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1.

ISQUEMIA:

1. Transcurso isquemia a un infarto: movimiento de agua del

espacio extracelular al compartimento intracelular. Hallazgos:
senal t2 normal.

2. Rotura endotelial con edema vasogénico y aumento total del

contenido de agua: Hallazgo senal alta t2. DW identifica el
infarto en etapa mas precoz (antes del edema vasogénico)

Agudo: 0-7 dias. DW!I alta con ADC bajo.

Subaguda: 1a3s:, DWIalta persiste hasta 14 dias desde inicioy
luego baja. ADC primero se normaliza ( pseudonormalizacion) y
luego senal alta.

Crdnica: 3s. DWI variable. Normalmente iso/hipointensa pero
dependiendo del efecto T2. ADC alto.

Las son aquellas que no siguen la linea de
tiempo descrita. ESTUDIO busca caracterizar y clasificar las anomalias DWI

persistentes para DETERMINAR SU RELEVACIA CLINICA.
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: ABSTRACT
\lto ADC y Dwi variable, se Aol leta a Background Post-siroke diffusion weighted imaging
mas tardar 1 mes (DWI1) signal transformation of the infarct core, which
results in high apparent diffusion coeffident (ADC)
values and variable DWI signal intensity, is completed no
¢Encontraron excepciones a later than 1 month after onset nfigmemia_WE_msewed
) . frequent exceptions to this timeline of change in DWW
esta linea de tiempo de signal, which led to uncertainties in further dinical

cambio en la sefial DWI? patient management. _
Methods A prospective single-center study of patients
treated with mechanical thrombectomy of 2 large vessal
Incertidumbres en el manejo occlusion in the anterior drculation was conducted.
Patients recelved high-resolution MRI at 3T, induding

clinico posterior del paciente DWI, in the acute post-stroke phase and in the follow-up
after 3—12 months.

Results Uverall /8 patients (45 men) of mean age
b3.6 years were evaluated. We dentified persisting

O new anusion restriction in 79 0F e /8 Dauents
(37.2%) on fnllml-'-up imaging. Diffusion restrictions in

- Prospectivo. Un Unico 3 Tifferertocation frnrn_ the mfarmrgprmmn'g'
NEW (SUD-JaCute saiemia, were observed in four patients
centro. A5, 1%), Smaller areas of persisting diffusion restriction
T b ia d (DDWI lesions with high DWI signal and reduced ADC
- lrombectomia de gran vaso values) within the former infarct core were obsenved

de circulacic’m anterior in 25 patients (32.1%) without clinical evidence of
recurrent stroke, but with worse outcome scores at

- DW agudo y seguimiento follow-up compared with patients without pDWI lesions.
The presence of pDWI lesions is associated with a

entre 3-12 m IargntgJI primary infg:]ct core (multivariate regression OR
1.03 (95% C1 1.01 to 1.03); p<0.01), mediating the
relationship between pDWI lesions and clinical outcome.
Conclusion Smaller foci of persisting diffusion
restriction {pDWI lesions) in the follow-up after
endovascular treatment for stroke are frequent and likely
represent a slowed ADC signal progression within a
formerly large infarct core.




ABSTRACT
Background Post-stroke diffusion weighted imaging
- Muestra 78 pacientes (45 (DWI) signal transformation of the infarct core, which
h b results in high apparent diffusion coeffident (ADC)
om res) values and variable DWI signal intensity, is completed no
-—- later than 1 month after onset of ischemia. We observed
. . frequent exceptions to this timeline of change in DWW
- of . . Y
37.2%: persistencia o nueva signal, which led to uncertainties in further climical
restriccion de difusion. patient management.

- 5.1%: Restriccion DW en otro Methods A prospective 5|nle4:enter stul of patients

treated with mechanical thrombectomy of a lange vessel

sitio diferente al nucleo occlusion in the anterior circulation was conducted.

. . . Patients received high-resolution MRI at 3T, induding
mfartado/ Hejr il SUbagUda DWI, in the acute FHJIE-S[FEIKE phase and in the fnllm_!.r-up
nueva. after 3—12 months.

