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appellent d’autres.
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lac du Bourget, pour la Kiz’ on repassera par contre je crois.

Bayane, depuis ce stage de psy on aura parcouru du chemin, et il en reste un bon
bout si tu veux bien.
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des souvenirs en pagaille.

Les « gens », Clem’, Fef, Géo, Fanny, Paul, Luc, Jade, je ne compte plus les années,
mais sans vous elles auraient eu nettement moins de piquant.
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Damien bien s0r, si proche maintenant, pour toutes nos sorties vélo, et bien plus
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j’adoptais Paris pour quelques jours et que tu me guidais encore sur les bus a prendre.
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A André, Flo’, Arnaud, Marie-Laure et les 2 bonhommes, Alban et Antonin,

beaucoup de moments partagés, d’'une serre a monter a de la découverte de supers

restaurants, j'ai de la chance de vous connaitre.
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Glossary

AIS - acute ischemic stroke

CHUGA - Grenoble-Alpes university hospital
CT-scan - computerized tomography scanner
DTN - Door-to-Needle time

DIT - Door-to-Imaging time

ED - emergency medical department

EMS - emergency medical services

IVT - intravenous thrombolysis

LVO - large vessel occlusion

MD - medical doctor

min - minutes

MRI - magnetic resonance imaging

MRS - modified Rankin Scale

MT - mechanical thrombectomy

NIHSS - National Institutes of Health Stroke Scale
QI - quality improvement

T - Tesla

tPA - tissue plasminogen activator

VS - Versus
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Introduction

Worldwide, stroke remains a leading cause of morbidity and mortality (1). Considering
acute ischemic stroke (AlS), intravenous thrombolysis (IVT) is now well known to
reduce short- and long-term disability (2). Endovascular treatment by mechanical
thrombectomy (MT) improves functional outcome after AIS related to large vessel
occlusion (LVO) (3). Nevertheless, considering both treatments available, short delays

are crucial in order to reduce disability (4,5).

Delays in acute ischemic stroke management.

Pre-hospital delays, from stroke onset to hospital arrival, are highly dependent on rapid
stroke identification and emergency medical services (EMS). Reducing this onset-to-
door delay requires interventions and large public campaigns to increase people’s
awareness of stroke symptoms (6). “Stroke code” or prenotification of hospital team
(stroke team or emergency medical department (ED)) can lead to double the number
of IVT, and to a reduction of all intra-hospital delays (7,8).

Earlier IVT administration is associated with improved functional outcomes and a
reduced risk of symptomatic hemorrhagic transformation (9,10). A 15-minutes
reduction of IVT delay can generate up to one month of disability-free life (11).

Actual American guidelines recommend a delay of less than 60 minutes between the
admission of the patient at the hospital and IVT, which is called “door to needle time”
(DTN) (12,13).

Recent studies reported that no more than half of patients had received IVT respecting

those guidelines (14). Thus, improving the acute stroke network is mandatory.
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Intra-hospital delays, from the door to IVT and/or MT are correlated with stroke team
organization. Door-to-imaging time (DIT) is one of the most important parameters to
achieve guidelines (< 25 minutes), and imaging-to-needle time (INT) should be more
important even with greater variability (15,16).

Even if CT-scan is the most used brain imaging facility, magnetic resonance imaging
(MRI) has proved to be practical and safe (17), and the < 60 minutes DTN benchmark
seems to be achievable (18). To date, there are few studies concerning MRI-screening

and accessibility to international guidelines (19).

Objectives.

We hypothesized that DTN can be shortened and proportion of patients with DTN < 60

minutes increased, using MRI, by a local quality improvement program.
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Material and Methods

Study design, population and data source.

We have retrospectively screened consecutive patients with AIS treated by IVT and/or
MT between September 2016 and September 2018 (one year before and after quality
improvement process initiation) at Grenoble-Alpes University Hospital (comprehensive
stroke center).

Patients with in-hospital stroke or transferred from a primary stroke center were
excluded.

We analyzed clinical data, pre-hospital and in-hospital delays of patients directly
admitted at MRI room (group “Direct MRI room admission”) after implementation of the
guality improvement process (September 2017) and those admitted to the ED or other
service (group “ED admission”). Moreover, we compared patient admitted during on-
hours office (8:30am to 6pm from Monday to Friday) and those admitted during off-
hours office (statutory holidays, Saturday, Sunday, and 6pm to 8:30am from Monday
to Friday).

