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Abstract: Introduction: By enabling direct consultation with neurologists, Real-Time Telemedical Oversight (ReTMO) can facili-
tate rapid stroke assessment and decision-making. This study aimed to assess the efficacy of prehospital stroke man-
agement before and after ReTMO implementation. Methods: A single-center retrospective before-and-after study was
conducted at Ramathibodi Hospital, Bangkok, Thailand, from January 2020 to December 2024. In March 2022, a struc-
tured prehospital stroke protocol was integrated with the ReTMO system in this hospital. We evaluated its impact by
comparing stroke patients transported by emergency medical services (EMS) before and after protocol implementation.
Neurological outcomes at hospital discharge were analyzed using multivariable ordinal logistic regression. In contrast,
door-to-treatment times in the emergency department (ED) and hospital length of stay were assessed using multivari-
able Gaussian regression. Results: The study included 91 prehospital stroke patients, with 36 in the pre-protocol group
and 55 in the post-protocol group. Implementation of the structured prehospital stroke protocol was associated with a
significant reduction in door-to-computed tomography (CT) scan time by 10.47 (95% confidence interval (CI): -17.62 to
-3.3) minutes and door-to-laboratory result time by 15.90 (95% CI: -30.48 to -1.33) minutes. Additionally, adjusted ordi-
nal logistic regression analysis demonstrated a significant improvement in neurological outcomes at hospital discharge
(odds ratio (OR) = 0.14, 95% CI: 0.02-0.99, P = 0.049). However, reductions in ED stroke treatment time and hospital
length of stay were not statistically significant. Conclusion: Implementing ReTMO alongside a structured prehospital
stroke protocol significantly reduced in-hospital delays in door-to-CT and door-to-laboratory result times while also
improving neurological outcomes at hospital discharge.
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1. Introduction Stroke mortality rates vary significantly across Asia, with the

highest rates reported in Mongolia and Indonesia, while the
Stroke is a critical medical emergency and a leading cause of & b 8

mortality and long-term disability worldwide (1). According
to the American Heart Association (AHA), stroke remains a
significant public health concern, with mortality rates con-

lowest are observed in Japan and Singapore (6). In Thailand,
stroke is the second leading cause of death, and its mortality
rate has been steadily increasing. In 2020, the incidence rate
was reported at 105.9 (98.3-114.6) per 100,000 population,
while the mortality rate reached 45.9 (41.5-51.5) per 100,000
population (7, 8). Recognizing this burden, the Thai Min-
istry of Public Health has implemented several initiatives to

tinuing to rise in the United States and other countries over
the past decade (1, 2). Rapid evaluation, accurate diagnosis,
and timely treatment are crucial for improving stroke patient
outcomes (3), as the effectiveness of interventions such as
intravenous thrombolysis (IVT) and mechanical thrombec-
tomy (MT) is highly time-dependent (4, 5).

enhance stroke care, including emergency department (ED)
and emergency medical services (EMS) improvements and
the introduction of the Stroke Fast Track System. This system
facilitates the rapid assessment and transport of stroke pa-

tients to specialized stroke units or hospitals with appropri-
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stroke management. Prehospital stroke care plays a pivotal

role in the management of acute stroke, offering the poten-
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tial to significantly improve outcomes through early recogni-
tion, rapid transport, and timely intervention (9, 10). Prehos-
pital notification has been shown to increase IVT administra-
tion rates by 3.2% to 44.0%, significantly reducing door-to-
imaging times (10-14). However, challenges such as prehos-
pital delays, protocol inconsistencies, resource limitations,
inadequate training, and lack of synchronization with spe-
cialized neurological units remain key barriers to optimizing
stroke care (9, 10, 15).

To address these limitations, Mobile Stroke Units (MSUs)
have emerged as an innovative prehospital stroke care
model, enabling on-site stroke diagnosis and treatment (16).
In Thailand, the Siriraj Mobile Stroke Unit has demonstrated
success in delivering immediate stroke care using ambu-
lances equipped with onboard CT scanners and specialized
stroke teams. These advanced mobile units have been shown
to significantly reduce door-to-needle times and improve
functional outcomes by enabling the administration of time-
sensitive treatments, such as IVT, at the scene (17).
Dispatcher-assisted interventions are another essential com-
ponent of prehospital stroke care, contributing to improved
outcomes across various medical emergencies (18). Studies
have shown that the integration of teleconsultation and pre-
hospital stroke triage systems can enhance stroke triage ac-
curacy, leading to faster mechanical thrombectomy (MT) de-
livery while maintaining timely IVT administration (19). Fur-
thermore, several studies suggest that telemedicine, includ-
ing video instructions, can improve the accuracy and effi-
ciency of prehospital stroke management by providing real-
time visual guidance to bystanders and EMS personnel (10,
18-23).

Recent trends indicate a growing reliance on EMS ambulance
services among stroke patients, as EMS transport has been
shown to significantly reduce the time to imaging and treat-
ment compared to walk-in patients (24, 25). Studies evaluat-
ing the implementation of prehospital stroke protocols have
reported that EMS-facilitated access to stroke evaluations,
CT scans, neurologist notifications, and treatment admin-
istration significantly shortens treatment times (19, 23, 24).
However, the most valuable outcome measure remains im-
proved neurological function and recovery in stroke patients
(26, 27).

This study aimed to evaluate the impact of implementing a
Real-Time Telemedical Oversight protocol alongside a struc-
tured Prehospital Stroke Protocol by examining neurological
outcomes at hospital discharge using the modified Rankin
Scale (mRS, 0-6). It also assessed key time-sensitive care
metrics, including door-to-CT and door-to-IVT times, as well
as hospital length of stay, to determine the overall effective-
ness of protocol optimization on stroke management and re-
covery.

2. Methods
2.1. Study design and setting

We conducted a retrospective single-center before-and-after
protocol at Ramathibodi Hospital, a tertiary university hos-
pital in Bangkok, Thailand. The study period spanned from
January 2020 to December 2024, encompassing the imple-
mentation of the Ramathibodi Prehospital Stroke Protocol,
which was initiated in March 2022. We evaluated its im-
pact by comparing stroke patients transported by EMS be-
fore and after protocol implementation. Neurological out-
comes at hospital discharge, door-to-treatment times in the
ED, and hospital length of stay were among the studied
outcomes. The Ramathibodi Emergency Medical Opera-
tion (RAMA EMO) unit, operating under 24-hour emergency
physician supervision, was responsible for executing the pro-
tocol and managing prehospital stroke care.

