. A clinical case. Patient K., 82 years old. Heredity is not psycho-pathologically burdened.
Early development without special fea-tures. Higher education, graduated from the University of Economics,
majoring in economics. She worked as a specialist, then as a director of a department store. Currently retired,
group 2 disabled person. She is married and has two children. She lives with her hus-band. It is observed by an

227



228

ophthalmologist for initial cataracts, reti-nal angiopathy, moderate hypermetropia of both eyes.

According to her husband, the first manifestations of the dis-ease were noted against the background of
COVID-19 infection in 2021, at first there was slight forgetfulness, then she began to feel confused in unfamiliar
places. Fully serviced by her husband. She doesn’t navigate her own apartment, she doesn’t leave the house
(gets lost), doesn’t cook, can’t count money, doesn’t remember her date of birth, age, and doesn’t know the
current date. She currently has disability group 2, and is diagnosed with dementia with Alzhei-mer’s disease
(FOO).

Receives memantine 20 mg daily. When seeking medical help, complaints about progressive memory loss,
loss of household skills. The patient’s general condition is satisfactory. Temperature 36.6 °C. Height 160 cm.
Weight 63kg. The body mass indexis 24.61. The physique is correct. She’s well-fed. The skin is of ordinary color.
Visible mucous membranes are unchanged. The lymph nodes are not enlarged and are painless on palpation.
Musculoskeletal system without deviations from the norm. Blood pressure: 130/80 mmHg, rhythmic pulse rate,
76/minute. The boundaries of the heart are not expanded. The heart tones are dull, rhythmic. The number
of breaths per minute is 16. Breathing is vesicular, on both sides, there is no wheezing. No pathology was
detected on the part of the digestive and excretory organs. Examination of the Neurological Status Revealed
No Focal Symptoms.

Outwardly neat (her husband helps to carry out hygiene procedures, prepares clothes, helps to get dressed).
She is disoriented in place, time, and approximately oriented in her own personality. Correctly calls the last
name, first name, patronymic. She doesn’t remember her date of birth, doesn’t know how old she is, or
what month it is. She doesn’t remember where she worked. She knows who brought her, correctly calls her
husband’s name and pat-ronymic, and with outside help, she gave him her home address. Household skills such
as cleaning, washing, cooking, and putting on clothes for the occasion have largely been lost. Her handwriting
has become illegible, she does not understand what she is writing at dictation. Not critical to the condition. In
an even mood. She is calm and submissive in her behavior. Beyond hallucinatory-delusional disorders. There
are no aggressive, suicidal tendencies.The result of filling in the Khachinsky scale is 2 points.

Neuropsychologist’s consultation. Patient K., 82 years old. She lives in a city apartment with her husband, who
takes care of her. Has a second disability group. She is partially oriented in place, but not oriented in time. He
cannot name the date, time of the year, or his own address. He correctly designates the country and city of
residence. Self-orientation is incomplete: he correctly calls his last name, first name, patronymic, does not
remember his date of birth, age, profession. Questions are often not answered to the point, because it is
difficult to understand oral speech at the decoding stage. Reduced concentration of attention. The emotional
background is smooth, emotional manifestations are monotonous, and when it is difficult to complete a task,
he shows anxiety. Criticism of the cur-rent mental state is reduced. The pace of speech and mental activity is
slow. Partially assimilates the instructions.The purpose of the patho-psychological examination was to diagnose
intellectual disability.

A. Methods: Mini-mental state examination (MMSE), Alzheimer’s disease assessment scale — cognitive
subscale (ADAS-cog+). The results of the survey. MMSE: 11 points — moderate level

of dementia. Impaired: memory function, incomplete orientation in place, time, and self. Reading skills are
preserved, writing and counting skills are lost. ADAS-cog+: 61.3 points.

B. Conclusion:

- intellectual disability corresponding to a moderate level of de-mentia was revealed. Orientation in place,
time, self, short-term and long-term memory are impaired;

- needs care and supervision.The MMSE (11 points) and ADAS-cog+ (61,3 points) test results are presented in
(Tables 1, 2).

Pronounced diffuse disturbances of cortical rhythmics are re-corded on the background EEG in a state of
passive wakefulness. The peak frequency is less than the maximum allowable value of 6.1 Hz. The alpha
rhythm is practically absent (index 15%), while the maximum values of its frequency are shifted to the frontal
region (Figure 1 and 2). Low—amplitude slow activity of the delta and theta ranges with an index of 35% is
recorded in all leads without zonal differences. The computer-generated pathological patterns revealed during



the compilation of the electroencephalogram map indicate a decrease in the functional state of the brain. The
MRI Report. Diffuse cortical atrophy, more pronounced in the temporal lobes. The size of the ventricles, the
grooves of the convection, and the Sylvian fissure are increased. Signs of hippo-campal atrophy.

