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Abstract
Objectives
The 11th edition of the International Classification of Diseases (ICD-11) incorporates a tissue-
based definition of stroke and may alter estimates of incidence and outcomes. We assessed 
whether transitioning from a time-based to a tissue-based definition introduces age-dependent 
changes in stroke incidence and post-stroke survival.

Methods
The Normandy Stroke Study is a population-based study using multiple overlapping sources to 
identify stroke cases in Caen-Normandy-Metropole, France. Events occurring between May 15, 
2017, and December 31, 2022, were classified using time-based (symptoms ≥24 hours) and 
tissue-based definitions (symptoms ≥24 hours or <24 hours with neuroimaging evidence of 
ischemic injury).

Results
Among 3,826 first-ever strokes meeting the tissue-based definition, median (IQR) age was 76 
(64–85) years, and 1,932 (50.5%) were female. The age-standardized incidence rate of stroke 
(95% CI) was 161 (156–166) per 100,000 person-years (ESP2013), including 132 (128–137) 
for ischemic or undetermined stroke, 22 (20–24) for intracerebral hemorrhage, and 7 (6–8) for 
subarachnoid hemorrhage. Three-year mortality was 36.4% (95% CI 34.9–38.0). Compared 
with the time-based definition, the tissue-based definition increased stroke incidence by 6.5% 
and reduced 3-year mortality by 3.9%. The impact of the tissue-based definition on stroke 
incidence was greater at younger ages (all strokes: younger than 55 years = +8.5%; 55 years or 
older = +6.0%; ischemic stroke: younger than 55 years = +12.5%; 55 years or older = +7.3%).

Discussion
Adoption of a tissue-based definition modestly increased stroke incidence and post-stroke 
survival, with greater impacts at younger ages. Implementation of ICD-11 may introduce age-
related differences in temporal trends, highlighting the importance of consistent definitions in 
stroke surveillance.

Introduction
Measuring the burden of stroke is essential for planning stroke services and prevention strat-
egies. 1 Introduced in 2022, the World Health Organisation’s 11th edition of the International 
Classification of Diseases (ICD-11) may alter estimates of stroke incidence and outcomes 
because it newly classifies patients with symptoms lasting <24 hours and neuroimaging findings 
of acute infarction as having had a stroke.
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This population-based study aimed to provide contemporary 
estimates of stroke incidence, 28-day fatality, and 3-year sur-
vival and to determine how these vary between tissue-based 
and time-based stroke definitions overall and across age 
groups.

Methods
Standard Protocol Approvals, Registrations, 
and Patient Consents
The Normandy Stroke Study (NSS) was approved by an 
ethics committee (Comité de Protection des Personnes, 
009/2017). 2 Nonopposition was sought in accordance with 
French legislation regarding observational studies, but written 
informed consent was not required.

Study Setting, Definitions, and Outcomes
The study population comprised permanent residents aged 
30 days or older living in the Caen-Normandie-Metropole 
area at the time of stroke (eTable 1, eFigure 1). Cases were 
identified using overlapping prospective and retrospective 
sources (eMethods, eTable 2). This analysis included par-
ticipants with a first-ever stroke occurring between May 15, 
2017, and December 31, 2022.

Under the tissue-based definition, ischemic stroke (IS) was 
defined as neurologic dysfunction caused by focal cerebral, 
retinal, or spinal infarction, with symptoms lasting ≥24 hours 
or until death, or lasting <24 hours with pathologic or imaging 
evidence of ischemic injury in a defined vascular territory. 3 

Under the time-based definition, IS was defined as neurologic 
dysfunction caused by focal cerebral, retinal, or spinal in-
farction, with symptoms lasting ≥24 hours or until death.

Events occurring before or during the study were reviewed 
and classified according to both definitions. In all analyses, 
a study event was classified as a first-ever stroke when the 
patient had no event meeting the tissue-based definition be-
fore study entry. Statistical methods are reported in the 
eMethods.