Patients directly admitted in MRI room but with MRI contraindications were re-oriented
to CT-scan and were analyzed in the group “Direct MRI room admission”.

Data were collected from medical records and a prospective database (RENAU-AVC,
Northern French Alps Stroke Units database) by a trained medical investigator. Quality
controls were performed before statistical analysis.

The study was approved by local institutional review board.
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Figure 1. Flow chart.

CHUGA: CHU Grenoble-Alpes. ED: emergency department. IVT: intravenous
thrombolysis. MT: mechanical thrombectomy. MRI. magnetic resonance
imaging. QI: quality improvement (implementation on September 2017).

Intervention.

The quality improvement process was initiated on September 2017. This program was
operative during office hours, from 8.30am to 6pm. Outside of these hours, a classic
workflow was maintained with prenotification and ED admission. The optimized direct
workflow is showed in Figure 2.

After a patient call to the Emergency Medical System (EMS), emergency doctor pre-
notified stroke neurologist about a suspected stroke. If it occurred within 6 hours from
onset, or of unknown onset, patients data were recorded to initiate a pre-registration
with, if available, his name, surname and birthdate. If this information was lacking, a
generic admission was made. The dedicated nurse, working in the Stroke Unit, was

immediately notified. We initiated a direct admission at MRI, bypassing ED implication.
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On arrival, vital signs, blood sample, glucose level were obtained by the dedicated
nurse. A fast assessment of cardiorespiratory stability was conducted.

Short medical examination and National Institutes of Health Stroke Scale (NIHSS)
assessment were performed by a trained resident or a stroke neurologist. If stroke
diagnosis was highly unlikely, the patient was re-oriented to the ED. If MRI
contraindications were evidenced, the patient was re-oriented to CT-scan.

Blood samples were directly forwarded by the nurse to the local laboratory, with a
specific “Acute Stroke / Thrombolysis” label of the samples for immediate analysis. The
results were transmitted as soon as possible by phone to the Stroke Team. MRI was
performed as soon as one of the two devices was available.

Considering MRI results, clinical deficit and possible contraindications, the decision of
treatment was taken by stroke neurologist directly in MRI room. If needed, an
interventional neuroradiologist was consulted to set up rapid MT.

IVT, using Alteplase (ACTILYSE®), at the dose of 0.9 mg/kg (total maximum dose of
90 mg) was initiated as soon as the patient was out of MRI. Then, the patient was
transferred to Stroke Unit or to angiography room if needed for MT. IVT was not
delayed for unavailable blood results, unless there was clinical or anamnestic doubt,

especially on current anticoagulant treatment.
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Patient call

EMS doctors identify possible
stroke, and send vehicle
(private, SMUR, firemen...)

Stroke team is pre-notified

In delay : IVT alert Out delay : classic
care
| |
Stroke nurse MRI doctor Order to
alerted : patient and technician ambulance :
pre-registration pre-alerted direct MRI
admission
Hospital \J
arrival Emergency
A4 department

1st evaluation by Stroke
Team at MRI (blood sample,

vital signs, NIHSS...) —p|

Stroke highly

| unlikely
Stroke nurse : MRI is -
deliver directly performed as > Dit(:i(:i(gn'vcl)?rio
blood samples to soon as ‘reatment
laboratory possible
Stroke MD :
Biologist : lab results Decision of
transmitted by phone treatment (IVT
and/or MT)
Stroke nurse : mixes |
IVT, prepares infusion
IVT bolus
administered Transfer to stroke
when patient is unit (or angiography
out of MRI room)

Figure 2. Quality improvement process for a direct admission of stroke alerts in
MRI room.

Flow from the emergency call to the intravenous thrombolysis (IVT) and/or transfer to
angiography room for MT.

MD: medical doctor. MRI: magnetic resonance imaging. NIHSS: National Institutes of
Health Stroke Scale. SMUR: service mobile d’urgence et réanimation.




MRI protocol.

MRI images were acquired using either a 1.5T or 3T MR scanner (MAGNETOM Aera
or Skyra, Siemens Healthineers, Germany) considering immediate availability of each
device. Image sequences included diffusion-weighted imaging (DWI), T2 fluid-
attenuated inversion recovery (FLAIR), T2 gradient echo, and three-dimensional intra-
cranial time-of-flight (3D TOF) centered on the region of the Willis artery circle. This

MRI protocol was completed within 11 minutes.

Outcomes.

