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Abstract

Objectives:To analyze the temporal trends in thrombolysis rates after implementation

of a regional emergency network for acute ischemic stroke (AIS).

Methods: We conducted a retrospective study based on a prospective multicenter

observational registry. The AIS benefited from reperfusion therapy included in 1 of the

5 primary stroke units or 1 comprehensive stroke center and 37 emergency depart-

ments were included using a standardized case report form. The population covers 3

million inhabitants.

Results: In total, 32,319 AIS was reported in the regional hospitalization database of

which 2215 thrombolyzed AIS patients were included in the registry and enrolled in

this study. The annual incidence rate of thrombolysis continuously and significantly

increased from 2010 to 2018 (10.2% to 17.3%, P-trend = 0.0013). The follow-up of
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the onset-to-door and the door-to-needle delays over the study period showed stable

rates, as did the all-causemortality rate at 3-months (13.2%).

Conclusion:Although access to stroke thrombolysis has increased linearly since 2010,

the 3-month functional outcome has not evolved as favorably. Further efforts must

focus on reducing hospital delays.
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1 INTRODUCTION

1.1 Background

Stroke represents the third cause of mortality and the first cause of

disability in high-income countries with 84% of acute ischemic stroke

(AIS).1

The latest recommendations from the American Heart Associa-

tion/American Stroke Association still recommend that the benefit

of intravenous reperfusion therapy among eligible patients was time

dependent and that treatment should be initiated as quickly as pos-

sible, without first magnetic resonance imaging (MRI) .2 Mechanical

thrombectomy has been recommended since 2015 in case of prox-

imal occlusion.3 Intravenous thrombolysis with recombinant tissue-

type plasminogen activator (tPA) is currently the standard treatment

within 3 to 4.5 hours from the symptom onset.

1.2 Importance

The implementation of these recommendations implies that the guide-

lines need to adapt to territorial constraints and population speci-

ficities particularly in regard to respecting prehospital management

by emergency physicians. Also, the decision regarding thromboly-

sis is the joint responsibility of the emergency physician and the

neurologist.

Covering 3 million inhabitants in the Rhône-Alpes region in France,

the regional emergency network was established in 2008 including 5

primary stroke units, 1 comprehensive stroke center, and 37 emer-

gencymedical services (EMS).With written standardized protocols for

prehospital stroke care and emergency transport to the closest facil-

ity with a stroke center, the prospective observational registry collects

real-life professional practices concerning the prehospital and hospital

management of adult AIS patients eligible for thrombolysis.

1.3 Goals of the investigation

The objective of this study was to assess 8 consecutive years of data

collection concerning the access to reperfusion therapy. We specifi-

cally analyzed whether the rate of thrombolysis was changing over

time by comparing the registry rates with the number of ischemic

strokes andwhether therewas a trend toward shorter treatment times

and better short-term prognosis.

2 METHODS

2.1 Study design and setting

The registry is funded by the Regional Agency for Health (Agence

Régionale de Santé Auvergne Rhône-Alpes) to organize emergency

care pathways and improve clinical practices throughout the terri-

tory. All patients included in the prospective observational registry

were also included in this study (see STROBE Guidelines), received

oral and written information about their participation in the registry,

and did not oppose to their data collection. The registry received

approval from the French Commission for Liberties and Data Protec-

tion (n◦1528226).

