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Abstract
Background: Rapid recanalisation is important when treating ischaemic stroke patients.
In Finland, the reorganisation of the prehospital emergency medical system and the
establishment of emergency medicine as an independent speciality occurred some years
ago. These reforms offered the opportunity to develop new prehospital and in-hospital
pathways for stroke patients.
Methods: In this retrospective study, we examined the immediate impact of
implementing a new operating model in prehospital stroke care. We introduced a
modified “load-and-go” model using a transformative learning process. We observed
the immediate effects of the reorganisation by comparing prehospital time intervals three
months before and three months after the reorganisation.
Results: The new operating model was implemented using a transformative learning
process. There was an immediate reduction of 35.1% from 21.4 to 13.9 minutes (P <

0.001) in the median on-scene time and of 18.2% from 52.7 to 43.1 minutes (P < 0.05)
in the median total time, i.e. the time interval between the alarm from the dispatch centre
to patient hand-over to ED.
Conclusion: By using a transformative learning process in implementing a modified
load-and-go operationmodel in the EMS, we could immediately reducemedian on-scene
time and median total time in the treatment of acute stroke patients.
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1. Background

Acute ischaemic stroke (AIS) patients benefit from rapid treat-
ment by either intravenous thrombolysis with recombinant
tissue plasminogen activator (tPA) or mechanical thrombec-
tomy, as each minute after the onset of symptoms results in a
cumulative loss of brain tissue, thereby significantly affecting
the patient’s prognosis [1, 2]. In Finland, the reorganisation
of prehospital emergency medical care and the introduction of
emergency medicine as an independent speciality in its own
right occurred in 2013 [3, 4]. These reforms have enabled the
development of new prehospital and in-patient pathways for
stroke patients.
In the Kanta-Häme Central Hospital (KHCH), a secondary

care hospital in Southern Finland, we have reorganised stroke
patients’ in-hospital treatment pathway with promising results.
With intensive training and a structured operatingmodel, emer-
gency physicians can safely treat patients with acute stroke in
the Emergency Department (ED) without unnecessary delays.
Further, the median door-to-needle time has decreased from

54 to 20 minutes [5, 6]. However, treatment delays are not
only dependent on in-hospital activity but also include the
prehospital time intervals. This includes delays relating to the
lack of public awareness of stroke symptoms and the overall
functioning of emergency medical services (EMS) [7].
The American sociologist, Professor Jack Mezirow has de-

veloped a theory of transformative learning [8] where transfor-
mative learning refers to learning that renews a person’s funda-
mental perceptions and relationship to the surrounding reality.
When facilitating transformative learning, educators need to
help people to understand their own and others’ assumptions
and to become critical of them. In suitable circumstances,
through transformative learning, a person moves towards a
frame of reference that is broader than earlier. By widening
the world view, it is possible to change one’s working practices
[8].
Critical reflection is one of the key components of transfor-

mative learning [9, 10]. Transformative learning is suitable
for nursing education as well as basic and advanced medical
education [11–13]. We thought that transformative learning
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might be a potentially useful tool in the training of paramedics
and emergency medical technicians (EMTs) when introducing
a new operating model. We hypothesised that through critical
reflection prehospital EMS professionals would become aware
of the new changes to the EMS process, ‘unlearn’ their old
working practices and appreciate what the changes would
mean when translated into daily practice.
Our EMS is owned by the town of Hämeenlinna and its op-

erating area is around 5,700 km2. The medical management of
the operation is in the hands of emergency physicians working
in the ED of the Kanta-HämeCentral Hospital, the surrounding
municipalities together with the national health insurance fund
EMS. We have two advanced life support level paramedics in
every ambulance.
Soon after the reorganisation of the in-hospital pathway for

AIS, we reorganised our prehospital operating model, from an
earlier “stay and play” principle towards a modified “load and
go” principle for suspected stroke patients. In this retrospective
study, we present this reorganisation including the immediate
short-term results of this action. The local ethics committee
approved the study.