The primary endpoint was the proportion of patients who underwent treatment within
60 minutes (DTN < 60 minutes). We also analyzed the proportion of patients with DTN
< 45 min, different constituents of DTN, and clinical benefit by decrease of NIHSS one
day after treatment (proportion of patients with = 40% decrease of NIHSS or NIHSS
[0-1], considered as favorable evolution), modified Rankin Scale (mRS) at discharge

and after 6 months. mRS between [0-2] was considered as a functional independency.

Statistical analysis.
Student t-tests and Chi? tests were used for continuous and binary data. p < 0.05 was
considered significant. All analyzes were performed with RStudio® software

version 1.3.1093 (RStudio®, PBC).
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Results

“Direct MRI room admission” versus “ED admission”.

Three hundred and eight patients treated by IVT and/or MT were included. Among
them, 62 underwent direct admission in MRI room. Most of other patients were
admitted in ED (97.2%).

Baseline characteristics, treatment, and “Onset-to-door time” corresponding to the
delay between onset of stroke signs and hospital admission, were comparable

between both groups (Table 1).
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Initial admission type

Characteristics MRI room ED p
Number of patients (n) 62 246
- IVT only, % (n) 64.5% (40) 64.6% (159)
- IVT + MT, % (n) 27.4% (17) 22.4% (55) 0.46
- MTonly, % (n) 8.1% (5) 13.0% (32)
Age (years old), mean (SD) 72.8 (14.6) 73.1 (13.8) 0.87
Gender, % men 53.2% 53.7% 0.95
NIHSS at admission, median
(IQ range) 14 (5-20) 11 (5-19) 0.25
Initial admission % (n)
- Emergency department - 97.2% (239)
- MRIroom 100% (62) -
- CT-scan room - 2.8% (7)
Imaging type at admission % (n) <0.001
- CT-scan 3.2% (2) 65.0% (160)
- MRI 96.8% (60) 35.0% (86)
Stroke territory % (n) 0.43
- Carotid 83.9% (52) 78.0% (192)
- Vertebro-basilar 16.1% (10) 20.3% (50)
- Both - 1.6% (4)
HIEEEL OV1D), IANTES 113 (75-150) 102 (74-141) 0.32

(IQ range)

Table 1. Characteristics of patients considering initial admission.

ED: emergency department. 1Q range: interquartile range. IVT: intravenous thrombolysis.
MT: mechanical thrombectomy. NIHSS: National Institute of Health Stroke Scale. OTD:
onset-to-door time. SD: standard deviation.

The proportion of patients treated by IVT within 60 minutes was significantly increased
in the “Direct MRI room admission” group compared to the “ED admission” group
(82.5% vs 17.8%, p<0.001). Moreover, we found a significant difference considering
the proportion of patients treated within 45 minutes (52.6% vs 4.2%, p<0.001; Table

2).
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Median DTN was shorter in the MRI group (45 min vs 75 min, p<0.001) and DTl was

also significantly reduced in the MRI group (21 min vs 41 min, p<0.001).

For patients requiring MT, door-to-groin puncture time was also reduced by direct

admission in MRI room (81 min vs 111 min, p<0.001).

Initial admission type

Variables ME;Izré);)m
DTN =< 60 minutes (%) 82.5%
DTN < 45 minutes (%) 52.6%
Door-to-imaging time (min) 21 (14-32)
Door-to-needle time (min) 45 (38-55)
Door-to-groin puncture time (min) 81 (71-99)

ED
(n=246)
17.8%
4.2%
41 (32-59)

75 (64-93)

111 (97-132)

<0.001

< 0.001

<0.001

<0.001

<0.001

puncture in case of endovascular treatment.

Table 2. Timing metrics in AIS care considering initial admission.

DTN: door-to-needle time. Door-to-groin puncture time: delay from admission to groin

Data are medians (interquartile range: 25"-75™ percentiles) unless otherwise specified.

Clinical improvement, according to NIHSS decrease, was significantly higher in the

“Direct MRI room admission” group one day after admission (48.1% vs 22.3%, p<0.01;

Table 3). There was no difference regarding the proportion of intra-hospital mortality.

Proportion of patients with mRS [0-2, as functional independency] at discharge was

higher in the group MRI admission (p=0.03), although no significant difference was

found at 6 months (p=0.13; Figure 3 and Table 3).
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Initial admission type

VEElES MRI room ED D
(n=62) (n=246)
NIHSS reduction*, mean (%) 48.1% 22.3% < 0.001
Favorable NIHSS evolution** (%) 64.5% 43.5% <0.01
Intra-hospital mortality (%) 9.7% 12.6% 0.53
MRS [0-2] at discharge 66.1% 51.2% 0.03
MRS [0-2] at 6 months 68.4% 57.4% 0.13

Table 3. Clinical and functional outcomes considering initial admission.

