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Translation of the ‘time is brain’ concept into clinical practice: focus on

prehospital stroke management

A. Ragoschke-Schumm', S. Walter!, A. Haass', C. Balucani?, M. Lesmeister', A. Nasreldein',
L. Sarlon’, A. Bachhuber', T. Licina', I. Q. Grunwald?, and K. Fassbender'*

Acute stroke is one of the main causes of death and chronic
disability. Thrombolysis with recombinant tissue plasminogen
activator within the first hours after onset of symptoms is an
effective therapeutic option for ischemic stroke. However,
fewer than 2% to 7% of patients receive this treatment, pri-
marily because most patients reach the hospital too late for
the initiation of successful therapy. Several measures can
reduce detrimental delay until treatment. It is of importance to
use continual public awareness campaigns to reduce delays in
patients’ alarm of emergency medical services. Further rel-
evant measures are repetitive education of emergency medical
services teams to ensure the systematic use of scales designed
for recognition of stroke symptoms and the proper triage of
patients to stroke centers. A most important time-saving
measure is prenotification of the receiving hospital by the
emergency medical services team. In the future, treatment
already at the emergency site may allow more than a small
minority of patients to benefit from available treatment.
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Background

Stroke is one of the leading causes of death and the most frequent
reason for permanent disability (1). Thrombolysis with recombi-
nant tissue plasminogen activator (rt-PA) is the only approved and
causal therapy for acute ischemic stroke (2). The benefit of this
therapy is, however, extremely time sensitive: The number needed
to treat to achieve a good outcome is 4-5 if treatment starts within
1-5 h. This number doubles to 9 if treatment is initiated within 1-5
to 3-:0 h and reaches 14-1 if treatment occurs within the temporal
window of 3-:0 to 4-5 h (3). The ‘time is brain’ concept that has been
derived from such observations is also supported by earlier experi-
mental animal research (4,5) and by calculations indicating that
for each minute in which a stroke remains untreated, as many as
1-9 million neurons and 14 billion synapses may die (6).
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However, before rt-PA can be administered, a complex diagnos-
tic workup, including neurological examination, imaging studies,
and laboratory tests, is necessary to exclude hemorrhage or other
contraindications to rt-PA therapy. For this reason, treatment
within the narrow temporal window of a few hours is difficult to
achieve in clinical reality, and, in the end, no more than 2% to 7%
of all acute stroke patients currently receive treatment (7).

The blame for this problem of undertreatment with throm-
bolysis can be placed primarily on activities that occur before the
patient reaches the doors of the hospital. In Germany, for
example, the median prehospital time is 151 mins, and only 45%
of patients reach the hospital within three-hours (8). Data from
the American Get With the Guidelines Stroke Registry clearly
show that, despite considerable attempts to improve stroke man-
agement (e.g., by public education programs), delays in the time
to hospital admission did not improve in recent years (9) [for a
detailed systematic literature review on prehospital delays, see
Evenson et al. (10)].

Methods

This review examined reports published since 1980 and found by
searching PubMed for articles containing the terms ‘stroke man-
agement’; ‘prehospital’ and ‘stroke’; ‘stroke’ and ‘educational cam-
paign(s)’; ‘stroke’ and ‘public awareness’; and ‘emergency medical
service’ and ‘stroke’. Articles were selected on the basis of their
originality and their relevance to the topic of prehospital stroke
management.

Results and discussion

Role of patients and relatives

Problems in prehospital stroke management can be attributed to
two groups: the patients and their families, and the emergency
medical services (EMS) team. With regard to the role of the
patients and their relatives, it is important to consider that 24% to
55% of acute stroke patients or their relatives do not notify the
EMS within one-hour, but rather use a private vehicle to transport
the patient to the hospital, visit their family doctor, wait too long,
or do not notify anyone (11-13). Many reasons for this inad-
equate response to stroke symptoms have been described and may
be demographic, social, medical, or psychological in nature [(11-
19), Table 1].

Stroke educational campaigns could, therefore, be a solution
for improving patients’ and families’ awareness of the correct
response in case of stroke. Such campaigns have been shown to
have a short-term impact on stroke symptom knowledge.
However, consistent evidence confirms an existing gap between

© 2014 The Authors.