2. Methods

This was a retrospective study in which immediate changes
in time intervals were analysed. First, we present the re-
organisation of our prehospital operating model for stroke
patients in the EMS. Second, we report the rapid impact of
the intervention on prehospital delays three months after the
reorganisation.

2.1 Reorganisation

This reorganisation was carried out in three basic steps.

2.1.1 Analysis and reform of the AIS operating
model
The operating model was reformed in order to optimise the
patients’ pathway from the AIS alarm at the Dispatch Centre
to arrival at the ED of KHCH. According to the old stroke
operating model, EMS personnel were required to carry out
a routine physical examination of the patient, focusing on vital
and neurological signs. However, clear triggers for a rapid
treatment decision in suspected AIS were lacking. The new
operating model was based on immediate recognition of stroke
symptoms and rapid decision-making on transportation to the
ED (Table 1). We used Face Arm Speech Test (FAST) with
findings of possible eye deviation to screen suspected AIS
[14, 15]. In prehospital EMS, the assessment of possible stroke
must be sensitive so that all patients at risk are transported to
the ED. Findings of eye deviation were added as a marker of
possible stroke in order to improve sensitivity. In addition, ex-
amination and immediate management on scene were planned
in order to concentrate solely on the most important immediate
clinical issues relevant to the rapid and reliable diagnosis and
treatment of the patient. All other interventions, including
obtaining IV access, were recommended to be carried out
safely during transportation. We have a reversible chair in all
ambulances in order to do the procedures properly. The seat

belts are always fastened when the ambulance is in motion.
Paramedics informed the ED of the patient’s arrival en route
in order to avoid any additional delays. If the estimated arrival
time at the hospital was less than 15 minutes, pre-notification
had to be given on site in order to allow the ED personnel
adequate preparation time.

2.1.2 Information for personnel
EMS personnel was taught the new operating model and its
justification was discussed. The emergency physician, along
with the senior paramedics, provided education. It was both
theoretical and practical. However, we did not provide any
additional simulation training in this regard. From an educa-
tional point of view, our aim was to encourage paramedics to
research, investigate, critically reflect on and discuss the new
operating model. The hypothesis was that this would serve
to corroborate the recommended actions in the new operating
model [9]. The operating model was presented to the EMS
personnel in a total of 16 events at four different ambulance
stations. The main educational element was discussion about
the new operating model and education on how to recognize
the main symptoms of AIS and to allow fast decision-making
to transport the patient to the ED. The written operating model
was then sent to the EMS personnel via email and processed
through educational sessions in groups of two to ten staff led
by the EMS supervisors.

2.1.3 Implementation of the new operating
model
The most important factor in the implementation of the op-
erating model was the use of a transformative learning pro-
cess [10]. During this process, we challenged paramedics to
change the culture of full physical examination of suspected
stroke patients (“stay and play”) to fast recognition of main
symptoms, prompt decision-making and rapid transportation to
hospital (“load and go”). Following the educational meetings
and events, we also maintained awareness by three articles
published in the personnel magazine. The key to a successful
implementation was thought to be regular updating on the
success of the project and a positive drive. We encouraged
EMS personnel to actively consider why it is important to start
immediate transportation. We wanted especially to improve
staff understanding of the fact that there is very little to be done
on scene that will positively influence a patient’s prognosis.
Transformative theory emphasizes that through critical re-

