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Abstract

Background and purpose: The objectives of the present analysis were to assess 28-day
stroke case fatality according to the stroke aetiology and to identify associated factors.
Methods: All stroke events in adults aged 235 years between 2008 and 2017 were col-
lected in a population-based stroke registry in northern France.

Results: Out of a total of 2933 strokes, there were 479 (16%) haemorrhagic strokes and
2454 (84%) ischaemic strokes; the 28-day case fatality rates were 48% and 15%, respec-
tively. Three-quarters of the 28-day case fatalities occurred within 6 days of the event
for haemorrhagic strokes and within 16.5 days for ischaemic strokes. After an ischaemic
stroke, the case fatality rate was higher for women (18%) than for men (12%, p < 0.0001);
however, this difference disappeared after adjustment for age. Cardioembolic strokes
(34%) and strokes of undetermined cause (33%) were the most common ischaemic sub-
types, with case fatality rates of 16% and 18%, respectively. Large artery atherosclerosis
(11%) and lacunar strokes (10%) were less common, and both types had a case fatality
rate of 3%. Age at the time of the event and stroke severity were both significantly as-
sociated with case fatality. For some types of stroke, a history of cardiovascular events
and residence in a nursing home were associated with a poor prognosis. Medical care in a
neurology ward was inversely associated with case fatality, for all stroke subtypes.
Conclusions: In northern France, post-stroke case fatality remains high, especially for
haemorrhagic stroke. Being treated in a neurology ward improved survival by around
80%.
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INTRODUCTION vs. population-based registries), age range and stroke aetiology as-
certainment. Geographical disparities might also be ascribable to

Case fatality rates for acute stroke vary markedly from one study to differences in the population's socioeconomic status or in national

another; these disparities might be directly related to the stroke's medical care strategies [3-7].

aetiology [1,2]. Furthermore, studies in Europe differ with regard to Better knowledge of short-term post-stroke outcomes and case

the enrolment criteria, design (hospital-based observational studies fatality as a function of the aetiology may help neurologists to give
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a more accurate prognosis. However, literature data on 28-day case
fatalities for the various ischaemic stroke subtypes are scarce [8-
11]. In France, stroke case fatality has been studied in the Dijon
stroke registry [4,5,12] and in hospital-based administrative data-
bases [13,14]. However, the latter do not include information on
outpatient events and do not enable a detailed analysis by ischaemic
stroke subtype.

In order to expand the data on stroke mortality in Europe, the
objectives of the present study were (i) to assess and compare 28-
day stroke case fatality rates as a function of the stroke aetiology
and (ii) to identify factors possibly associated with case fatality in
a region of France where the vascular risk is high. To this end, the
exhaustive data recorded in a population-based stroke registry in
the city of Lille (northern France) between 2008 and 2017 were

analysed.

METHODS

The Lille Stroke Registry was created in 2008. All stroke events in
adults aged 35 or over living in the city itself or the adjoining towns
of Lomme and Hellemmes are recorded.

Each stroke event registered between 1 January 2008 and 31
December 2017 was included in the present analysis. According
to the French national census in 2016, the area covered by this
population-based registry contains a total of 232,737 inhabitants,
of whom 94,331 were aged 35 or over. Cases of stroke were iden-
tified using several overlapping sources of case ascertainment in all
the public- and private-sector hospitals, nursing homes, emergency
departments and neurology departments in the area covered. The
sources were cross-checked to ensure exhaustiveness, with notably
areview of discharge letters, radiography department records, com-
puterized lists covering the diagnosis upon discharge from hospital,
emergency department case lists and death certificates. All incident
(first-ever) and recurrent strokes were taken into account, regardless
of whether or not the patient had been hospitalized. Cases of stroke
were defined according to the World Health Organization's crite-
ria as ‘a focal (or at times global) neurological impairment of sudden
onset, and lasting more than 24 h (or leading to death), and of pre-
sumed vascular origin’ [15]. The cases were assessed on the basis of
the patient’s medical history (symptoms for more than 24 h), clinical
examinations and radiological data. The patient’s medical records
and the registry database were screened for previous strokes.