Vol 9, April 2014, 333-340 333

International Journal of Stroke published by John Wiley & Sons Ltd on behalf of World Stroke Organization
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.



| Review

A. Ragoschke-Schumm et al.

Table 1 Determinants of care-seeking behavior in acute stroke

Factors Early alarm Late alarm References
Demographic Women Men 11
High level of education Low level of education 12,14,15
High income Low income
Ethnic minorities 16
Social Presence of bystanders Being alone 12,1718
Medical Family history of stroke No family history 13,18
Severe symptoms Mild symptoms
Acute onset Delayed onset
Psychological Fear of disease and hospital 11,19

the knowledge and recognition of stroke symptoms and the
appropriate urgent response to such symptoms (for detailed sys-
tematic literature reviews, see Teuschl & Brainin, Jones et al., and
Lecouturier et al. (20-22)).

A very recent study consisting of individual semi-structured
interviews with stroke patients, stroke witnesses, and primary care
clinicians examined the perceived impact of and views about the
United Kingdom’s mass media campaign Act FAST. Most partici-
pants were aware of the Act FAST campaign, and some patients
and witnesses reported that the campaign affected their stroke
recognition and response, but most reported no effect. Clinicians
were positive about the campaign and believed that it had affected
stroke awareness and recognition, but doubted its impact on
response behavior (23).

Only a few of these existing studies, however, analyzed the
effects on clinically relevant end-points of stroke management,
such as time to hospital admission or thrombolysis rates [(24-31),
Table 2]. These variables are examined primarily in interventional
studies with a noncontrolled ‘before and after intervention’
design. Only two of the currently existing studies applied a con-
trolled design, including control groups of patients from catch-
ment areas without such interventions (Table 2). Most of these
studies revealed the effects of public awareness campaigns on
patients’ behavior (Table 2); however, these effects probably last
for no more than five-months. Because of studies showing that
the nature of the effects of such campaigns is rather transient
(26), constant repetition of their message is a central precondition
for their success (26).

These findings suggest that public education efforts are worth-
while, and future efforts should focus more strongly on specific
target groups, such as the elderly, minorities, neighbors of stroke
survivors, medical students, and even children (who may be future
relatives, patients, or physicians) (32-36). Importantly, educa-
tional campaigns should present in a very simple message the
action that should be undertaken in case of emergency (e.g., ‘call
EMS immediately’). However, rather than relying on a fear appeal
alone, which is more likely to cause people to stop a behavior rather
than to perform an action, such a message should also be encour-
aging. Thus, a still-ongoing campaign, the National Stroke Asso-
ciation’s Faces of Stroke multimedia public awareness campaign
(37) presents the personal and emotional side of stroke, including
stories of stroke survivors and caregivers, thereby aiming to gen-
erate empathic feelings and to transmit the positive message of the

existence of treatment. In general, the major problem of under-
treatment of stroke and change of behavior is a highly interdisci-
plinary task, including, for example, the contribution of health
behavior scientists in assessing concepts of behavior change.

Role of the EMS

Structures of EMS systems differ not only between countries but
also within single countries. This is especially the case with regard
to the variable disposition of an emergency physician when acute
stroke is suspected. However, a large body of evidence already
exists for some measures of acute stroke management, and, there-
fore, clear recommendations have been given by national and
international stroke management guidelines (38,39). These
guidelines include the recommendation of continued education
of the EMS team regarding the use of instruments for the recog-
nition of stroke symptoms, the emergency transport of patients to
a hospital with stroke expertise, and, finally, the prenotification of
the receiving hospital.

Use of instruments for symptom recognition
It has been shown that the accuracy with which EMS dispatchers
identify stroke symptoms is highly variable, ranging from 30% to
83% (40,41); this finding highlights the need for continued
further training. Most national and international stroke guide-
lines recommend, apart from medical training, the use of struc-
tured interviews by the dispatcher and the application of
instruments designed for recognition of stroke symptoms by the
EMS team in the field. For example, the Cincinnati Prehospital
Stroke Scale (sensitivity of 90% and specificity of 66% for the
presence of acute stroke) is based on the presence of facial paresis,
one-sided paresis of an upper extremity, and speech disorder (by
asking the patients to repeat specific sentences) (42). The Los
Angeles Prehospital Stroke Screen includes, in addition to these
items, four additional questions about history and the results of a
glucose test (43). The sensitivity (91%) and specificity (97%) of
this scale are very high (43); however, this scale is quite complex
for routine daily use and is also time consuming. The Face Arm
Speech Time (FAST) Stroke Assessment is based on the three
elements of the Cincinnati Prehospital Stroke Scale, but it assesses
possible speech disorders during normal conservation (44). This
scale has a sensitivity of 79% and is so easy to perform that it can
even be used by the general public.

