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Abstract. The mechanisms of perinatal stroke are poorly understood but preclinical studies point to the crucial role of
perinatal inflammation. Carotid artery occlusion represents a very rare and severe cause of perinatal stroke. We describe two
cases diagnosed with extensive ischemic stroke due to carotid artery occlusion. In both cases, we demonstrated placental
vasculopathy. High levels of C-reactive protein in mother and/or neonates suggested inflammatory mechanism as a potential
trigger. Both cases underwent hypothermic treatment without complications because of initial diagnosis of perinatal asphyxia.
The prognosis at the time of the last follow up was severe including cerebral palsy, epilepsy and cognitive impairment. Our
cases contribute to the actual debate on pathogenic mechanisms and treatment options for this rare condition.
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1. Introduction20

Perinatal arterial ischemic stroke includes a vari-21

ety of conditions in which blood flow disruption in a22

cerebral artery, occurring between 20 weeks of fetal23

life and 28 days of postnatal life, damages a focal24

area of cerebral tissue [1]. Clinical signs occurring25

in the neonatal period with MRI evidence of acute26

stroke [2, 3] define neonatal arterial ischemic stroke27

(NAIS). NAIS must be distinguished from presumed28

perinatal arterial ischemic stroke in which clini-29

cal manifestations present after the neonatal period30
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(usually motor asymmetry after few months of life) 31

and which is associated to brain imaging evidence of 32

remote infarction, which could have occurred in the 33

perinatal period [4]. 34

Carotid artery occlusion is a very rare and severe 35

cause of NAIS, less than 20 cases have been reported 36

so far, representing 0.5% of all documented causes 37

[5–16]. The clinical presentation can be nonspecific 38

with early seizures within a general clinical picture of 39

encephalopathy [17]. Thus, encephalopathy resulting 40

from large vessel occlusion and massive hemispheric 41

ischemia can be misdiagnosed as hypoxic ischemic 42

encephalopathy [18]. Moreover, birth asphyxia is a 43

risk factor for perinatal stroke and the two conditions 44

may coexist. Nowadays neonates fulfilling criteria 45

of post asphyxia encephalopathy undergo hypother- 46

mic treatment, but hypothermia is not at present 47
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recommended for perinatal stroke. In the literature,48

