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Abstract

Int roduct ion: Hypercoagulable states have been reported as an established risk factor for 
cerebral venous thrombosis, but  they have also been proposed as a predisposing factor 
for cerebral ischemia of arterial origin, especially among young pat ients. This may have 
implicat ions on therapeut ic management  and secondary prevent ion. We have studied the 
frequency of prothrombot ic abnormalit ies in young pat ients with ischaemic st roke, as 
other classic risk factors are less common in this group.
Mat erials and met hods: Observat ional study with sequent ial inclusion of pat ients under 
55 with st roke or t ransient  ischaemic at tack (TIA) admit ted to the St roke Unit  from 
January 2005 through December 2007. We analysed demographic data, severity and 
subtype of st roke, risk factors, including the presence of hypercoagulable states, and 
outcome.
Result s: We included 100 pat ients, of whom 65 were men. The mean age was 42.6±8.9 
years, 46% with a hypercoagulable state, and no sex dif ferences. Acquired 
hyperhomocysteinemia was the most  common abnormality (18%), followed by protein C 
or S defi ciency (8%), factor V Leiden mutat ion (5%) and methylenetet rahydrofolate 
reductase (MTHFR) C677T mutat ion (5%). Other fi ndings included ant icardiolipin ant ibodies 
(3%), presence of lupus ant icoagulant  (2%), thrombocytosis (3%) and G20210A prothrombin 
gene mutat ion (3%). No associat ion was found between these states and the presence of 
other vascular risk factors, or more severe st roke or worse outcomes. There was an 
increased presence of these abnormalit ies in pat ients who were classifi ed as 
atherothrombot ic st roke (p=0.04).
Conclusions: The hypercoagulable states are common in young pat ients with ischaemic 
st roke, being present  in up to 46% of them.
© 2009 Sociedad Española de Neurología. Published by Elsevier España, S.L. All rights 
reserved.
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Introduction

Hypercoagulabilit y states have mainly been studied in 
relat ion to cerebral venous thrombosis, where they are 
present  in up to one third of cases.1,2 However, although 
their involvement  in the pathogenesis of arterial ischemia 
has been studied less, it  has seemed increasingly clear for 
some years, present ing values of up to 5-10% in young 
people without  other concomitant  st roke risk factors 
depending on the series.3,4 In up to one third of these 
pat ients, the st roke is classifi ed by its origin as indeterminate 
or cryptogenic,5 and the discovery of these disorders would 
make an aet iological orientat ion possible.3 This would thus 
lead to the possibilit y of implement ing appropriate 
secondary prevent ion measures.

Although there are no studies that  collect  populat ion 
data on the frequency of individual procoagulant  alterat ions 
in the same adult  populat ion, analysis in children and 
reviews of cases in adult  series point  out  the high frequency 
of the dif ferent  hypercoagulabilit y states in relat ion to the 
development  of cerebral st roke.4,6

We intend to conduct  a descript ive study to analyse the 
frequency of these disorders in young pat ients with cerebral 
st roke and t ransient  ischemic at tack (TIA) admit ted to a 
st roke unit .

Patients and methods

This was an observat ional study with sequent ial inclusion of 
pat ients admit ted to the st roke unit  of our neurology 
department  between January 2005 and December 2007. We 
selected pat ients under 55 with cerebral st roke or TIA. The 
data were obtained from the medical records of pat ients 
and were included prospect ively in a st roke database.

The parameters analysed were: a) demographic data such 
as age and gender; b) aet iological subtype of cerebral st roke 
according to the classifi cat ion of the Group for Cerebrovascular 
Disease Study of the Spanish Neurology Society (GEECVSEN)7 
(cardioembolic, atherothrombot ic, lacunar st roke or st roke 
with unusual cause or of undetermined origin); c) previous 
vascular risk factors: arterial hypertension (AHT), diabetes 
mellitus (DM), hyperlipidemia (hypercholesterolemia and/ or 
hypert riglyceridemia); d) smoking; e) alcohol abuse; f  ) use 
of other drugs; g) previous diagnosis of migraine, defi ned 
according to the criteria of the Internat ional Headache 
Society;8 and h) permeable foramen ovale object ifi ed by 
t ransthoracic and/ or t ransesophageal echocardiography.