flection, it is possible to transform pre-existing assumptions
upon which interpretations, beliefs and habits of mind or point
of view are based [10]. We wanted to avoid any implication
that we were consciously underestimating professionals’ skills
due to the introduction of a simplified operating model. In-
stead, we aimed to create a culture of excellence [16] and the
understanding that “less is more” in the high-quality stroke
care on scene. In order to reinforce our message, we at-
tached stickers to ambulances, cell phones and EMS notepads.
We also reminded personnel about the FAST principle with
posters on the walls of all the ambulance stations (Fig. 1).
Transformative learning also occurs in individual and social
contexts. This process was realised as described above, and by
encouraging EMS personnel to discuss, question and reflect on
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TABLE 1. Suspected stroke in emergency medical care. Key points of the new prehospital operating model
Rapid and reliable recognition of possible stroke
• Abnormal finding in FAST
AND/OR
• Eye deviation
Only the most important tasks performed on scene
• BP, HR, Sats, GCS
• No complete physical examination
• Basic information: personal identification, contact details of a relative, functional status before stroke symptoms
(documenting “last-known-well” time) and list of patient’s medication(s)
•Most important: exact time of stroke symptoms onset (or last time patient was seen before symptoms)
Other interventions during transportation
• POC measurement of blood glucose
• IV line with saline infusion
•Monitoring and treatment of BP, HR or Sat
• Closer physical examination of the patient
• Second IV line without infusion when other tasks are done
Pre-notification to emergency department
Abbreviations: BP, blood pressure; FAST, Face Arm Speech Test; GCS, Glasgow Coma Scale; HR, heart rate; IV,
intravenous; POC, point-of-care; Sats, blood oxygen saturation.

their experiences in our meetings.

FIGURE 1. Poster designed to encourage EMS
personnel.

In practice, there was some overlap between the different
phases of our three-step programme. According to transfor-
mative theory, the core of our reorganisation was to establish

how EMS personnel, both individually and as a team, could
expedite the prehospital pathway for stroke patients.

2.2 Time intervals

We compared prehospital time intervals during the three-
month period immediately following the reorganisation with
those over the preceding three months. All patients transported
by the emergency medical system AIS code to the ED of
Kanta-Häme Central Hospital were included in the study.

The following time intervals were analysed: 1. Ambulance
response time from alarm to arrival on scene, 2. On-scene
time (OST, time spent on scene), 3. Transportation time (time
between start of transportation and patient hand-over from
EMS to ED), and 4. Total time (alarm from dispatch centre
to patient hand-over to ED). We took timings from the SQL
database of the EMS system and then double-checked from
the corresponding handwritten EMS documents. Our specific
aim was to analyse whether the reorganisation affected the on-
scene time among patients with suspected AIS.

2.3 Statistical methods

Statistical analyses were performed using IBM® SPSS® Statis-
tics forWindows, version 23 (IBMCorp., Armonk, N.Y., USA;
copyright 2015). Data are presented as median (minimum-
maximum) unless otherwise stated. Differences in continu-
ous variables were assessed using the nonparametric Mann-
Whitney U-test for independent samples. A probability value
< 0.05 was considered statistically significant.
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3. Results

Our EMS completed the first two steps (analysis and reform of
AIS operatingmodel and its dissemination to personnel) during
the last weeks before the official reorganisation. The third step
(implementation of the new operating model) was commenced
at the onset of the reorganisation, but the process is continuous
in nature.

3.1 Reorganised EMS operating model
EMS reorganised the new stroke operating model within in the
time period envisaged. The paramedics put obligatory steps for
managing all suspected AIS patients into practice as follows:
the use of a modified FAST, the assessment of vital signs
together with point-of-care measurement of capillary blood
glucose, documenting “last-known-well”-time and performing
hospital pre-notification. During handover, paramedics began
their reporting to ED personnel using the structured ISBAR
(Introduction, Situation, Background, Assessment and Rec-
ommendations) tool [17]. Because the long-term goal of an
on-scene time of less than 10 minutes was set for all EMS
personnel in potential stroke patients (Fig. 1), various tasks
were commenced in a precise order. For example, ongoing
medication had to be established, but only if this was feasible
in less than five minutes. Otherwise, we had to rely on patient
records at the hospital.

3.2 Time delays
The total number of suspected AIS patients transported to the
ED of KHCH was 52 before and 57 following the reorgan-
isation of services. There were a total of 60 men and 49
women in the whole study group, 26 and 34 men and 26 and 23
women before and after the reorganisation respectively (NS).
Their median age was 71.2 (SD 15.0) years. There was no
difference in patients’ ages between the two study periods
(Table 2). The results of the time intervals are presented
in Fig. 2 and Table 2. During the first three months of the
reorganisation, OST decreased by 35.1% or 7.5 minutes from
21.4 to 13.9 minutes (P < 0.001) and total time by 18.2% or
9.6 minutes from 52.7 to 43.1 minutes (P< 0.05) compared to
the preceding three-month period. There were no differences
in any of the prehospital time intervals between men and
women (data not shown). When the alarm from the Dispatch
Centre included the code “Stroke”, medianOST over thewhole
study period (i.e. before and after the reorganisation) was
31.8% shorter than without this code, 14.5 min vs. 21.3 min,
respectively (P < 0.001).