Results Overall, /8 patients (45 men) of mean age

. 63.6 years were evaluated. We identified persisting

- 32.1%: Areas mas pequeias de OF newv amusion restriction in 9 o1 e 78 Dauents

[ ] L 4 ~ }
restriccion con sefial DWI alta 'y . “‘} ['” 'erﬁﬁ;'rﬁ'ﬁé"lﬂlfg'" ”""c'” restictions in

valores ADC reducidos) dentro W TSUb-JACTE Tschemia, were observed in four patients
¥ : . A5, 1%), Smaller areas of persisting diffusion restriction
del nucleo de[ infarto anterior. (DDWI lesions with high DWI signal and reduced ADC
Esto se da en infarto grande ... values) within the former infarct core were observed
in 25 patients (32.1%) without clinical evidence of
recurrent stroke, but with worse outcome scores at
follow-up compared with patients without pDWI lesions.

Focos pequeios de restriccion en The presence of pDWI lesions is associated with a
imi large primary infarct core (multivariate regression OR
SSEREIIEDER probabler!n’ente, 1 E?E I'pHrS ?'rl 1.01 to 1.05); p<0.01), me%niating the
representan una progresion mas rel i c inj
lenta de la sefial ADC dentro de un Conclusion Smaller foci of persisting diffusion
. ) restriction {pDWI lesions) in the follow-up after
nucleo de infarto grande. endovascular treatment for stroke are frequent and likely

represent a slowed ADC signal progression within a
formerly large infarct core.



Introduccion




INTRODUCTION
Diffusion weighted imaging (DWT) is used to differ-

enpate ischemic sirocke from a tansient ischemic
—attacke orocher differennal disgngzes i help care-
gorize stroke etology baszed on infarer dismbunon,
and to predict cutcome” or risk of secondary infarce
bleeding.* *

In acute 1schemic stroke (0—7day: from onset),
D'WI zhows a high signal with reduced apparent
diffusion coefficient (ADC) values in the affected

brain parenchyma” In the subacure stage, usually
defined as the period 1-3 weeks after onser, a lugh
DWTI signal persists up to 14 days after onset and
later diminishes while ADC first normalizez to
values of healthy brain tissue (frequently referred
to as pseudonormalization) and later increases to
a high signal intensity. In the chronic stage, begin-
ning 3 weeks after onset, the DWI signal is vanable
but usually izointense to hypointensze depending on
the underlying T2 zignal and the ADC values are
high_* If the underlying T2 relaxanon is sufficently
prolonged, the resulting DWI signal may appear
high even though the corresponding ADC values are
also high, an effect known as “T2 shine-through’.®
In an ongoing clinical study at our comprehensive
stroke center, patents who undergo endovascular
therapy (EVT) for ischemuc stroke receive regular
follow-up MRI 3-12 months after discharge.
Persisting DWI abnormalities (pDWIs) that did net
follow the above described signal change dmeline
were frequently observed wathout new clinical
symptoms, often leading to insecurities in radiclog-

ical assessment and clinical management. This raizes

observed permsu.ug DWI a]:murms]:uaa with the aim uf deter
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METHODS

In a prospective single-center study, patients who underwent
EVT for ischemic stroke were followed up longitudinally. As
the primary end point, clinical and imaging characteristics were
collected at 3-month follow-up. It there were any abnormali-
ties, further examinations were sometimes carried out at 12
months. Imaging studies performed at 3-12 months are part of
the study design and performed outside of clinical routine solely
for research purposes. Prospective acquired clinical and imaging
data were retrospectively analyzed.