Whereas in the United States either the Los Angeles Prehospital
Stroke Screen or the Cincinnati Prehospital Stroke Scale is most
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frequently used, in Europe the FAST Scale is most widely distrib-
uted; and in Australia the Melbourne Stroke Screen (45) is most
often used. In general, however, the daily routine of the dispatcher
and of the EMS team is still characterized by the mostly nonsys-
tematic and undocumented use of such instruments; this finding
underscores the importance of further training efforts.

Prioritized transport to hospitals with stroke expertise
Prioritized transport to hospitals with stroke expertise and with
the option for thrombolytic treatment is crucial in optimized
prehospital stroke management. Such measure has been shown to
reduce time to treatment and to increase thrombolysis rates
without negatively influencing the quality of treatment of other
emergencies (46). An additional reason for this recommendation
is the strong evidence of a general benefit for treatment in a
specialized stroke unit. In specific settings, the use of helicopters
for transport to more distant stroke centers can also save critical
time to treatment (47). A recent prospective multicentric study
showed that treatment rates increase from 14-1% to 21-9% (OR,
1:72; 95% CI, 1-22-2:43) if patients are transported to stroke
centers rather than to nonspecialized institutions (48). This is
even the case if the distance to a stroke center is considerably
greater than that to a nonspecialized hospital.

Most advanced stroke management protocols, such as a city-
wide protocol implemented in Toronto, Ontario, Canada (49),
also include, apart from the use of standardized screening systems
by the EMS team, the implementation of protocols for bypassing
hospitals without stroke expertise. Such a protocol can be
achieved by innovative regional cooperation, with contracts
between hospitals regarding the later repatriation of the patients.

Key role of prenotification

Apart from the fact that the transmission of information regard-
ing the onset of symptoms or thrombolysis contraindications is
an integral component of the initial interaction between the EMS
team and the hospital stroke team, stroke management guidelines
(38,39) additionally recommend prenotification of the receiving
hospital about the arriving patient. This prenotification allows the
fastest possible activation of the stroke team and, especially, the
reservation of computed tomography (CT) scanners. Previous
interventional studies of the effects of prenotification of the hos-
pital team alone or in combination with further restructuring of
stroke management plans showed that crucial time to therapy can
be saved and thrombolysis rates can significantly be increased
[(50-57), Table3]. The existing studies compared findings
regarding the effects of a prenotification intervention either with
findings from a historical control group or with findings from a
parallel observation of patients for whom no such prenotification
intervention was used (Table 3). So far, no data from randomized
studies are available, and, in light of ethical aspects and because
the existing studies already consistently show a considerable accel-
eration of in-hospital treatment, it is unlikely that such studies
will ever be performed in the future. Regarding methodology, the
transfer of structured clinical data between the EMS team at the
emergency site and the hospital stroke team could also be opti-
mized by the use of personal digital assistants (58) or smart
phones (59).

A. Ragoschke-Schumm et al.

Interestingly, one study found that combining the concept of
prenotification with additional improvements in in-hospital
stroke management resulted in a ‘door-to-needle’ time of only
20 mins (56). The philosophy behind these very short door-to-
needle times is, according to the Finnish authors, ‘to do as little as
possible after the patient has been arrived in the clinic, and as
much as possible when the patient is on the way to the clinic’ (56).

Telemedicine interaction between regional hospital and stroke
center and perspectives for communication between
emergency site and stroke center

By using systems for bidirectional audiovisual videoconferencing
and exchange of videos of the examination of the patient and of
CT scans, nonspecialized regional hospitals can already obtain
guidance in stroke treatment from hospitals designated as stroke
centers [(60), Fig. 1]. Previous studies not only showed that such
telemedicine interaction between two hospitals is reliable and safe
(61-64), but also that it exerts positive effects on thrombolysis
rates and clinical outcome (65).

Importantly, such telemedicine technologies could in principle
also allow bidirectional communication between the EMS team at
the emergency site and the stroke center. Such strategies have been
investigated for many years (66,67); however, technical problems
such as the temporary loss of signals still today impair reliable
interaction between ambulance and hospital (68,69).

Prehospital stroke treatment: an alternative strategy
for reducing delay to treatment?

To achieve the goal of enabling more than a minority of stroke
patients to profit from recanalization therapies in the future, the
concept of prehospital stroke treatment has been elaborated upon
in the last decade [(70), Fig. 1]. This concept is based on the use of
an otherwise conventional ambulance that, additionally, contains
a small CT scanner and a point-of-care laboratory {mobile stroke
unit [(71), Fig. 2]}. This ambulance also contains equipment that
allows telemedicine interaction with the hospital, thereby making
possible bidirectional communication and transfer of videos or
CT scans of patients from the emergency site to the hospital.

