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ICTUS ISCHEMICO

Il flusso di sangue è bloccato
da un trombo o da un embolo

ICTUS EMORRAGICO

Il sangue fuoriesce dalla
rottura di un’arteria

E’ il danno cerebrale
causato dall’interruzione del
flusso di sangue al cervello per
chiusura o rottura di
un’arteria cerebrale



Annual age-adjusted incidence of first-ever stroke, by race.  Inpatient 
plus out-of-hospital ascertainment. 
(GCNKSS: 1993-94 and 1999). Source:(Stroke(2006.37.247322478.
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Aterotrombosi

Large vessel disease



SMALL-VESSEL DISEASE

• frequenti lesioni causate dall’occlusione di una singola arteria perforante profonda. 
• prognosi migliore degli altri ictus
• la maggior parte delle lacune si verifica nel territorio delle art. lenticolostriate e si     
ritiene siano spesso silenti; altre in punti strategici come la capsula interna o il ponte 
producono deficit neurologici estesi.

Diabete - Ipertensione



CARDIOEMBOLIC STROKE



THROMBOEMBOLIC STROKE



OTHER ETIOLOGY

! Prothrombotic States
! Dissections
! Arteritis
! Migraine/Vasospasm
! Drug Abuse
! CADASIL
! Many More



CRYPTOGENIC (Undetermined Etiology)

• Two or more causes identified
• Negative evaluation
• Incomplete evaluation

Nel 62% dei pazienti con stroke ischemico fra 15 e i 45 anni la 
causa è indeterminata. 
Leys D et al. Neurology 2002

Nonlacunar cerebral infarction without associated large-artery 
pathology, clinical heart disease, or chronic inflammatory, 

infectious or systemic illness 



Emorragia cerebrale

Intraparenchimale Subaracnoidea Infarcimento emorragico



Mortalità  a 30 giorni nei pazienti con stroke

Prevalenza ed incidenza
! 185.000 nuovi ictus per anno in Italia, di cui il 20% decede 
entro il primo mese ed il 30% sopravvive con esiti invalidanti.
! di questi 185.00, l’80% sono primi episodi pari a circa 
150.000, mentre il 20% sono recidive, pari a 35.000.
! 930.000 persone con pregresso stroke
! 10.000 casi/anno sotto i 54 anni



Disability)Post)Stroke)in)People)>)65)Years)at)6)Months

! 50% had some hemiparesis

! 30% were unable to walk without assistance

! 26% were dependent in the activity of daily living

! 19% had aphasia

! 35% had depressive symptoms

! 26% were institutionalized in a nursing home

! Up to 25% of patients who had a stroke can develop visual field 
loss



Laroche M et al, Joint Bone Spine, 2017 

Cytokine and growth factor involved in bone turnover and in 
calcified vascular plaque formation  

Molecular basis of bone and brain crosstalk

Otto E et al. Int J Mol Sci, 2020



Meta-analysis risk of incident stroke 
with decreasing bone mineral density 

in different patient group

Myint PK et al, Stroke 2014

Increased risk of stroke in the year 
after a hip fracture

Kang JH et al, Stroke 2011

1 SD decrease in BUA/VOS
17% increase in RR of stroke 



Common risk factor for Atherosclerotic Stroke and Osteoporosis  

Age
Hypertension
Alcohol intake
Smoking
Diabetes
Cardiovascular disease

Browner WS et al. Stroke, 1993



Tasso annuo di primo stroke per età e sesso 

Heart Disease and Stroke Statistics—2018 Update



Factors linking Hypertension and Osteoporosis

Do Carmo L and Harrison DG.
Med Novel Technology Device, 2020

Sympathetic tone
Vascular perturbations
Cytokines
Renin/angiotensin/aldosterone
Vitamin D

Increased Urinary Calcium Excretion

Caudarella R et al. J Clin Invest, 2009

The Role of Low Dairy Intake

Varenna M et al. Calcif Tissue Int, 2013



The relationship between plasma homocysteine levels and bone 
mineral density in post-menopausal women

Bucciarelli P et al, Eur J Int Med, 2010



Atrial fibrillation and risk of hip fracture: A population-based 
analysis of 113,600 individuals

Wong CX et al. Int J Cardiol, 2017



Long-term Warfarin therapy and biomarkers for osteoporosis and 
atherosclerosis

Namba S et al. BBA Clinical 4, 2015



Fracture risk among patients with atrial fibrillation receiving 
different oral anticoagulants: a real-world nationwide cohort study

Huang HK et al. Eur Heart, 2020



Ramnemark et al, Stroke, 2000 

Stroke, a mayor and increasing risk factor for femoral neck 
fracture

Proportion of previous stroke among patients 
with femoral neck fracture

Survival after femoral neck fracture in patients 
with and without previous stroke



