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Abstract

The etiologic diagnosis of cerebrovascular diseases
requires non-routine complementary examinations to be
performed. Thus, in specific cases, after neuroimaging
(computed tomography/magnetic resonance imaging
cerebral scan sequences) and neurosonology (Doppler
test of the supra-aortic trunks, transcranial echography
and echocardiography), which academically allow us to
classify the patients according to their etiologic stroke
subtype, further examinations must be used to make a
correct etiologic diagnostic. The present review aims to
update knowledge about the usefulness of the different
tests of blood and urine, plain chest radiography, X-ray
of the spine, skull and abdomen, lumbar puncture,
electroencephalography, evoked potentials, polysomno-
graphy, and pathologic examination after biopsy of the
artery, skin, muscles, nerves, meninges, and brain,
in the management of patients who have suffered an
acute stroke.

Key words: Complementary examinations; Cerebrovas-
cular disorders; Acute stroke; Diagnostic techniques;
Blood biochemistry; Polysomnography

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In selected cases of acute stroke, some com-
plementary examinations (different from neuroimag-
ing, neurosonology and cardiac tests) are needed for
the adequate etiological diagnosis. For example, the
polysomnographic study allows for the diagnosis of
respiratory sleep disorders; urinalysis may rule out the
presence of toxins related to stroke; the analysis of the
cerebrospinal fluid eliminates the possibility of an infection
or an inflammatory process of the central nervous system
and the artery biopsy lets you diagnose inflammatory
arteritis. The knowledge of the diagnostic performance of
these complementary examinations, which are sometimes
true diagnostic tests, is very useful in the daily clinical
practice of stroke patients.
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INTRODUCTION

In patients presenting with acute stroke, a thorough
medical history and complete neurological and physical
examination should be performed, in order to initiate
the diagnostic process. This diagnostic work includes
syndromic diagnosis, nosological, etiological and path-
ophysiological background, and differential diagnosis.

Complementary examinations are all those explora-
tions requested by the clinician or specialist providing
care for the stroke patient. These examinations, rarely
performed by the dlinician, require more or less sophisti-
cated tools which in turn demand highly specialization in
their use or interpretation.

The prescription of a complementary examination in
the management of acute stroke must comply, on the
part of the clinician requesting it, a series of conditions:
(1) know what possible information about diagnostic
or therapy will provide us, and therefore, which are its
indications. This information is fundamental because
complementary examinations should only be requested
when their results had the possibility to modify the
diagnostic or therapeutic attitude towards the patient;
(2) know the sensitivity and specificity of the requested
examination. Sensitivity or positive predictive value is
the probability of obtaining a positive result in a person
with the disease under study. The specificity or negative
predictive value is the probability of obtaining a negative
result in a person who does not have the disease under
study; (3) know the right time to order; (4) know the
possible contraindications; and (5) inform the patient
about the exploration and why it is necessary, obtaining
the informed consent.

In this review we will examine the following comple-
mentary explorations: (1) blood biochemistry: general,
toxicology, endocrinological study, immunological study;
(2) microbiology and serology; (3) genetic study; (4)
urine test; (5) lumbar puncture: cerebrospinal fluid;
(6) plain radiography: thorax, spine, skull, abdomen;
(7) electroencephalogram; (8) evoked potentials; (9)
polysomnography; (10) neuropsychological study; and
(11) pathological study: Biopsies: Artery, skin, muscular,
nerve, meningeal, and cerebral.

Neuroimaging, neurosonology and hematological
explorations are not analyzed in this review.

BLOOD BIOCHEMISTRY

Blood electrolytes: Sodium, potassium, calcium and
phosphorus™
These tests are useful in patient requiring intravenous
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fluid therapy. They are also necessary to diagnose
hypokalemia secondary to diuretic therapy. Hypona-
tremia may cause fluctuating focal neurological deficits,
and simulate stroke or transient ischemic attacks.
The cause of these neurological deficits is unclear, but
it has been suggested that such metabolic disorders
could unmask previously existing areas of clinically
silent cerebral ischemia. In a recent clinical study
hyponatremia occurred in 43% of stroke patients, 6%
had hypernatremia, and 4% had both. Cerebral salt
wasting was the most common cause of hyponatremia
in stroke patients. Exceptionally, hypoparathyroidism
and hyperparathyroidism, by variations of calcemia,
can cause focal neurological deficits similar to those
of stroke. True cerebral infarcts due to hypercalcemia
secondary to persistent arterial vasospasm have also
been described.

Glucose tests™”

Glucose and glycosylated hemoglobin levels are the
primary indicators of effective metabolic control of those
patients diagnosed with diabetes. An analysis of glucose
is required for the diagnosis of diabetes mellitus, one
of the most common cerebrovascular risk factors
in all types of stroke, but especially in lacunar and
atherothrombotic infarctions.