The quantitative content of amyloid proteins AR40, AR42, and phosphorylated tau protein in the blood was
determined by en-zyme immunoassay. The patient’s relatives refused to perform a lumbar puncture and
cerebrospinal fluid examination. There was a deviation in the blood concentration of AR42 (38 pg/ml, norm
8-10 pg/ml), AR40 (59,8 pg/ml, norm 30-40 pg/ml), phosphorylated tau protein (21 pg/ml, norm 8-10 pg/ml),
(Table 3). In general and biochemical blood tests any deviation was not revealed.

Taking into account complaints, medical history, clinical and laboratory examination data and in accordance
with the ICD-10 criteria, the diagnosis was established: FOO. Dementia in Alzheimer’s disease (G30). Patient
K. included in the “Post-marketing observational prospective study evaluating clinical outcomes and tolerabil-
ity of the drug Cerebrolysin, solution for injection, ampoules of 5 ml, 10 ml and 20 ml, manufactured by EVER
Neuro Pharma GmbH, Austria, in patients with vascular dementia and dementia in Alzheimer’s disease.” The
patient and her accompanying spouse signed a voluntary informed consent to participate in the study. In the
hospital of the Republic Research Center for Mental Health in the day care department, a course of treatment
with Cerebrolysin was performed by slow intravenous infusions of 20 ml in 0.9% sodium chloride solution (9
mg NaCl/ml). The procedures were performed daily, with the exception of weekends, 20 in total. The duration
of the infusion was 20-40 minutes. The tolerability of the treatment is good, no adverse reactions were noted.
At the end of treatment, the patient was examined again: examination by a psychiatrist, consultation with
a psychologist, EEG registration, determination of biomarkers of CNS damage. In neurological status —
without dynamics. At the psychiatrist’s appointment, there was an improvement in self-service skills and
concentration: the patient held the topic of conversation longer and felt more confident. Consultation with a
neuropsychologist. The result of the MMSE test did not differ from the initial one — 11 points, while the result
of the ADAS-cog+ test showed a difference of 2.7 points (Tables 1, 2).

A detailed comparative analysis of the results obtained using the MMSE technique revealed: a slight
improvement in orientation in time and place; preservation of perception, concentration, and short-term
memory.

Table 1: Data from a psychological examination using the MMSE of patient K. in dynamics: before and after the course of
treatment with Cerebrolysin.

Cognitive sphere Examination before the start of Post-therapy examination
therapy

Orientation in Time 1 0
Orientation in a Place 2 2
Perception 3 3
Attention and Calculation 1 1
Memory 0 0
Speech, Reading, Writing 4 5
Total Score 11 11

A comparison of the results of the study using the ADAS-cog+ technique revealed:

deterioration of short-term verbal memory (word recogni-tion); slight improvement in constructive and
ideational practice; improved understanding of instructions; slight improvement in concentration.

Overall, the dynamics showed a stable state of cognitive func-tions: moderate degree of dementia (with severe
cognitive impair-ment). As a result of qualitative data analysis, we can talk about the improvement of speech
functions (writing, speech), the ability to follow instructions, the ability to execute commands, the ability to
express their thoughts and perceive information. The patient’s emotional state is stable: she has an even, calm
mood.

On the background EEG, diffuse disturbances of cortical rhyth-mics with a predominance of low activity in the
theta and delta ranges, alternating with alpha waves without zonal differences (Figure 3). When compared
with the data of the previous exam-ination, significant positive dynamics was noted: the delta activi-ty index
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decreased from 35.5 to 28.6%, theta activity — from 60.4 to 40.4%, and the alpha activity index in the occipital
regions in-creased from 11.4% to 17.5% (Figure 4). There was a pronounced effect of reducing the level of
ARA42 to 16,2 pg/ml, the others studied markers of CNS damage in the blood did not have sharp fluctuations.
At the same time, there was a tendency to increase the concentration of AR40 to 61 pg/ml and to decrease
phosphorylated tau protein to 18 pg/ml (Table 1). The assessment of the dynamics of these indicators is
important as prognostic signs of the severity, aggressiveness of the course of the disease and the effectiveness
of therapy. [7-8]. According to current data, amyloid proteins can independently induce hyperphosphory-
lation of tau protein and its deposition in CNS neurons. At the same time, tauopathy in patients with a clinical
diagnosis of Alzheimer’s disease can be considered as a secondary pathological process me-diated by the toxic
effect of amyloid proteins.

Table 2: Psychological examination data using the ADAS cog+ scale.

