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Executive Summary

This case study describes how Bangkok Dusit Medical Services (BDMS) operationalized the
principles of Value-Based Healthcare (VBHC) in stroke care through the integration of a
standardized pathway and the International Consortium for Health Outcomes Measurement
(ICHOM) Stroke Set. By embedding systematic outcome measurement within routine clinical
workflows and establishing a nurse-led longitudinal follow-up, BDMS transitioned from an episodic,
hospital-centered stroke care model to a continuous, patient-centered care pathway.

Central to this transformation is the role of the Stroke Nurse Coordinator, who ensures continuity of
care beyond hospital discharge, facilitates the collection of functional and patient-reported
outcomes and enables the translation of outcome data into actionable clinical improvement. This
case study demonstrates how standardized pathways, outcome transparency and nursing
leadership can be scaled across a multi-hospital network to improve outcomes that matter most to
patients while supporting sustainable quality improvement.

Introduction
BDMS Network and Center of Excellence in Stroke Care

Stroke remains a leading cause of death and long-term disability worldwide, representing a
substantial clinical and socioeconomic burden. Global data indicate that stroke accounts for
approximately 12 million new cases annually, with over 6.5 million deaths per year and contributes
to more than 160 million disability-adjusted life years (DALYs) globally, affecting both high- and
middle-income regions (World Health Organization [WHO], 2025; Feigin et al., 2025). Given the
magnitude of this impact, it is important to improve outcomes. This can be achieved through timely
diagnosis, rapid reperfusion therapy, coordinated multidisciplinary care and structured post-acute
follow-up (Powers et al., 2019).

Bangkok Dusit Medical Services (BDMS) is one of the largest private healthcare networks in
Southeast Asia, comprising 59 hospitals across Thailand and affiliated facilities in Cambodia.
(Figure 1). To address complex and high-impact clinical conditions, BDMS operates
disease-focused Centers of Excellence (CoEs), which provide integrated, multidisciplinary care
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supported by standardized clinical pathways, centralized governance structures (including clinical
leadership oversight, standardized protocols, multidisciplinary team coordination and regular
performance review and audit processes) and continuous quality and performance monitoring
through established quality improvement and patient safety frameworks (BDMS, 2024).

Within this framework, the BDMS CoE in Neuroscience was established to deliver comprehensive
neurological care, including acute stroke management, rehabilitation and long-term outcome
monitoring. The CoE model enables alignment of clinical standards across hospitals, supports
collaboration among multidisciplinary teams and facilitates system-level implementation of

evidence-based care.
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Figure 1. Geographic Distribution of BDMS Hospitals and Stroke Centers of Excellence
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Standardized BDMS Stroke Pathway

Under the leadership of the Neuroscience CoE, BDMS implemented a standardized Stroke
Pathway aligned with international recommendations from the American Heart
Association/American Stroke Association (AHA/ASA) for the early management of acute ischemic
stroke (Powers et al., 2019). The pathway is designed to deliver rapid, coordinated and continuous
care from emergency presentation through acute treatment, rehabilitation planning and structured
long-term follow-up. It applies to patients presenting with suspected stroke symptoms within seven
days post-onset, with a dedicated fast-track process for those presenting symptoms within 24
hours.

Early recognition is supported by the “Balance, Eyes, Face, Arm, Speech, Time” (BE-FAST)
screening tool, an extension of the “Face, Arm, Speech, Time” (FAST) algorithm that incorporates
balance and visual symptoms to improve stroke detection sensitivity (Pickham et al., 2019),
followed by immediate activation of a Stroke Alert system to facilitate rapid multidisciplinary
response and reduce treatment delays (Meretoja et al., 2012; Powers et al., 2019).

The acute care milestones for stroke management are defined by international guidelines and
performance metrics from the AHA/ASA and are further supported by large-scale quality
improvement initiatives such as the “Get With The Guidelines—Stroke” (GWTG-Stroke) program,
which has been associated with improved adherence to evidence-based care and clinical
outcomes (Fonarow et al., 2010; Schwamm et al., 2009). These critical time targets begin with
stroke recognition and alert activation within 5 minutes, followed by a neurologist evaluation within
10 minutes. Diagnostic efficiency is measured by a door-to-imaging time within 30 minutes, while
treatment benchmarks require a door-to-needle time for intravenous thrombolysis within 60
minutes and a door-to-groin puncture time for mechanical thrombectomy within 120 minutes
(Powers et al., 2019; Fonarow et al., 2011).

Time-based performance indicators represent core components of evidence-based acute stroke
systems of care and are widely used as benchmarks to optimize treatment timelines, reduce
delays in reperfusion therapy and improve clinical outcomes. Within the BDMS network, these
metrics are continuously monitored as part of a structured quality improvement framework.