Hyperglycemia in the onset of cerebrovascular dis-
eases may cause larger lesions and a worse prognosis
due to its harmful effect on the area of ischemic penum-
bra. Irrespective of other adverse prognostic factors -
including advanced age, type and severity of stroke, and
irreversible neurological deficit, hyperglycemia above 8
mmol/L is associated with an increased mortality and
morbidity after acute stroke. Hyperglycemia may also
be the answer to a serious brain injury. Decompensated
hyperglycemic hyperosmolarity may cause a reduced
cerebral flow, leading to focal epilepsy and even cerebral
ischemia.

Likewise, in 2.4% of cases hypoglycemia may
produce diverse clinical features, ranging from hemi-
paresis to coma, mimicking and, exceptionally, leading
to cerebral infarction. The underlying pathophysiolo-
gical mechanism is not well known, but has been
ascribed to a selective neuronal vulnerability, to cerebral
arterial spasms, or to a clinically silent cerebrovascular
disease exposed by the hypoglycemia itself. Therefore,
hypoglycemic hemiplegia is exceptional, although it
should be borne in mind in diabetic patients with cerebral
infarction treated with either insulin or oral hypoglycemic
agents. In addition, hypoglycemia and hypoglycemic
hemiplegia can result in insulinoma. Hypoglycemia
may also result in permanent neurological damage if
prolonged, caused by hypoglycemic necrosis usually
affecting caudate nucleus, putamen, hippocampus and
periventricular level. Finally, hypoglycemia is also a rare
cause of non-valvular atrial fibrillation which is self-
limited and reverts to sinus rhythm when managing this
metabolic disorder.
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Creatinine™"?

It’s a valuable screening test in evaluating kidney
function. Normal serum creatinine levels allow us ruling
out renal failure while, on the other hand, increased
levels act as a marker for generalized vascular disease. In
patients with cerebral infarction, the presence of renal
dysfunction is usually indicative of the repercussion of
arteriosclerotic vascular disease on this target organ, or
even acts a marker of the severity or duration of arterial
hypertension, the main cerebrovascular risk factor.
Cholesterol and triglycerides™"
Hypercholesterolemia is a risk factor for cerebral
infarction, and may be a manifestation of thyroid
disease, hepatic or pancreatic dysfunction, diabetes,
and nephrotic syndrome. Hypertriglyceridemia (levels
greater than 150 mg/dL or 1.7 mmol/L) is also a risk
factor for coronary heart disease. Hyperlipidemias may
be graded according to the Fredrickson classification,
which is based on the pattern of lipoproteins on
electrophoresis. Cholesterol associated with high-
density lipoprotein (HDL-cholesterol) plays a protective
role in atherosclerosis. In contrast, cholesterol linked
to low density lipoproteins (LDL-cholesterol) favors the
atherogenic process. The risk of cerebral infarction is
greater in patients with low levels of HDL and elevated
levels of LDL-cholesterol: A decreased HDL/LDL or HDL
ratio per 100/total cholesterol.

Recent studies have demonstrated the protective
effect of statins, specifically on atherosclerotic plaques
regression, and its role as secondary prevention of
cerebral infarction in patients with ischemic heart disease
regardless of cholesterol figures. It is recommended to
maintain the following levels of cholesterol: LDL < 50
mg/dL (2.59 mmol/L), HDL > 35 mg/dL (0.91 mmol/L),
total cholesterol < 200 mg/dL and triglycerides < 200
mg/dL (2.26 mmol/L).

Total protein and proteinogram™*"”

A protein alteration may suggest the presence of a
hyperviscosity syndrome and guide physicians in the
diagnosis of systemic diseases causing cerebrovascular
pathology, such as collagen diseases, multiple myeloma,
and Waldenstrom’s macroglobulinemia.

For its part, malnutrition is associated to increased
risk for medical complications and mortality, mainly
related to a high risk of hospital acquired infections
(respiratory and urinary), decubitus ulcers, and longer
hospital stay; all this is possibly due to an alteration in
the immune function.

Furthermore, it has recently been reported that
serum albumin levels below 4.2 g/dL are associated with
increased mortality in patients with cerebral infarction.

Uric acid™"

The role of hyperuricemia and its possible association
with coronary, peripheral, and cerebral arteriosclerosis
is uncertain. Therefore, its relation to the pathogenesis

Roishidenge ~ WJCC | www.wjgnet.com

193

of cerebral vascular disease is controversial. However,
a recent study showed that intravenous administration
of uric acid may have a protective effect on cerebral
infarction since it appears to be effective in improving
the clinical prognosis of patients, possibly because of its
antioxidant properties.

Arterial blood gas test and pH™"

They may be helpful in the differential diagnosis
between a metabolic coma and a coma secondary
to acute cerebral vascular disease, and also in the
therapeutic management of patients with severe stroke
and renal, pulmonary or cardiac complications.
Toxicological study™**"

A toxicological study may be necessary in the diagnostic
evaluation of the unconscious patient. It may assist
in atypical intracranial hemorrhages, in subarachnoid
hemorrhages, and in identifying intoxicated patients
with amphetamines, sympathomimetics or cocaine,
which can cause hemorrhagic and ischemic strokes.
Thyroid hormones™"*

The determination of T3, T4 and TSH may be helpful
in young patients with non-valvular atrial fibrillation
and cardioembolic cerebral infarction, as well as in all
patients with suspected hyperfunction or hypofunction
of the thyroid gland.