2.2 Selection of participants

Consecutive AIS patients treated with intravenous tPA, irrespective

of age and treatment delays for thrombolysis, were included between

October 2010 and September 2018. We chose the study period from

October to September to keep data on the first incomplete collec-

tion year. Patients treated with intraarterial thrombolysis were also

included. Stroke was defined according to the World STROKE Orga-

nization’s Roadmap Implementation Guide for stroke.4 The diagno-

sis of stroke subtype was based on physical examination, radiology

imaging, and complementary exams. The classification of stroke was

as follows: atherothrombotic, cardiac embolism, dissection, lacunar,

undetermined, other ischemic etiologies, stroke mimics, and missing

information. All patients weremanaged by attending neurologists with

expertise in neurocritical care. The main exclusion criteria were based

on the European product (tPA) license, derived from the European

CooperativeAcute Stroke Study (ECASS) protocol5 patients older than

80 years with more than 3 hours from onset to treatment (OTT),

enhanced risk of bleeding, particularly intracranial hemorrhage and

oral anticoagulant treatment, history of both prior stroke and dia-

betes, initial stroke severity evaluated by the National Institutes of
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Health Stroke Scale (NIHSS) >25 or <5, and blood glucose <50 mg/dl

or >400mg/dl3. Age and stroke severity became less restrictive exclu-

sion criteria in 2014 after a meta-analysis reported favorable effects

of tPA irrespective of these factors. Specialized stroke centers often

apply less restrictive criteria to treat patients with 1 or more viola-

tions of the license. The findings showed similar outcomes for patients

treated with thrombolysis outside the European license (off-label use;

age>80 years old, Vitamin K antagonists (VKA) administered or inter-

national normalized ratio (INR)> 1.7, patient on anticoagulant or arte-

rial pressure>185-110mmHg), and patients treatedwithin the license

(on-label use).6

2.3 Measurements

Data from consecutive patients were collected by neurologists using

a standardized case report form (CRF). Immediate data entry was

required on admission to ensure high data quality. The following vari-

ables were used for analysis: age, sex, call to the emergency dis-

patch center, transportation by fire brigade or mobile ICU (MICU),

direct admission to stroke unit, distance from home to stroke unit

(km), prestroke disability (modified Rankin scale [mRS] >1), and base-

line characteristics such as NIHSS, wake-up stroke, systolic and dias-

tolic blood pressure, blood glucose, oral anticoagulant, INR > 1.7, off

label use of thrombolysis, brain computed tomography (CT) scan or

MRI, delays (onset to first medical contact, onset to direct admission),

andOTD (onset-to-door), DIT (door-to-imaging time), ITN (imaging-to-

needle), DTN (door-to-needle), and OTT times. Outcomes were also

recorded in the CRF: hemorrhagic complications, such as systemic

and symptomatic intracerebral hemorrhage, according to the current

classification,7 24-hour NIHSS, mRS, and mortality at 3 months. The

mRS is a 7-point scale ranging from 0 (recovery to an asymptomatic

state) through 2 (symptoms causing loss of independence in a previ-

ously independent daily activity, with preserved mobility) and 5 (bed-

bound, with severe disability) to 6 (death).8 ThemRSwas dichotomized

as a favorable outcome (score of 0 to 1) or an unfavorable outcome

(score to 2 to 6). Symptomatic intracranial hemorrhage was defined as

evidence of intracranial hemorrhage on neuroimaging that was asso-

ciated with a neurologic deterioration (increase of 4 points or more on

theNIHSS) or that led to death.5 Early neurologic recoverywas defined

by anNIHSS score< 5.9

2.4 Regional hospitalization database

Abstracts of AIS patients admitted to participating hospitals in our ter-

ritory were extracted between October 2010 and September 2018

over the 8-year period from the regional hospitalization database

(PMSI, Programme de Médicalisation des Systèmes d’Information).

Patients assigned ischemic stroke codes (International Classification

of Diseases Tenth Revision [ICD-10] codes I63, I64, and G46) were

used as the denominator to report annual incidence rates of thrombol-

ysis. The exclusion criteria were ICD-10 (codes for transient cerebral

The Bottom Line

Stroke centers along with emergency care pathways have

proliferated in an attempt to expand early treatment with

intravenous thrombolytics. A French registry study (2010–

2018) of 37 emergency departments along with 5 primary

and 1 comprehensive stroke center showed an increase in

cases of thrombolysis but no improvement in onset-to-door

and door-to-needle times.

ischemic attack (G45), subarachnoid hemorrhage (I60), and intracere-

bral hemorrhage (I61 and I62).