The severity of st roke was evaluated as measured by the 
Canadian Stroke Scale (CSS), taking a value of 6 points as the 
cutoff level to different iate between severe (CSS <6) and mild 
st roke. We used the modifi ed Rankin Scale (mRS) to assess the 
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Estados de hipercoagulabilidad e ictus isquémico en pacientes jóvenes

Resumen

Int roducción: Los estados de hipercoagulabilidad se han estudiado como una de las posi-
bles et iologías de la t rombosis venosa cerebral y, desde hace unos años, también como 
factor predisponente de isquemia cerebral de origen arterial,  especialmente en pacien-
tes j óvenes. Esto podría tener implicaciones en el manej o terapéut ico y la prevención 
secundaria, por lo que nos proponemos estudiar la frecuencia de anomalías prot rombót i-
cas en pacientes j óvenes con ictus isquémico, subgrupo en que ot ros factores de riesgo 
clásicos son menos habituales.
Mat erial  y mét odos: Estudio observacional con inclusión secuencial de los pacientes me-
nores de 55 años con infarto cerebral o ataque isquémico t ransitorio ingresados en la 
unidad de ictus desde enero de 2005 hasta diciembre de 2007. Se analizaron datos demo-
gráfi cos, gravedad y subt ipo de ictus, factores de riesgo, incluidos los estados de hiper-
coagulabilidad, y evolución.
Result ados: Se incluyó a 100 pacientes, de los que 65 eran varones, con una media ± 
desviación estándar de edad de 42,6 ± 8,9 años. El 46% presentó estado de hipercoagula-
bilidad, sin diferencia por sexo. La hiperhomocisteinemia adquirida fue la alteración más 
frecuente (18%), seguida del défi cit  de proteína C o S (8%), la mutación para el factor V 
de Leiden (5%) y la mutación C677T del gen de la met iltet rahidrofolato reductasa (MTHFR) 
(5%). Ot ras alteraciones procoagulantes fueron síndrome ant ifosfolípido (3%), ant icoagu-
lante lúpico (2%), t rombocitosis (3%) y mutación 20210A del gen de la prot rombina (3%). 
No se encont ró relación de estas alteraciones con ot ros factores de riesgo vascular, como 
tampoco se relacionó la hipercoagulabilidad con el ictus de mayor gravedad o peor evo-
lución. Se observó una mayor presencia de estas alteraciones en los pacientes cataloga-
dos de ictus de origen aterot rombót ico (p = 0,04).
Conclusiones: Los estados de hipercoagulabilidad son frecuentes en los pacientes meno-
res de 55 años con ictus isquémico, encont rándose hasta en el 46% de ellos.
© 2009 Sociedad Española de Neurología. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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funct ional status at  discharge, dichotomising values according 
to the degree of pat ient  dependence (values <2 were 
indicat ive of good funct ional recovery and independence).

Comparat ive analysis was performed by classifying 
pat ients into two groups according to the presence or not  of 
alterat ions in the hypercoagulabilit y study.

During hospitalisat ion, the study and t reatment  program 
were administered to all pat ients at  the st roke unit .  In 
addit ion to monitoring vital signs during their stay in the 
unit ,  it  included at  least  one brain imaging test  (computed 
tomography and/ or MRI), blood and biochemical laboratory 
study, chest  radiograph, elect rocardiogram, carot id, 
t ranscranial and vertebrobasilar system Doppler/ duplex 
study, monitoring with t ranscranial Doppler to detect  left -
right  shunt  and t ransthoracic echocardiography (TTE) with 
cont rast . In cases with suspected right -left  short -circuit ,  a 
t ransesophageal echocardiogram was performed to confi rm 
the presence of permeable foramen ovale.

Pat ients under 55 underwent , during hospitalisat ion, a 
complete blood study to detect  genet ic and acquired 
coagulat ion alterat ions, including the determinat ion of the 
G1691 mutat ion of Leiden factor V, G20210A mutat ion of 
the prothrombin gene, C677T mutat ion of the 
methylenetet rahydrofolate reductase gene (MTHFR), 
concent rat ions of proteins C and S, lupus ant icoagulant , 

ant icardiolipin ant ibodies, resistance to act ivated protein 
C, plasma homocysteine levels and platelet  counts.

