/102 ‘2T 1nbBny uo 1s9nb Ag /Blo'sjeuno feyeaxo0.is//:dny woly papeojumoq

Stroke in Young Adults in the Community-Based
L’Aquila Registry
Incidence and Prognosis

Carmine Marini, MD; Rocco Totaro, MD; Federica De Santis, MD; Irene Ciancarelli, MD;
Massimo Baldassarre, MD; Antonio Carolei, MD

Background and Purpose-Stroke type in the young may influence the outcome and may have a dramatic impact on the
quality of life in survivors. This study aimed to evaluate the incidence and prognosis of first-ever stroke in the young
and to make comparisons with older patients within a well-defined population.

Methods—All first-ever strokes occurring in the L’Aquila district, central Italy, were traced by active monitoring of
inpatient and outpatient health services. Incidence rates were standardized to the 1996 European population accordin
to the direct method. Long-term survival was estimated by the Kaplan-Meier method; outcome in survivors was
evaluated by the modified Rankin scale.

Results—Of 4353 patients who had a first-ever stroke, 89 patiedts years of age (55 men and 34 women) (2%) were
identified in a 5-year period. Mean a§&D was 36.1+8.1 years. Twenty patients (22.5%) had a subarachnoid
hemorrhage, 18 (20.2%) an intracerebral hemorrhage, and 51 (57.3%) a cerebral infarction. The corresponding
proportions in patients-45 years of age were 2.4%, 13.3%, and 83.1%. Neuroimaging studies of the brain detected 14
intracranial aneurysms and 6 arteriovenous malformations in 20 of 38 patients (52.6%) with either subaraetiri®)id (n
or intracerebral (n=3) hemorrhage. The crude annual incidence rate was 10.18/100 000 (95% ClI, 8.14 to 12.57) and
10.23/100 000 when standardized to the 1996 European population. The 30-day case-fatality rate was 11.2% (95% Cl,
6.2 to 19.4). Patients with subarachnoid hemorrhage had the highest proportion of good recovery (60%), patients with
intracerebral hemorrhage had the highest mortality (44%), and patients with cerebral infarction had the highest
proportion of severe disability (47%).

Conclusions—Stroke patientsc45 years of age showed a disproportionate cumulative high prevalence (42.7%) of
subarachnoid and intracerebral hemorrhage with respect to older patients (15.7%), mainly (52.6%) due to aneurysms anc
arteriovenous malformations. Therefore, screening procedures and preventive strategies in the young should also be
addressed to subjects at risk of subarachnoid and intracerebral hemoi@tagiee. 2001;32:52-56.)
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n Western countries<5% of all strokes occur in subjects and ended on December 31, 1998&troke was defined as rapidly

<45 years of ageé.Higher proportions, between 19% and developing signs of focal or global disturbance of cerebral function,
30%, were reported in developing countfiésstroke incidence lasting>24 hours or Iead_in_g to death, with no apparent cause other
rates in the young were reported by few surveys and were rarelythan that of vascular origin (codes 430 to 434 and 436 to 437,

- . ; International Classification of Diseases, 9th Revisjg@D-9]).11.12
assessed by community-based studies with adequate methOdohodes of theApplication of the International Classification of

ogy*3-1© Moreover, reported incidence rates had wide CIs pijseases to NeurologfiCD-10 NA) were also applied to patients
because of the small number of incident cases in the yb#fg.  who had neuroimaging studies of the brain to define stroke types and
This study aimed to evaluate the incidence and prognosis pathogenic mechanism3Study population and methodology were
of first-ever stroke in the young and to make direct compar- detailed elsewhere. . o
isons with patients in the older age group within a well- _Among a total resident population of 297 838 individuals, 174 875
defined population. (58.7%) were<45 years of age. The proportion of subjects in this
age group was stable (+1%) between 1981 and 19®kcause of
: the wide availability of health services in the district, nearly all
SUbJeCtS and Methods young stroke patients included in the registry were probably referred
Study Design to hospitals. All subjects were followed up with quarterly planned
The prospective community-based registry of stroke patients resid- visits or a complete phone interview with the patient or the next of
ing in the L’Aquila district, central Italy, started on January 1, 1994, kin when appropriate, by means of a semistructured questionnaire,
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TABLE 1. ICD-9 vs ICD-10 NA Codes in 89 Patients <45 Years of Age