4. Discussion

In this retrospective study, we presented an effectively re-
organised prehospital EMS operating model for acute stroke
patients. Our main finding was that by using a transformative
learning process the new operating model resulted in an imme-
diate reduction in on-scene time.
To the best of our knowledge, this is the first study of its

kind to report the implementation of transformative learning
theory as a framework for the reorganisation of a prehospital

FIGURE 2. On-Scene Time comparison before and after
the reorganisation (P < 0.001).

operating model for stroke patients in EMS. We carried out a
search in PubMed (Publication dates: 1st January 2000 to 10th
December 2020; search terms “transformative learning” AND
“acute” AND “stroke” AND (“emergency medical services”
OR “EMS” OR “prehospital”) that did not yield any publica-
tions. Critical reflection has been shown to be a significant
feature. During this process, we supported paramedics to criti-
cally reflect, think and discuss the assumptions on which their
beliefs were founded in the prehospital operating model for the
treatment of stroke patients. Reflection enabled paramedics to
change their actions in order to positively influence patients’
prognoses and to challenge their own beliefs and possible
errors in treating patients with AIS.
Our EMS system for detecting AIS relies on a modified

FAST having only three options: Positive (leading to immedi-
ate highest priority transportation to hospital, pre-notification
with no expert consultation), Unreliable (expert consultation
needed to end up with stroke code) or Negative. Good agree-
ment between paramedics and physicians has been reported
earlier in the recognition of neurological deficits by using
FAST (14). This concurs with the findings of Yanagida et
al. that severity of symptoms had an effect on prehospital
delays; thus, presence of low level of consciousness, aphasia,
headache or nausea ended in shorter prehospital delays than
did absence of these factors [18].
The use of EMS reduces prehospital delays [19]. Other

interventions introduced by EMS have an effect not only on
prehospital time intervals, but also on in-hospital measures
[20–22]. An OST of less than 15 minutes, transportation
at highest priority, documentation of “last-known-well”-time,
and the use of a prehospital stroke assessment tool are consid-
ered to be indicators of quality for EMS [22]. These findings
are in accordancewith the principles of our reorganisation. Our
reduction of on-scene time also compares favourably with pub-
lished data from different operational environments in Europe
[23–27].
The total time of our EMSwas already less than one hour and

it was immediately reduced by 18.2% following the reorgani-
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TABLE 2. Prehospital time intervals of suspected stroke patients
Before After P-value

Number of patients 52 57
Age, years 70.6 (25-97) 71.7 (32-99) NS
Ambulance response timea, minutes 7.6 (2.5-32.0) 6.8 (1.5-31.0) 0.70
OSTb, minutes 21.4 (8.3-42.1) 13.9 (5.1-39.7) < 0.001
Transportation timec, minutes 24.5 (2.9-85.8) 21.8 (1.6-46.9) 0.58
Total time, minutes 52.7 (20.1-137.1) 43.1 (18.0-100.4) 0.03
All times are presented as median times (minimum - maximum times in brackets). NS, not
significant.
a) Time from alarm to arrival on scene; b) On-Scene time; c) Transportation Time, from
Transportation start to emergency department.