Results
Demographics and Stroke Subtypes
Over 2,317,007 person-years of observation, 4,244 first-in-
study events met the tissue-based stroke definition, of which 
3,826 (90.2%) were first-ever strokes. Median (IQR) age was 
76 (64–85) years, and 1,932 (50.5%) patients were female. 
Ascertainment sources and management settings are reported 
in eTable 3.

Cerebral infarction lasting >24 hours was the most common 
stroke subtype (n = 2,805, 73.3%; median age 77 years), 
followed by intracerebral hemorrhage (ICH, n = 511, 13.4%; 
77 years), cerebral infarction lasting <24 hours (n = 246, 
6.4%; 72 years), subarachnoid hemorrhage (SAH, n = 151,

4.0%; 58 years), retinal infarction (n = 83, 2.2%; 72 years), 
undetermined stroke (n = 20, 0.5%; 87 years), and spinal cord 
infarction (n = 10, 0.3%; 66 years). Among patients with 
cerebral infarction or undetermined stroke, 2,692 (87.7%) 
underwent a brain MRI at a median (IQR) of 1 (0–3) day 
from symptom onset. The median (IQR) NIHSS was 4 
(1–10), including 4 (2–9) for cerebral infarction lasting >24 
hours and 12 (4–22.75) for ICH.

Incidence (Tissue-Based Definition)
The age-standardized incidence rate (ASIR) of stroke was 161 
(95% CI 156–166) per 100,000 person-years (ESP 2013), 
including 132 (128–137) for ischemic or undetermined 
stroke, 22 (20–24) for ICH, and 7 (6–8) for SAH (Table 1, 
eTable 4).

Stroke incidence was higher in male patients than in female 
patients (IRR = 1.48; 95% CI 1.39–1.58), with a similar 
pattern for IS (IRR = 1.55; 95% CI 1.44–1.66) and ICH 
(IRR = 1.35; 95% CI 1.13–1.61), but not SAH (IRR = 0.76; 
95% CI 0.55–1.06). Above age 35 years, incidence rates were 
higher in male patients (stroke: IRR = 1.50; 95% CI 
1.41–1.60; IS: IRR = 1.57; 95% CI 1.46–1.69; ICH: IRR = 
1.37, 95% CI 1.14–1.64) (eFigure 2). In contrast, stroke in-
cidence was higher in female patients younger than age 35 
years (IRR = 1.36; 95% CI 0.89–2.10), driven by SAH (IRR = 
2.04, 95% CI 0.54–9.66) and IS (IRR = 1.45; 95% CI 
0.85–2.53).

28-Day Fatality and 3-Year Mortality 
(Tissue-Based Definition)
Twenty-eight-day fatality occurred in 540 patients (14.1%; 
95% CI 13.0–15.3) (eTable 5) and was 9.7% (8.7–10.8) for 
IS, 37.0% (32.8–41.3) for ICH, and 28.5% (21.4–36.4) for 
SAH. No patient with cerebral infarction lasting <24 hours 
died within 28 days.

Three-year mortality occurred in 1,393 patients (36.4%; 95% 
CI 34.9–38.0) (eTable 5, eFigure 3) and was 33.2% 
(31.6–34.9) for IS, 56.4% (51.9–60.7) for ICH, and 35.1% 
(27.5–43.3) for SAH. Patients with cerebral infarction last-
ing <24 hours had lower 3-year mortality (14.6%, 95% CI 
10.5–19.7) compared with the other patients with IS or un-
determined stroke (34.8%, 95% CI 33.1–36.6).

Time-Based vs Tissue-Based Stroke Definition
A total of 3,599 first-ever strokes met the time-based defini-
tion, corresponding to an ASIR of 151 (95% CI 146–156) per 
100,000 person-years (ESP2013) (eTables 6–8).