No. of
ICD-9 Codes ICD-10 NA Codes Patients

430 Subarachnoid hemorrhage 160.00 Aneurysm at the origin of 0A 1
160.10 Aneurysm of MCA (M1, horizontal segment)

2
160.11 Aneurysm at the major bifurcation of the MCA 1
160.20 Aneurysm of the AcoA 3
160.30 Aneurism of PcoA 1
160.41 Mid-BA aneurysm 1
160.64 Aneurysm of proximal PCA 1

160.8000 Ruptured AVM in hemisphere, cortical frontal 1

160.8001 Ruptured AVM in hemisphere, cortical temporal 1

160.8002 Ruptured AVM in hemisphere, cortical parietal 1
160.804 Ruptured AVM in cerebellum 1
160.90 Subarachnoid hemorrhage, unspecified 3
160.91 Primary subarachnoid hemorrhage 3

1

431-432 Intracerebral hemorrhage (including 161.00 Deep IH, basal ganglia
other and unspecified)

161.01 Deep IH, thalamus 1
161.02 Deep IH, internal capsule 1
161.11 Superficial IH, temporal 2
161.12 Superficial IH, parietal 2
161.17 Superficial [H, involving >1 lobe 7
161.31 IH in brain stem, pons 1
161.60 IH, multiple localized 1
162.02 Subdural hemorrhage, chronic nontraumatic 2
433-434 Occlusion and stenosis of precerebral 163.00 Cl, thrombosis of ICA 1
and cerebral arteries
163.07 Cl, thrombosis of MuPA 1
163.10 Cl, embolism of ICA 1
163.30 Cl, thrombosis of MCA 5
163.31 Cl, thrombosis of ACA 1
163.32 Cl, thrombosis of PCA 2
163.36 Cl, thrombosis of LSA 2
163.39 Cl, thrombosis of MuA 5
163.40 Cl, embolism of MCA 1
163.46 Cl, embolism of LSA 1
163.50 Cl, unspecified occlusion or stenosis of MCA 12
163.51 Cl, unspecified occlusion or stenosis of ACA 1
163.52 Cl, unspecified occlusion or stenosis of PCA 3
163.55 Cl, unspecified occlusion or stenosis of PICA 1
163.56 Cl, unspecified occlusion or stenosis of LSA 7
163.9 Cl, unspecified 7

Total

0A indicates ophthalmic artery; MCA, middle cerebral artery; AcoA, anterior communicating artery; PcoA, posterior communicating
artery; BA, basilar artery; AVM, arteriovenous malformation; IH, intracerebral hemorrhage; Cl, cerebral infarction; ICA, internal carotid
artery; MuPA, multiple precerebral arteries; ACA, anterior cerebral artery; PCA, posterior cerebral artery; LSA, lenticulostriate arteries;
MuA, multiple arteries; and PICA, posterior inferior cerebellar artery.

[e]
©

up to June 30, 2000. Outcome events were represented by nonfatal oiscale that assesses overall function and mortality, because patients
fatal stroke recurrence and death from either cardiovascular or who die are scored with the worst possible score (6) in this scale. In
noncardiovascular causes. Functional outcome was evaluated bythe present study, patients were regarded as having a good recovery
means of the modified Rankin scale (mRS) and considered as when the score was between 0 and 2 and severe disability when the
recorded at the last available follow-up visttThe mRS is a 7-point score was between 3 and 5.
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TABLE 2. Incidence Rates (per 100 000/y) for Pathological Groups of First-Ever Strokes According to Sex and Age, in Subjects <45
Years of Age in the L’Aquila District