The Institutional Review Board of the Faculty of Medicine
at Ramathibodi Hospital approved this observational study
(COA No. MURA2024/718).

2.1.1 Pre-protocol implementation

Before the implementation of the Ramathibodi Prehospi-
tal Stroke Protocol (figure 1), EMS at Ramathibodi Hospital,
established in 2008, operated under a conventional emer-
gency response system. In emergency situations, the emer-
gency unit provided medical advice, gathered patient infor-
mation, and obtained patient history via telephone consulta-
tion. The emergency medical team, consisting of emergency
physicians, registered nurses, and practical nurses, worked
alongside ambulance services to assess patients for life-
threatening conditions. Stroke assessments were conducted
using standardized prehospital stroke diagnostic tools, in-
cluding the Cincinnati Prehospital Stroke Scale (CPSS) and
the Los Angeles Prehospital Stroke Screen (LAPSS). The team
determined the appropriate on-site treatment and coordi-
nated with the medical director to notify the ED, ensuring
rapid patient transport to the hospital for immediate medi-
cal intervention following standardized treatment protocols.
2.1.2 Post-protocol implementation

In March 2022, the RAMA EMO unit was established to
provide dedicated EMS under 24/7 supervision by emer-
gency physicians. This restructuring aimed to improve
prehospital stroke care efficiency by ensuring a multidisci-
plinary, technology-integrated response system. The dis-
patch and command team plays a critical role in EMS op-
erations by ensuring efficient coordination and rapid re-
sponse. This team consists of a medical director, a supervisor
emergency medical dispatcher (SEMD), and an emergency
medical dispatcher (EMD), both of whom are paramedics.
Their primary responsibilities include assessing emergency
calls, dispatching appropriate medical units, and facilitating
real-time communication between field teams and hospital
emergency departments. The EMS operation team is struc-
tured into two levels based on the severity of the emergency:
1. Doctor-Led Team (DLT) — Composed of emergency physi-
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cians, paramedics, and ambulance-driving paramedics, who
are certified to drive ambulances for rapid response. This
team ensures immediate coordination with the emergency
room for critical cases requiring urgent intervention.

2. Paramedic-Led Team (PLT) - Comprised of two
paramedics and ambulance-driving paramedics, this team is
responsible for urgent emergency cases that require prompt
medical attention but do not require physician-led transport.
This structured EMS framework ensures timely prehospital
care, enhancing stroke patient outcomes through optimized
triage, dispatch efficiency, and emergency interventions. Ad-
ditionally, the RAMA EMO unit enforces specific protocols
for major emergency conditions, including trauma, out-of-
hospital cardiac arrest, and acute stroke management.

The Ramathibodi Prehospital Stroke Protocol leverages ad-
vanced telemedicine technologies to support EMS personnel
in identifying stroke symptoms and providing timely inter-
ventions (figure 1). This protocol was developed as a multi-
disciplinary collaboration among multiple healthcare agen-
cies and underwent a lean process to optimize speed, effi-
ciency, and ease of implementation for EMS operators. The
primary objective was to enhance prehospital stroke recog-
nition, streamline communication, and facilitate early inter-
vention to improve patient outcomes. The EMD introduced
avideo-assisted dispatcher instruction system to aid in early
stroke symptom detection before the EMS team arrived at the
scene. This two-way communication system provided real-
time visual guidance to bystanders, allowing them to assist
in stroke identification and initial care. The video instruction
system was used when two or more bystanders were avail-
able, and the caller had a smartphone with video call capa-
bility.

On-scene EMS operations incorporated real-time commu-
nication and data transmission to the SEMD. This continu-
ous data exchange included stroke diagnostic assessments,
patient evaluations, and evidence-based treatment interven-
tions. The prehospital stroke team performed both basic
and advanced life support interventions, with simultaneous
transmission of 12-lead electrocardiogram (ECG) data and
activation of the pre-notification protocol.

Validated clinical assessment tools were systematically doc-
umented and transmitted to the receiving in-hospital stroke
team and radiologist, facilitating early neuroimaging prepa-
ration and ensuring a seamless stroke care continuum. These
assessments included the National Institutes of Health Stroke
Scale (NIHSS), Los Angeles Motor Scale (LAMS), Glasgow
Coma Scale (GCS), and stroke-specific symptom evaluations.
In addition to comprehensive stroke assessments.

The Ramathibodi Prehospital Stroke Protocol systematically
recorded critical time metrics to monitor and enhance stroke
care efficiency. Key time intervals documented in this pro-
cess included door-to-CT scan time, door-to-IVT time, door-
to-laboratory result time, and door-to- MT time. Further-
more, prehospital management time intervals were recorded
to assess EMS notification efficiency and stroke team activa-
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tion, including first medical contact (FMC) to stroke detec-
tion, FMC to stroke team activation, and FMC to CT brain
imaging. To further optimize prehospital stroke care, the Ra-
mathibodi Prehospital Stroke Protocol was developed as a
standardized system designed to improve early stroke recog-
nition, expedite EMS response, and ensure timely in-hospital
treatment. A comprehensive overview of the protocol’s im-
plementation and workflow is provided in Supplement 1.

2.2. Participants

All retrospective patient data were retrieved from the elec-
tronic medical records (EMR) system of Ramathibodi Hos-
pital. This study included patients admitted to the ED of
Ramathibodi Hospital between January 2020 and Decem-
ber 2024. Patients with suspected stroke who arrived at the
ED without EMS transport or were transported by EMS from
other hospitals were excluded from the study (figure 2).

2.3. Data gathering and outcome measures

The study variables included baseline characteristics and
clinical profiles of stroke patients, such as age, gender, and
initial vital signs, including systolic blood pressure (SBP),
heart rate (HR), respiratory rate (RR), Glascow coma scale
(GCS), and capillary blood glucose levels. Additional data
collected included prehospital stroke assessments, such as
the NIHSS score and stroke diagnosis outcome, as well as
prehospital EMS time metrics, including activation time, re-
sponse time, scene time, and transport time. Prehospital
operation records, consisting of FMC, prehospital interven-
tions, and treatment measures performed by EMS teams,
were also obtained from the EMR system.