A first randomized trial involving 100 patients recently showed
that, compared with optimized conventional stroke management,
prehospital stroke treatment reduces the time between alarm and
therapy decision from 76 to 35 mins (72). A therapy decision was
made within 60 mins after symptom onset (the ‘golden hour’) for
57% of the patients treated in the mobile stroke unit but for only
4% of the conventionally treated patients. This and other studies
of stroke treatment directly at the emergency site already docu-
ment a broad spectrum of additional novel medical options, espe-
cially the option of triaging patients to the most appropriate
hospital on the basis of a diagnosis clarified before the patients are
transported. For example, patients with large-vessel occlusion
demonstrated by prehospital CT angiography could specifically
be triaged to specialized stroke centers that offer endovascular
treatment (73). Moreover, this strategy allows organization of
further specialized treatments and etiology-specific blood pres-
sure management already in the prehospital phase of stroke man-
agement (73-75). The latter could be specifically clinically
relevant because there are indications that differential adjustment

336 Vol 9, April 2014, 333-340

© 2014 The Authors.

International Journal of Stroke published by John Wiley & Sons Ltd on behalf of World Stroke Organization



Review |

A. Ragoschke-Schumm et al.

"JojeAllde usboulwse|d anssi} JUBUIqUIODR) “d-1 ‘Dbuel ajiuenbiaiul ‘Y| ‘Sa1AI9S [edlpaw Aduabiaws ‘SN
‘pahe(dsip @s oN,
‘PopNnPuUl 919M mwcw_umd poleall-vd-1 >_CO*

879-0=d
‘(vr1—-6Y) £6 SA (0T1-19) L8 (LS)
- (401) uelpa uonesiiouald 9G sA L6l 110¢-800¢ UONEAISSQO |3][eted (1) @ouelq ‘3| /e 19 e||oseD
uoleziueb.ioal |eudsoy-ul
#(G¥71=Gv) 's|00} uoiIubod3I
GL SN (8€1-29) 68 93041S JO 3sn ‘uonednpa %866 | uonejuswa|dul (99)
elep Jaj|Jes ou ‘|10z Ul LE (401) uelpai SINg shid uonedinouald urZsnLLoc Ul /91 110Z-8661 19}je 'SA 91099 (1) puejuid ‘HuisipH /e 39 elojass
uoleziueblioal |eudsoy-ul
‘lodo304d ssedAq |00}
«81-0=d '6S 'SA 9/ juswssasse |eudsoyaid uoleuawa|dwil (55)
€0-0=d 'L SA61 ;,uesy sn|d uonediyousld /9 SAGLL  8007-900C 1914 'sA a10jag 1|BAISNY ‘PI0ySOD) /e 19 ualg,0
|020304d ssedAq yim
3|NJ UOISDAP UOeUNSIP
€8-0=d ‘(L) 9t "SA (0€) €9  dduUeNqUIE ‘|00} BUIUIBIDS uoneluawa|dwi (6%) 1219
10:0=d 'G'6 SA¥€C (Y401) ueipai SIN3 snjd uonesynouaid L1Z SN 06C  S00¢—100¢ 19}4€ “SA 910jog (€) epeue) ‘ojuoiol auolspe|H
uoneziuebioal
(66-25) 52/ [eyidsoy-ui ‘uonesnpa (dnoub (1) (CONCEE
- {(4OI) uelpsy SIAIg snjd ‘uonesiyiouald  [0JIUOD INOYUM) 497  6007-900C  UOIIPAISSCO [eulpnubuo] Auewusn) ‘usbuely uuewdyoy
%10-0>d
paiedipul (S-8€) L[ SN (8¥€) G-LlZl  uoneziuebioal [eydsoy-ul uoneuswa|dwi
Sen|eA 4 OU 'G-9 "SA £-¢7| (as) ueay snjd uonediynouaid 8/9 'SA8ZE  £00¢-900¢ I9}je 'sA 910499 (1) B2403 ‘UBSNg  (ES) /€19 WY
700-0 =d '(6£€-€6)
05l SA (581-€9) S:06 |o>030.d uonejuswa|dwl (1) (z9)
100:0>d 'LV SAp-Le (401) uelpsi ssedAq snjd uonesynousaid SO0 'SA¢gC¢  L00¢-S00¢ 19}je 'sA 9l0jog el[elisny ‘31seomMaN ‘e 38 ulenp
r0=d
‘(PL1-2v) 06 "M (9TL-T) 99 uonejuswa|dwl (1) (19)
70-0=d ‘LT A L (401) ueipain uolesynousid L 'SA ¥ G00Z—100¢ Jole 'sA 2J0jog  SS1PIS PSlUN ‘UoIsOg /e ]9 Ye|Inpay
wwS-0=d
"(9v) 7769 "SA (8:LE) 99 (09)
€00:0=d 'S¥ SA 6L i(@s) uesy uonesiiousid L8l 'SA6E  Z00Z-100C UOREeAISSO |9]|Bied (1) ureds ‘euojadieg ERERAEL|
UOIIUSAJRIUI INOYHM pue UOo[IUSAJRIUI UOIIUSAJRIU| UOIIUSAJISIUI INOYHM JEEVN ubisep Apnis [OEUES IERIVEIETEN