Stroke increases the risk of hip fracture: a systematic review and 
meta-analysis

Luan L et al. Osteopor Int, 2016



Association between post-stroke disability and 5-year hip fracture 
risk: The Women’s Health Initiative

Cumulative risk of hip fracture

Northuis CA et al. J Stroke Cerebrovasc Dis, 2020



! Pre-existing osteoporosis

! Hemi-osteoporosis

! Propensity to fall

! Vitamin D deficiency

! Bone remodelling

Fractures after stroke



Low Bone Mass and Stroke

Poole KES et al. Osteoporos Int, 2005



Change in BMD % in the first year after stroke

Ramnemark A et al. Osteopor Int, 1999

Paretic side Nonparetic side



Exercise protects bone after stroke 

Jorgensen L et al, Osteoporos Int, 2000

Borschman K, Stroke Research and Treatment, 2012



Stroke rehabilitation is associated with a higher risk of fractures in 
older women 

Huang KU et al, Plos One, 2017 



Lower vitamin D status is associated with an increased risk of 
ischemic stroke

Zhou R et al., Nutrients, 2018



Role of vitamin D in the outcome of ischemic stroke 

Narashiman S et al., J Clin Diag Res, 2017
Huang H et al. 2016



Calcium intake and cardiovascular risk

Myung SK et al. Nutrients, 2021



Parathyroid hormone levels in the prediction of ischemic stroke

Celik G et al. Disease Markers,2017



Alterations in bone turnover markers in patients with noncardio-
embolic ischemic stroke

Mathold K te al. Plos One, 2018



Plasma FGF23 and the risk of stroke

Wright CB et al. Neurology, 2014



Lo scopo del nostro studio è stato quello di valutare le 
concentrazioni plasmatiche dei metaboliti ossei principali 

(25-OH vitamina D, PTH, FGF-23, sclerostina) in 
pazienti ospedalizzati per stroke e indagare le loro 

implicazioni nella severità della patologia. 

197 ictus ischemici 40 ictus emorragici

474 controlli







I nostri dati suggeriscono una possibile implicazione tra i 
livelli sierici di PTH e l’iperparatiroidismo secondario nella 
patogenesi, nel grado di disabilità e nella mortalità dell’ictus 
cerebri. 
Al contrario FGF-23 e sclerostina non sembrano correlare 
significativamente nè con la severità nè con la prognosi 
dell’evento cerebrovascolare.



Trattamento della Osteoporosi dopo un Ictus
! L’ictus è un fattore di rischio per l’osteoporosi, le cadute e le fratture
! I pazienti con ictus sono raramente valutati e trattati per la osteoporosi  

Ontario Stroke Registry
! 16581 stroke patients 
! 5.1% overall and 2.9% of those without prior testing underwent screening
! 15.5% overall and 3.2% of those not previously on treatment were treated





A Single Infusion of Zoledronate Prevents Bone Loss After Stroke

Poole K et al., Stroke, 2007



The effects of Zoledronic 
Acid on Serum Lipids 

Gozzetti A, Martini G, Calc Tissue Int, 2008 Lin SM, JCEM, 2018

Statin use is associated with 
decreased osteoporosis and 

fracture risk in stroke patient



Efficacy of bisphosphonates against hip fracture in elderly patients 
with Stroke e Parkinson Disease

Zhang W et al, J Stroke Cerebrovasc Dis, 2014



Terapia della osteoporosi nelle malattie neurologiche

! Terapia della malattia di base

! Programmi di riabilitazione (riduzione delle cadute)

! Supplementazione di calcio e vitamina D

! Farmacoterapia: bisfosfonati



RETRACTED





Terapia della osteoporosi nelle malattie neurologiche
Prevenzione secondaria o pazienti con Stroke acuto e Rankin scale > 3

! Terapia della malattia di base

! Programmi di riabilitazione (riduzione delle cadute)

! Supplementazione di calcio e vitamina D

! Farmacoterapia: 1° Bisfosfonati preferibilmente per via ev (Zoledronato)
2° Teriparatide
3° Denosumab



Terapia della osteoporosi nelle malattie neurologiche
Prevenzione primaria e stroke acuto con Rankin < 3

Fracture 
risk assessement

DEFRA

DXA 

Bone Mineral Density
High Risk

Treatment of osteoporosis

Adress lifestyle factor
Diet
Smoking cessation
Alcohol
Exercise

Secondary cause of  Ost
Vitamin D levels
Thyroid function tests
Renal and liver function tests
Exercise