The primary outcome was neurological status at hospital dis-
charge, assessed using the mRS. The mRS scores were com-
pared between the pre-protocol and post-protocol groups to
evaluate the impact of the Ramathibodi Prehospital Stroke
Protocol on functional outcomes. Secondary outcomes in-
cluded time-to-treatment metrics related to stroke manage-
ment, such as door-to-time intervals and hospital length of
stay.

2.4. Definitions

2.4.1 Emergency medical services (EMS) time metrics

e Activation time: The interval between receiving the emer-
gency call and the departure of the EMS team from their base,
reflecting the efficiency of EMS mobilization and readiness
(28).

* Response time: The interval from receiving the emergency
call to the arrival of the EMS team at the scene, serving as a
key measure of EMS efficiency in reaching patients (13).

¢ Scene time: The duration from EMS arrival at the scene to
departure with the patient, encompassing assessment, sta-
bilization, and transport preparation. Guidelines recom-
mend minimizing this time to under 15 minutes for sus-
pected stroke cases (13, 29).

e Transport time: The interval from EMS departure from the
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scene to arrival at the hospital ED, evaluating the efficiency
of patient transport to a definitive care facility (28).

2.4.2 Initial prehospital vital signs

The initial recorded physiological parameters of the stroke
patient upon EMS arrival, including:

¢ Systolic Blood Pressure (SBP): An indicator of stroke sever-
ity and the risk of hemorrhagic transformation.

* Heart Rate (HR): Assessed to evaluate circulatory status and
detect potential arrhythmias.

* Respiratory Rate (RR): Monitored to identify respiratory dis-
tress or compensatory mechanisms.

* Glasgow Coma Scale (GCS): A neurological assessment tool
used to determine the level of consciousness and severity of
impairment.

e Capillary Blood Glucose: Measured to rule out hypo-
glycemia or hyperglycemia, which can mimic stroke symp-
toms or worsen outcomes.

2.4.3 Pre-arrival dispatcher assistance

Pre-arrival dispatcher-assisted evaluation and guidance be-
fore EMS arrival includes:

* Phone Assistance: Traditional voice-based dispatch, where
emergency personnel collect patient history and provide ini-
tial management instructions.

* Video-Call Assistance: Real-time visual assessment, allow-
ing dispatchers to guide bystanders in early stroke recogni-
tion and triage to improve accuracy.

2.4.4 First medical contact (FMC) time intervals

Time intervals measured from the FMC, defined as the pa-
tient’s first interaction with medical personnel (EMS)

* FMC to Detection: The interval from first medical contact
to stroke recognition, enabling early intervention planning.
(Due to the use of telemedicine in some cases, stroke may be
detected before EMS arrival, resulting in negative time val-
ues.)

* FMC to Stroke Team Activation: The time from first medi-
cal contact to in-hospital stroke team notification, ensuring
pre-arrival readiness. (In some instances, telemedical assess-
ment allows stroke team activation prior to patient arrival,
which may yield negative time intervals.)

* FMC to CT scan: The time from first medical contact to the
initiation of CT brain imaging upon hospital arrival.

* FMC to Laboratory Result: The interval from first medical
contact to the availability of essential blood test results, aid-
ing treatment decisions.

* FMC to IVT: The time from first medical contact to ad-
ministration of intravenous thrombolysis (IVT) for eligible is-
chemic stroke patients.

¢ FMC to MT: The time from first medical contact to ini-
tiation of mechanical thrombectomy (MT) in patients with
large vessel occlusion (LVO).

2.4.5 National institutes of health stroke scale (NIHSS) (30)
* NIHSS Score (Prehospital): A neurological assessment con-
ducted by EMS before hospital arrival to evaluate stroke
severity using a prehospital-adapted NIHSS tool. (Not as-
sessment of pre-protocol period)

* NIHSS Score (ED): A reassessment performed in the ED af-
ter CT brain imaging to confirm stroke severity and guide
treatment decisions.

* NIHSS Score (Stroke Unit): A follow-up assessment con-
ducted upon admission to the stroke unit to monitor neuro-
logical status and inform ongoing care plans.

2.4.6 Modified Rankin scale (mRS) at hospital discharge
(31)

The mRS is a widely used measure of functional outcomes
after stroke, assessed at hospital discharge. A detailed evalu-
ation of this outcome measure is provided in Supplement 2.
2.4.7 Door-to-time intervals (from ED visit) (32)

* Door-to-CT scan: The interval from ED arrival to the initia-
tion of CT brain imaging.

* Door-to-IVT: The interval from ED arrival to the adminis-
tration of intravenous thrombolysis (IVT) for eligible stroke
patients.

* Door-to-Laboratory Result: The interval from ED arrival to
receipt of essential blood test results.

* Door-to-MT: The interval from ED arrival to the initiation
of mechanical thrombectomy (MT) for LVO cases.

2.5. Statistical analyses

All data were analyzed using Stata version 16 (Stata Corp LLC,
College Station, TX, USA). Descriptive statistics were used
to summarize the baseline characteristics of patients. Cat-
egorical variables were presented as percentages and ana-
lyzed using the exact probability test. Continuous variables
were assessed for normality; if normally distributed, they
were expressed as means with standard deviations (SD) and
compared using the two-sample t-test. If non-normally dis-
tributed, they were presented as medians with interquartile
ranges (IQR) and analyzed using the Wilcoxon rank-sum test.
To evaluate the association between the pre- and post-
protocol implementation phases, multivariable models were
applied. Neurological outcomes were assessed using multi-
variable ordinal logistic regression, with the mRS (0-6) as the
dependent variable. The model was adjusted for age, GCS,
capillary blood glucose, endotracheal intubation, response
time, scene time, initial SBP, NIHSS score at ED, hemorrhagic
stroke, and transport time to ED. Results were reported as
odds ratios (OR) with 95% confidence intervals (CI), and the
proportional odds assumption was tested and confirmed.
For door-to-time intervals, which are continuous variables,
multivariable Gaussian regression was employed, adjusting
for gender, age, GCS, NIHSS, response time, scene time, and
transport time to ED. Results were reported as mean differ-
ences with 95% CI. Similarly, hospital length of stay (LOS)
was analyzed using multivariable Gaussian regression with
robust standard errors to account for heteroscedasticity, ad-
justing for gender, age, GCS, NIHSS, hemorrhagic stroke, re-
sponse time, scene time, and transport time to ED. LOS re-
sults were also presented as mean differences with 95% CI.
All statistical analyses were performed using appropriate sta-
tistical software, with a significance level set at p < 0.05.
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2.6. Sample size estimation