there is no clear consensus on the best treatment for49

NAIS; possible options such as antithrombotic ther-50

apy and therapeutic hypothermia are at present not51

included in the International Guidelines [19]. How-52

ever, the adult literature discusses on their use in53

severe cases such as large and/or multiple embolic54

strokes in the setting of extra cerebral large vessels55

thrombosis [20].56

The mechanisms of NAIS have been consid-57

ered multifactorial but recently research pointed58

to systemic and local inflammation as fundamen-59

tal independent risk factors [21–23]. These results60

have important implications for the management of61

patients, since infection and inflammation could be62

the target of neuroprotective treatments.63

The aim of the present study was to contribute to64

the to the actual debate on pathogenesis and treat-65

ment options for NAIS by reporting on maternal66

and perinatal risk factors and long-term outcome of67

two neonates with carotid artery occlusion who were68

treated with hypothermia.69

2. Methods70

Out of a population of 104 neonates enrolled in the71

neonatal intensive care unit of the University Hospital72

of Padua for hypothermic treatment between Febru-73

ary 2009 and December 2016, two suffered from74

carotid artery occlusion and stroke. Maternal and75

neonatal data, placental histology and brain and arte-76

rial MRI data were collected. Our institutional criteria77

of enrollment for hypothermia have been previously78

described. The follow-up program for neonates man-79

aged with hypothermia at our Institution includes80

neurological examination at 1, 3, 6, 9, 12, 18, 24, 3681

months, and at 4 and 5 years of age and also standard-82

ized assessment of development with the Griffiths83

Mental Development Scales.84

The coagulation panel adopted at our institution85

includes: prothrombin time, partial thromboplastin86

time, protein S activity and antigen, protein C activ-87

ity and antigen, APC sensitivity ratio, Leiden factor88

V◦ mutation, prothrombin gene mutation G20210A,89

coagulation factors II-VIII-IX-XI, fibrinogen, plas-90

minogen activator, plasminogen activator inhibitor,91

anti-cardiolipin antibodies (IgG and IgM), anti beta292

glycoprotein 1 antibodies (IgG and IgM).93

The hospital ethical committee approved the retro-94

spective review of the clinical records, imaging and95

cognitive data for this study.96

3. Case summary 97

3.1. Case 1 98

A female infant was born at 40+4 weeks in a 99

first level hospital, following an uneventful preg- 100

nancy. She underwent emergency cesarian section 101

due to dynamic dystocia and a pathological cardio- 102

tocographic tracing. Birthweight was 2900 g (10th 103

centile), length 52 cm (50th centile) and head circum- 104

ference 35 cm (50th centile). Apgar scores were 6-7-7 105

(1’–5’–10’). She needed positive pressure ventila- 106

tion with laryngeal mask for respiratory depression at 107

birth. Funicular pH was 7.01 and BE -16.2. Troponin 108

level was 0,29 ug/l (normal values 0–0,045). She 109

developed moderate encephalopathy (Sarnat score 2). 110

At three hours of life, she developed focal seizures. 111

Phenobarbital was started with good seizure con- 112

trol. She also had a high temperature (CT 38.2◦C) 113

from the first day of life and persistently elevated 114

level of C-reactive protein (14,2 mg/dl at birth and 115

21,2 mg/dl at 24 hours). Her platelet count was 116

100.000 m3; she was treated with antibiotics. Hemo- 117

culture was negative. She was promptly transferred to 118

a central hospital where therapeutic hypothermia was 119

started at 5:30 hours of life. Cranial ultrasounds on 120

the first day of life showed diffuse hyperechogenic- 121

ity on the right hemisphere and median line shift 122

to the left. Brain CT scan revealed an extensive 123

ischemic area in the right hemisphere, involving 124

anterior and middle cerebral artery territories, and 125

showed a marked cerebral regions shift to the left; a 126

thrombus in the right carotid artery was also identi- 127

fied. Magnetic resonance imaging (MRI) performed 128

on the same day confirmed the extensive stroke 129

involving the right hemisphere, sparing the occip- 130

ital areas and showed brain swelling resulting in 131

an 8 mm shift to the left of the median cerebral 132

regions. The intracranial tract of the right internal 133

carotid artery was poorly visualized on magnetic 134

resonance angiography. Diffusion-weighted imaging 135

revealed Wallerian degeneration of the corticospinal 136

tract along the brainstem, suggesting prenatal vascu- 137

lar insult (Fig. 1). Supra-aortic vessels echo Doppler, 138

performed on day 2, revealed internal right carotid 139

artery occlusion just after its origin, with preserva- 140

tion of the right subclavian and anonymous artery. 141

Supra-aortic vessels echo doppler and T1W fat- 142

sat sequence on day 6 MRI showed an unchanged 143

thrombosis of the right internal carotid with no 144

evidence of carotid wall dissection. Coagulation 145

studies showed reduced levels of protein C and 146
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Fig. 1. Hemispheric ischemic area with no recanalization of right internal carotid artery. Legend: A) Diffusion weighted images one day after
birth showing hyperintensity of the right hemisphere consistent with ischemia. The right thalamus (black arrowheads) and the right cerebral
peduncle (not shown) are also hyperintense suggesting that the stroke was recent but not hyperacute (prenatal stroke?). B) Axial T2-weighted
images at the age of 2 months showing the evolution of the ischemic regions of the right hemisphere into diffuse encephalomalacia and atrophic
right thalamus. C) MR angiography at the age of 2 months showing the persisting absence of the right internal carotid artery (short arrows)
and the narrowing of the right posterior cerebral artery (arrowhead) due to decreased metabolism (the same artery was pseudo-hypertrophic
during the acute phase because of compensatory activation, not shown).