Falls  risk assessement
Fall reduction strategies
OT home  assessement
Targeted physiotherapy
Visual assessement and  treatment
Falls education
Management of medical comorbidity
Medication  review

Repeat every 2 years

Low Risk

Medium-High Risk





Nuova nota AIFA 79 (30.03.2017)
Prevenzione secondaria in soggetti con pregresse fratture oteoporotiche

- vertebrali o di femore
- non vertebrali e non femorali

Prevenzione primaria in donne in melopausa o uomini di età >= 50 aa a rischio 
elevato di frattura a causa di almeno una delle cause sottoelencate:

- trattamento in atto o previsto per >3 mesi con prednisone >5 mg/die
- trattamento in corso di blocco ormonale in carcinoma mammario o 
carcinoma prostatico
T-score colonna e femore <= -4
T-score colonna o femore >= -3 + almeno una delle seguenti condizioni:

- familiarità per fratture di vertebre o femore
- comorbilità: artrite reumatoide e altre connettiviti, diabete, 
BPCO, BID, AIDS, Parkinson, Sclerosi multipla, grave 
disabilità motoria





J Orthop Traumatol 2017



Tomasevic-Todorovic S et al. Ann Ind Acad Neurol, 2016Tomasevic-Todorovic S et al. Ann Ind Acad Neurol, 2016



Role of BPs in modulation of factors which in turn 
affect neurological diseases including pro-
infiammatory cytokines, glial functions and 

neuroprotection

Zameer S et al, Pharmacological Reports, 2018



Efficacy of bisphosphonates against hip fracture in elderly patients 
with Stroke e Parkinson Disease

Zhang W et al, J Stroke Cerebrovasc Dis, 2014



Calcium intake and cardiovascular risk

Chung M et al. Ann Int Med, 2017 



The impact of rehabilitation frequencies in the first year after stroke 

Cheng Y-Y, J Stroke Cerebrovasc Dis, 2017



Case fatality rate

7-days 34.6%
30-days 50.3%
1-year 59.0%

Incidence and 10-year survival of intracerebral hemorrhage in a 
population-based registry

Survival rate

10-year 24.1%

Sacco S et al, Stroke, 2009



Terapia osteoporosi e malattie neurologiche
Ictus

Sclerosi multipla

Morbo di parkinson



Disability)Post)Stroke)in)People)>65)Years)at)
6)Months

! 50% had some hemiparesis
! 30% were unable to walk without assistance
! 26% were dependent in the activity of daily living
! 19% had aphasia
! 35% had depressive symptoms
! 26% were institutionalized in a nursing home

Heart Disease and Stroke Statistics. Circulation 2018 



Common Risk Factors for Stroke and Osteoporosis  

Age – Hypertension – Smoking – Alcohol Intake – Diabetes 

Moayyeri A et al, Arch Bioch Biophys, 2010 



Laroche M et al, Joint Bone Spine, 2017 

Cytokine and growth factor involved in bone turnover and in 
calcified vascular plaque formation  

Hypothalamic control of bone metabolism

Sharan K et al. 2014



Risk of hip/femur fracture and type of stroke

Pouwels S et al, Stroke, 2009



Calcium intake and serum calcium level on the risk of ischemic 
stroke: findings from REGARDS study

Dibaba DT et al. JOS, 2019



Low Bone Mass and Stroke



Bone density in patients treated with DOA versus Warfarin

Nalevaiko JZ et al. Bone, 2021



Calcium supplementation and risk of dementia in women with 
cerebrovascular disease

Kern J et al, Neurology, 2016



! All’ingresso in ospedale, i pazienti con ictus mostravano 
una maggiore prevalenza di ipovitaminosi D rispetto ai 
controlli, ed il 34,5% di loro aveva associato un 
iperparatiroidismo secondario.

! PTH, FGF-23 e sclerostina risultavano più elevati nei 
pazienti con ictus rispetto ai controlli.

RISULTATI



The impact of stroke on bone properties 

Yang FZ et al, Osteopor Int, 2020

Total volumetric bone mineral density (vBMD) (mh/cm3)

Bone strenght index (BSI, g2/cm4)



Age-Adjusted deaths rates for Coronary Heart Disease, Stroke, Lung 
and Breast Cancer (United States: 2012)

Heart Disease and Stroke Statistics. Circulation 2018

In Italia

E’ frequente: 170.000 pts/y
E’ grave: prima causa di disabilità

quarta causa di morte
seconda causa di demenza

E’ costoso: 4 miliardi di euro/y
4% della spesa sanitaria 



Proportion of patients dead after first stroke

Heart Disease and Stroke Statistics. Circulation 2018 

within 5 yearswithin 1 years