NIHSS: National Institutes of Health Stroke Scale. mRS: modified Rankin Scale score.
* NIHSS reduction: proportion of reduction of NIHSS one day after treatment
**Favorable NIHSS evolution is defined as: gain of at least 40% of initial NIHSS, or
NIHSS = [0-1] one day after treatment.

0.0% 25.0% 50.0% 75.0% 100.0%

MRI 31.6% 12.3% 24.6% 14.0% 3.5%

ED 19.6% 18.7% 19.6% 11.7% 12.2% 2

EmMRSO0 ®mRS1 ®mRS2 ®mRS3 w®mRS4 mRS 5 mRS 6

Figure 3. Distribution of modified Rankin Scale score at 6 months,
considering initial admission type.

On-hours, off-hours admissions.

We conducted a second analyze to determine the impact of “on-hours” admission and
“off-hours” admission, and we compared data before and after our quality improvement
process. Thus, we considered 4 groups, summarized in Table 4, regarding patients
admitted during on-hours, and patients admitted during off-hours before and after

quality improvement process.
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Characteristics

Number of patients
Age (years old), mean (SD)
Gender, % men
NIHSS at admission, median
(IQ range)
Initial admission department %
(n)
- Emergency department
- MRIroom
- CT-scan room
Imaging type at admission % (n)
- CT-scan
- MRI

Stroke territory % (n)
- Carotid

- Vertebro-basilar
- Both

Median OTD, minutes (IQ range)

Group « on-

hours » before

QI process
55

74.1 (12,7)
56.4%

10 (6-18)

94.6% (52)

5.4% (3)

23.6% (13)
76.4% (42)

80.0% (44)
18.2% (10)
1.8% (1)

93 (74-130)

Group « on-
hours » after
Ql process
74

73.9 (14,9)
47.3%

14 (6-21)

23.0% (17)
75.7% (56)
1.4% (1)

10.8% (8)
89.2% (66)

79.7% (59)
20.3% (15)

105 (75-170)

0.94
0.31

0.32

<0.001

0.05

0.49

0.55

Group « off-

hours » before

Ql process
92

70.9 (14.8)
64.1%

9 (6-16)

97.8% (90)

2.2% (2)

79.3% (73)
20.7% (19)

80.4% (74)
19.6% (18)

96 (72-140)

Group « off-
hours » after
Ql process
87

74.0 (12.8)
46.0%

12 (5-20)

92.0% (80)
6.9% (6)
1.1% (1)

78.2% (68)
21.8% (19)

77.1% (67)
19.5% (17)
3.4% (3)

114 (84-144)

Table 4. Characteristics of patients admitted during on-hours or off-hours, before and after quality
improvement process (Direct MRI room admission network).
IQ range: interquartile range. NIHSS: National Institutes of Health Stroke Scale. OTD: onset-to-door time. QIl: quality

improvement. SD: standard deviation.
On-hours: 8:30am to 6pm from Monday to Friday excluding statutory holidays.

0.14
0.015

0.25

0.01

0.85

0.20

0.32
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Considering “on-hours” patients, our quality improvement initiation (direct MRI room
admission workflow) increased the proportion of those treated within 60 minutes
(71.9% vs 12.5%, p<0.001). 43.8% were even treated within 45 minutes since their
arrival at hospital. Median DTN was 26 minutes shorter after the quality improvement
process (76 min vs 50 min, p<0.001).

No difference was found in the group “off-hours” patients, before and after quality

improvement initiation (Table 5).

Group Group Group Group
« on- « on- « off- « off-
Variables hours » hours » hours » hours »
before QI after QI P before QI after QI P
process process process process
(n=55) (n=74) (n=92) (n=87)
- .
(DO/I)N SHTIINES s o 71.9%  <0.001 17.2% 25.0%  0.23
< .
DTN < 45minutes 2.1% 43.8%  <0.001 4.6% 8.3% 033

(%)

t[i)r?]%r'to"mag'”g 40 (32-58) 24 (16-39) <0.001 41 (32-58) 37 (29-54) 0.25

Door-to-needle 76 (65-88) 50 (40-66) <0.001 72 (65-95) 73 (60-94) 0.87

time
Door-to-groin 106 (92- 81 (70- 0.13 126 (101- 116 (100- 0.65
puncture time 114) 106) ' 138) 141) '

Table 5. Timing metrics in AIS care considering on and off-hours
admission, before and after quality improvement (QIl) process.