Sample size estimation was performed using Stata version 16,
based on data collected from stroke patients in the RAMA
EMO unit between May 2021 and August 2022. This pilot
study determined the required sample size for a two-sample
comparison of proportions for favorable neurological out-
comes, with a statistical power of 0.80 and a significance
level (alpha) of 0.05, utilizing a one-sided test. A total of
101 cases were included in the study, with 39 patients in the
pre-protocol group and 62 in the post-protocol group. The
sample size estimation was designed to ensure sufficient sta-
tistical power to detect clinically meaningful differences in
stroke outcomes before and after the implementation of the
Ramathibodi Prehospital Stroke Protocol.

3. Results

3.1. Baseline patients’ characteristics

As shown in Figure 3, there was a notable upward trend in
the proportion of stroke patients arriving via EMS from 2020
to 2024, increasing from 4.91% to 14.52% (P < 0.001). Con-
currently, the composition of EMS providers shifted, with a
relative decrease in the proportion of patients transported by
the RAMA EMO unit, particularly after 2021, as compared to
other EMS agencies.

Ofthe 6,831 stroke patient visits, 6,389 cases were excluded as
they were non-EMS arrivals, while 351 cases were excluded
as they were transported by EMS from other hospitals. The
study included 91 stroke patients who were transported by
EMS to Ramathibodi Hospital’s ED between January 2020
and December 2024, as shown in Figure 2. The final study
cohort consisted of 36 patients in the pre-protocol group and
55 in the post-protocol group.

As shown in Table 1, there were no statistically significant dif-
ferences between the pre-protocol and post-protocol groups
in terms of: gender (p = 0.825), age (p = 0.275), initial prehos-
pital vital signs such as SBP (p =0.247), HR (p =0.778), RR (p
=0.148), Capillary blood glucose (p=0.351), GCS scores (p =
0.292), stroke diagnosis (p = 0.280), or NIHSS scores at ED (p
=0.416), and NIHSS scores at stroke unit (p = 0.699). This in-
dicates that baseline characteristics and stroke severity were
comparable between the two groups prior to the implemen-
tation of the prehospital stroke protocol.

Following protocol implementation, significant changes
were observed in EMS time intervals. Activation time in-
creased from 3 (IQR: 2-7 min) minutes to 5 (IQR: 3-7) min-
utes (p = 0.037), and scene time increased from 20 (IQR:
16-23) minutes to 25 (IQR: 21-33) minutes (p = 0.002). How-
ever, response time and transport time showed no statisti-
cally significant differences between the two groups.

3.2. Prehospital stroke protocol characteristics
and interventions

The implementation of the Ramathibodi Prehospital Stroke
Protocol introduced several key assessments and interven-
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tions during the prehospital phase, as detailed in Table 2.
Pre-arrival dispatcher assistance was provided in all cases,
with 74.55% (n = 41) of patients receiving video-call assis-
tance, while 25.45% (n = 14) received only phone assistance.
Time metrics from FMC to critical interventions demon-
strated rapid stroke identification, with a median time of 0
(IQR: -8, 4) minutes from FMC to stroke detection. The noti-
fication process was expedited, with a median time of 1 (IQR:
-2, 6) minutes from FMC to stroke team activation. Nega-
tive time intervals observed in some cases were attributed to
early stroke detection during the pre-arrival phase via video-
call assistance, allowing stroke identification before EMS ar-
rival. In certain instances, initial stroke assessments were
performed remotely, enabling stroke team activation before
on-scene evaluation by EMS personnel.

Essential laboratory testing required a mean time of 84.51
+ 27.69 minutes from FMC to laboratory result availability.
Neuroimaging was performed in a median of 46 (IQR: 38, 59)
minutes. The administration of IVT required a mean time of
79.6 £ 27.22 minutes, while MT in eligible patients was initi-
ated within a mean time of 175.71 + 27.55 minutes.
Prehospital blood sampling was successfully performed in
78.18% (n = 43) of cases, ensuring expedited laboratory pro-
cessing upon hospital arrival. ECG data transmission (12-
lead ECG) was successfully completed in 79.63% (n = 43) of
patients to aid in prehospital cardiovascular assessment.

3.3. Door-to-treatment time and length of stay

The implementation of the Ramathibodi Prehospital Stroke
Protocol significantly improved key door-to-treatment time
metrics, particularly by reducing imaging and laboratory
processing times, as shown in Table 3. The protocol signif-
icantly shortened the door-to-CT scan time from 26 (IQR:
16-36) minutes pre-protocol to 7 (IQR: 5-10) minutes post-
protocol (p < 0.001). While the reduction in door-to-IVT
time from 44.5 to 35.5 minutes did not reach statistical
significance (p = 0.231), the observed 9-minute decrease
may represent a clinically meaningful improvement. Reduc-
tions in door-to-laboratory result and door-to-mechanical
thrombectomy (MT) times were also observed but did not
reach statistical significance.

There was a significant improvement in door-to-CT scan
times, with a mean reduction of 10.47 (95% CI: -17.62 to
-3.3, p = 0.041) minutes. Similarly, door-to-laboratory re-
sult times decreased by 15.90 (95% CI: -30.48 to -1.33, p =
0.032) minutes according to multivariable analysis. However,
other door-to-treatment time metrics remained unchanged.
In contrast, door-to-IVT time did not significantly change,
with a mean difference of -1.64 (95% CI: -21.47 to 18.16, p
=0.871) minutes, indicating that while some prehospital and
ED workflows were optimized, the IV thrombolysis process
was not markedly impacted in this cohort.