Patients having experienced a transient ischaemic attack (i.e.,
an event whose cognitive and neurological symptoms disappeared
within 24 h), brain tumour, multiple sclerosis, epilepsy, intracerebral
haemorrhage or subdural haematoma related to traumatic brain in-
jury were not included in the registry. In contrast, patients having
recovered within 24 h of thrombolysis or thrombectomy were in-
cluded. The stroke subtype was diagnosed on the basis of clinical
signs and cerebral imaging. Radiographic data were used to define
the stroke as an ischaemic stroke, a spontaneous intracerebral hae-
morrhage, a subarachnoid haemorrhage (excluded from this analysis)

or a stroke that could not be classified as ischaemic or haemorrhagic
(also excluded from this analysis).

In 2017, the mean % standard deviation number of data sources
per case was 3.8 £ 1.1. Internal quality controls showed that only
1%-3% of cases are missing from the registry (cases occurring out-
side the area).

Aetiologies of ischaemic stroke

The Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria
were used to define the five major pathophysiological subtypes of
ischaemic stroke: cardioembolic stroke, large artery atherosclerosis,
lacunar stroke, stroke of other determined causes (such as vasculitis

or dissection) and stroke of undetermined cause [16].

Recorded variables

Survival was evaluated at 28 days post-stroke. All deaths were
checked with the patient's family physician, in the local office of
vital records and in the French national death certificate database.
From 2008 onwards, the presence or absence of the following risk
factors was recorded: previous stroke, a history of cardiovascular
disease, a history of atrial fibrillation (AF) and place of treatment.
From 2012 onwards, neurological impairments were assessed using
the National Institute of Health Stroke Scale (NIHSS) score [17] on
admission. On the basis of the NIHSS score, stroke severity was cat-
egorized as minor/moderate (score <15) or severe (score 215). The
place of medical care was coded as a neurology department (neurol-
ogy or neurosurgery departments in private- or public-sector hospi-
tals) or another type of department (other departments in private- or
public-sector hospitals or in nursing homes or rehabilitation units).

The other variables were categorized as being present or absent.

Statistical analyses

Qualitative variables were compared using a chi-squared test and
Fisher's exact test. Quantitative variables were compared using
Student's t test. The survival time was defined as the time interval
between the date of stroke symptom onset and the date of death.
The 28-day case fatality rates were compared using proportion
tests. Survival was analysed using the Kaplan-Meier method and
(when valid) the log-rank test. Lastly, for deceased patients, the time
between stroke onset and death was depicted as a box plot for each
stroke subtype and compared using the Kruskal-Wallis test. Age-
and sex-adjusted Cox regression models were built to assess the re-
lationships between case fatality and variables of interest. Possible
interactions with sex were investigated by including an interaction
term in the model. All statistical analyses were performed with R
software (version 3.5) [18] and the threshold for statistical signifi-
cance was set to p < 0.05.
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Ethics

Implementation of the Lille Stroke Registry had been approved
by the French National Registry Committee (Comité National des
Registres reference 2015/04/07) and the French National Institute
for Public Health (Santé Publique France). The present study was
authorized by the French National Data Protection Commission
(Commission Nationale de I'Informatique et des Libertés, Paris,
France; reference 986001 V 3). All data were anonymized prior

to analysis.

RESULTS

Between 2008 and 2017, 3131 strokes of all types were recorded. A
total of 103 meningeal haemorrhages and 91 non-specified strokes
were excluded. Four patients were lost to follow-up at 28 days. The
analyses were therefore based on 2933 strokes, of which 2332
(80%) were incident (first-ever).

The 2933 cases comprised 479 haemorrhagic strokes (16%) and
2454 ischaemic strokes (84%). When considering the ischaemic
strokes, 34% were cardioembolic, 33% were of undetermined cause,
11% were due to large artery atherosclerosis, 10% were lacunar and
5% had other causes. In addition to the TOAST subtypes, 5% of the
cases were ‘probable’ cerebral infarctions and 2% were cerebral in-
farctions with two or more causes (data not shown).