DTN: door-to-needle time. Door-to-groin puncture time: delay from admission to groin
puncture in case of endovascular treatment.

Data are medians (interquartile range: 25M-75" percentiles) unless otherwise
specified.

On-hours: 8:30am to 6pm from Monday to Friday excluding statutory holidays.
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In order to assess the evolution of the proportion of patients with DTN < 60 minutes,
we have separated the data into semesters from one to four (S1 to S4). S1 and S2
correspond to patients admitted during the year preceding the quality improvement
process, S3 and S4 to the year following its initiation. Only patients admitted during
on-hours office were considered in this analysis. Proportion of patients treated within
60 minutes is higher at S4 (76.7%), but it is not significantly different from S3 (p=0.22;

Figure 4).

100.0%

76.7%

75.0%

50.0%

% DTN < 60 minutes

25.0%

0.0%
Before-Ql S1 Before-Ql S2 After-Ql S3 After-Ql S4

Figure 4. Proportion of patients with DTN < 60 minutes, considering
their semester of admission.

DTN: door-to-needle time. QI: quality improvement. S1-4: semester 1 to 4.
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We found no difference on clinical and functional outcomes neither by comparing

patients admitted during on-hours office neither or patients admitted during off-hours

office.

Variables

NIHSS reduction?,
mean (%)

Favorable NIHSS
evolution** (%)

Intra-hospital
mortality (%)

mRS [0-2] at
discharge

MRS [0-2] at 6
months

Group
« on-
hours »
before QI
process
(n=55)

26.8%

50.9%

16.4%

50.9%

53.7%

Group
«on-
hours »
after QI
process
(n=74)

40.3%

54.1%

12.2%

55.4%

62.3%

0.12

0.72

0.50

0.61

0.34

Group
« off-
hours »
before QI
process
(n=92)

30.0%

43.5%

8.7%

56.5%

58.5%

Group
« off-
hours »
after QI
process
(n=87)

29.6%

44.8%

12.6%

52.9%

62.2%

score.

Table 6. Clinical and functional outcomes considering on and off-hours
admission, before and after quality improvement (QI) process.

NIHSS: National Institutes of Health Stroke Scale. mRS: modified Rankin Scale

* NIHSS reduction: proportion of reduction of NIHSS one day after treatment

**Favorable NIHSS evolution is defined as: gain of at least 40% of initial NIHSS,
or NIHSS = [0-1] one day after treatment.
On-hours: 8:30am to 6pm from Monday to Friday excluding statutory holidays.

0.96

0.86

0.39

0.62

0.63
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Discussion

The present study has shown that a quality improvement process by implementing a
prenotification and a direct admission in MRI room by a dedicated stroke team leads
to a significant improvement of in-hospital delays. More than 80% of patients have a
DTN < 60 minutes after this local implementation, which is the recommended
benchmark. It suggests less variability in patients care when they can be directly taken
in charge in MR facilities. Moreover, we showed a significant reduction of median DTN,
from 75 minutes to 45 minutes, and a functional benefit at one day after stroke onset

and at discharge.

Door-to-needle times.

These results are similar to those reported by major stroke centers using CT as primary
screening modality (9,20), or with MRI screening (21). A recent meta-analysis of
existing literature (96 studies) shows that the greatest reduction in DTN was observed
with combinations of strategies (22). Each center is free to develop its own circuit to
improve patient’s care, considering local specificities such as hospital infrastructures.
Helsinki-model is an efficient method to reduce DTN, and it may be possible to reach
20 minutes by developing different procedures increasing efficiency of in-hospital
workflow (23). In Europe, the ANGELS quality initiative is offering some tools to
achieve Helsinki-model. It has shown a reduction in DTN times in the concerned
hospitals (24).

Moreover, 2019 guidelines of American Stroke Association suggested Ilb new

recommendation by achieving a DTN < 45min (13), which seems realistic in our model.
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Some authors even suggest to achieve the ambitious time of 30 minutes (25,26). We
are still far from this threshold since we only found 5% respecting this condition after
quality improvement implementation.

It should be possible to further shorten the delays, playing on the door-to-imaging time,
which is still too slow (median: 21 minutes). Prioritizing stroke code can be very
disorganizing for imaging teams, the involvement of radiologists and radio operators
must be complete to achieve a DTI as short as possible. It is proposed in numerous
studies to interrupt any ongoing imaging acquisition (MRI or CT-scan) to accommodate
the AIS patient (19,27).