protein S, subsequently normalized at the age of147

10 months.148

The histological examination of the placenta149

showed a thrombotic process of the fetal vessels.150

Laboratory tests performed on maternal blood were151

unremarkable except for an elevated level of C-152

reactive protein (78.99 mg/L) and a high level of153

anti-cardiolipin antibodies (IgG 22.44 GPL, normal154

values <15.00).155

MRI follow-up at 2 and 15 months of age showed156

the expected evolution of the hemispheric ischemic157

area with no recanalization of the right internal158

carotid artery (Fig. 1).159

At 15 months, there was an additional evolution of160

the ischemic lesion involving the right hemisphere,161

sparing the thalamus and part of the occipital and162

temporal lobes. The right internal carotid artery as163

well as the anterior and middle right cerebral arteries164

had not re-canalized (images not shown).165

At one year, the developmental assessment with166

the Griffiths Mental Development Scales indicated167

impairment (<3◦ percentile) in all subscales (locomo-168

tors, personal-social, hearing and language, eye-hand 169

co-ordination and performance). Motor functions 170

were the most impaired, with impact on the mat- 171

uration of all other functions. Language repertoire 172

was poor, the visual contact was rare and interaction 173

abilities were impaired. The child developed focal 174

epilepsy at the age of 3 years, well controlled by 175

carbamazepine. 176

At 4 years, the neurological examination revealed 177

bilateral spastic cerebral palsy with a more severe 178

impairment of the left side, cognitive deficit, strabis- 179

mus and low vision. 180

3.2. Case 2 181

A female infant born at 38+4 weeks by Cesarean 182

section due to pathological cardio-tocographic trac- 183

ing. Pregnancy elapsed with intrauterine growth 184

restriction from 34th week gestation. Birth weight 185

was 2730 gr (10th centile), length was 47 cm (10th 186

centile) and head circumference was 33.5 (10–25th 187

centile). Apgar scores were 5–8–8 (1’–5’–10’). 188
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Funicular pH was 6.94, EB -19.6 mmol/L. At189

birth, she presented hypotonia, apnea and cyanotics,190

and required resuscitation with endotracheal suc-191

tion of stained amniotic fluid. She had moderate192

grade encephalopathy (Sarnat score 2). Therapeutic193

hypothermia begun at 4:30 hours of life. The troponin194

level on day 1 was high (0.451 ug/L), but returned195

to normal range on day 3. The electrocardiogram196

showed signs of transient myocardial ischemia. There197

was an increased level of C-reactive protein (19 mg/L198

at birth, increased at 40 mg/L at 24 hours of life) for199

which she received antibiotic therapy. Hemoculture200

was negative. During the first day of life the electroen-201

cephalographic monitoring showed electrical seizure202

patterns both in left temporal regions and, indepen-203

dently, in right occipital regions, with absent or subtle204

clinical correlate. She received phenobarbital treat-205

ment and seizures ceased. Transcranial ultrasounds206

performed on day 1 showed periventricular hypere-207

chogenicity, particularly in the parietal region. The208

MRI performed on day 2 showed multiple strokes:209

a large left hemisphere ischemia involving both the210

middle and anterior cerebral territories and other 211

ischemic lesions in the territories of right middle 212

cerebral artery. Willis circle study showed extra and 213

intra-cranial occlusion of the left internal carotid, 214

stenosis of the right posterior cerebral artery and, to 215

a lesser extent, of the right sylvian branches (Fig. 2). 216

The coagulation panel was normal for gestational 217

age. The placenta was small and showed various 218

wide, white areas, suggesting ischemic origin. Coag- 219

ulation studies performed on maternal blood showed 220

increased levels of IX factor, XI activity, fibrinogen 221

and plasminogen activity, while lupus anticoagulant, 222

antinuclear and anti-phospholipid antibodies were 223

negative. 224

The MRI follow-up at 22 days of life showed 225

regular evolution of the ischemic areas. Magnetic res- 226

onance angiography revealed initial re-canalization 227

of intracranial left internal carotid. Clinical follow up 228

at one year of age using the developmental assessment 229

with Griffiths Mental Development Scales showed 230

impairments (<3◦ percentile) in 4/5 subscales (loco- 231

motors, personal-social, eye-hand co-ordination and 232

Fig. 2. Extra and intra-cranial occlusion of the left internal carotid, stenosis of right posterior cerebral artery and, in lesser extent, of the
right sylvian branches. Legend: A) Axial diffusion weighted images at the age of 2 days showing acute ischemia in the left hemisphere
(temporal-mesial and basal occipital lobes were partially spared, not shown); note the concomitant ischemia in the contralateral occipital lobe;
a further small acute ischemia was observed in the right inferior parietal lobule in the supply territory of the middle cerebral artery, not shown,
suggesting a multi embolic pathogenesis. B) Axial T2-weighted images at the age of 12 days showing the evolution into encephalomalacia
of the ischemic regions. C) MR angiography at the age of 2 days showing the occlusion of the left internal carotid artery; note the pseudo-
hypertrophy of the left intracranial arteries, more evident at the level of the middle cerebral artery branches (∗). Note also the distal occlusion
of the right posterior cerebral artery (arrowhead), consistent with a multi embolic pathogenesis.
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performance), while linguistic abilities were ade-233