The proportion of women was higher for ischaemic strokes (and
especially cardioembolic strokes: 64%, p < 0.01), whereas the pro-
portion of men was slightly higher for large artery atherosclerosis
(60%, p < 0.01) (Table 1). Depending on the type of stroke, women
patients were 4-9 years older than men patients. There were signif-
icant differences in the risk factor distribution from one ischaemic
stroke subtype to another (Table 1). The proportion of patients
with a history of cardiovascular disease was lower for haemorrhagic
strokes than for ischaemic strokes (14% and 20%, respectively;
p < 0.01). The mean NIHSS score on admission was 11.8 for hae-
morrhagic strokes and 7.2 for ischaemic strokes (p < 0.0001). The
proportion of patients treated in a neurology ward was higher for
ischaemic strokes than for haemorrhagic strokes (81% and 63%, re-
spectively; p < 0.0001). With regard to the ischaemic stroke sub-
types, patients with cardioembolic stroke were more likely to have
a history of cardiovascular disease (26%) and AF (57%) than patients
with other types. The highest NIHSS score (9.1) amongst ischaemic
stroke subtypes was observed for cardioembolic strokes.

The 28-day survival rate was lower after a haemorrhagic stroke
than after an ischaemic stroke (p < 0.0001) (Figure 1a); furthermore,
three-quarters of the 28-day deaths occurred in the first 6 days for
haemorrhagic strokes and the first 16.5 days for ischaemic strokes
(p < 0.0001) (Figure 1b). The respective time intervals for men and
for women did not differ significantly (data not shown).

The 28-day survival rate was higher for large artery or lacunar
strokes than for other ischaemic stroke aetiologies (p < 0.0001)
(Figure 2a). The time interval between an ischaemic stroke and death

differed according to the aetiology (p < 0.05) (Figure 2b). Many of
the 28-day deaths occurred in the third week for lacunar stroke, and
half of the deaths occurred in the first week for the other aetiologies.

Table 2 gives the 28-day case fatality rates by sex, age and
stroke aetiology. The case fatality rate was higher after a haemor-
rhagic stroke than an ischaemic stroke (48% vs. 15%, respectively;
p < 0.0001). There was no difference in the 28-day case fatality rate
between men and women after a haemorrhagic stroke (46% and 51%,
respectively; p = 0.24), whereas the rate was significantly higher in
patients aged 75 and over than in patients under the age of 75 (54%
and 41%, respectively; p < 0.01). After an ischaemic stroke, the case
fatality was significantly higher in women than men (18% vs. 12%,
respectively; p < 0.0001) and significantly higher in patients aged
>75 than in patients <75 (21% and 8%, respectively; p < 0.0001). A
statistically significant interaction between sex and age (p < 0.05)
was observed for case fatality after an ischaemic stroke: 9% and 7%
respectively for men and women <75 (p = 0.34), and 17% and 23%
for men and women aged 275 (p < 0.05). However, sex was no longer
associated with case fatality after adjustment for age.

The 28-day case fatality rates were lowest for large artery ath-
erosclerosis or a lacunar stroke (3%; p < 0.0001 compared with the
28-day case fatality rate for cardioembolic stroke). For cardioem-
bolic stroke, stroke of undetermined causes and stroke due to other
causes, the case fatality rates were 16%, 18% and 19%, respectively
(Table 2). The case fatality rates by stroke subtype including incident
events only are presented in Table S1. The results were similar to
those observed for stroke events as a whole.

Table 3 shows the adjusted hazard ratios (HRs) for 28-day case
fatality and clinical characteristics, by stroke aetiology. Age >75
was significantly associated with case fatality after a haemorrhagic
stroke (HR 1.5), a cardioembolic stroke (HR 2.1) and a stroke of
undetermined cause (HR 4.5). Having a previous stroke was a risk
factor for cardioembolic stroke only (HR 1.8), whereas a history of
cardiovascular disease or a history of AF were risk factors for strokes
of undetermined cause only (HR 1.8 and 2.6, respectively). Living
in a nursing home was a risk factor for case fatality after a cardi-
oembolic stroke (HR 1.7) and a stroke of undetermined cause (HR
1.6). Treatment in a neurology department was inversely associated
with case fatality for all stroke subtypes (0.1 < HR < 0.4). The risk
factor with the largest effect size for case fatality for all stroke sub-
types (except for lacunar stroke) was an NIHSS score of 15 or more.
Indeed, a less severe haemorrhagic or ischaemic stroke was asso-
ciated with better survival (p < 0.0001; Figure 3). Lastly, the very
small number of deceased events after large artery atherosclerosis
and lacunar stroke prevented us from assessing associations in these

groups.