Haematological fi ndings were classifi ed according to their 
degree of evidence as factors aet iologically related to 
st roke, into “ maj or”  alterat ions (with st rong evidence of 
associat ion) and “ minor”  alterat ions (with some evidence), 
based on the review proposed by Levine.4 In turn, we 
dif ferent iated subgroups depending on whether they were 
acquired or genet ic hypercoagulabilit y states.

The study of hypercoagulabilit y factors was repeated 
after 3 months to rule out  false posit ives due to deteriorat ion 
caused by the acute phase of st roke3.  The data included in 
the study were the defi nit ive at  3 months.

Stat ist ical analysis was carried out  using SPSS 15.0 for 
Windows. Univariate analysis was developed with the χ2 test  
or Fisher exact  test  for dichotomous variables. Values were 
considered stat ist ically signifi cant  when p<0.05. The results 
are presented with a confi dence interval (CI) of 95%.

Results

From a total of 120 pat ients who met  the inclusion criteria 
(diagnosis of cerebral st roke or TIA in pat ients younger than 
55), 20 did not  undergo haematological study to detect  

Table 1 Demographic data, vascular risk factors and st roke subtypes according to hypercoagulabilit y state

Variables Hypercoagulabilit y (n=47) No hypercoagulabilit y (n=53) P

Demographic data

 Males 32 (68.1) 33 (62.3) 0.69

 Age (years) 42.2±9.9 43.1±8.17 0.64

Vascular risk factors

 Obesity  6 (12.8)  2 (3.8) 0.14

 Arterial hypertension 13 (27.7)  9 (17.3) 0.22

 Diabetes mellitus  3 (6.4)  3 (5.7) 1

 Dyslipidemia  7 (14.9)  8 (15.1) 0.98

 Prior st roke  3 (6.4)  6 (11.3) 0.5

 Prior TIA  1 (2.1)  3 (5.7) 0.62

 Migraine  8 (17) 10 (18.9) 0.81

 Ischemic cardiopathy  1 (2.1)  3 (5.7) 0.62

 Act ive smoker 17 (36.2) 28 (52.8) 0.1

 Alcoholism 10 (21.3)  6 (11.3) 0.18

 Other drugs  1 (2.1)  3 (5.7) 0.62

Type of ischemic stroke

 TIA 12 (25.5) 18 (34) 0.36

 Cerebral st roke 35 (74.4) 35 (66) 1

Aetiological subtype of cerebral ischemia

 Cardioembolic  6 (12.8)  5 (9.4) 0.6

 Atherothrombot ic  8 (17)  2 (3.8) 0.04

 Lacunar 10 (21.3) 17 (32.1) 0.23

 Of unusual cause *  5 (10.6)  1 (1.9) 0.1

 Of undetermined cause  6 (12.8) 10 (18.9) 0.41

TIA: t ransient  ischemic at tack.

* St rokes classifi ed as of unusual cause before complet ion of the hypercoagulabilit y study. 

The data express n (%) or mean ± standard deviat ion.
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coagulat ion abnormalit ies, so they were excluded from the 
analysis. This gave a total of 100 analysed pat ients (70 with 
cerebral st roke and 30 with TIA).

The characterist ics of the sample of pat ients included in 
the study are listed in table 1. We did not  observe signifi cant  
dif ferences in the dist ribut ion of vascular risk factors 
between groups with or without  associated hypercoagulabilit y 
status.

In 46% of pat ients, we found a hypercoagulabilit y state; 
with a genet ic basis in 20% and with an acquired basis in 
27%. A combinat ion of both forms was presented by 20%.

The dist ribut ion of the dif ferent  fi ndings in the blood cell 
study is detailed in table 2. The most  common abnormality 
found was hyperhomocysteinemia, either acquired (18%) or 
by mutat ion of the MTHFR gene (5%); this was followed by a 
defi cit  of protein S or C (8%) and factor V Leiden mutat ion 
(5%).

We also observed the combinat ion of more than 
one procoagulant  disorder in 7% of pat ients. 
Hyperhomocysteinemia was the alterat ion most  frequent ly 
associated with others.