Subarachnoid Hemorrhage Intracerebral Hemorrhage Cerebral Infarction Total
No. of No. of No. of No. of

Age, y Patients  Rate 95% Cl Patients  Rate 95% Cl Patients Rate 95% Cl Patients Rate 95% Cl
Men

0-14 1 0.81  0.02-4.50 .. e cen 2 1.62 0.20-5.83 3 2.42 0.50-7.08

15-24 2 1.89  0.23-6.83 1 095  0.02-5.27 1 0.95 0.02-5.27 4 3.78 1.03-9.68

25-34 4 3.64  0.99-9.31 3 273 0.56-7.97 3 2.73 0.56-7.97 10 9.09 4.36-16.72

35-44 5 4.81 1.56-11.24 10 9.63  4.62-17.70 23 2215  13.85-33.61 38 36.59  25.75-50.48
Women

0-14 ..

15-24 . e cen 1 0.97  0.02-5.39 1 0.97 0.02-5.39 2 1.94 0.23-6.99

25-34 2 1.83  0.22-6.60 1 091  0.02-5.09 5 4.57 1.48-10.67 8 7.32 3.15-14.41

35-44 6 599  2.20-13.05 2 200 0.24-7.21 16 15.98 9.14-25.96 24 2398  14.82-36.71
Both

0-14 1 041  0.01-2.30 ... .. . 2 0.83 0.10-2.98 3 1.24 0.26-3.62

15-24 2 0.96 0.12-3.45 2 0.96 0.12-3.45 2 0.96 0.12-3.45 6 2.87 1.05-6.25

25-34 6 2.74  1.00-5.96 4 1.82  0.50-4.67 8 3.65 1.57-7.19 18 8.21 4.87-12.97

35-44 11 539  2.69-9.65 12 5.88  3.04-10.28 39 19.12  13.39-26.49 62 3040 22.27-38.85
Total 20 229  1.40-3.53 18 206 1.22-3.25 51 5.83 4.38-7.60 89 10.18 8.14-12.57
Statistical Analysis (20.2%) an intracerebral hemorrhage, and 51 (57.3%) a

Average crude incidence rates were calculated over the study period.cerebral infarction. The corresponding proportions for pa-
Ninety-five percent Cls for incidence rates were calculated assuming tjents >45 years old were 2.4%, 13.3%, and 83.1%, with

the Poisson distributiof? The expected number of patients missed 0 . . . .
by all the case-finding sources was estimated by a log-linear model 1.2% of ill-defined cerebrovascular disease. The cumulative

including inpatient, outpatient, and death certificate sources, together Proportion of patients with subarachnoid and intracerebral
with their second-order interaction terfist” All data used for hemorrhage was 42.7% in patiets45 years of age and
comparisons were standardized for age and sex by the direct method; 5 704 in patients>45 years. In 20 of 38 young patients

to the 1996 European populatiéh.Student’'st test was used to 0 . . . .
compare group means. Survival after stroke was estimated by the(52'6/°) with either subarachnoid £17) or intracerebral

Kaplan-Meier method, and comparisons among stroke types were (01=3) hemorrhage, neuroimaging studies of the brain de-
performed by means of the log-rank test. Two-sided values of tected 14 intracranial aneurysms and 6 arteriovenous
P<0.05 were considered to indicate statistical significance. malformations.

In patients<45 years of age (Table 2), the crude annual
incidence rate of first-ever stroke was 10.18/100 000 (95%
Cl, 8.14 to 12.57). Incidence rates increased steeply with age,

ith 30.3% of the events occurring in patiert85 years of
age. Annual crude incidence rates were 2.29/100 000 for
subarachnoid hemorrhage, 2.06/100 000 for intracerebral
hemorrhage, and 5.83/100 000 for cerebral infarction. The
rent stroke (n=1; 1%). The proportion of first-ever strokes in Incidence rate was 10.23/100 000 (Table 3) when standard-