DISCUSSION

In the population-based Lille Stroke Registry, the 28-day case fatal-
ity after stroke remained high between 2008 and 2017, especially for
haemorrhagic stroke. For ischaemic strokes, the case fatality ranged



| 2211

LARGE DISPARITIES IN 28-DAY CASE FATALITY BY STROKE SUBTYPE

*159] 1 5,3UdpNIS 10 }59) paJenbs-1yd e wouy d
"AJUO $,TOZ 92Uuls A13SI3a4 8y3 Ul papaoday,

'9|B2S 9)0J31S Y3|BIH JO 93N3IISU| [BUOIIEN ‘SSHIN ‘JB[NISBAOIPIED ‘AD) [SUOIRIAIGAY
"UOIJBIASP PJEPUE]S F UBSW 3Y3 4O (%) U Se pajonb ale sanjeA :9J0N

1000°0> (8'0£) 08 (co6) 1T (¢'68) 6£C (T'£L) 619 (6¥8) 90L 1000°0> (£°08) LS6T (8'29) 62 piem Aojonau e ul pajeas
100> €Ty v (06) 81 (6¥) 0T TTD 1L (S2T) 68 LL0 (TT1)81C (91T €V awoy 3ulsinu e Ul 92UdpIsaY
1000°0> LLFT6S 1T€¥88¢ 89F¥SL S9FCIV9 T8%Cl6 1000°0> cLFCTL 8 F¥8IT gUOISSIWPE UO 3105 SSHIN
T000°0> (6'8) 0T (6v)ct (€9 vl (6°07) 68 (699) LLy €10 (9°92) 059 (¢€T) 60T uol3e|lqly el3e snolAd.d
1000°0> (cotm)et (9cr 1€ (9°6T) €S (6'ST) 62T (e792) 02T 100> (0°02) 88% (T¥1) 99 9SeasIp AD snoinsud
100°0> (6'52) 62 (6LT) vy (rvT) 6€ (L91)9¢T (T'ee) 61 ST0 (5°02) T0S (9£7) €8 9043 SnoIARId

1000°0> 6T ¥€9 474 [ARET7A STF9L cT¥18 9.0 YL FLL YT ¥8L S1edh ‘(Uswom) a8y

T000°0> €T ¥ 65 YT ¥ 69 [4% 74 YT ¥ 69 crFeL 820 €T F0L Y1 ¥ 69 slead ‘(usw) a8y
1000°0> 9T+ 19 IRR7A crFeL ST¥¢eL €T ¥8L 0 YT F¥L YT F¥L siedh a8y
T000°0> (8'L¥) ¥S (9'8¥) 0T (c'ov) 601 (8'vS) Ly (7'v9) TrS 61°0 (9°65) G9€T (7'zs) 16C USWOAA
(S)eTT (o1) L¥T (T1) TLT (e€)sT8 (ve) 0v8 (¥8) ¥S¥e (91) 641 JquinN

d asned Jay1Q JeundeT SIS019[25043Y3e asned J1joqwiaoipJie) d 9 0.3s dlWwaeYdS| ajoas

Aiayie agie

paulwiazapun

sadAlqgns 9)0.3s d1waeyds|

o18eyliowaeH

/T0Z-8007 ‘A13s130y 250435 3||I7 2Y3 Ul 2dAlgns a3043s Aq sjualjed jo sofjsiiajoeseyd aujjeseg T 319dVL



2212 |

GAUTHIER ET AL.

FIGURE 1 Survival and the time
interval between the onset of stroke and
death, by stroke subtype, Lille Stroke
Registry, 2008-2017. (a) Survival curve
at 28 days by stroke subtype. (b) Box plot
of delay (in days) between the onset of
stroke and death, by stroke subtype