quate. Motor was the most affected function; all234

non-motor functions where motor disabilities could235

have an interference on the tests were also slightly236

involved but, with good interaction abilities. At 2237

years of age, Griffiths Mental Development Scales238

showed an adequate development of linguistic and239

personal/social abilities. Motor functions persisted in240

being severely impaired (<3◦ percentile) due to right241

hemiparesis.242

At 4 years, clinical examination revealed unilateral243

spastic cerebral palsy (right hemiplegia), cognitive244

impairment and difficulties in modulation of emo-245

tional states.246

4. Discussion247

The two cases of neonatal arterial ischemic stroke248

reported in the present study occurred because249

of fetal-placental thromboembolic events associated250

with carotid artery occlusion, a rare but severe cause251

of neonatal arterial ischemic stroke. Perinatal inflam-252

mation, probably induced by infection was a common253

mechanism in both cases. Indeed, they had persis-254

tently an elevated level of c-reactive protein and255

underwent antibiotic treatment; case 1 had also fever256

and her mother had elevated level of C-reactive257

protein.258

Both cases had evidence of maternal hypercoag-259

ulable status. The mother of case 1 had high levels260

of anti-cardiolipin antibodies. The mother of case261

2 had increased levels of IX factor, XI activity,262

and fibrinogen and plasminogen activity. Follow-up263

studies were not performed precluding the possibil-264

ity of confirming a permanent thrombophilia status.265

Moreover, in both cases histological examination of266

the placenta showed thrombotic/ischemic changes267

suggesting placental vasculopathy. MRI evidence268

of Wallerian degeneration of the corticospinal tract269

along the brainstem suggested a prenatal vascu-270

lar insult in case 1 while pregnancy elapsed with271

intrauterine growth restriction from 34th week in272

case 2.273

Other etiologies specifically implicated in the274

occlusion of large extracranial vessels such as the275

internal carotid artery, were ruled out in our patients.276

Traumatic dissection of the internal carotid artery,277

can occur secondary to traumatic events during deliv-278

ery, particularly in the case of fetal macrosomia and279

shoulder dystocia [5, 9]. In rare cases, spontaneous280

carotid artery dissection may be an intrinsic fetal281

and placental vascular disease. Both our cases under- 282

went cesarean section. In the case with emergency 283

cesarean section and dynamic dystocia, brain MRI 284

and magnetic resonance angiography investigations 285

did not detect signs of traumatic injury to the carotid 286

artery wall. They did not have fetal subarachnoid and 287

intraventricular hemorrhage therefore other causes of 288

carotid artery occlusion such as vascular spasms were 289

unlikely [11]. 290

In view of new treatment strategies, it is important 291

to understand causative events underlying peri- 292

natal stroke. The hypothesis of a multifactorial 293

etiology involving maternal, placental, fetal and 294

neonatal risk factors is at present a major focus 295

of research [5]. The most recent evidence, how- 296

ever, points to maternal-fetal inflammation as the 297

single most important independent mechanism of 298

NAIS [20]. Infection/inflammation can explain the 299

co-occurrence of other important risk factors for 300

stroke. Indeed, birth asphyxia, is also a powerful 301

inducer of sterile inflammation and inflammation has 302

a pro-coagulant effect. Our two cases of perinatal 303

arterial ischemic stroke from carotid occlusion con- 304

firm the role of pre/perinatal inflammation, within a 305

multifactorial etiology. We searched and found signs 306

of inflammation even in the case with absent fever as 307

well as additional risk factors such as maternal throm- 308

bophilia, placental vascular pathology and hypoxic 309

ischemic encephalopathy. 310

One other interesting feature of the present study 311

is that we recruited our two cases from a prospec- 312

tive single center cohort of patients, fulfilling criteria 313

for therapeutic hypothermia; they constituted about 314

2 % of the total population of patients recruited. 315

Both of them had a combination of carotid artery 316

stroke, depression at birth with metabolic acido- 317