Estudio prospectivo de
centro, con seqguimie

Protocolo de
estudio de la
RM



5tudy population
The smdy cohort consizted of 589 patients with sroke who were

treated with mechanical thrombectomy in a single comprehen-
sive stroke center between October 20158 and February 2021.
Ninety-zeven patients underwent both MRI in the acute post-
stroke stage (median 3 day: afrer mechanical thrombectomy)
and a second MRI in the 3-month follow-up peried with neuro-
logical examination. Nine patients were excluded due to MRI
of insufficient quality in the acute post-stroke stage induding
fluid-artenuated inversion recovery (FLAIR) and DWI, zeven
patient: were excluded due to EVT of a large vessel occlusion of
the posterior circuladon, and three panents were excluded due
to susceptibility-induced TWTI artifacts at the 3-meonth follow-up
(see online supplemental file 1 for an example of suscepubilicy-
induced DWI artefacts). The final smudy cchort therefore
consisted of 78 patient: (s2e online supplemental figure 52 for a
summary of the subject inclusion process). From the subgroup of
patients with pDWI lesions, further follow-up at 12 months was
performed for patient: with imaging and clinical examinarion.
Angiographic and clinical data at the acute stage were prospec-
tively collected within a registry. The time interval to reperfusion
13 defined as the time difference between symprom onszet or ime
of recognition to reperfusion time. The success of reperfuszion,
meazured by the expanded Treatment in Cerebral Ischemia
(eTICI) score, was determuned by two experienced neurcinter-

Wn consensus. Euccesﬂﬁd recanalization was defined

'. l:ll LITTREELHT P — R :I-Ii::'. F'I—

The clinical data at admussion (pretreatment), at discharge
(post-treatment) and at follow-up, including the National Inso-
tutes of Health Stroke Scale (NIHSS) score and the modihed
Ranlan Scale (mRS) score, were assessed by cernfied neurolo-
gists. Substanial neurological improvement was defined as the
difference between discharge and follow-up NIHSS score of
=8 or follow-up NIHSS score of 1. The mRS score was usec
to measure dizability at follow-up, with 2 good clintcal outcome
defined as mRS score of =2

Stroke pathogenesis was determined according to the interna-
tional TOAST (Trial of ORG 10172 in Acute Stroke Treatment)’
classificaion bazed on the diagnosnic and clinical information
avallable for each panient.

The peak leucocyte counts during the acute stroke phase of all
patients (during their hospital stay, maxamum of 11 days afte
EVT) were retrospectively assessed from the rourne labaratory

Measurements.



Estudio prospectivo de un solo centro, con seguimiento longitudinal

La cohorte de estudio 589 pacientes con accidente cerebrovascular
tratados con trombectomia mecanica entre 2018 -2021.

- 97 pacientes . 12 RM en etapa aguda (mediana de 3 dias del
tratamiento trombectomia ). 22 RM en el periodo de
seguimiento de 3 meses + examen neuroldgico.

|

Cohorte final del estudio consistio en
78 pacientes

Del subgrupo de pacientes con lesiones pDWI, se realizo un
seguimiento adicional a los 12 meses para los pacientes con
imagenes y examen clinico.



1. Etapa aguda: datos angiograficos y clinicos se recolectaron
prospectivamente .

- El éxito de la reperfusion, medido por puntuacion ampliada del
Tratamiento en Isquemia (eTIClI).
e Exitosa TICI >2b y completa TICI 2c-3.
Consenso de por dos neurointervencionistas experimentados

- Datos clinicos en ingreso y seguimiento: NIHSS, escala de

Rankin modificada
* La mejoria neurologica sustancial si diferencia NIHSS entre el
postratamiento y el seguimiento fue de > 8 o NIHSS de
seguimiento de <1. Discapacidad medido por Rankin: buen
resultado si £2.
* Consenso de neurdlogos

Recuento maximo de leucocitos durante la fase aguda del ictus se
evaluaron retrospectivamente



Imaging analysis
All imaging data were evaluated by a neuroradiologist with more

than 4 vears of expenence (MTB). Panents with diffuston restnic-
tions (high signal on DWI and reduced ADC values) at follow-up
imaging were selected and signal changes were compared with
unaging of the acute stage for the same patient.

The imaging data (isorropic DWI and 3D FLAIR images
trom the acute stage and during follow-up) of all patients were
processed using Branlab Elements Virtual 1) |
Feldkarchen, Germany). Ischemic and stroke lestons were semi-
automgtically seg g the applications Image Fusion
v4.0, Smartbrush v2.6/3.0, Obgect Management v1.1). Lesion
volumes were extracted.




Statistical analyses
 In a unmvariate non-adjusted analysis, vagious baseline variables
lacion de WETE Tested 10T TIeir ass0ciation with the presence of persisting
e DWI (pDWI) lesions. Independent sample t-tests were used
es con la . .
cade | [for parametric vaniables, Wilcoxon rank-sum tests for non-
parametric variables, and the Fisher exact test for dichotomous
categorical variables. A multivariate logistic regression modzl
—  was performed as a second step.