(a) Stroke subtype ~ — Ischemic - Hemorrhagic
1.01
Z 08 '
= -~
o0 1
('] t-y
g -
= o
£ .
E 0.61 L_L““‘~Af__*_
P <0.0001
0.41
0 4 8 12 16 20 24 28
Time (days)
(b) P <0.0001
28 - I
24 -
20 -
£ 16
o
g
g
i 12 4
8 7.5
4 4 2.5
0 - T
Ischemic Hemorrhagic

widely according to the aetiology: from 3% in large artery and lacu-
nar strokes to 15%-20% for the other ischaemic stroke subtypes. In
addition to stroke aetiology, age and stroke severity were the main
predictors of 28-day case fatality. Treatment in a neurology depart-
ment was associated with improved survival for all stroke subtypes.
Haemorrhagic and ischaemic strokes accounted for 16% and
84% respectively of the stroke events in this population-based regis-
try. The 28-day case fatality rate was three times higher for haemor-
rhagic stroke than for ischaemic stroke. Our findings confirm earlier
observations in Europe and worldwide [3,7,19] and extend them to a
European region in which the vascular risk is high [20,21]. Although
haemorrhagic strokes were less frequent than ischaemic strokes, the
prognosis for the former was far less favourable. For haemorrhagic
strokes, 75% of the 28-day deaths occurred in the first week after
the event, compared with 50% of the deaths for ischaemic strokes.
In line with data from other population-based studies in Europe
[10,22,23] large artery atherosclerosis and lacunar strokes ac-
counted for 11% and 10% of all ischaemic strokes, respectively,
whereas cardioembolic stroke and stroke of undetermined cause
were more frequent (34% and 33%, respectively). Subtype-specific
data on 28-day case fatalities are scarce. In the present study, the
rate for large artery atherosclerosis (3%) was in the lower range of

values reported elsewhere (between 3% and 17%). This observation
may be related to the recent improvements in stroke management in
northern France—the use of mechanical thrombectomy for large ar-
tery occlusions, for example [24]. The favourable prognosis after la-
cunar stroke (3%) observed here was in line with the literature range
(i.e., case fatality rates between 1% and 4%), and similar rates were
found elsewhere for stroke of undetermined cause (between 13%
and 26%) [5,12,25-30]. Lastly, the 28-day case fatality rate for car-
dioembolic stroke (16%) was slightly lower than the values reported
in other studies (between 17% and 30%). This difference might have
been due to better prophylaxis of cardioembolic stroke with new-
generation anticoagulants (resulting in smaller strokes caused by
subclinical AF) or the benefits of overall vascular risk factor manage-
ment [31]. Of note, concerning reperfusion therapy, the proportion
of patients treated after an ischaemic stroke during the study period
was 15% (14% for intravenous recombinant tissue plasminogen ac-
tivator between 2008 and 2017, and 6% for mechanical thrombec-
tomy since 2014; data not shown).

Age has been consistently linked to case fatality after haemor-
rhagic and ischaemic strokes [28,29,32]. In the present study, the
mean age was 4-9 years higher amongst women than amongst men

for all stroke subtypes, suggesting that women are protected against
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FIGURE 2 Survival and the time
interval between stroke onset and death,
by ischaemic stroke subtype, in the Lille
Stroke Registry, 2008-2017. (a) Survival at
28 days by ischaemic stroke subtype. (b)
Time interval (in days) between the onset
of stroke and death, by ischaemic stroke
subtype

cerebrovascular events at a younger age. With respect to stroke aeti-
ology, there was no difference in the case fatality rate between men
and women after a haemorrhagic stroke. In contrast, the case fatality
after ischaemic stroke was higher in women over 75. However, this

difference disappeared after adjustment for age, which indicates that
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Large artery
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TABLE 2 Crude case fatality rate by stroke subtype, overall and by sex and age in the Lille Stroke Registry, 2008-2017

Cardioembolic Undetermined  Other cause

age contributed to the sex difference. Another confounding factor
may possibly be stroke severity. As stroke severity from 2012 has
been recorded in the registry, analyses using the 2012-2017 subsa-
mple were also performed and HRs of 28-day case fatality for stroke

severity were further adjusted. The adjusted data confirmed that there

<75 years of 275 years of
Total Men Women p age age p
Haemorrhagic stroke 48 [44; 53] 46 [39; 52] 51 [45; 57] 0.24 41 [35; 48] 54 [48; 60] <0.01
Ischaemic stroke 15[14; 17] 12 [10; 14] 18 [16; 20] <0.0001 8(7; 10] 21[19; 23] <0.0001
Cardioembolic 16 [14; 19] 121[9; 17] 19 [16; 22] <0.05 9 [6; 13] 20 [17; 24] <0.0001
Undetermined cause 18 [16; 21] 16 [12; 20] 20 [17; 24] 0.09 7 [5; 10] 29 [25; 33] <0.0001
Large artery 3[2; 6] 1[0; 5] 6[3;11] 0.06 1[0; 5] 5[2;10] 0.15
atherosclerosis
Lacunar 3[1; 6] 2 [0; 6] 41[2;10] 0.27 2 [0; 6] 412;9] 0.45
Other cause 19 [12; 27] 17 [9; 28] 20[12; 33] 0.64 17 [11; 26] 24[11; 43] 0.43