Task Examination before strating Post-therapy examination
therapy

Word recall 7,3 7,3
Naming Objects and Fingers 1

Commands

Constructional Praxis

Ideatorial Praxis

DWW

Orientation

Word Recognition 7,3

Remembering Test Instructions

Arlou|l|lo|lu|ls s

Comprehension of Spoken
Language
Word Finding Difficulty
Understanding

Concentration and Distraction

Crossing Out Numbers

Passing the Maze

o))
Pluolujlw | lw]|>
wl

OIn|ln|lw|lw]|s

Total Score

Upon completion of the course of treatment in accordance with the current protocol for providing medical
care to patients with organic, including symptomatic, mental disorders [5], recommenda-tions are given:
memantine, tablets for oral administration immediately after meals, 20 mg, the maximum daily dose is
20 mg; neurocognitive rehabilitation; supervision of a psychiatrist—narcologist at the place of residence.
Working with the patient’s immediate environment included determining the need for constant monitoring.
Recommendations on maintaining physical status are given: compliance with the diet, hygiene procedures,
daily walks. The issues of safety and the risks of incidents in everyday life when the patient is left unattended
were discussed. For example, she may leave home and get lost, turn on the gas, or take medication several
times due to a memory disor-der. In accordance with the recommendations of the World Health Organization,
special attention should be paid to the safety mea-sures of both the patient and his immediate environment
[10].

Discussion

The pathogenesis of Alzheimer’s disease is multicomponent. Accordingly, the treatment of the disease
includes a wide range of pharmacological agents that differ in their mechanism of action. Substitution therapy
aimed at overcoming neurotransmitter deficiency in various neural systems has been universally approved
and included in guidelines, clinical recommendations, and treatment protocols for Alzheimer’s disease and
Alzheimer’s dementia. Acetylcholinesterase inhibitors rivastigmine, donepezil and galantamine are mainly
used to overcome cholinergic insufficiency, the effectiveness and safety of which for Alzheimer’s sufferers



have been convincingly demonstrated in numerous domestic and for eign clinical studies. The main drug of the
glutamatergic strategy for the treatment of Alzheimer’s disease is memantine, which can cause neuroprotective
and positive symptomatic effects at the level of still preserved glutamatergic synapses [11, 12]. However,
these drugs provide a symptomatic effect and do not affect the progres-sion of the disease. Disease-modifying
therapy is under active development. An alternative approach to pharmacotherapy is the use of drugs that
mimic the effects of endogenous neurotrophic factors, such as Cerebrolysin, a peptide drug that affects various
mecha-nisms of the pathological cascade in Alzheimer’s disease.
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Figure 2: Delta, Theta and Alpha activity index maps - the result of computer processing of the background EEG in the
periodometric analysis mode.

The long-term history of the use of Cerebrolysin includes numerous clinical multicenter studies with a
pronounced positive effect at various stages of dementia development. It has been convincingly shown that
Cerebrolysin is safe and effective in the treatment of Alzheimer’s disease. Acting as a multipurpose peptidergic
drug with a neurotrophic mechanism of action, Cerebrolysin has a long-term therapeutic effect, which may
reflect its potential usefulness for modifying the disease even at the stages of moderate and severe dementia
[12-14]. There is evidence of the effectiveness of Cerebrolysin as monotherapy [15]. But this point has a
minimum of supporters. Combination therapy is considered to be a promising option at the present stage.
The good tolerability of Cerebrolysin and memantine, the proven safety and tolerability of their combined
use with cholinesterase inhibitors with potentiation of positive and reduction of negative effects allow us to
recommend the use of a combination of these groups of drugs in the treatment of Alzheimer’s disease [16,17].

Table 3: The results of the study of the content of CNS damage markers in the blood serum of patient K. before and after the
course of treatment with Cerebrolysin.

Marker Blood norm values, pg/ml Before treatment After treatment
AB42 8-10* 38 16,4
AB40 30-40* 59,8 61
Phosphorylated tau 8-10* 21 18
protein

Note*: values below and above the specified range are considered pathological.

A meta-analysis of randomized, double-blind, placebo-controlled trials showed that intravenous administration
of 30 ml/ day of Cerebrolysin to patients with mild to moderate Alzheimer’s disease demonstrates a combined
effect leading to global clinical changes and improved cognitive function. Cerebrolysin was significantly more
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effective than placebo in terms of cognitive function after 4 weeks (p=0.031) and 6 months (p=0.1710) of follow-
up, with respect to global clinical changes (p=0.0212 and p=0.0150, respec-tively) [13]. Neuropsychological
testing remains the most accessible tool for tracking cognitive function dynamics in patients with dementia
and Alzheimer’s disease. In the clinical case under con-sideration, the ADAS-cog+ and MMSE data clearly
correlated with the results of assessment of brain structural changes, the level of amyloid proteins AR40, AR42,
phosphorylated tau protein in blood serum, and data on the frequency-spatial distribution of brain bioelectric
activity. Minimally invasive methods are of particular importance for diagnosis and dynamic observation in
clinical practice: the study of neurodegeneration proteins in the blood, neurophysiological parameters.