Immunology”**!

Immunological studies (complement consumption, ANA,
ENA, anti-DNA antibodies, rheumatoid factor, LE cells,
cryoglobulins, circulating immune complexes, ANCA,
mainly) should be performed in selected patients when
regular diagnostic tests do not confirm the diagnosis of
stroke subtype.

Most autoimmune or connective diseases, as
systemic lupus erythematosus or vasculitis, may lead
to TIA or stroke, in both arterial or venous thrombosis
as well as subarachnoid or intracerebral hemorrhage,
those due to the rupture of the affected cerebral vessel.
As well, in addition to inflammatory arteritis, the ar-
terial hypertension due to renal failure or opportunistic
infections caused by immunosuppressive therapy may
also be the cause of stroke or hemorrhage in those
patients.

Table 1 shows the major antinuclear antibodies
associated with connective tissue diseases.

Other determinations™?”

Basal levels of lactic acid measurements are necessary
if mitochondrial disease is suspected. Since recently,
hyperhomocysteinemia proved to be a cerebrovascular
risk factor, homocysteine testing should be requested if
a patient if suspected of having hyperhomocysteinemia
or in patients with essential lacunar or non-lacunar
cerebral ischemia.

Table 2 shows hematological and biochemical
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Table 1 Antinuclear antibodies associated with connective
123]

tissue diseases

Table 2 Hematologic laboratory parameters that contraindicate
thrombolysis

Antinuclear antibodies

Native Anti-DNA SLE

Anti-histone Drug-induced SLE/SLE/RA /juvenile chronic
arthritis

Anti-RNP Mixed connective-tissue disease/SLE

Anti Sm SLE

Anti-Ro/SS-A Sjogren syndrome/SLE/neonatal lupus
Subacute cutaneous SLE/SLE related to
component deficiency

Anti-La/SS-B Sjogren syndrome/SLE

Anti-Scl-70 Diffuse scleroderma
Anticentromere Scleroderma (CREST syndrome)
Anti-Jol Polymyositis with interstitial pulmonary disease

Antinucleolar Scleroderma

SLE: Systemic lupus erythematosus; RA: Rheumatoid arthritis; CREST:
Calcinosis, Raynaud's phenomenon, Esophageal dysmotility, sclerodactyly,
and telangiectasia.

laboratory parameters that contraindicate the admini-
stration of intravenous thrombolytic treatment in the
acute phase of cerebral ischemia.

MICROBIOLOGY AND SEROLOGY""***"

Infections of the brain may be one of the etiologies
of cerebrovascular disease. In a recent study, brain
infections accounted for 15.7% of the consecutive
strokes of unusual etiology admitted to a neurology
department over a 10-year period. Stroke or transient
ischemic attack can be caused primarily by: Infectious
arteritis, chronic meningitis, acute bacterial meningitis,
viruses, certain helminthiasis, cat scratch disease, carotid
inflammation resulting from contiguous pharyngitis,
tonsillitis or lymphadenitis, and infective endocarditis.

General serological tests and blood cultures™*?*"

Bacterial, viral, fungal infections (mainly Cryptococcus,
Candida, Aspergillus or Mucor) or protozoa may affect
the central nervous system and result in cerebrovascular
disease, whose definitive etiological diagnosis requires
special culture media.

In the Mediterranean area, cerebrovascular disease
may be due to brucellosis, Mediterranean red button
fever, mycoplasma infection, neuroborreliosis or herpes
zoster infection, which is capable of causing periarterial
inflammation with concomitant thrombosis. In some
cases, bacterial meningitis, tuberculosis, leptospirosis,
malaria and certain helminthiases (neurotrichinosis,
cysticercosis and hydatidosis) may also cause cerebro-
vascular disease. In addition, stroke may be the pre-
senting feature of the acquired immunodeficiency
syndrome, and may be secondary to an opportunistic
infection of the central nervous system. Cerebral embo-
lism is the major neurological complication of infec-
tive endocarditis, and clinical examination provides a
presumptive diagnosis subsequently confirmed by the
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Platelet count < 100000

Glycaemia < 50 and/or > 400 mg/dL

Severe liver failure

Oral anticoagulants with INR > 1.7

Heparin treatment and ATTP > 1.5

Analytical parameters suspicious of acute pancreatitis

identification of the germ in serial blood cultures.