Notes: Case fatality rates are reported as the percentage [95% confidence interval].

p from a chi-squared test.
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FIGURE 3 28-day survival by stroke
severity and stroke subtype, Lille Stroke

Registry, 2008-2017. On the basis of 10
the NIHSS score, stroke severity was '
categorized as not severe (score <15) or
severe (score 215)
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was no difference in case fatality between men and women and that
in fact the apparent sex difference was mainly due to age (Table S2).
This hypothesis is consistent with a recent meta-analysis in which the
higher case fatality observed in women versus men was mostly related
to their older age [33]. Therefore, as seen for coronary heart disease,
women appear to be protected from vascular complications until later
in life. This sex advantage might disappear in the future, once the im-
pact of smoking amongst women—a habit that increased significantly
in the 1980s—becomes effective.

In the present study, a previous stroke, a history of cardiovascu-
lar disease and a history of AF were strongly associated with 28-day
case fatality after an ischaemic stroke [34,35]. The association with
a previous stroke was more pronounced for cardioembolic stroke,
whereas the association with a history of cardiovascular disease was
more pronounced for stroke of undetermined cause. AF is a mor-
tality risk factor for ischaemic stroke [34-36]. In the present study,
this relationship was particularly strong for strokes of undetermined
cause; this association might be linked to the high proportion of car-
dioembolic events amongst cryptogenic strokes.

In agreement with earlier reports, stroke severity (as assessed by
the NIHSS score) was strongly associated with case fatality after isch-
aemic stroke [28,29,32]; depending on the aetiological subtype, the risk
was multiplied by as much as 20. Furthermore, the risk of death after a
cardioembolic stroke or a stroke of undetermined cause was 1.7 times
greater in nursing home residents than in people living at home; this
might reflect increased frailty in elderly people [28,29,37,38]. Lastly,
treatment in a neurology department was associated with 60%-90%
lower case fatality rates for all stroke subtypes, showing the benefit of
being treated in a specific department with expertise in neurological
disorders and confirming the beneficial effects of the French national
guidelines [39]. However, an inverse relationship in which (i) the most
severe patients died very quickly at the emergency wards and there-
fore do not reach the neurological ward or (ii) people already hospi-
talized with severe comorbidities or elderly people in nursing homes
are not transferred into the neurological ward, due to their associated
pathologies or frailty, cannot be ruled out.

8 12 16 20 24 28
Time (days)

Our study had several limitations. First, the lack of baseline and
post-stroke modified Rankin scale scores limited our knowledge
of the prognosis. Secondly, the analyses were performed only on
data from subjects aged 35 and over, since events in younger peo-
ple were not recorded before January 2016 in the registry. Lastly,
the numbers of cases for the rarest stroke aetiologies were rela-
tively low, which limited the analyses' statistical power, especially
for the analysis of trends in case fatality rates during the studied
period. The study also had a number of strengths. The use of a
population-based registry of in-hospital and out-of-hospital cases
in a defined geographical area enabled us to exhaustively assess
events and accurately analyse the case fatality data. Furthermore,
there were very few missing data on 28-day vital status during the
study period (2008-2017), since only four patients (0.13%) were
lost to follow-up and the proportion of undetermined strokes,
usually characterized by high early case fatality rates, was very
low, contrary to what can be found in administrative economic da-
tabases [1,14]. Lastly, the present study was one of the largest yet
to assess short-term survival as a function of the aetiology of isch-
aemic strokes; our findings might help neurologists to determine
the patient's prognosis more reliably.

In conclusion, the present results (collected over a recent
10-year period) extended the literature data for Europe and
provided a thorough description of short-term stroke case fa-
tality rates at the population level. Our findings indicate that
stroke aetiology is an important source of prognostic variability
and that being treated in a neurology ward improved survival
by around 80%.
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