sation. In a study by Sundström et al. the median delay from
AIS emergency call to CT scan was 3 hours and 52 minutes
in 2015 [28]. The study also found that in western Sweden
highest mission priority was only given to 54% of cases. In a
South Korean EMS in 2016 it was reported that 30.8% of AIS
patients transferred by EMS reach the emergency department
within 2 hours. Transportation by EMS, straight to a unit
capable providing thrombolytic therapy was the fastest way
to achieve a high standard of care [29]. It is worth pointing
out that the total time does not only depend on the quality of
prehospital EMS. The location of the hospital and geographical
features of its surroundings (e.g., narrow roads, hills, or large
lakes) and distances (e.g., from the scene to the hospital) are
important variables. Therefore, the results obtained in different
countries or regions cannot be directly compared. In our case,
the province is compact in size and the access routes to the
hospital are good.
In a large study in the USA, hospital pre-notification oc-

curred in 67% of AIS cases and an association was found be-
tween pre-notification and timelier in-hospital treatment [20].
According to two recent studies, hospital pre-notification was
performed in 52% to 77% of patients [30, 31]. We did not
formally evaluate the percentage of pre-notification, but ac-
cording to reports from ED personnel, notification was given
in at least 90% of suspected AIS cases (Iiro Heikkilä, personal
communication). It has been found that dispatching fire engine
crews as first responders in order to help EMS crew does not
reduce on-scene time [32]. According to our operating model,
the crew taking care of patients on the stroke prehospital
pathway consists solely of paramedics.
One strength of this study is that it was carried out in a

limited time frame. Seasonal variation in the weather, for
example frost and snow in winter, did not affect our results
and bias the immediate effects of the reorganisation. Further-
more, when planning the new prehospital operating model, we
relied on our previous experience in the reorganisation of the
emergency department and its operations [3, 33, 34], including
in-hospital door-to-needle delay of stroke patients [5, 6]. In our
reorganisation, we chose to implement modified FASTmethod
to trigger a stroke code in the EMS system because it has a high
positive predictive value in detecting AIS patients, especially
when implemented on scene [14, 35]. The detecting algorithm
should be sensitive rather than specific for stroke [36].

In this study, the background to reorganising prehospital
EMSwas based on a transformative learning process. It clearly
highlights the importance of taking into account the EMS
personnel’s experiences, expectations and reflection during the
process. Hence, we obtained a more detailed understanding of
the learning processes of paramedics during the reorganisation
as we evaluated their experiences by interview and enquiry.
By eliciting personnel’s significant learning experiences, it was
possible to find the best way to support paramedics and to
increase the effectiveness of our EMS operating model for
stroke patients. Although transformative learning has not tra-
ditionally been common in medicine, it has recently attracted
attention in medical education [37]. We want to emphasise
that we did not compare transformative learning to any other
learning method in this study.

This was a retrospective studywith a before and after setting.
We did not implement a prospective study to compare, for
example, two different hospital areas with each other. This
could be cited as a limitation of this study. Pieri et al. have
recently reminded us about the Hawthorne effect, also called
the observer effect, which means that subjects who know
their actions are being studied improve or modify aspects of
their behaviour in response to the awareness of being studied
[38]. Furthermore, there is a saying in management and
quantitative research: “What you measure is what you get”.
All of our paramedics were aware of our goal to shorten
prehospital delays and of the aim to measure such delays.
Therefore, it was not possible to differentiate the effect of
the transformative learning process from the motivation that
had arisen from the goalsetting itself. Nor was it possible
to measure learning through reflection. However, it gave
us a more detailed understanding of the EMS personnel’s
experiences and feelings whilst learning and implementing the
new operating model during the reorganisation process. On the
other hand, goal setting could be seen as a part of the learning
process as a whole. Although we achieved an immediate
reduction of prehospital time intervals, the follow-up period
of this study was too short to confirm that these significant
changes were permanent. We are therefore continuing the
process reported here, not only as a part of our clinical work
but also in delineating future research.
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5. Conclusions

In this study, we used a transformative learning process for
EMS personnel when implementing a modified load and go
operationmodel in the treatment of acute stroke patients. By so
doing we could immediately reduce the median on-scene time
from 21.4 to 13.9 minutes and the median total time (alarm
from dispatch centre to patient hand-over to ED) from 52.7 to
43.1 minutes. Although we need longer follow-up to evaluate
the stability of our findings, this study shows that rapid change
in operating model is possible in prehospital EMS.
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