subjects<45 years of age was 2%, ie, 89 of 4353 patients. 126d by age and sex to the 1996 European population and was
Fifty-five were men (61.8%) and 34 women (38.2%); mean Within the range of the rates reported in comparable registries
age*SD was 36.1*+8.1 years. It was estimated that (9.7t 13-_8/100 _000)-_ _ )
patients (2.2%) were missed by the capture-recapture tech- 1€n patients died within 30 days of stroke onset. Six were
nique. All patients but 1 were hospitalized, either within Men and 4 women; 7 patients had an intracerebral and 3 a
(n=79) or out of the district (1=9). Mean duration of hospital Subarachnoid hemorrhage; 9 were comatose since stroke
stay was shorter (P=0.03) in subjectsA5 years of age  ©nset; and 5 had arterial hypertension and 4 diabetes mellitus.
(10.4+11.4 days) than in those45 (13.0+10.6 days). Al The 30-day case-fatality rate was 11.2% (95% ClI, 6.2 to
patients underwent brain CT €63), MRI (n=22), or both 19.4). The 1-year case-fatality rate did not change because of
(n=4) at least once. Mean duration of follow-up was 49.7 the absence of any further event. The 30-day case-fatality rate
months (range, 19.2 to 78.9 months). for patients>45 years was 25.0%. Long-term survival was
Table 1 shows the distribution of stroke types according to better in patients<45 years of age (n==89) than in thoset5

the ICD-9 compared with the ICD-10 NA classification. years (n=4264) (P<<0.0001; log-rank test) (Figure 1). One
Twenty patients (22.5%) had a subarachnoid hemorrhage, 18patient who had recovered from an intracerebral hemorrhage

Results
During the study period, we identified 171 patiert45 years
of age with clinical signs attributable to stroke. After com-
prehensive evaluation, 82 patients were excluded because o
stroke due to head trauma=B5; 67%), residence out of the
district (n=17; 21%), perinatal intracerebral hemorrhage
(n=3; 4%), transient ischemic attack=l6; 7%), and recur-
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TABLE 3. Crude and Age- and Sex-Standardized Incidence
Rates (per 100 000/yr) of First-Ever Stroke in Patients <45

Years of Age According to Different Registries SAH
Crude Standardized
Stroke Registry Rate 95% Cl Rate*
0CSP 1981-868 9.27 6.15-13.41 9.74 ICH |
Malmo 198917 10.19 5.42-17.42 10.07
Perth 1989-908 13.61 8.19-21.25 13.83
Warsaw 1991-92°9 14.76 10.03-20.97 13.51 cI
Belluno 1992-9310 10.27 5.47-17.57 10.65
L’Aquila 1994-98 10.18 8.14-12.57 10.23
m Modified Rankin Scale 0-2 = 3-5 ™ Dead
*Standardized to the 1996 European population.
tStandardized only by sex. Figure 2. Prognosis of first-ever stroke in the young according

to the mRS at the last follow-up visit. SAH indicates subarach-
noid hemorrhage; ICH, intracerebral hemorrhage; and ClI, cere-
died of pneumonia after 3 years, and 1 patient who suffered bral infarction.

a cerebral infarction had a nonfatal stroke recurrence after 3

months. patients, allowed unbiased diagnoses and comprehensive
The long-term functional outcome evaluated by means of fg|low-up 1t Nevertheless, the number of patients included
the mRS varied according to stroke type (Figure 2). Patients might have been too small to analyze associations with more
with subarachnoid hemorrhage had the highest proportion of rare risk factors and comorbid conditions. In addition, be-
good recovery (n=10; 60%), with a mortality rate of 15% cayse the study was designed as a community-based study,
(n=3); patients with intracerebral hemorrhage had the highest g diagnostic protocol did not evaluate uncommon stroke

mortality (n=8; 44%) and the lowest proportion of severe cayses. Any exhaustive investigation of pathogenetic deter-
disability (n=3; 17%); and patients with cerebral infarction inants was beyond the scope of the study.