YUM (%) Saiel sishjoquuoiy |

INOYLIM pUB YLIM
(U Wil Joop-03-18suQ

pue yum syusned
930415 JO JaquinN

90J1S JO Jagquinu) 3)IS

Ayjenb juswabeuew a3041s UO UOHEDHIIOUId JO 19919 BU} UO SIIpNIS € a|qel

Vol 9, April 2014, 333-340 337

© 2014 The Authors.

International Journal of Stroke published by John Wiley & Sons Ltd on behalf of World Stroke Organization



A. Ragoschke-Schumm et al.

| Review

(a) (b) (c) (d)
% .
£ EMS: EMS: EMS: EMS+MSU:
5 stabilization stabilization, stabilization neurological examination,
2 and transport, and and CT, and POC-laboratory
2 i)
g transport prenotification transport = treatment
)
a
d e
regional hospital:
neurclogical examination,
CT, and laboratory examination
A 4 — treatment
% emergency room: . N = 5 L}
£ = treatment stroke room”™ 8l v (o
= neurological examination, 38| ~5|o%
B CT, and POC-laboratory ° E B g g
[=%
< - E &=
8 —> treatment Es| 5.2 8§
< =€ 2 SE| Tl |3E
£ S 2 NS S Y
ge sg z
3 B
co stroke center

Fig. 1 Strategies of acute stroke management. (a) Conventional stroke management; (b) optimized stroke management with prenotification of the
receiving hospital and in-hospital reorganization with diagnostic workup and treatment at one site; (c) telemedicine interaction between regional hospital
and stroke center, allowing the stroke center to provide guidance in acute treatment; (d) prehospital stroke treatment in an ambulance equipped with
a CT scanner, point-of-care laboratory, and telemedicine interaction with the stroke center. CT, computed tomography; EMS, emergency medical services;
MSU, mobile stroke unit; POC, point-of-care.

@ (b) G

Fig. 2 Ambulance for prehospital stroke treatment. (a) External view of the second-generation mobile stroke unit (in front) with integrated multimodal
CT scanner, point-of-care laboratory, and telemedicine capability; the unit is sized as a conventional ambulance (in back). (b) Interior view. (c) Exemplary

computed tomography scan obtained at the emergency site.

of blood pressure can be beneficial for patients with ischemic
stroke (tolerating higher blood pressure values) or hemorrhagic
stroke (reducing elevated blood pressure) (76).

In the future, the concept of prehospital stroke treatment could
be complemented by the inclusion of other diagnostic and thera-
peutic strategies, such as further imaging procedures, neuropro-
tective strategies, or future hemorrhage therapies. However,
currently, prehospital stroke treatment is still a potential perspec-
tive rather than clinical reality, and further research is still needed
with regard to the medical efficacy of and the best setting for this
concept. Finally, although many arguments suggest that increased
allocation of resources in the golden hour of stroke could save the
much higher costs of long-term care of disabled patients, the
cost-effectiveness of prehospital stroke treatment remains to be
demonstrated.

As limitation, this review on the different links of the prehos-
pital stroke rescue chain did not completely follow a systematic
approach as articles found by PubMed search were selected and

weighted based on their originality and their relevance to the
topic of prehospital stroke management.

In summary, this review indicates that prehospital delay is a
major reason that only a minority of patients obtain recanalizing
therapy today. Options for the improvement of prehospital stroke
management include, on the patient’s side, target-specific and
continual public awareness campaigns. On the EMS side, fre-
quently repeated training in the use of tools for symptom recog-
nition, prioritized transport to experienced stroke centers, and,
probably most important, prenotification of the receiving hospi-
tal can improve time to treatment and treatment rates. In the
future, even prehospital stroke treatment could contribute to
better stroke management.
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