Proportion of patients with DTN < 60 minutes seems to be higher during the second
semester following our quality improvement process, which could be explained by a
training effect. It takes time for a stroke team to learn new procedures, and many points
have to be fully integrated to become more efficient. Thus, it would be interesting to
compare results on a longer period after quality improvement process initiation.

MRI acquisition lasts 11 minutes in our center, it is currently possible to get a faster
imaging in MRI, modifying protocol or sequences, and it might be something to think
about to reduce delays.

This acquisition duration is still longer than CT-scan’s one, which can explain why we
are far from the fastest DTN described by Meretoja et al. (23) for example. On the other
hand, multimodal MRI provides further information useful in decision-making, to
exclude stroke-mimics and to include patients of unknown symptom onset (wake-up
stroke), and/or vertebro-basilar stroke (28,29).

We found a greater proportion of MRI screening after initiation of the quality

improvement process, by facilitated access. We can discuss the impact of MRI
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screening on the DTN, without consideration of workflow. It is highly unlikely
considering MRI duration by itself.
Thus, it is even more important to reduce transitional delays in AlS patients’ workflow

with direct MRI room’s admission.

Clinical and functional outcomes.

Itis clearly established that ultra-early thrombolysis is associated with a better outcome
of patients, traduced for example by a reduced 3-months mortality (30). Shorter DTN
times are also significantly associated with better long-term outcomes (31).

Recent works found significant association of short DTN with better functional
outcomes (11). Minutes saved in stroke thrombolysis translate into days, weeks and
months of disability-free living throughout the patient’s life (32).

Interestingly, in our study, proportion of patients with mRS between [0-2] (functional
independency) at discharge is higher in MRI admission group (66.1% vs 51.2%),
although no difference was found at 6 months, but a trend can be noted (MRS [0-2] at
6 months, 68.4% vs 57.4%).

Our results also show that improvement of NIHSS one day after treatment is slightly
higher in the MRI group, and proportion of patients with favorable NIHSS at this point
is also statistically higher in the MRI admission group (64.5% vs 43.5%).

Therefore, we demonstrate the efficacy of direct MRI room admission on short-term
clinical and functional outcomes, traducing reduction of disability at discharge which is
related to 6-months outcomes. Our sample size may be too small to observe a

significant difference between our groups in long term outcomes.
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Endovascular treatment specificities.

Recent recommendations from the American Heart Association’s Target: Stroke
initiative, encourage a door-to-groin puncture <90 min for at least 50% of patients (33).
It has been shown that every minute gained in onset-to-endovascular treatment time
is a week of disability-free life saved (4). Therefore, some studies aimed to analyze
workflow in endovascular therapy (34,35).

We found a significant difference between patients directly admitted to MRI room or
not, median door-to-groin puncture was 81 minutes for the first ones. This result can
be explained by direct transfer of patients from MRI to angiography room, with tPA
infusion still running during patients’ mobilizations. However, our samples remain small
to conclude.

In our series, only two patients admitted directly at MRI room finally underwent CT-
scan, because of hemodynamic instability or agitation. Both had clinically severe
strokes and eventually had MT only. This point of care might be important in the future
to guide unstable patients to ED or directly to CT-scan room. Pre-hospital clinical

identification of LVO should be interesting considering high probability of MT.

On-hours, off-hours admissions.

Previous studies discussed higher probability of a good functional outcome in AIS
patients who receive MT when performed during regular work hours (36), and
significant differences in DTN (37). These results are still controversial (38).

Patients admitted out of office hours were not impacted by the initiation of quality
improvement process.

We noticed the impact of quality improvement process implementation on patients

admitted during office-hours, with a greater proportion of patients treated within 60
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minutes (12.5% before, vs 71.9% after process initiation). In this real-life analysis, we
have shown that a one-year quality improvement process induces an improvement in
intra-hospital delays in AIS care.

Some patients in the “on-hours” after quality improvement process group were mis-
guided (24.4%) and admitted mostly at ED, traducing some work to do with EMS to
improve process’ efficiency. This important proportion of patients underlines the

tenuousness of a new workflow in AlS.

Our study presents several limitations. Data came from a single center and only
involved a small number of patients. Moreover, due to prospective collect, some data
are missing concerning mRS at 6 months, which might have affected our results (8.1%
of missing data in “Direct MRI room admission” group, and 6.5% in the “ED admission”
group).