In 2 mediation model, the presence of pDWI lesions was
_entered ac the cancal variable _ the NTHSS ceare at follow-up.
2s the outcome variable, and the ischemic volume as the med:-
able. Covariates such as age, sex, IV thrombolysis, time
nterval, reperfusion success (complete vs incomplete), leukocyte
count, and follow-up iterval were considered. Path coefficients
were estimated using non-standardized regression coefficients of
multiple regression analyses, The statistical sismificance of the
indirect pathway, reflecting the impact of mediation, was eval-
uated using_a_non-parametric_bootstrap approach with 5000
replication samples to obtain a 5% 1.

All stanistical analyses were performed using SPSS Staistics
version 28.0 (IBM, Armonk, New York, USA).
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Variable
Age, years, mean (S0}
Sex (FIM), n

IV thrombaolysis, n (%)
Leucocyte max count (blood), mean (SD)*

Time interval to reperfusion, min, median (IQR)t

eTICl score post recanalization, n for 0-2a/2b/2¢-3
Complete reperfusion (€TICI 2¢/3), n (%)

Follow-up interval, days, median (I0R)t

Primary infarct volume, mL, medizn (IQR)

Lesion at follow-up, mL, median (IQR)
Lesion decrease, %, median (IQR)§
NIHSS, median (IQR)

Pretreatment

Post-treatment (at discharge)

At follow-up

Substantial neurological improvement (discharge to follow-up), n (%) 13 (52%)

mRS score at follow-up, median (IQR)

Good clinical outcome at follow-up (mRS 0-2), n (%)

TOAST (112/4/5), n

pDWI VS No [.:IWI}

DWI pDWI lesions (n=25) No DWI (n=49)
66,1 (14,1) 61.3 (14.8) 0.2
1213 18/31 0.4
14 (56%) 33 (67.3%) 0.3
10.7 (2.7) 10.9(3.9) 0.8
2019 (180-280) 219 (179-257) 0.9
07ne 01435 0.3
18 (72%) 35 (71.4%) 0.9
08 (92-104) 98 (94-103) 0.7
35.1(21.2-182.1) M.4(293-925| <0.001
24.0(9.53-153.8) 3.7 (0.77-60.0) <0.001
50.31 (36.9-81.2) 64.0 (49.3-98.7)| 0.007
14 (10-15.5) 8 (5-13) 0.008
3(1-7) 1(0-2.5) 0.01
1{0.5-4.5) 0 (0-1) 0.003
39 (79.6%) 0.014
1(1-2.5) 1(1-2) 0.09
19 (76%) 42 (85.7%) 0.3
6/1073/6 1513714 0.7




pDWI en areas de
materia gris.

No necrosis laminar en
pDWI

No se encontro
evidencia de reoclusion
en pDWI .

 Modelo de regresion logistica
multivariante variable,
solamente el volumen
isquémico tuvo pDWI.

 pDWI mayor volumen del
infarto primario que el grupo
sin DWI (mediana (RIC) 35,1
(21,2-182,1) ml frente a 11,4
(2,93-92,5) ml, p<0,001

 Rango de volumenes de infarto
primario para lesiones pDW!I fue
de 5,4 a 188,7 ml.

4



Vatiable DWI pDWI lesions (n=25)  No DWI (n=49)  pDWI vs no DWI)
Age, years, mean (50 66,1 (14,1) 61.3 (14.8) 0.2

Sex (FIM), n 1213 18/31 0.4

IV thrombolysis, n (%) 14 (56%) 33 (67.3%) 0.3
Leucocyte max count (blood), mean (SD)* 10.7 (2.7) 10.9(3.9) 0.8