Despite the improvements in prehospital and early in-
hospital stroke care processes, the protocol did not lead to
a statistically significant reduction in overall hospital length
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of stay. The ED length of stay increased by an average of 6.12
(95%CI: -3.65 to 15.89, p = 0.220) hours in the post-protocol
group compared to the pre-protocol group, suggesting a po-
tential delay in in-hospital stroke management, though this
difference was not statistically significant. The stroke unit
length of stay showed a median reduction of 1.49 (95%CIL: -
9.09 to 6.10, p = 0.700) days, indicating a modest improve-
ment, although this change did not reach statistical signifi-
cance. Similarly, the overall hospital length of stay decreased
by 2.30 (95%CI: -11.25 to 6.65, p = 0.614) days, but again with-
out achieving statistical significance.

3.4. Neurological outcomes in stroke patients
before and after protocol implementation

Multivariable ordinal logistic regression analysis demon-
strated a significant association between protocol imple-
mentation and improved neurological outcomes. The ad-
justed odds ratio for the mRS was 0.14 (95% CI: 0.02-0.99, p-
value = 0.049), indicating that patients in the post-protocol
group were more likely to achieve lower mRS scores at hospi-
tal discharge compared to those in the pre-protocol group.
The proportional odds assumption was validated, confirm-
ing that the odds ratio remained constant across all ordi-
nal categories of the mRS scale (0-6). We tested the pro-
portional odds assumption using the Likelihood Ratio (LR)
test. The model yielded LR chi?(12) = 27.34 with a p-value
of 0.0069. Despite the statistical significance, we reviewed
individual variable contributions and found no substantial
violation of the proportional odds assumption. Therefore,
the ordinal logistic regression model was considered appro-
priate for analyzing neurological outcomes. This trend sug-
gests that following protocol implementation, patients had
a higher likelihood of achieving better functional outcomes,
with a lower probability of severe disability or mortality. The
findings highlight that the Ramathibodi Prehospital Stroke
Protocol was significantly associated with improved neuro-
logical recovery at hospital discharge, emphasizing its role in
enhancing prehospital stroke management and patient out-
comes.

4, Discussion

The implementation of the Ramathibodi Prehospital Stroke
Protocol significantly improved key stroke care metrics and
patient outcomes. Door-to-CT scan time and door-to-
laboratory result time were significantly reduced, demon-
strating statistically significant improvements in both mea-
sures. These advancements were primarily attributed to the
prehospital notification system and streamlined workflows,
which enabled faster imaging and laboratory processing
upon patient arrival at the hospital. However, other time in-
terval metrics did not exhibit statistically significant changes.
In contrast, neurological outcomes at hospital discharge im-
proved significantly, with patients in the post-protocol group
being more likely to achieve lower mRS scores, reflecting
reduced disability and better functional recovery. Despite

these improvements, hospital length of stay metrics, includ-
ing ED stay and overall hospitalization duration, did not
demonstrate statistically significant reductions.

4.1. Treatment timeline improvements

The Ramathibodi Prehospital Stroke Protocol significantly
improved door-to-treatment times, particularly in neu-
roimaging and laboratory result processing. The door-to-
CT scan time showed a mean reduction of 10.47 minutes
(95% CI: -17.62 to -3.30, p = 0.004).
to-laboratory result time decreased by 15.90 minutes (p =
0.032), enhancing overall diagnostic efficiency. These im-
provements are critical in stroke care, where timely interven-
tion is essential. Rapid neuroimaging is a key determinant of

Similarly, the door-

eligibility for time-sensitive treatments such as IVT and MT,
both of which lose efficacy as treatment delays increase (33).
The Ramathibodi protocol’s 7-minute door-to-CT scan time
exceeds the AHA recommendation of under 20 minutes, un-
derscoring its effectiveness (34). Comparatively, a systematic
review on prehospital stroke workflow optimizations (PSWO)
reported that prehospital notification and workflow stream-
lining resulted in door-to-imaging time reductions of 10 to
40 minutes, depending on hospital efficiency and protocol
adherence (35). A study conducted in Iran found that simple
process modifications reduced the median door-to-CT time
from 75 minutes to 20 minutes, highlighting the potential for
further efficiency gains (36).

Similarly, the 15.90-minute reduction in door-to-laboratory
result time demonstrates enhanced efficiency in prehospital
blood sample preparation and in-hospital processing work-
flows. This improvement aligns with large-scale multicenter
studies in Europe and the U.S., which have reported that pre-
hospital interventions, including blood draws during EMS
transport, can reduce laboratory processing times by 15 to
20 minutes (35). Despite these improvements, the Ramathi-
bodi Prehospital Stroke Protocol did not result in statistically
significant reductions in door-to-IVT or door-to-MT times.
The median door-to-IVT time in the post-protocol group was
35.5 minutes, which is within global benchmarks but did not
demonstrate a statistically significant reduction compared to
the pre-protocol phase. Similarly, door-to-MT time remained
unchanged, indicating that while prehospital workflow opti-
mizations expedited early imaging, further in-hospital pro-
cess improvements are required to accelerate treatment ini-
tiation (35).

These findings are consistent with international studies,
which suggest that prehospital notification alone does not
consistently lead to significant reductions in door-to-IVT
time without concurrent in-hospital workflow optimizations
(35). Research indicates that prehospital notification reduces
door-to-imaging times and has been associated with an in-
crease in thrombolysis rates ranging from 3.2% to 44.0%,
findings that align with our study (12, 37, 38). Many Euro-
pean countries have implemented quality improvement ini-
tiatives to meet these targets, with high-volume stroke cen-
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ters now reporting median door-to-IVT times of 50-60 min-
utes (39).

The Ramathibodi protocol’s median door-to-IVT times of
35.5 minutes is comparatively faster than European and U.S.
benchmarks, suggesting that prehospital optimizations ef-
fectively streamlined early stroke workflows. However, the
lack of a statistically significant reduction suggests that bot-
tlenecks remain within the in-hospital workflow, potentially
due to delays in IVT administration post-imaging or addi-
tional diagnostic steps before thrombolysis initiation (39).
Furthermore, MSU interventions in high-income settings
such as the U.S. and Germany have demonstrated reduc-
tions in door-to-IVT times of 15-30 minutes, highlighting the
need for additional prehospital capabilities beyond notifica-
tion (16, 17).