Itis interesting to notice that, even if it is not statistically significant, onset-to-door times
seem to have been slightly lengthened since quality improvement initiative was
implemented. It is a fundamental point of care, and emergency medical services must
be fully integrated into the AIS workflow to maintain pre-hospital delays as low as

possible.
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Conclusion

The direct admission in MRI room of stroke alerts is associated with an important
decrease of delay for IVT and MT, a greater proportion of patients with door-to-needle
time < 60 minutes (median DTN reduced by 30 minutes), and a functional benefit one
day after treatment and at discharge.

Patients admitted out of office-hours did not benefit from this direct workflow. Thus,
considering these patients would be fundamental to provide equal opportunities to all

stroke patients.
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Appendix

1. Hospital pre-notification by EMS

2.
3.
4.

Rapid triage protocol and stroke team notification

Single call/paging activation system for entire stroke team

Use of a stroke toolkit containing clinical decision support, stroke-specific order
sets, guidelines, hospital-specific algorithms, critical pathways, NIH Stroke

Scale and other stroke tools

5. Rapid acquisition and interpretation of brain imaging

6. Rapid laboratory testing if indicated (including point-of-care testing)
1.
8
9

Pre-mixing alteplase medication ahead of time for high likelihood candidates

. Rapid access to intravenous alteplase in the ED/brain imaging area

. Team-based approach

10.Rapid data feedback to stroke team on each patient's DTN time and other

performance data

Appendix 1: Target: Stroke 10 key practice strategies. (9)

Score Definition

0 No symptoms.

1 No significant disability despite some symptoms. Able to carry out all
usual activities.

5 Slight disability. Able to look after own affairs without assistance, but
unable to carry out all previous activities.

3 Moderate disability. Requires some help, but able to walk unassisted.

4 Moderately severe disability. Unable to attend to own bodily needs
without assistance, and unable to walk unassisted.

5 Severe disability. Requires constant nursing care and attention,
bedridden, incontinent.

6 Dead.

Appendix 2: modified Rankin Scale.

37



Acknowledgment

Authors thank the RENAU network (CH Annecy-Genevois, 74370 Epagny Metz-Tessy,

France), for its contribution to this work.

38



THESE SOUTENUE PAR: Loic LEGRIS

TITRE: IMPACT OF DIRECT ADMISSION IN NEUROIMAGING ROOM TO
REDUCE DOOR-TO-NEEDLE TIME IN ACUTE ISCHEMIC STROKE: A
COMPREHENSIVE STROKE CENTER EXPERIENCE

Conclusion :

L’infarctus cérébral (IC) est une cause majeure de mortalité et de handicap chez
'adulte. Deux thérapeutiques existent: la thrombolyse intraveineuse (TIV) et la
thrombectomie mécanique (TM). Ces traitements doivent étre initiés le plus
précocement possible afin de limiter I'étendue de l'infarctus. Réduire le délai de prise
en charge entre I'entrée du patient a I’hépital et 'administration du traitement est donc
fondamental. Les recommandations internationales préconisent un « door-to-needle
time » (DTN), délai entrée 'admission du patient et le début de la TIV, inférieur & 60

minutes.

Nous avons étudié l'impact de la mise en place au CHU de Grenoble de I'admission
directe en salle d'IRM a partir de septembre 2017 pour les patients traités par TIV et
ou TM. Nous avons ainsi évalué la réduction du DTN, I'amélioration de la sévérité
clinique (score NIHSS initial vs J1 post-traitement) et le handicap a 6 mois par I'’échelle
de Rankin modifiée (MRS : 0, pas de géne a 6, déces). Nous avons comparé le groupe
« Accueil direct en IRM » au groupe issu d’'une admission via le service des urgences
médicales ou le déchoquage (« Admission autre », inclus de septembre 2016 a

septembre 2018).

Soixante-deux patients ont été inclus dans le groupe « Accueil direct en IRM », et 246

patients dans le groupe « Admission autre ». La proportion de patients traités avec
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DTN < 60 min a été plus importante dans le groupe « Accueil direct en IRM » (82,5%
vs 17,8%, p<0,001), avec un DTN médian significativement réduit (45 vs 75 minutes,
p<0,0001). Il existait une réduction du déficit plus importante dans le groupe « Accuell
direct en IRM » comparativement au groupe « Admission autre » (NIHSS a J1: 48,1%
vs 22,3%, p<0,001). Malgré un bénéfice sur le handicap a la sortie des patients du
groupe « Accueil direct en IRM » (mRS 0-2 (indépendance fonctionnelle) a la sortie :
66,1% vs 51,2%, p<0,05), il n’a pas été observé d’effet significatif aprés 6 mois (68,4%

vs 57,4% respectivement).