2.5 Statistical analysis

Baseline characteristics were described by the median and interquar-

tile range (IQR) for continuous variables because of their abnormal dis-

tributions and by numbers and percentages for categorical variables.

Temporal linear trendswere assessedusing thePearsonΧ2 test for cat-
egorical variables and a Mann-Kendall trend test for numerical vari-

ables, noted P-trend. The annual incidence rate of thrombolysis was

calculated by dividing the annual number of tPA-treated patients in

the RESUVal registry by the midyear number of patients abstracted

from the regional PMSI data. The percentages of patients with DIT

≤25minutes, ITN time≤35minutes, OTT time≤155minutes, andDTN

time ≤60 minutes were estimated according to national and interna-

tional stroke guidelines. The significance of differences was set at a P-

value<0.05. All analyseswere performedwithR statistical software (R

Core Team (2019). R: A language and environment for statistical com-

puting. R Foundation for Statistical Computing, Vienna, Austria. URL

https://www.R-project.org/).

3 RESULTS

3.1 Characteristics of study subjects

Between October 2010 and September 2018, data from 32,319

AIS were extracted from the regional hospitalization database. Data

from 4272 patients treated with thrombolysis were collected in the

prospective RESUVal registry. Eighteen patients had missing informa-

tion for stroke etiology (0.8%). The study population included 4272

thrombolysis patients, with an overall incidence rate of 17.3%.Of these

patients, 3839 (97.7%) received intravenous thrombolysis, 17 (0.43%)

received intraarterial thrombolysis, 40 (1.02%) received intravenous

plus intraarterial thrombolysis, and 31 (0.79%) had missing informa-

tion for the route of thrombolysis administration. The annual incidence

rate of thrombolysis increasedmodestly by approximately 1% from the

first year (10.2%; 369/3617) to the second (11%; 401/3628) and third

https://www.R-project.org/
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F IGURE 1 Annual incidence rate of AIS thrombolysis fromOctober 2010 to September 2018. AIS, acute ischemic stroke

year (12.5%; 463/3701) and remained stable in the fourth (12.1%;

466/3848) and fifth (11.9%; 502/4192) years (Figure 1). The stroke

subtypes were atherothrombotic (26%), cardiac embolism (43%),

dissection (2%), lacunar (4%), other ischemic etiologies (23%), stroke

mimics (1%) andmissing information (1%).

The median age was 74 years (IQR 63–82), and half of the patients

were men (54%). The patients were similar in terms of most charac-

teristics during the 8-year period (Table 1, P-value for trend ≥0.05):

medianage, sex ratio,mediandistance fromhome to strokeunit (18km;

IQR 7–34), median systolic (150; IQR 133–165 mmHg) and diastolic

(80; IQR 70–90 mmHg) blood pressure values, prestroke use of oral

anticoagulant therapy (approximately 5% of patients, among whom

less than 1% had an INR above 1.7), and median initial blood glucose

(6.5; IQR 5.6-7.7 mmol/L). Preadmission calls to the medical dispatch

center were high and stable at approximately 85%, in contrast with

direct admission to the stroke unit, which remained low, at approx-

imately 10% annually. Some trends were observed during the study

period (P-value for trend< 0.05). The proportion of patients older than

80 years significantly increased, representing roughly one quarter in

the first year and one third in the last year. In this older population,

there was a positive trend toward more female patients treated annu-

ally, whereas the trend remained stable for male patients. Transporta-

tion by fire brigade increased over time and almost doubled between

the first and the last years, and transportation by EMS (MICU) and

by ambulance decreased. Transportation by private vehicles and in-

hospital transportation remained low (nearly 5%) throughout the study

period. Direct admission to brain imaging decreased from 57% in the

first year to 50% in the last year. The median stroke severity at admis-

sion was stable over time (NIHSS 10; IQR = 5-16), even though there

was a small increase (6%) in patients with milder stroke (NIHSS 0–4).