The detection of pathological values of neurodegeneration markers in the blood of patients suffering from
dementia with Alzheimer’s disease is an established fact [18]. Most researchers identify two key processes
that determine the development and progression of Alzheimer’s disease: amyloidosis and neurodegener-ation
(tauopathy) [19]. According to the tau concept, the main causes of neurodegeneration are disorders in the
structure of neurons. They are associated with hyperphosphorylation of the microtubule binding protein (tau
protein). This leads to the collapse of intracellular transport, disruption of synaptic transmission and deposition
of neurofibrillary tangles in the parenchyma of the brain. According to the amyloid concept, the cause of
pathological processes in the central nervous system is the formation of “amyloid plagues” in the glia from
insoluble AR42 peptide and deposition of toxic AR40 pep-tide in the wall of cerebral vessels. In the presented
clinical case, the clinical effect in the form of some improvement in cognitive func-tions (improvement of
self-care skills, concentration of attention, speech) correlated with the positive dynamics of blood levels of
amyloids and phosphorylated tau protein.
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Figure 3: Background EEG of patient K. during repeated examination after the course of treatment with Cerebrolysin

Figure 4: delta, theta and alpha activity index maps - the result of computer processing of the background EEG in the
periodometric analysis mode.

According to contemporary neurophysiological researchers, computed electroencephalography (EEG) has
become an affordable method with high temporal resolution, the parameters of which demonstrate high
diagnostic value in Alzheimer’s disease [20]. Currently, EEG analysis of the bioelectric activity of the brain has
evolved from a method based solely on visual viewing to a quantitative one, significantly reducing the degree
of subjectivity. Literature data demonstrate that the EEG in Alzheimer’s disease is character-ized by high power
delta and theta rhythms, as well as low power alpha and/or beta rhythms in the occipital regions [21-23].



There is a correlation between the severity of dementia and the severity of changes in the EEG in the form
of a decrease in the frequency of the basic rhythm and an increase in the index of slow-wave activity [24].
Some authors suggest using a decrease in the theta activity index during dynamic monitoring as a predictor
of response to anticholinesterase therapy [25-26]. It has also been shown that the power spectrum of the
occipital alpha rhythm correlates with the cognitive status of patients measured using the ADAS-cog scale: the
lower the power of the alpha range, the worse the cognitive status [27]. In patient K. Under the influence of
Cerebrolysin therapy, there was a tendency to reduce pathological computer EEG pat-terns (Figures 2 and 4).
In general, the ADAS-cog+ test data improved, the alpha activity index increased, and the level of AR42 and
phosphorylated tau pro-tein decreased in patient K.

These results suggest that all of the listed markers of the ac-tivity of the pathological process can be used alone
or in combina-tion to examine patients with dementia in Alzheimer’s disease [26]. Along with neurocognitive
tests, the use of biomarkers is becoming an important part of clinical practice as new treatments are intro-
duced that alter the course of the disease.

Conclusion

Cerebrolysin used in the treatment of a patient suffering from dementia with Alzheimer’s disease during a
“Post-marketing obser-vational prospective study to evaluate the clinical outcomes and tol-erability of the
drug Cerebrolysin, solution for injection, ampoules of 5 ml, 10 ml and 20 ml, manufactured by EVER Neuro
Pharma GmbH, Austria, in patients with vascular dementia and dementia with Alzheimer’s disease”, had a
positive effect on cognitive status, the functional state of the central nervous system and the dynamics of
markers of neurodegeneration.

CASE SUMMARY

(Oﬁ Patient e 82 years e Alzheimer’s disease dementia

% Challenge e Moderate dementia with loss of daily living skills

% Treatment e Cerebrolysin 20 mL/day IV x 20 days

[]|]|]EI Outcome e ADAS-cog 61.3 -> 58.6 e Improved self-care and concentration

E Take Home Message

Cerebrolysin treatment was associated with improved cognitive and functional
status, including better self-care, attention, and speech, accompanied by changes
in biomarkers and neurophysiological parameters in a patient with moderate
Alzheimer’s dementia.
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Informed Consent

Written informed consent for publication of the clinical information and any accompanying images or other
potentially identifiable material was obtained from all patients described in this book or, where applicable,
from their legally authorized representatives. All case reports were prepared and presented in accordance with
applicable ethical principles and with appropriate measures to protect patient confidentiality and anonymity.
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