Serologic diagnosis for syphilis®***

The meningovascular lues should be included in the
differential etiological diagnosis of acute cerebrovascular
disease. Two general types are available for testing for
syphilis: Reaginic and treponemal. The former detect
nonspecific antibodies directed against treponemal
lipid antigens, and the most used are venereal disease
research laboratory (VDRL) and rapid plasma regain.
Treponemal tests, for their part, detect antibodies that
specifically target Treponema, and the most common
are: TPI (Treponema immobilization test), FTA-ABS (test
of fluorescent antibodies absorbed against Treponema)
and MHA-TP (Treponema microhemagglutination).
Non-specific tests can produce false positives, but not
the treponemal, although they will remain positive
throughout life.

Because meningovascular syphilis continues to be “the
great imitator”, some authors recommend the routine
practice of serological tests for syphilis in all patients with
acute stroke. Other authors, however, suggest restrict
them to those patients with cerebrovascular disease
and absence of risk factors, high risk of seropositivity or
atypical clinical course. Although positivity of serological
tests for syphilis in the peripheral blood indicates the
presence of meningovascular lues, positive cerebrospinal
fluid is essential to provide definitive etiological con-
firmation, thus making it a highly specific diagnostic
marker for the disease.

GENETIC TESTING*®

The genetic testing should be considered in those
patients who present evidence of a suspected genetic
condition of the cerebrovascular disease. Consideration
will be given to the study of clotting disorders that can
cause thrombophilia (protein S and protein deficiency,
Factor V Leyden mutation and prothrombin gene
mutation).

Eligible patients for genetic testing should have:
(1) younger age than usual (< 50 years old); (2)
family history (most especially affecting first-degree
relatives and at younger ages) of ischemic heart
disease, pulmonary thromboembolism/deep venous
thrombosis, recurrent pregnancy loss, and peripheral
arteriopathy; (3) absence of cardiovascular risk factors
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Table 3 Classification for genetic disorders associated with ischemic stroke

[351

Coagulation related genes Genetic pattern Inheritance Gene
Congenital deficiencies of clotting factors
Antithrombin IIT Monogenic AD 1923-25
Protein C Monogenic AD/AR 2q13-14
Protein S Monogenic AD 3p11.1-q11.2
Heparin cofactor II Monogenic AD 22q11
Factor VII Monogenic AR 13934
Factor XII Monogenic AR 5q33-ter
Elevated factor VIII Monogenic ? Xq28
Plasminogen Monogenic AD 6p26
Plasminogen activators Monogenic AD 8p12
Polymorphism of clotting factors
Factor V leiden (G1619A) Polymorphism Mutation increases risk 1923
Prothrombin G20210A Polymorphism Mutation increases risk 11p11q12
Sickle-cell disease Monogenic AR Mutation A—T, Glu6Val in beta
chain of hemoglobin 11p15.5
Connective tissue disorders
Ehlers-Danlos type IV syndrome Monogenic (genetic AD Mutations Collagen gene type III
heterogeneity) (COL3 A1) 2431
Marfan syndrome Polygenic AD Gene fibrillin-1 1521.1
AD 3p24.2-p25
Pseudoxanthoma elasticum Polygenic AR & AD 16p13.1?
Neurofibromatosis type I Monogenic (genetic AD 17q11.2
heterogeneity)
Tuberous sclerosis Polygenic AD TSC1 9934
AD TSC2 16p13
AD TSC3 and TSC4 ?
Vasculopathies
Fibromuscular dysplasia Polygenic? AD? ?
Moya-moya disease Polygenic AD/AR? 3p24.2-p26
CADASIL Monogenic AD/AR? 17925
AD Notch3, 19p12
Metabolic diseases
Homocystinuria Monogenic (genetic AR More frequent
heterogeneity) Cystathionine-beta-synthase
21422.3
Methylenetetrahydrofolate reductase Monogenic AR 1p36.3
Fabry disease Monogenic X-link R GLA Xq21.3-22
MELAS mitochondrial

Genes and diabetes mellitus, arterial hypertension,
dyslipidemia
Genes and myocardiopathy, myxoma and familial arrhythmia

Variable (genetic
heterogeneity)
Variable (genetic

heterogeneity)

AD: Autosomal dominant; AR: Autosomal recessive; X-link R: Sex linked recessive; ?: Unknown.

(or risk factors unrelated to cerebrovascular disease); (4)
complete cardiovascular study without evidences that
can explain cerebrovascular disease; (5) concomitant
neurological entities (epilepsy in MELAS syndrome,
dementia and migraine in CADASIL); (6) concomitant
non-neurological diseases (ischemic heart disease,
pulmonary thromboembolism/deep venous thrombosis,
pregnancy loss, peripheral arteriopathy); (7) atypical
radiological pattern (in MELAS syndrome) or multiple
silent ischemic lesions in young adult (CADASIL, Fabry
disease); (8) characteristic morphologic phenotype
(in Marfan syndrome, Ehlers-Danlos); (9) skin lesions
(angiokeratoma in Fabry disease, telangiectasia in
Rendu-Osler-Weber disease); and (10) alterations in
coagulation times (in hereditary hemostatic disorders).