Following protocol implementation, activation time in-
creased by approximately 2 minutes due to added prepara-
tion for prehospital interventions. Scene time also rose from
20 to 25 minutes (p = 0.002), largely from tasks like IV access,
blood sampling, and ECG. Although this exceeded the AHA's
<15-minute recommendation, the extended time supported
faster in-hospital workflow (34). Consistent with Chowdhury
et al. (2021), our findings suggest that slightly prolonged
scene time may be acceptable when offset by improved co-
ordination and treatment efficiency (35).

4.2. Neurological outcome findings

The modified Rankin Scale (mRS) is a key measure of func-
tional recovery in stroke patients, with lower scores indicat-
ing greater functional independence. In this study, multivari-
able ordinal logistic regression analysis demonstrated that
the implementation of the Ramathibodi Prehospital Stroke
Protocol was significantly associated with improved neuro-
logical outcomes, as reflected in a lower adjusted odds ratio
(OR =0.14, 95% CI: 0.02-0.99, p = 0.049) for worsening mRS
scores at discharge. This suggests that patients in the post-
protocol group were more likely to achieve better functional
independence compared to those in the pre-protocol phase.
The wide confidence interval approaching 1.00 reflects a de-
gree of statistical uncertainty. This borderline result raises
the possibility of a Type I error, in which a statistically sig-
nificant effect is observed despite the null hypothesis being
true. Given the limited sample size and the small number of
outcome events, this finding should be interpreted with cau-
tion. However, these findings contrast with the meta-analysis
by Chowdhury et al. (2021), which did not demonstrate a sta-
tistically significant improvement in favorable neurological
outcomes (RR = 1.04, 95% CI: 0.97 to 1.12) following prehos-
pital workflow optimizations (35). The significant reduction
in door-to-CT time—from 26 minutes pre-protocol to just
7 minutes post-protocol—likely played a critical role in the
observed improvements by enabling faster clinical decision-
making for urgent interventions such as IVT and MT. This
finding reinforces the well-established principle that “time is
brain” in stroke care, where each minute saved contributes to
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the preservation of neurological function (34).

Our study suggests that dispatcher-assisted prehospital
stroke triage, as integrated into the protocol, contributed to
particularly favorable neurological outcomes. Prior research
has shown that prehospital notification systems enhance
stroke recognition and expedite treatment initiation, allow-
ing for real-time assessment and hospital preparation before
EMS arrival. These systems may eliminate delays associated
with conventional protocols, potentially explaining the im-
proved functional outcomes observed in our mRS data (31,
32). Furthermore, our results align with previous findings
that structured prehospital stroke protocols enhance coordi-
nation between EMS and hospital stroke teams. Improved
communication and early activation of stroke teams, as ob-
served in this study, represent critical factors that have con-
sistently been associated with better patient management
and improved neurological recovery. These findings add to
the growing body of evidence highlighting the essential role
of structured prehospital care in optimizing stroke patient
outcomes (3, 34).

4.3. Hospital length of stay

The Ramathibodi Prehospital Stroke Protocol improved crit-
ical door-to-treatment metrics and neurological outcomes;
however, it did not result in a statistically significant reduc-
tion in hospital or ED length of stay (LOS). This finding is
consistent with global studies on stroke care efficiency, where
improvements in prehospital workflow do not always trans-
late to shorter hospitalization durations. In our study, ED-
LOS increased by 6.12 hours post-protocol, while stroke unit
LOS decreased by 1.49 days and overall hospital LOS de-
creased by 2.30 days, though these changes were not statis-
tically significant.

The increase in ED-LOS despite protocol-driven improve-
ments aligns with challenges observed in resource-limited
settings. While dedicated stroke units in tertiary care cen-
ters globally have been shown to reduce ED-LOS (e.g., 3.7
hours vs. 8.2 hours in general wards) (40), our hospital’s
ED-LOS increased by 6.12 hours post-protocol, likely due to
limited stroke unit bed availability. With high patient vol-
umes and restricted stroke unit capacity, many patients re-
quired prolonged ED observation before admission, creat-
ing bottlenecks in patient flow. This contrasts with studies
in which streamlined stroke unit workflows directly reduced
ED boarding times through guaranteed bed access.

In Thailand, where stroke unit beds are often prioritized
for severe cases, high patient volumes necessitate early dis-
charges or transfers to general wards, limiting the potential
for LOS reductions. This differs from high-income health-
care systems, such as the United States, where dedicated
stroke units reduce LOS by an average of four days through
the use of specialized rehabilitation teams and structured
post-acute care pathways. In the U.S., the average LOS for
stroke patients is six days, with an associated total cost of
approximately US$1,041 per hospitalization (41). Addition-
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ally, prolonged ED stays impose hidden financial burdens
on healthcare facilities, highlighting how hospital bed short-
ages indirectly increase hospitalization expenses, even when
protocol-driven improvements enhance imaging and labora-
tory turnaround times.

Our findings are consistent with hospitalization trends ob-
served across Europe and Asia. In the Netherlands, the mean
LOS ranges from 25 to 28 days, largely due to delays in dis-
charge placement to long-term care facilities (42). In con-
trast, Japan reports significantly longer hospitalizations, with
acute stroke patients averaging 3-4 weeks in hospital, and
some facilities extending care up to three months in reha-
bilitation settings (43, 44). However, the median hospital
LOS in our study was 4 days, which falls within the lower
range of international standards. The absence of a signifi-
cant reduction in LOS suggests that factors beyond prehos-
pital workflow efficiency—such as in-hospital complications,
rehabilitation availability, and discharge planning—play a
more significant role in determining total hospitalization du-
ration. These findings underscore the need for comprehen-
sive stroke care strategies that extend beyond prehospital
and acute-phase interventions, incorporating enhanced in-
patient stroke unit capacity, rehabilitation pathways, and ef-
ficient discharge planning to optimize patient outcomes and
hospital resource utilization.