The percentage of patients with prestroke disability (mRS>1) doubled

from11.7% in the first year to16.1% in the last year. A small percentage

of patients reportedwake-up stroke, although this percentage doubled

from 2% to 5% during the study period.

3.2 Hospital management

Nearly three quarters of the patients (n = 3248; 76.03%) were evalu-

ated by MRI diffusion, which was rather stable over the study period

(Table 2), as was the use of MRI angiography. The use of CT angiog-

raphy doubled (from 10.6% to 20.1%), whereas the use of MRI perfu-

sion gradually decreased from 33% to 9%. Approximately 40% of the

patients each year had proximal artery occlusion. The percentages of

patients treated with thrombolysis within 3 hours (62%), between 3

and 4.5 hours (33%), and beyond 4.5 hours (4.7%) of stroke presen-

tation remained stable during the study period. Patients became less

likely to be treated with intraarterial thrombolysis (n = 17; 0.43%) or

intraarterial plus intravenous thrombolysis (n = 40; 1.02%) over time.

Approximately one third (39.5%) of the patients were treated with off-

label thrombolysis each year.

3.3 Timeliness of care delivery

Over the study period, there was no improvement in most prehospital

and hospital times except for ITN time, which decreased from amedian

of 40 minutes in the first year to 34 minutes (Table 2). Less than half

of the patients had an ITN time less than 35 minutes, although this

proportion doubled over time. The onset-to-firstmedical contact delay

had a relatively stable median of 35 minutes (IQR 15–69.3), and there

was a median delay of 89 minutes for onset to direct admission (IQR

64–115). The overall median DIT was 21 minutes (IQR 10–41 min-

utes) and remained stable over the study period. Less than half of the
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F IGURE 2 Comparison of the onset-to-door and the door-to-needle delays over the study period

patients had a recommended DIT within 25 minutes throughout the

study period. DTN time remained unchanged, with a borderline recom-

mended median of 60 minutes (IQR 45–83). Half of the patients had

a recommended DTN time within 60 minutes during the study period.

The OTT time was stable throughout the study period, with an overall

median of 155 minutes, corresponding to less than 3 hours (2.6 hours)

(Figure 2).

3.4 Main results

The 3-month all-cause mortality rate remained stable at 13.2%

throughout the study period. The rates of systemic hemorrhage and

symptomatic intracerebral hemorrhage were nearly 3% over time

(Table 3). The 24-hour median NIHSS after thrombolysis decreased

from 6 (IQR 2–14) in the first year to 4 (IQR 1–12) in the last year.

ThemedianRankin scale scorewas 2 (IQR0–4) and remained stable, as

did the percentage of patients with a good recovery (mRS ≤1) (33.3%).

Approximately 40% of the patients had a good early recovery after

thrombolysis (Figure 3).

3.5 Limitations

Our work is a real-life observational study, for which there are some

limitations. First, we have no information regarding the etiology of

the whole study period, as well as the evolution of the epidemiological

profile of patients. The interventions and infrastructures put in place

to improve access to health care are specific to the health zone and the

registry (management recommendations specific to the unit). There

is also a limitation concerning our territorial approach: our study was

conducted in urban and peri-urban areas with different accessibility

constraints depending on the units and the availability of hospitals

with no neurovascular units, which may extend delays in certain

areas.

4 DISCUSSION

In accordancewith the objective of the study, it was demonstrated that

the annual rate of thrombolysis continuously increased throughout the

study period (from 10.2% to 17.3%). In 2008, after the publication

of the ECASS III study,10 the American Heart Association/American

Stroke Association extended the intravenous-tPA time window from

3 to 4.5 hours. Time window excludes many patients from receiving

thrombolysis. However, skeptical reports demonstrated that expand-

ing the time window of thrombolysis up to 4.5 hours would only

marginally increase the thrombolysis rate (0.5% to 1.4%) and that the

time window within 3 hours was more effective. Because of the less

restrictive use of thrombolysis, there was a gradual increase in the

number of patients older than 80 years during the study period, which

resulted in a trend toward more patients with a prestroke disability

or a milder stroke. In the RESUVal registry, approximately one third of

the patients were older than 80 years, so the median age shifted from

73 years in the first year to 75 years in the last 2 years. Kelly et al.11

reported an increase in tPA-treated patients older than 85 years, who
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F IGURE 3 Functional outcome (3-month Rankin score) over the study period