Table 3 shows the main genetic disorders associated
with ischemic stroke and Table 4 those related to
hemorrhagic strokes.
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URINE TESTS

Biochemical testing of urine”™**!
In patients with cerebrovascular disease is recommended
to perform a biochemical analysis of urine.

Albumin: The presence of albumin may indicate
nephropathy, and also Bence Jones proteinuria which
may cause hyperviscosity syndrome. Albumin is usually
associated with nephritic syndrome that can lead to a
prothrombotic state.

Catecholamines and metabolites: Tests of cate-
cholamines and their metabolites (free urinary
catecholamines, urine metanephrines and vanillylman-
delic acid) in 24-h urine may be useful in case of
suspected hypertensive emergency secondary to
pheochromocytoma.
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Table 4 Classification for genetic disorders associated with hemorrhagic stroke

[351

Coagulation Genetic pattern Inheritance Gene
Congenital deficiencies of clotting factors
Factor VIII Monogenic X-link R Xq28
Factor IX Monogenic X-link R Xq27.1-q27.2
Factor XIII Monogenic AR 6p25-p24
Factor VII Monogenic AR 13934
Factor X Monogenic AR 3934
Factor XI Monogenic AR 4g35
Afibrinogenemia Monogenic AR 44928
Polymorphism of clotting factors 1423
Factor V Leiden (G1619A) Polymorphism
Factor XIII Val34Leu Polymorphism 6p25-p24
Factor XIII Tyr204Phe Polymorphism 6p25-p24
Factor XIII Pro564Leu Polymorphism 6p25-p24
Factor VII-323Del/Ins Polymorphism 13934
PAI-14G/5G Polymorphism 7q21.3-q22
Platelet disorders
Thrombocytopenia-absent radius Monogenic AR ?
Wiskott-Aldrich syndrome Monogenic X-link R Xp11.23-p11.22
Bernard-Soulier syndrome Monogenic AD 22p11.2-17pter-p12
Glanzmann thrombasthenia Monogenic AR 17921.32
Storage pool deficiency Genetic heterogeneity
Sickle-cell disease Monogenic AR Mutation A—T, Glu6Val in beta chain of
hemoglobin 11p15.5
Vascular malformations
Multiple cavernomatosis Polygenic
e Vil AD 7q11.2-21
CCM2 AD 7p15-13
CCM3 AD 3q25.2-27
Arteriovenous malformations ? ? ?
Hereditary hemorrhagic telangiectasia Polygenic
(Rendu-Osler-Weber)
THH type 1 AD Endoglin gene, 99
THH type 2 AD Activin receptor-likekinase, 12q
Von Hippel-Lindau disease Monogenic AD 3p26-p25

Bannayan-Zonana syndrome Monogenic AD 10423.3
Familial venous malformations Monogenic AD Mutation gene Tie-2, 9p
Cerebral aneurysms and SAH Polygenic ? Ligament 5q22-q31

Ligament 7q11
Ligament 14q22
Alpha-1 antitrypsin Polymorphism Alleles Z and S, 14q32.1
Endoglin gene Polymorphism Intron insertion 7, 99
MMP-9 gene Polymorphism -736 (CA)23 9q34.1
Connective tissue disorders
Ehlers-Danlos type IV syndrome Monogenic (genetic heterogeneity) AD Mutations Collagen gene type III (COL3 ‘A1) 2431
Marfan syndrome Polygenic AD Gene fibrillin-1 1521.1
Polygenic AD 3p24.2-p25
Polycystic kidney disease

ADPKD 1 AD 16p13.3
ADPKD 2 AD 4q13-23
ADPKD 3 AD ?

ARPKD AR 6p21.1-p12
Pseudoxanthoma elasticum Polygenic AR & AD 16p13.12
Neurofibromatosis type I Monogenic (genetic heterogeneity) AD 17q11.2
Tuberous sclerosis Polygenic AD TSC1 9934

AD TSC2 16p13
AD TSC3 and TSC4?
Vasculopathies
Fibromuscular dysplasia Polygenic? AD? ?
Moya-moya disease Polygenic AD/AR? 3p24.2-p26
AD/AR? 1725

CADASIL Monogenic AD Notch3, 19p12
Metabolic disorders
Fabry disease Monogenic X-link R GLA Xq21.3-22
MELAS mitochondrial

Amyloidosis related genes
Hereditary cerebral hemorrhage with amyloidosis
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Dutch type Monogenic (genetic heterogeneity) AD Mutations amyloid-beta precursos protein, 21421
Icelandic type Monogenic AD Substitution
Leu68 — GInCystatin C gene, 20p11.2
Cerebral amyloid angiopathy ? ? APOE, alleles E2, E4
19413.2
Transtiretine gene Monogenic AD 18q11.2-q12.1
Genes and HTA Polygenic

MMP-9: Matrix metalloproteinase-9; AD: Autosomal dominant; AR: Autosomal recessive; SAH: Subarachnoidal hemorrhage; X-link R: Sex linked recessive;

?: Unknown.