We found a relat ionship between hypercoagulabilit y 
states in general (p = 0.04) and st roke classifi ed as 
atherothrombot ic. This was not  demonst rated for the 
presence of isolated hyperhomocysteinemia, although it  
has been reported that  this alterat ion is related to the 
affectat ion of large arteries and, to a lesser extent , to 

lacunar st roke.9 This does not  imply dif ferences in the 
characterist ics of pat ients, who did not  present  greater 
stenosis in the Doppler study.

Following the complet ion of a t ranscranial Doppler with 
inj ect ion of agitated serum for the detect ion of a possible 
right -left  shunt , we performed t ransthoracic and/ or 
t ransesophageal echocardiograph studies in 51 pat ients 
with suspected patent  foramen ovale (PFO). Only 20 of 
them showed this st ructural anomaly, showing no relat ion 
of hypercoagulabilit y with the development  of st roke (only 
35% of pat ients with PFO presented alterat ions in the blood 
study, with no signifi cant  dif ferences in the subgroup 
without  them) (p=0.11).

With respect  to the severity of st roke at  admission, 
pat ients with hypercoagulabilit y factors tended towards 
increased frequency of severe st roke (CSS <6) (14.9 versus 
9.4%; p=0.40). There were no dif ferences in funct ional 
outcome, which was good in both groups, according to the 
mRS at  discharge; 90.6% of pat ients had no procoagulant  
alterat ions with a score <2 compared to 82.6% of those who 
had a hypercoagulabilit y state (p=0.24).

Discussion

Hypercoagulability states in pat ients under 55 years with 
ischemic st roke are a very common fi nding, affect ing up to 

Table 2 Hypercoagulabilit y states by gender

Hypercoagulabilit y states Total (n=100) Males (n=65) Females (n=35) P

A. Maj or, n (%) 25 15 (23.1) 10 (28.6) 0.55

 A.1. Genet ic, n (%) 16 9 (13.8) 7 (20) 0.42

G2120A mutat ion of prothrombin genea,  n (%) 3 1 (1.5) 2 (5.7) 0.28

G1691A mutat ion of factor V geneb,  n (%) 5 2 (3.1) 3 (8.6) 0.34

Protein C or S defi cit c,  n (%) 8 6 (9.2) 2 (5.7) 0.71

 A.2. Acquired, n (%) 9 6 (9.2) 3 (8.6) 1

Ant iphospholipid syndromed,  n (%) 3 3 (4.6) 1 (2.9) 1

Lupus ant icoagulant , n (%) 3 1 (1.5) 2 (5.7) 0.28

Thrombocytosis, n (%) 3 2 (3.1) 1 (2.9) 1

Polycytemia vera, n (%) 1 1 (1.5) 0 1

B. Minor, n (%) 23 17 (26.2) 5 (14.3) 0.17

 B.1. Genet ic, n (%) 4 4 (6.2) 0 0.3

C677T mutat ion of MTHFR gene, n (%) 6 5 (7.7) 1 (2.9) 0.66

Heterozygous, n (%) 2 2 (3.1) 0 0.54

Homozygous, n (%) 4 3 (4.6) 1 (2.9) 1

 B. 2. Acquired, n (%) 18 13 (20) 5 (14.3) 0.48

Oral cont racept ives, n (%) 2 0 2 (5.7) 0.18

Subst itut ive hormonal therapy, n (%) 1 0 1 (5.7) 1

Cancere,  n (%) 1 1 (1.5) 0 1

Hyperhomocysteinemiaf,  n (%) 18 15 (23.1) 3 (8.6) 0.1

MTHFR: methylenetet rahydrofolate reductase. 
aHeterozygous in all cases, 2 pat ients associated homozygous for the C677T mutat ion of the MTHFR gene. 
bHeterozygous in all cases. One pat ient  associated hyperhomocysteinemia. 
cOne case associated hyperhomocysteinemia. 
dTwo cases associated lupus ant icoagulant . 
eOne case associated thrombocytosis. 
fNot  associated with the C677T mutat ion of MTHFR.
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46%, that  is, almost  one in 2 young pat ients with cerebral 
st roke.