had the highest proportion of severe disability=@%; 47%) In comparisons with other studies, our incidence rate was
and no deaths. within the range of comparable registries from Western
. . countries (9.7 to 13.8/100 000) that used a similar methodol-

Discussion ogy and included patients in the same age rérigeand

In subjects<45 years of age, the annual crude incidence rate
of first-ever stroke was low (10.18/100 000). The cumulative
proportion of patients with subarachnoid and intracerebral
hemorrha%e v:allgs higher (42.7%) than in patier#s years of  qh0rtion of subarachnoid and intracerebral hemorrhage in
age (15.7%}.°1° The 30-day case-fatality rate was lower g ,ng patients, although high (42.7%), was within the range
0 0
(11.2%) than in patients-45 years of age (25.0%). Infrace-  ¢4,nq in previous studies (33.3% to 57.5%)1°The preva-
rebral hemorrhage was associated with the highest mortality, |once of aneurysms and arteriovenous malformations in

and cerebral infarction was associated with the most severe,ients with subarachnoid and intracerebral hemorrhage was

disability **-2°Hospital stay was shorter for the younger (10.4 ;<1 relevant (52.6%), although in the range reported by other
days) than for the older (13.0 days) patients because of lessg; | jies (49% to 7596)519

comorbidity and different distribution of the stroke typés. Stroke was a rare event in the young; the annual incidence
The strength of the present study relies on the inclusion of rate was 10.18/100 000, representing 2% of all strokes.
a number of cases allowing precise estimates of incidence andStroke was even rarer in patientS85 years old; only 30.3%

outcome of stroke in the young within a well-defined and ¢ o, young patients with a first-ever stroke belonged to this
stable population. Thoroughness of case ascertainment, to'age group. However, because of the longer expected survival
gether with a very high rate of hospitalization of the young at this age, young patients accounted for as much as 20% of
the years of potential life lost because of the strék&he
100 1 high proportion of subarachnoid and intracerebral hemor-
rhages in patientsi45 years old mandates tailored preventive
strategies. In addition, because 52.6% of the subarachnoid
and intracerebral hemorrhages were due to aneurysms or
arteriovenous malformations, some events might have been
prevented by means of invasive and expensive screening
- 0-44 — 45+ years strategies applied to asymptomatic patieitScreening pro-
P<0.0001 log-rank test tocols that focused on the relatives of patients who suffered
0 1 2 3 4 5 from subarachnoid hemorrhage might potentially be cost-
Years effective?s It is worth mentioning the exclusion from our
Figure 1. Long-term survival after a first-ever stroke in the study of a relevant number of patients who suffered a stroke
L’Aquila district according to age >45 and <45 years. related to head trauma.

within the range of most of the other studiels520Higher
rates were reported by a few studies with less accurate
identification of the study populatict?1-22 The cumulative

% Surviving
Fy -2 -3
=] o o

N
o
s
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Although the 30-day case-fatality rate in patientgl5 7.
years of age was less than half of that reported in patients
>45 years (11.2% versus 25.0%), stroke in the young does
not represent a benign eveAtThe role of arterial hyperten-
sion in comatose patients with early death might have
depended on previous reduced compliance with antihyperten- ©-
sive treatment, whereas any interpretation of the role of

diabetes mellitus requires further study. As already shown, 1g

however, stroke type was the most important predictor of
mortality. In addition, it should be emphasized that in our
study, the low case-fatality rate was attributable primarily to
the lack of short- and long-term mortality in young patients
with cerebral infarction. Disability after the first stroke was
inversely related to mortality, at variance with other studfes.
The question of whether appropriate diagnostic proceduresl
might identify a larger proportion of subjects at risk of

subarachnoid and intracerebral hemorrhage remains unan-3.

swered and should be addressed by future research. Never-
theless, the proper identification and evaluation of factors that
might influence outcome and especially return to work after
stroke is mandatory to reduce the global burden of this

disease, which, although rare, maintains a relevant social 15>

impact in the young.

16.
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