Cyanide-nitroprusside test: It is useful to detect
homocystinuria, an autosomal recessive disease due to
deficiency of the cystathionine-synthase enzyme.

Toxicological study: Urine drug testing may be useful
to detect the presence of drugs in the urine (cocaine,
amphetamines, and sympathomimetics) and may be
considered in young individuals with stroke who do not
present known vascular risk factors.

Organic acids: Its determination can alert to the
possibility of cerebrovascular disease related to
metabolic disorders (organic acidemia of juvenile
presentation, such as methylmalonic acidemia or Lei-
gh’s disease).

Urine sediment, cytology and urine culture’™*"

They should be conducted in patients with vascular
disease and febrile syndrome. Because urinary tract
infections occur in 8%-14% of stroke patients admitted
to hospital, they are the most common non-neurological
medical complications. The presence of microhematuria
can indicate concomitant renal infarction and guide the
diagnosis of cerebral embolism of cardiac origin.

LUMBAR PUNCTURE: CEREBROSPINAL
FLUID[26,37-39]

The cerebrospinal fluid (CSF) is obtained by doing a
lumbar puncture (LP) to analyze its color (must be
transparent, as rock water), pressure (15-20 cm H20),
protein (15-50 mg/100 mL), glucose (2.2-4.4 mmol/L)
(50-75 mg/100 mL), cells (0-5 mononucdlear cells/mm?),
determination of the VDRL test, FTA-Abs test, and
bacteriological study. It has been one of the most useful
explorations in the diagnosis of patients with cerebro-
vascular disease for decades now.

LP is contraindicated by the presence of symptoms
and signs suggestive of intracranial hypertension, of risk
or evidence of cerebellar tonsillar herniation, of severe
thrombopenia, and in the case of administration of
anticoagulants.

The widespread availability of modern computed
tomography (CT) and magnetic resonance imaging
systems has significantly changed the diagnostic
indications of LP to the extent that LP cannot be per-
formed if there are no previous neuroimaging tests.

The current recommendations of LP in cerebrovas-
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cular pathology are the following!’*****%: (1) in case

of “febrile syndrome” of unknown etiology, in order to
rule out a meningeal or encephalic infectious process;
(2) in patients diagnosed with or suspected of having
an “infectious disease” affecting the central nervous
system, such as Lyme disease, neurobrucellosis or
neurocysticercosis; (3) patients with “constitutional
syndrome” (asthenia, anorexia, weight loss) of unknown
etiology, in order to rule out the existence of an infectious
or neoplastic process; (4) positive “luetic serology”, in
order to perform the syphilis test (VDRL) in CSF and
confirm the meningovascular syphilis; (5) in patients
diagnosed with or suspected of having “autoimmune
disease”, such as isolated angiitis of the central nervous
system, granulomatous angiitis, systemic vasculitis
(polyarteritis nodosa, systemic lupus erythematosus,
giant cell arteritis); and (6) clinical suspicion of “subara-
chnoid hemorrhage” when CT is negative or equivocal.

When a LP is performed and hematic CSF is de-
tected, subarachnoid hemorrhage should be distingui-
shed from traumatic LP. In order to differentiate them,
a sample of CSF is collected in three consecutive tubes
and, after centrifugation, examined with spectrophoto-
metry - not visible to the naked eye - for the presence
of xanthochromic supernatant. The presence of
xanthochromia indicates subarachnoid hemorrhage. CSF
xanthochromia may be observed within two weeks after
hemorrhage.

SIMPLE X-RAY""74043

Chest X-ray

Chest X-ray should be performed in all patients
diagnosed with or suspected of having a cerebrovascular
disease. The purpose of the test is obtaining information
about the presence of possible pulmonary pathology
(infectious or neoplastic), and heart disease mainly in
relation to cardiac size (left ventricular hypertrophy) and
aortic morphology.

Skull X-ray

Plain skull X-ray may be useful in previous head-
injured patients to assess the presence of fissure or
fracture of the cranial bones, especially the temporal
squamous bone. It can provide additional information
on etiological or concurrent pathologies of the patients’
neurological process, such as the dilation of the Turkish
chair in pituitary tumors, and images of lysis or bone
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condensation in metastases or in Paget’s disease.

Cervical spine X-ray

Radiological evaluation of the cervical spine is indicated in
patients who present transient ischemic attacks related
to the vertebrobasilar territory, and most especially
in those episodes of neurological deficit triggered by
movements of rotation or cephalic extension. The
goal is identify the presence of uncoarthrosis, trigger
of vertebral artery compression in the intravertebral
trajectory (C6-C2).

Abdominal radiograph

In patients with cerebrovascular disease and arterial
hypertension or intermittent claudication, abdominal
X-ray allows accurate assessment of aneurysmal dilata-
tion or calcification of the abdominal aorta.