4.4. Video-instructed dispatcher innovation

The implementation of video-instructed dispatcher assis-
tance, utilized in 74.55% of cases, represents a significant ad-
vancement in prehospital stroke care, enabling real-time vi-
sual assessment before EMS arrival. Similar telemedicine-
based approaches have demonstrated improved prehospital
stroke triage and treatment decision-making (45). A study by
Itrat et al. demonstrated that telemedicine interventions en-
hance diagnostic accuracy and reduce delays in stroke man-
agement (46). Our findings support the integration of video-
assisted technology in dispatcher protocols, reinforcing its
role in early stroke identification and improved patient out-
comes.

4.5. Protocol implementation insights

The increase in scene time post-protocol implementation (25
vs. 20 minutes, p = 0.002) reflects a strategic redistribution of
prehospital time rather than a process limitation. This addi-
tional time allowed for key interventions, such as prehospi-
tal blood collection and ECG acquisition, which contributed
to reducing in-hospital delays. A similar approach was ob-
served in the STEMO (Stroke Emergency Mobile) study by
Ebinger et al., which demonstrated that investing additional
prehospital time resulted in greater overall treatment effi-
ciency (47).

Although stroke subtype distribution varied between groups,
the difference was not statistically significant (p = 0.280).
However, the proportion of IVO cases was higher post-
protocol implementation (8.33% vs. 3.12%), potentially re-

flecting improved recognition of severe stroke symptoms
through enhanced prehospital assessments, including video-
assisted evaluations. (48) These findings suggest that our
protocol may be particularly beneficial for identifying severe
stroke cases that require advanced interventions such as MT
(48, 49).

4.6. Endotracheal intubation in stroke care: pro-
tocol analysis

Endotracheal intubation (ETT) was performed in only 1.82%
of cases in the prehospital stroke protocol cohort, indicat-
ing that most stroke patients did not require advanced air-
way management before hospital arrival. This aligns with
standard stroke care guidelines, which recommend ETT pri-
marily for patients with severe neurological deterioration,
compromised airway protection, or GCS 8 (50). While pre-
hospital ETT can be lifesaving in select cases, studies sug-
gest that prolonged intubation attempts may delay defini-
tive stroke treatment, including intravenous thrombolysis
(IVT) and mechanical thrombectomy (MT). Future research
should explore whether enhanced airway management pro-
tocols could further optimize outcomes for critically ill stroke
patients while minimizing prehospital delays.

4.7. Study strengths

This study evaluates a comprehensive, multidisciplinary pre-
hospital stroke protocol that integrates multiple evidence-
based components to address critical bottlenecks in stroke
The protocol was developed through close collab-
oration among the ED, EMS, the stroke team, and radi-
ologists, ensuring seamless communication and expedited

care.

stroke management. EMS teams played a pivotal role in pre-
hospital stroke recognition, rapid triage, and pre-arrival no-
tification, allowing ED staff and stroke specialists to prepare
for immediate intervention. Radiologists were pre-alerted to
facilitate faster CT scan acquisition and interpretation, sig-
nificantly reducing imaging-related delays. The improve-
ments observed in key stroke care metrics through this inte-
grated approach surpass those reported in previous studies,
providing real-world evidence supporting the effectiveness
of advanced prehospital stroke protocols in Thailand, where
stroke remains the second leading cause of death.

4.8. Limitations

The retrospective design of this study introduces potential
selection bias and unmeasured confounding factors, along
with the possibility of missing data due to reliance on elec-
tronic medical records (EMR). Incomplete documentation,
particularly for prehospital assessments and EMS time met-
rics, may have affected the accuracy of the findings. Addi-
tionally, the relatively small sample size, particularly in the
pre-protocol group (n = 36), limits the statistical power to de-
tect differences in clinical outcomes. This may explain why
trends observed in mRS scores did not reach statistical sig-
nificance.
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Another limitation is that stroke severity may have influ-
enced outcomes, as patients presenting with milder symp-
toms inherently have better prognoses, while those with se-
vere strokes may require longer hospital stays, regardless of
prehospital interventions. Since stroke severity was primar-
ily assessed using NIHSS scores, the lack of additional strati-
fication may have influenced the observed effects of the pro-
tocol.

Furthermore, this study was conducted in a single-center,
tertiary university hospital, which is equipped with special-
ized resources and 24-hour emergency physician supervi-
sion. This setting may limit the generalizability of the find-
ings, particularly in rural areas where EMS capabilities and
transport times differ significantly. Lastly, neurological out-
comes were assessed at discharge, rather than at standard-
ized long-term follow-up time points (e.g., 90 days), poten-
tially missing long-term recovery patterns that could provide
a more comprehensive assessment of the protocol’s impact.
Although improvements in stroke care metrics were observed
following protocol implementation, we acknowledge that
these changes may have been influenced in part by secular
trends, such as system adaptations and stroke-unit learning
curves. As calendar year was not included in the multivari-
able models, the potential impact of time-related confound-
ing cannot be entirely ruled out.

Future research should incorporate prospective, multicen-
ter study designs, long-term functional assessments, and de-
tailed stroke severity adjustments to enhance the validity and
applicability of findings, ensuring broader clinical and policy
implications for prehospital stroke care.

5. Conclusions

The Ramathibodi Prehospital Stroke Protocol significantly
improved neurological outcomes at hospital discharge,
demonstrating the effectiveness of structured prehospital
stroke care. The protocol led to substantial reductions in
door-to-CT and door-to-laboratory result times; however,
it did not significantly impact door-to-IVT, thrombectomy
times, or hospital length of stay, emphasizing the need for
further in-hospital workflow optimizations.