sis and encephalopathy. In the first hours of life, 318

the diagnosis of hypoxic ischemic encephalopa- 319

thy was hypothesized, making them eligible for 320

hypothermic treatment. This treatment is not at 321

present recommended for perinatal stroke; how- 322

ever, the clinician’s decision after the diagnosis of 323

stroke was to continue the treatment, monitoring 324

closely all possible side effects. We could not prove 325

possible benefits; however, therapy was without 326

complications. 327

Perinatal stroke in the context of carotid artery 328

occlusion represents the most severe type of arte- 329

rial ischemic stroke occurring in the perinatal period. 330

Prognosis is worse than other types of NAIS [5]. 331

Accordingly, both our cases developed cerebral palsy. 332

Moreover, in both cases re-canalization of affected 333
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arteries did not occur. Treatment of perinatal stroke334

is a challenge for clinicians. The main issue in stroke335

management is to preserve brain tissue by restor-336

ing cerebral blood flow; the treatment of choice in337

adults is systemic thrombolysis with tissue plasmino-338

gen activator, in a 3- to 4.5-hour time window. In339

children and even more in neonates, there is no340

consensus on both intravenous thrombolysis as well341

as endovascular therapy of arterial stroke, because342

of the substantial lack of data on efficacy and343

safety [25].344

Furthermore, in neonates, timing is a crucial issue345

considering that stroke often occurs before birth,346

as in our cases, hindering any acute strategy. In347

addition, International Guidelines for treatment of348

perinatal arterial ischemic stroke do not recom-349

mend anticoagulation in arterial stroke [26]. Even if350

stroke recurrence is negligible in NAIS, neonates may351

undergo thrombus propagation particularly when352

spontaneous recanalization does not occur in the first353

week of life. Anticoagulation therapy was recently354

introduced in neonatal cerebral sinovenous throm-355

bosis [26], to prevent thrombus propagation, but not356

in arterial ischemic stroke. Considering the outcome357

severity and the lack of recanalization of occluded358

vessels in our patients, we question if antithrom-359

botic therapy could have been of benefit. Indeed,360

our cases confirm that NAIS subtypes have different361

prognosis. Stroke subtype should guide a decision-362

making tailored to the patient. In conditions with363

the worst prognosis, such as carotid artery occlusion,364

particularly when recanalization does not occur, or365

thrombosis progresses, anticoagulation could be an366

option.367

5. Conclusions368

Our study points to the importance of searching for369

carotid artery thrombosis in the work up of perinatal370

stroke, particularly when atypical presentation and/or371

multiple vascular territories are involved. Informa-372

tion on placental pathology as well as on maternal373

thrombophilia must be part of the routine workup.374

Perinatal inflammation must also be appreciated both375

in mothers before birth and in neonates, because376

of its importance in pathogenesis and of its impli-377

cations for prevention and management. The poor378

long-term prognosis in perinatal stroke due to carotid379

artery occlusion prompts further research efforts, to380

evaluate treatment strategies that could improve the381

outcome.382
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[23] Fernández-López D, Natarajan N, Ashwal S, Vexler 477

ZS. Mechanisms of perinatal arterial ischemic stroke. 478

J Cereb Blood Flow Metab. 2014;34(6):921-32. doi: 479

10.1038/jcbfm.2014.41 480

[24] Griffiths R. The Griffiths Mental Development Scales 481

from birth to two years. Henley: The test Agency Limited, 482

1996. 483

[25] Kepplinger J, Barlinn K, Deckert S, Scheibe M, Bodechtel 484

U, Schmitt J. Safety and efficacy of thrombolysis in tele- 485

stroke: A systematic review and meta-analysis. Neurology. 486

2016;87(13):1344-51. 487

[26] Lansberg MG, O’Donnell MJ, Khatri P, et al. Antithrom- 488

botic and thrombolytic therapy for ischemic stroke: 489

Antithrombotic therapy and prevention of thrombosis. 9th 490

ed: American College of Chest Physicians Evidence-Based 491

Clinical Practice Guidelines. Chest. 2012;141(2):e601S- 492

36S. doi: 10.1378/chest.11-2302 493