Time interval to reperfusion, min, median (IQR)t 209 (180-280) 219 (179-257) 0.9
eTICl score post recanalization, n for 0-2a/2b/2¢-3 (U 0/14/35 0.3
Complete reperfusion (eTICI 2d3), n (%) 18 (72%) 35 (71.4%) 0.9
Follow-up interval days, median (IOR)$ 98 (92-104) a8 (94-103) 0.7
Primary infarct volume, mL, medizn (IQR) 35.1(21.2-182.1) 11.4(2.93-92.5) <0.001
Lesion at follow-up, mL, median (IQR) 24.0(9.53-153.8) 3.7 (0.77-60.0) =0.001
Lesion decrease, S, median (IQR)§ 50.31 (36.9-81.2) 64.0 (49.3-98.7)  0.007

NIHSS, median (IQR)
Pretreatment
Post-treatment (at discharge)
At follow-up

14 (10-15.5)
3(1-7)
1(0.5-4.5)

Substantial neurological improvement (discharge to follow-up), n (%) 13 (52%)

mRS score at follow-up, median (IQR)

Good clinical outcome at follow-up (mRS 0-2), n (%)

TOAST (112/4/5), n

1(1-25)
19 (76%)
100306

8 (5-13)
1(0-2.5)
0(0-1)

39 (79.68%)
1(1-2)

42 (85.7%)
151317114




1. pDWI tuvo NIHSS medianas (IQR) mas altas que
el grupo no DWI.

!

ilizando el volumen isquémico como variable mediadora, e
to de las lesiones pDWI sobre el resultado clinico perdic
significacion estadistica (p=0,11).

iVolumenjisguemicoimediafarelacionientrelasiesiones pDWI
y elresultadorclinico?

25 pacientes pDWi. Ninguno presento ningun sintoma

clinico nuevo y la puntuacién NIHSS no empeoré

(Menor mejora neurologica sustancial entre el alta y el seguimiento
significativamente en grupo pDWI)







1. pPDWi muestra senales similares a isquemia aguda

I

2. pDWI puede llevar a intensificacion de tratamiento . Pero correcta
exploracion neuroldgica puede evitarlo sin empeoramiento clinico

pDWI mas alla de 1 mes, incluso 3 meses después de un accidente cerebrovascular
agudo

i Causas? ..
¢ e Excitacion

* La necrosis laminaro
neuronal anor

or grado y persistencia el sangrado

amacion posterior al

ebrovascular, * Lesiones
i endoteliales que

fueron tratados Aicroinfartos
silenciosos




onclusion y limitaciones




 Se observaron (pDWI) en el 32,1 % de los pacientes. El sello
distintivo de un accidente cerebrovascular recurrente claro es
la difusion restringida lejos del infarto original

amen neuroldégico completo para excluir la recurrencia d
ccidente cerebrovascular sintomatico , para evitar may

escalamiento diagndstico y terapéutico.

* Microinfarto vs pDWi




- Recoleccion de datos prospectivamente

- Factores de confusion.

- Cuantificacion de las pérdidas.

- Tiene en cuenta el sesgo de validacion ya que
define el protocolo a seguir de forma prospectiva,
realizando RM vy la pauta a seguir en todos.

- Especifica los métodos de seguimiento.

- Buen analisis estadistico



BASANDOME EN EL ESTROBE PARA LA
VALORACION DE ESTUDIOS
OBSERVACIONALES

Tanto titulo como hipdtesis poco desarrollada

¢Qué paso con el resto de la cohorte?--- 587 a 78 pacientes.

Muy pocos casos de seguimiento prolongado (2): limita analisis.

RM solo alos 3 mesesyalos 12 m solo en pDWi

¢Excluimos pDWi de otra localizacion?

Todos los pacientes sometidos a trombectomia: sesgo?? ()

pDWi también se dieron en infartos pequenos ( a partir de 5,4 ml) ¢éNO
solamente es el volumen de infarto?.

Falta de correlacion histopatoldgica: fisiopatologia hipotética.

No es multicéntrico, escasa representacion de la poblacion.

Expligue como se determinod el tamaino muestral (parametros, justificacion...)
Estado actual de investigaciones .

Defina claramente todas las variables: de respuesta, exposiciones, predictoras,
confusoras y modificadoras del efecto. SOLAMENTE CONFUSORAS EL SEXO Y
POCO MAS, Y EL TRATAMIENTO DE BASE??

Caracteristicas de los participantes del estudio : Tto, demencias...

Niebla: Calcula la media de palabras por frase. Regular