The integration of real-time telemedical oversight with a
standardized prehospital stroke protocol enhances stroke
recognition and care coordination, ensuring more timely and
efficient treatment initiation. These findings support the
implementation of structured prehospital stroke protocols
to optimize acute stroke care and potentially improve pa-
tient outcomes through enhanced prehospital efficiency and
streamlined care pathways.
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JEIERH Comparing the baseline characteristics of studied patients before and after implementation of pre-hospital stroke management pro-

tocol in Ramathibodi Hospital

Characteristics Protocol implementation P-value
Before (n=36) After (n=55)

Gender

Male 24 (66.67) 35 (63.64) 0.825

Age (year)

Mean + SD 60.81 + 13.65 64.18 + 14.76 0.275

Initial Glasgow Coma Scale

13-15 20 (55.56) 32 (58.18) 0.292

9-12 8 (22.22) 17 (30.91)

3-8 8 (22.22) 6(10.91)

Diagnosis outcome

Ischemic Stroke 13 (40.62) 23 (47.92) 0.280

Hemorrhagic stroke 17 (53.12) 16 (33.33)

Large vessel occlusion 1(3.12) 4(8.33)

Transient ischemic attack 1(3.12) 5(10.42)

Other# 4(11.11) 7(12.73)

Initial Prehospital Vital sign

SBP (mmHg) 160.09 + 44.29 154.29 + 39.47 0.247

HR (/minute) 88.65 + 22.84 89.92 + 18.60 0.778

RR (/minute) 20.38 £2.83 19.56 £ 2.29 0.148

Capillary Blood Glucose (mg/dl) 147.42 + 38.63 156.84 + 46.38 0.351

Time of EMS (minutes)

Activation time 32-7) 53B-7) 0.037

Response time 13.5(9-18) 14 (11 - 22) 0.089

Scene time 20 (16 - 23) 25(21-33) 0.002

Transport time 7.5 (6-10) 7(5-12) 0.985

NIHSS Score

Prehospital N/A* 11 (5-18) N/A

ED 13(6-19) 10.5 (4 - 20.5) 0.416

Stroke unit 18.5 (6 - 23) 17.5(11.5 - 25.5) 0.699

Data are presented as mean + standard deviation (SD), frequency (%), or median (interquartile range (IQR)).

SBP: Systolic blood pressure; HR: Heart rate; RR: Respiratory rate; EMS: Emergency medical service;
NIHSS: National Institutes of Health Stroke Scale; ED: Emergency department.
*N/A: Not assessment of pre-protocol period; #Other: Non-stroke diagnosis outcome.

NP Stroke management characteristics after implementation of the Ramathibodi prehospital stroke protocol (n = 55)

Management characteristics Number (%)
Pre-arrival dispatcher assistance

Phone assistance 14 (25.45)
Video-call assistance 41 (74.55)
FMC intervals times to (minutes)

Detection 0(-8,4)
Activate stroke team 1(-2,6)
Laboratory Result 84.51 + 27.69
Brain computed tomography scan 46 (38, 59)
Intravenous thrombolysis 79.6 +27.22

Mechanical thrombectomy

175.71 + 27.55

Prehospital intervention

Endotracheal intubation 1(1.82)

Intravenous access 50 (90.91)
Complete blood Lab 43 (78.18)
Transfer 12 leads ECG data 43 (79.63)

Data are presented as mean + standard deviation (SD), frequency (%), or median (interquartile range (IQR)).

FMC: First medical contact; ECG: Electrocardiography.
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JEWERH Comparing the outcomes of stroke patients before and after implementation of Ramathibodi Prehospital Stroke Protocol

Outcome Protocol implementation P-value
Before (n=36) After (n=55)

Modified Rankin Scale (mRS) at hospital discharge

0 (Normal) 0(0) 4 (7.69) 0.055

1 7(19.44) 3(.77)

2 1(2.78) 2(3.85)

3 3(8.33) 4 (7.69)

4 4(11.11) 12 (23.08)

5 19 (52.78) 18 (34.62)

6 (Death) 2 (5.56) 9(17.31)

Favorable neurological outcome (mRS = 0-2)

Yes 8(22.22) 9(17.31) 0.593

Length of stay

Emergency department (hours) 2.42 (2.00-5.08) 3.35(2.05-6.80) 0.153

Stroke unit (days) 53-9) 4.5(2-8.5) 0.795

Hospital (days) 5.5(2-14) 4(2-8) 0.169

Door-to- time intervals (minutes)

Brain computed tomography scan 26 (16 —36) 7 (5-10) <0.001

Intravenous thrombolysis (n= 6 vs. 10) 44.5 (32-63) 35.5 (18 -45) 0.231

Laboratory results 39 (23-51) 36 (28.5-43) 0.601

Mechanical thrombectomy (n= 3 vs. 7) 143.33 + 20.82 135.57 +22.43 0.633

Data are presented as mean + standard deviation (SD), frequency (%), or median (interquartile range (IQR)).
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Pre-arrival Prehospital
information management At Hospital
= - Phone Assistance - Primary survey - SMS Stroke code
§ - History taking - CPSS, LAPSS - Notify CT scan
e - Onset, - Monitor vital sign - EKG 12 leads
B Last seen normal - Notify - IV access &
g - EMS Team Blood sample
self-record data - IV thrombolysis (if)
- Mechanical
Thrombectomy
Dlh idea-Instructed Aol At Hospital
spatcher-Assisted Oversight
- Initial assessment - SMS Stroke code
i n (Map) - Direct to CT scan
_ : mu n“u“ ﬁ LAMS (i) - Deliver Blood sample
§ - Onset, - IV thrombolysis (if)
= Last seen normal - Mechanical
5 - Capillary Blood Glucose Thrombectomy
& (if) Prehospital
& management
= Primary survey
- CPSS, LAPSS, LAMS
- NIHSS
- Collect Blood sample
= Monitor vital sign
- ECG 12 leads

Stroke patient management in Ramathibodi Hospital. CT: computed tomography; IV: intravenous; CPSS: Cincinnati Prehospital
Stroke Scale; LAPSS: Los Angeles Prehospital Stroke Screen; LAMS: Los Angeles Motor Scale; NIHSS: National Institutes of Health Stroke Scale;
ECG/EKG: electrocardiography; EMS: emergency medical services; ER: emergency room.
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Stroke patient
visit at ED of Ramathibodi Hospital
between 2020 to 2024
(n=06,831)

Exclusion criteria
- Non-EMS patient (n=6,389)
- EMS from other agencies (n = 351)

Included

(n=191)

Before stroke protocol RAMA Prehospital stroke protocol
Jan 2020 — Feb 2022 March 2022 — Dec 2024

(n=36) @=>55)

Modified Rankin scale (0-6) at hospital discharge

Study flow diagram. ED: emergency department; EMS: emergency medical services; RAMA: Ramathibodi.
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Type of emergency department arrival and emergency medical services (EMS) agency in studied stroke cases. RAMA EMO: Ramath-
ibodi Emergency Medical Operation.
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