ELECTROENCEPHALOGRAM™"

The electroencephalogram (EEG) is the recording
of electrical activity of the brain through electrodes
placed on the surface of the skull. Currently, the EEG
indications in patients with cerebrovascular disease are
the following: (1) assisting with diagnosis of epileptic
seizures in patients with transient alterations of con-
sciousness secondary to previous or current cerebro-
vascular lesions; (2) evaluation of coma or pseudocoma
states (alpha coma); (3) monitoring of brain function
in carotid surgery (endarterectomy); and (4) clinical
diagnosis of brain death.

EVOKED POTENTIALS™*®

Evoked potentials (EP) are the electrical manifestations
generated by the brain in response to an external
stimulus. Depending on the nature of the stimulus
pattern, the evoked potential can be auditory, somatosen-
sory, or visual.

The purpose is to determine whether or not a sensory
function is normal, and thus check the normality of the
anatomical system that sustains the function, without
specific diagnosis; furthermore, EP provide quantitative
functional measures and prognostic progression of the
lesion. The two main data used in the interpretation of
EP are the presence or absence of the P wave, as well as
its morphological characteristics, and the latency of its
appearance after the application of the stimulus.

Somatosensory evoked potentials are generated
by stimulation of sensory peripheral nerves; the
stimulated nerve fibers reach the posterior spinal
ganglion, penetrate the spinal cord and cross over to
the other side ascending within the medial lemniscus to
reach the thalamus, from where impulses are relayed
to the frontoparietal cortex, which records and evoke
the answer to the initial stimulus. They are indicated
in vascular lesions of the brainstem and cerebral
hemispheres, mainly in thalamic alterations, as well as
the study of comatose patients and brain death.

Roishidenge ~ WJCC | www.wjgnet.com

198

Visual evoked potentials are generated in response
to nerve stimulation through variations in light intensity
using a luminous board. Each eye is analyzed separately,
and the evoked responses are collected in the occipital
cortex. It is particularly suitable for the study of ischemic
lesions of the optic nerve, and vascular alterations in the
intracranial visual pathway.

Auditory evoked potentials are activated by applying
acoustic stimuli separately for each ear, which are
transmitted by the cochlear nerve, stimulating the
auditory nuclei of the brainstem. In cerebrovascular
pathology its primary indication is the study of comatose
patients and brain death.

POLYSONMNOGRAPHY"??

Obstructive sleep apnea syndrome (OSAS) is a new
cardiovascular risk factor that results from intermittent
and repetitive complete obstruction (apnea) or partial
obstruction (hypopnea) of the upper airway during
sleep, which manifests by sleep fragmentation and
oxygen desaturation. The most common symptoms are
daytime sleepiness, snoring and sleep apnea pauses.

A recent study conducted in 161 consecutive stroke
patients showed that 71.4% of patients reported an
apnea-hypopnea index > 10, which is compatible with
OSAS, and 28% of them reported an index > 30 (severe
OSAS) during the acute phase. Central respiratory
disorders such as Cheyne-Stokes syndrome (Figure 1)
may also occur.

Definitive diagnosis of respiratory sleep disorders
associated with stroke has to be confirmed by overnight
polysomnographic recording which simultaneously
measures neurophysiological and cardiorespiratory
variables. This technique allows for the assessment of the
impact of apneas and hypopneas on cardiorespiratory
function and sleep architecture. Polysomnography
measures nasal/oral airflow, abdominal and thoracic
wall movements (ventilator effort), transcutaneous
oxygen saturation, electrocardiogram, and body
position. Currently, in selected cases, continuous positive
airway pressure (CPAP) during sleep is the treatment of
choice for obstructive sleep apnea. Changes in cerebral
hemodynamics can be detected in obstructive sleep
apnea syndrome with greater neurological deterioration
in the sitting of acute cerebral ischemia.

NEUROPSYCHOLOGICAL STUDIES

Approximately 55% of patients having a first lacunar
infarct have mild cognitive impairment of the executive
functions at the end of the acute phase of the disease
and vascular dementia reaches 32% at 3 mo after the
onset of symptoms™",

In acute stroke, the initial vascular cognitive impair-
ment is often the prelude to the subsequent vascular
dementia and its subtypes: Multi-infarct or cortical
predominant dementia, the strategic infarct demen-
tia, Alzheimer’s disease with cerebrovascular disease
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Figure 1 Cheyne-Stokes respiration in a patient with lacunar cerebral infarction™. BPM: Blood pressure.

and subcortical vascular dementia. Recurrent stroke is
associated with an increased risk of vascular cognitive
impairment, which in turn increases the risk of institu-
tionalization and fatal outcome®. Antithrombotic drug
therapy, statins in selected cases®”, control of stroke risk
factors and non-drug therapy (physical exercise, healthy
diet, avoid smoking and toxic habits) are essential for
the secondary prevention of cerebral ischemia which is
mandatory to prevent vascular dementia.