accounted for 10.5% of patients from 2003 to 2005 and 16.4% of

patients from 2010 to 2011. The proportion of tPA-treated patients

withmilder stroke severity almost doubled over time.

For stroke care management, the guidelines recommend initial

transportation by EMS (MICU) to prompt triage, prehospital care

including resuscitation (when necessary), transport to the stroke unit

available in the shortest time and prehospital notification.2 Our find-

ings showed in-depth changes in the profile of transportation by fire

brigade, whereas transportation by MICU and private ambulances

decreased. Direct admission to stroke units decreased the OTD and

OTT times of admitted patients and was associated with better func-

tional outcomes. Bypassing the emergency department to directly

admit patients to brain imaging was associated with a lower DTN

time.12

The goal of the RESUVal network to improve prehospital and in-

hospital delays to thrombolysis was partially achieved. Also, during

the study period, quality changes projects have probably indirectly

improved the outcomes such as a training of neurovascular referents

in the network’s neurovascular unit carried out on site by emergency

physicians. The referents have trained their teams, annual meetings on

the latest stroke recommendations were organized, the promotion of

the transition from direct admission to MRI and also sharing of ref-

erentials and updates with European recommendations, allowing easy

access to information.

A lack of improvement in prehospital and in-hospital delays to

thrombolysis were observed, such as symptom onset to first medi-

cal contact, symptom onset to first medical contact, symptom onset

to direct and secondary admission, OTD, DIT, and DTN. However, the

ITN time significantly decreased. Some positive points in line were

observed with the stroke guidelines, such as gradual decrease in per-

fusion imaging for both CT andMRI over time in the RESUVal registry,

which are long procedures.2 Another positive result in the RESUVal

registry was the improvement in the ITN time over time, even though

more than half of tPA-treated patients had an ITN time greater than

35 minutes. The ITN time is a complex component of the DTN time

that is related to decision making and laboratory tests and is more

difficult to improve than the DIT.2 In a recent study, a Mobile Inter-

ventional Stroke Team (MIST) model was assessed as an alternative

model to transferring patients and demonstrated that transferring a

MIST to a Thrombectomy Capable Stroke Center to perform endovas-

cular therapy was time efficient.13 The PHANTOM study in Berlin

demonstrated that theuseof anambulance-basedCTscanner followed

by thrombolysis was safe and significantly increased the thromboly-

sis rate (32.6% vs 21% for standard care) and reduced the alarm-to-

treatment time by a mean of 25 minutes.14 The second solution could

be to reduce the DTN time via a further decrease in the DIT, which

was still longer than 25minutes for more than half of the patients. Our

results contrastedwith those of interventional and observational stud-

ies, which reported a consistent decrease in the DIT.15 Somemeasures

could be implemented to improve DIT: prehospital notification calls to

stroke physicians and EMS, the relocation of CT near the ED, routing

patients directly to brain imaging, and prioritization of a non-contrast

CT scan over MRI unless there is diagnostic uncertainty that requires

CT angiography and perfusion imaging.12,16,17

A positive trend in access to reperfusion therapy was demonstrated

with the increase in the rate of thrombolysis over the study period and

patients with a good recovery represented nearly one third of the tPA-

treated patients. From 2010 to 2018, intraarterial treatment seems to

be an area for improvement highlighted by the low rate of its use. Out-

comeswere improvedbydifferent intervention and infrastructures put

in place, which paved theway toward shorter treatment times and bet-

ter short-term prognosis.
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