Hyperhomocysteinemia, with or without  concomitant  
mutat ion is the most  frequent  abnormality, followed by 
Leiden factor V mutat ion. This seems to correspond with 
fi ndings in the general populat ion10,11 and in other studies on 
pat ients with cerebral st roke.3,6,12

We found no relat ionship between haematological 
disorders and other cerebrovascular risk factors (arterial 
hypertension, diabetes mellitus, hypercholesterolemia) or 
drug consumpt ion.

For pat ients whose st roke was considered as having an 
atherothrombot ic origin, we observed a higher frequency of 
hypercoagulabilit y states (p = 0.04) compared to other 
aet iological subtypes. However, this did not  mean a greater 
frequency of ext racranial or int racranial stenosis or of 
hyperhomocysteinemia, as indicated by previous studies. 9

Regarding the presence of migraine, PFO and 
hypercoagulabilit y states, our analysis could not  demonst rate 
an associat ion between prothrombot ic alterat ions and shunt  
by interat rial communicat ion in the context  of st roke. 
Likewise, we were unable to demonst rate an increased 
prevalence of migraine in the group of pat ients with 
hypercoagulat ion, as other studies have indicated. 13

Although recommended, the ut il it y of blood studies in 
the search for procoagulant  disturbances has been debated 
as a screening test  in cerebral st roke in adults with no 
personal or family history of thrombosis or venous 
hypercoagulabilit y states.3,4,14-17 This is due to the low 
posit ive predict ive value of these determinat ions.11 Their 
importance in the case of aet iological study of cerebral 
st roke (and also of venous thrombosis) in children seems 
more obvious, and they are part  of rout ine laboratory 
studies in this populat ion.6,15,18 The frequency found in our 
sample is higher than those described in previous works,3,4 
which could be due to the fact  that  our study focused 
exclusively on pat ients under 55 years or to the extensive 
bat tery of diagnost ic tests for hypercoagulabilit y states 
that  we used. However, the ident ifi cat ion of 
hypercoagulabilit y states in this group of pat ients seems 
useful and of high diagnost ic profi t ,  as they are found in 
nearly one in 2 young pat ients with cerebral st roke.

The risk factors and aet iology of ischemic st roke in young 
people differ signifi cant ly from those seen in older pat ients. 
There are predisposing factors which, although they should 
not  be unique to this age group, would have more value in it  
because there would generally be no concomitant  risk factors. 
This represents a diagnost ic challenge for neurologists.5,19

Stroke of undetermined aet iology, whose frequency 
varies depending on the series, can represent  up to one 
third of the cases in young populat ions.5 In such st rokes, the 
search for prothrombot ic states would have even more 
value, given that  the blood study can represent  the 
descript ion of the cause of cerebral ischemia, thus leading 
to a diagnosis of st roke with unusual cause.7 In our case, 6 
pat ients, in whom a causal mechanism was not  found 
init ially through standard laboratory tests, were diagnosed 
with st roke of unusual aet iology after fi nding alterat ions in 
the blood study while seeking procoagulant  alterat ions.

However, further studies will be required to determine 
the role of hypercoagulabilit y states in the pathophysiology 

of cerebral ischemia, as well as the risk of recurrence, both 
in isolat ion and in relat ion to other factors.

Finding a potent ial cause in these pat ients represents a 
bet ter therapeut ic management 10,20,21 and the possibilit y of 
reducing the risk of recurrence22,23 with secondary prevent ion 
measures. Although platelet  ant iaggregat ion is generally 
recommended as an effect ive drug t reatment  in the 
prevent ion of new events (Class IIa, evidence level C), there 
are circumstances in which oral ant icoagulat ion is indicated 
in these pat ients (in cases with a history of deep vein 
thrombosis and inherited thrombophilia, Class I,  evidence 
level A, or in those with ant iphospholipid syndrome 
associat ing arterial or venous thrombosis, Class IIa, evidence 
level B). Other specifi c t reatments proposed, in the case of 
protein S defi ciency, include repeated blood t ransfusions 
(Class IIb, evidence level C).

In conclusion, up to 46% of pat ients younger than 55 years 
with acute cerebral st roke showed a hypercoagulabilit y 
state. Therefore, it  would be advisable to study 
hypercoagulabilit y in young pat ients with ischemic st roke, 
because this state could cont ribute to the thrombot ic 
process. Future studies should clarify it s infl uence on the 
pathophysiology of cerebral ischemia.
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