Ainsi, la mise en place d’une filiére d’admission directe en salle d’'imagerie des patients
suspects d’IC permet d’augmenter la proportion de patients pris en charge rapidement,
et d’améliorer le pronostic post-IC. L’'impact fonctionnel a long terme devra étre évalué

sur une plus grande population.
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Résumé

Introduction : La prise en charge rapide des infarctus cérébraux (IC) est
fondamentale. L’efficacité de la thrombolyse intraveineuse (TIV) et/ou de la
thrombectomie mécanique (TM) est fortement corrélée aux temps de prise en charge.
Le délai maximum recommandé entre I'admission du patient et la TIV, ou « door-to-
needle time » (DTN), est de 60 minutes.

Matériel et méthodes : Nous avons étudié I'impact de la mise en place d’une
admission directe en salle d’'IRM a partir de septembre 2017 pour les patients traités
par TIV et/ou TM. Nous avons comparé le groupe « Accueil direct en IRM » au groupe
issu d’'une admission via le service des urgences médicales ou le déchoquage («
Admission aux Urgences », inclus de septembre 2016 a septembre 2018). Le critere
de jugement principal était la proportion de patients avec un DTN < 60 minutes. Les
constituants du DTN, les scores cliniques et fonctionnels ont été compares.
Résultats : Parmi 308 patients inclus, 62 ont été admis directement en IRM. La
proportion de patients avec DTN < 60 minutes était plus élevée (82,5% vs 17,8%) et
le DTN médian plus court (45min vs 75min) dans le groupe « Accueil direct en IRM »
que dans le groupe « Admission aux Urgences ». Il existait une réduction du déficit
plus importante dans le groupe « Accueil direct en IRM » (réduction du score NIHSS
entre I'admission et J1 : 48,1% vs 22,3%). Malgré un bénéfice sur le handicap a la
sortie des patients du groupe « Accueil direct en IRM » (MRS [0-2] a la sortie : 66,1%
vs 51,2%), il n’a pas été observé d’effet significatif aprés 6 mois (68,4% vs 57,4%
respectivement).

Discussion : La mise en place de 'admission directe en salle d'imagerie des patients
suspects d’'IC permet ainsi d’augmenter la proportion de patients pris en charge

rapidement, et d'améliorer le pronostic post-IC.

Mots clés : accident vasculaire cérébral, infarctus cérébral, thrombolyse intra-
veineuse, door-to-needle, IRM, parcours patient

Filiere : neurologie
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Abstract

Introduction: Early management of patients with acute ischemic stroke (AlS) remains
crucial. Efficacy of intravenous thrombolysis (IVT) and mechanical thrombectomy (MT)
is strongly time dependent. Door-to-needle time (DTN) is a powerful marker of in-
hospital delays, with a benchmark < 60 minutes currently recommended.

Method: We studied the impact of direct magnetic resonance imaging (MRI) room
admission initiated in September 2017, for patients treated by IVT and/or MT. We
compared a group “Direct MRI room admission” to patients admitted to emergency
medical department or other (group “Emergency department admission”). The primary
endpoint was the proportion of patients with DTN < 60 minutes. Constituents of DTN,
clinical and functional outcomes were also analyzed using National Institute of Health
Stroke Scale (NIHSS), and modified Rankin scale.

Results: Among 308 patients, 62 underwent direct MRI room admission. The
proportion of patients with DTN < 60 minutes was higher in the “Direct MRI room
admission” group compared to the “Emergency department admission” group (82.5%
vs 17.8%) and median DTN was lower (45min vs 75min). Moreover, we found a better
decrease of clinical deficit (NIHSS decrease between initial examination to one day
after treatment: 48.1% vs 22.3%). Despite a functional benefit at discharge (mRS [0-2,
as independence]: 66,1% vs 51,2%), no difference was found at 6 months (68,4% vs
57,4%).

Discussion: The direct admission in neuroimaging room of stroke alerts is associated
with an important decrease of delay for IVT and MT, and a functional benefit one day
after treatment and at discharge. Larger studies are warranted to assess long term

effect of this strategy.

Keywords: acute ischemic stroke, thrombolysis, door-to-needle, MRI
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