Compared with the time-based definition, the tissue-based 
definition increased the ASIR by 6.5%, with a larger relative 
increase in patients younger than 55 years (8.5%) than 
55 years or older (6.0%) (Figure 1). The increase in the ASIR 
of IS was 8.1% and was again greater at younger ages (younger 
than 55 years: 12.5%; 55 years or older: 7.3%). Among 
patients in the NSS with stroke or TIA lasting <24 hours,
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brain MRI use was slightly higher in younger individuals, with 
similar times from symptom onset to MRI across age groups 
(eTable 9).

Conversely, patients meeting the tissue-based definition had 
lower mortality than those meeting the time-based definition, 
with a 6.5% lower 28-day fatality and a 3.9% lower 3-year 
mortality (Table 2, eTable 10). These differences were more 
pronounced at younger ages (28-day fatality: younger than 
55 years: −7.8% vs 55 years or older: −6.2%; 3-year mortality: 
younger than 55 years: −7.8% vs 55 years or older: −3.6%).

Discussion
In this population-based study with high MRI use, adopting 
a tissue-based stroke definition increased incidence by 
6.5% and reduced 3-year mortality by 3.9% compared with 
the traditional time-based definition. These effects were

more pronounced at younger ages, suggesting that the 
implementation of ICD-11 may bias temporal trends in 
stroke incidence and post-stroke survival, particularly when 
comparing age groups over time.

The increase in stroke incidence was similar to findings from
South London (6.8%) 4 and Nueces County (4.4%), 5 al-
though lower than that reported in Geneva (15.0%). 6 The 
larger increase in Geneva was attributed to greater MRI ac-
cess. However, MRI use in the NSS was similar high, sug-
gesting that the impact of MRI availability on incidence 
estimates may previously have been overestimated.

The greater increase in incidence among younger individuals 
may reflect differences in referral pattern and MRI use after 
transient neurologic symptoms, as well as age-related differ-
ences in stroke severity, etiology, and brain frailty, which 
can influence symptom duration. 4,6,7 These findings highlight 
the importance of maintaining consistent definitions and

Table 1 Incidence Rate of First-Ever Stroke in the Normandy Stroke Study (2017–2022, Tissue-Based Stroke Definition)

All Male patients Female patients

Age (y) N events
Person-
years

Incidence 
rate (95% CI) N events

Person-
years

Incidence 
rate (95% CI) N events

Person-
years

Incidence 
rate (95% CI)

Younger than 20 20 562,152 4 (2–5) 11 287,421 4 (2–7) 9 274,731 3 (1–6)

20–24 11 169,726 6 (3–12) 6 84,275 7 (3–15) 5 85,451 6 (2–14)

25–29 24 135,407 18 (11–26) 8 67,239 12 (5–23) 16 68,168 23 (13–38)

30–34 30 136,118 22 (15–31) 11 67,439 16 (8–29) 19 68,679 28 (17–43)

35–39 39 140,694 28 (20–38) 20 69,046 29 (18–45) 19 71,648 27 (16–41)

40–44 71 140,164 51 (40–64) 36 69,500 52 (36–72) 35 70,664 50 (34–69)

45–49 106 146,281 72 (59–88) 62 71,982 86 (66–110) 44 74,299 59 (43–79)

50–54 134 141,976 94 (79–112) 79 68,445 115 (91–144) 55 73,531 75 (56–97)

55–59 223 142,064 157 (137–179) 161 67,449 239 (203–279) 62 74,615 83 (64–107)

60–64 327 143,169 228 (204–255) 214 66,835 320 (279–366) 113 76,334 148 (122–178)

65–69 388 137,891 281 (254–311) 246 63,466 388 (341–439) 142 74,425 191 (161–225)

70–74 444 110,555 402 (365–441) 282 49,713 567 (503–637) 162 60,842 266 (227–311)

75–79 457 76,550 597 (544–654) 233 32,635 714 (625–812) 224 43,915 510 (445–581)