Recently it has been observed that asymptomatic
carotid stenosis is also a risk factor for ischemic cogni-
tive decline®"**. The pathophysiological mechanism
whereby the carotid stenosis may cause some form
of cognitive impairment can be multiple. It has been
proven a decrease of approximately 25% of cerebral
blood flow on the side of stenosis with respect to the
contralateral side, and the long-lasting insufficient
perfusion may impair energy metabolism in neurons
and cause cognitive impairment". In addition, cerebral
magnetic resonance imaging based on weighted
diffusion and gradient echo techniques suggest that
either hemorrhagic and non-hemorrhagic microinfarcts
or silent lacunes are far more common than clinically
recognized. Beyond hypoperfusion and silent infarction,
altered cerebrovascular reactivity and impaired regional
functional connectivity have been associated with poorer
cognitive performance in patients with asymptomatic
carotid stenosis™* .,

Conversely, neuropsychological impairments in
subcortical lacunar infarcts probably result from the
interruption of prefrontal-subcortical loops by lacunes
and white matter lesions that result in executive
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dysfunction™”.

Some studies have reported conflicting results of
carotid endarterectomy (CEA) and carotid artery stenting
(CAS) on cognitive function. The mechanisms of CAS
that can improve cognition are similar to those of CEA,
including the improvement of cerebral perfusion and the
reduction of the incidence of future brain infarctions®®,

The presence of brain atrophy can also play a major
role in the cognitive decline associated with asympto-
matic carotid disease®™. This is an open line of research
which will deserve further examination in the immediate
future.

PATHOLOGICAL STUDY: BIOPSY'"7-¢%¢2

Arterial biopsy

A temporal artery biopsy remains essential for the diagno-
sis of suspected giant cell arteritis or Horton’s disease
(Figure 2). Stroke may cause the onset of this disease
or be a serious complication in its clinical course. In a
recent study, giant cell arteritis accounted for 5.7%
of strokes of unusual cause admitted consecutively
during a 10-year period. The pathological study of
atherosclerotic plaques and arterial segments obtained
by endarterectomy is also useful to contribute to the
knowledge of the natural course of ulceration and
thrombosis in atherogenesis. The digital artery biopsy
may also be helpful in the diagnosis of Sneddon
syndrome, since pathologic findings show focal skin
ulceration and chronic inflammatory infiltrates with
intimal thickening and occasionally thrombosis, without
vasculitis.
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)

Figure 2 Temporal artery biopsy (elastin stain) in a patient (A) with Horton
arteritis showing the presence of multinucleated giant cells (courtesy of
Dr. Isidro Ferrer) (B).

Skin biopsy

Skin biopsies are useful to diagnose Fabry disease,
secondary to alpha-galactosidase A deficiency that
leads to glycosphingolipids accumulation in vascular
endothelium and in other cells. Dermal lesions like
diffuse corporal angiokeratoma are observed, coexisting
with polyneuropathy, renal failure, heart disease and
cerebrovascular disease. Skin biopsy shows chara-
cteristic dense inclusions with “fingerprint” patterns on
endothelial cells, pericytes, fibroblasts and Schwann
cells, both in clinically visible capillary lesions and in
apparently healthy skin.

In CADASIL Syndrome (Cerebral autosomal domi-
nant arteriopathy with subcortical infarcts and leuko-
encephalopathy), an eosinophilic granular material
deposit is observed in the leptomeningeal and perfora-
ting arterioles as well as thickening of basal lamina of
the vascular smooth muscle by granular osmiophilic
material seen as dense material by electron microscopy.

Muscle biopsy

Muscle biopsy is an established test to diagnose
mitochondrial encephalomyopathy, mainly in MELAS
syndrome (mitochondrial myopathy, encephalopathy,
lactic acidosis and stroke-like episodes). Muscle biopsy
showing ragged red fibers visible under modified
Gomori trichrome stain is consistent with mitochondrial
myopathy. Cerebral ischemia might be related to
true mitochondrial angiopathy located in the brain
microcirculation (Figure 3).

Nerve biopsy

Nerve biopsy is a useful procedure in patients with
suspected systemic vasculitis or connectivopathy (mainly
Wegener's disease and polyarteritis nodosa).

Meningeal biopsy

Meningeal biopsies allow the visualization of the arterial
vessels of the meningocortical network. The main
indication is for patients with suspected isolated or
granulomatous angiitis of the central nervous system.
It may also be helpful in diagnosing intravascular
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Figure 3 Ragged red fibers in muscle biopsy, stained with modified
Gomori trichrome, characteristics of mitochondrial encephalomyopathy.

lymphomatosis (former malignant angioendotheliosis of
the central nervous system).

Brain biopsy

Intracerebral hemorrhages requiring surgical evacuation
must be considered from a pathological point of view to
rule out the presence of massive hemorrhage in primary
or metastatic brain tumor, to detect cryptic vascular
malformations causing bleeding and for the definitive
diagnosis of cerebral amyloid angiopathy. Intravascular
lymphomatosis and angiocentric T-cell lymphoma
are two very unusual entities that involve neoplastic
proliferation of lymphocytes and whose diagnosis is
usually made by brain biopsy.
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