80–84 525 61,542 853 (782–929) 222 23,395 949 (828–1,082) 303 38,147 794 (707–889)

85–89 537 44,091 1,218 (1,117–1,325) 185 14,484 1,277 (1,100–1,475) 352 29,607 1,189 (1,068–1,320)

90–94 353 21,842 1,616 (1,452–1,794) 96 5,503 1,745 (1,413–2,130) 257 16,339 1,573 (1,386–1,777)

95 or older 137 6,785 2,019 (1,695–2,387) 22 1,253 1,756 (1,100–2,657) 115 5,532 2,079 (1,716–2,495)

Total 3,826 2,317,007 165 (160–170) 1,894 1,110,080 171 (163–178) 1,932 1,206,927 160 (153–167)

ASIR (2013 ESP) 161 (156–166) 196 (187–205) 132 (126–138)

ASIR (1976 ESP) 100 (97–104) 124 (118–130) 80 (76–84)

Abbreviations: ASIR = age-standardized incidence rate; ESP = European Standard Population. 
Incidence rates per 100,000 person-years.
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ascertainment methods in long-term population-based stroke 
surveillance.

This study has several limitations. First, death certificates and 
national admission databases were not available for case as-
certainment, potentially leading to underestimation of events 
occurring in the community or outside of the study territory. 
Second, symptom duration may have been underestimated in

patients not evaluated at our centre, potentially exaggerating 
the impact of the tissue-based definition on incidence. Third, 
imaging-negative transient ischemic attacks managed in the 
community were not systematically evaluated, and some may 
been imaging-negative minor strokes. 7 Fourth, the impact of 
the tissue-based definition may not be generalizable to all set-
tings because it likely depends on local referral patterns and 
MRI access.

Figure 1 Age-Stratified Impact of the Tissue-Based Compared With the Time-Based Definition on Stroke Incidence

Relative percentage increase in incidence rate is provided for first-ever stroke (A) and ischemic or undetermined stroke as a first-ever stroke (B). Under the 
tissue-based definition, ischemic stroke was defined as neurologic dysfunction caused by focal cerebral, retinal, or spinal infarction, with symptoms 
lasting ≥24 hours or until death, or lasting <24 hours with pathologic or imaging evidence of ischemic injury in a defined vascular territory. Under the time-
based definition, ischemic stroke was defined as neurologic dysfunction lasting ≥24 hours or until death.

Table 2 Age-Stratified Impact of the Tissue-Based Compared With the Time-Based Definition on 28-Day Fatality and 
3-Year Mortality After Stroke

N deaths 
(tissue)

N strokes 
(tissue)

Outcome 
(tissue), %

N deaths 
(time)

N strokes 
(time)

Outcome 
(time), %

Relative change with the 
tissue-based definition, %

28-day fatality

Younger than 55 36 435 8.3 36 401 9.0 −7.8

55–64 72 550 13.1 73 510 14.3 −8.5

65–74 72 832 8.7 73 772 9.5 −8.5

75–84 111 982 11.3 111 925 12.0 −5.8

85 or older 249 1,027 24.2 250 991 25.2 −3.9

All (crude) 540 3,826 14.1 543 3,599 15.1 −6.5

3-year mortality

Younger than 55 55 435 12.6 55 401 13.7 −7.8

55–64 119 550 21.6 117 510 22.9 −5.7

65–74 206 832 24.8 202 772 26.2 −5.4

75–84 345 982 35.1 335 925 36.2 −3.0

85 or older 668 1,027 65.0 655 991 66.1 −1.6

All (crude) 1,393 3,826 36.4 1,364 3,599 37.9 −3.9
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Conclusions
In this population-based study, transitioning to a tissue-based 
definition modestly increased incidence and post-stroke sur-
vival, with stronger effects at younger ages. These findings 
suggest that ICD-11 may introduce age-related bias into 
temporal trends of stroke incidence and outcomes, under-
scoring the importance for consistent surveillance methods 
over time.
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