To further illustrate how these time-based milestones are operationalized in clinical practice, the
standardized BDMS Stroke Care Pathway is presented in Figure 2. The pathway begins with early
recognition of stroke symptoms using the BE-FAST screening tool, followed by immediate
activation of the Stroke Alert system to mobilize the multidisciplinary stroke team. Upon arrival at
the emergency department, patients undergo rapid triage and neurological assessment, with
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parallel processes initiated to minimize delays. Neuroimaging is performed within 30 minutes to
confirm diagnosis and determine eligibility for reperfusion therapy. Based on imaging findings and
clinical criteria, patients are promptly directed to appropriate treatment pathways, including
intravenous thrombolysis or mechanical thrombectomy. Following acute intervention, the pathway
incorporates early rehabilitation planning, risk factor assessment and discharge preparation.
Importantly, the pathway extends beyond hospitalization to include structured longitudinal
follow-up, ensuring continuity of care and systematic outcome measurement.

Selected BDMS hospitals integrate magnetic resonance imaging (MRI) as an early or first-line
imaging modality within the stroke pathway. Although MRI offers superior sensitivity for detecting
early ischemic changes and vascular abnormalities, its use in acute settings may be limited by
longer scan duration, more complex patient preparation requirements and potential constraints in
immediate scanner availability compared with computed tomography (CT). As a result, MRI is
utilized when operationally feasible, supporting more accurate diagnosis and treatment selection.

This integrated, time-sensitive pathway reflects a coordinated system of care designed to optimize
treatment timelines, improve clinical outcomes and support patient-centered recovery across the
full continuum of stroke care. The visualization of this pathway further demonstrates how
standardized processes and time-based targets are operationalized within routine clinical practice
across the BDMS network.
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Stroke Protocol 2023

Patient arrived with symptoms of stroke

Age >= 18 years old, onset < 7 days - Assess airway, breathing, and circulation
(Keep oxygen saturation > 94%)
- Notify neurologist or neurosurgeon
Yes - Vital signs, neuro signs, NIHSS, GCS
- DTX, Lab stroke fast track, beta-HCG in women
18-50 years old
- 0.9% Sodium chloride 1,000 mL IV start at
80 mL/hour or as physician's order

Onset > 24 hours

v

**Dial 6 to activate ACUTE STROKE FAST TRACK**
- Assess airway, breathing, and circulation (keep oxygen saturation > 94%)
- Notify neurologist [Door to first physician £ 5 min]
[ Door to neurologist < 10 min]
- Vital signs, neuro signs, NIHSS, GCS, Blood pressure management CT or MRl or MRA

- DTX, POCT INR, Lab stroke fast track, beta-HCG in women 18-50 years old

[Door to lab result < 45 min]
No

- 0.9% Sodium chloride 1,000 mL IV start at 80 mL/hour or as physician’s order
- Consult intervention neuro-radiologist if clinical suspected of LVO or NIH5526

|

MRI brain acute stroke fast track
(Option: CTA and CTP brain) Yes
[Door to MRI time < 30 min)

[Door to MRI result time < 45 min]

- Admit neuro-critical care/neuro ward

Yes - Follow CPG spontaneous intracerebral hemorrhage

Hemorrhage?

and spontaneous subarachnoid hemorrhage

- Consult neurosurgeon

- Follow spontaneous subarachnoid hemorrhage orders
- Follow spontaneous intracerebral hemorrhage orders

Eligible for
IV rt-PA?

A A
IV rt-PA
[Door to needle time < 60 min]

- Admit stroke unit/neuro ward
- Follow ischemic stroke orders

Large vessel
occlusion?

L J

Consider endovascular treatment and

confirm intervention neuro-radiologist
[Door to puncture time £ 120 min]

No

r
- Admit -critical
mit neuro-critical care/neuro =| Consult multidisciplinary and rehabilitation team
ward 1
- Follow ischemic stroke orders 1
RS = Modified Rankin scale Discharge from hDSpltal' follu\fr up within 2 weeks
LVO = large vessel occlusion Follow up to assess - mRS and Quality of life by phone at 1,3,6 months
Lab stroke fast track - Patient specific functional scale by phone at 1,3,6 months
= CBC, BUN, creatinine, electrolyte, coagulogram, Troponin-I - Depression screening at 1,3,6, months

Figure 2. BDMS Standardized Stroke Care Pathway
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Value-Based Healthcare and the ICHOM Stroke Set

VBHC is a healthcare delivery framework that prioritizes the outcomes that matter to patients
relative to the resources used to achieve them (Porter, 2010). In stroke care, VBHC emphasizes
survival, functional independence and quality of life across the full cycle of care rather than isolated
episodes of treatment (ICHOM, 2023; Porter & Lee, 2013; Feigin et al., 2025).

The International Consortium for Health Outcomes Measurement (ICHOM) supports VBHC by
developing standardized patient-centered outcome Sets that define what outcomes should be
measured, how they should be measured and when data should be collected for specific
conditions (ICHOM, 2023). The ICHOM Stroke Set focuses on outcomes from the acute phase
through early post-acute recovery, with follow-up data collection at discharge or day 7, 90 days and
annual vital status assessment, as defined in the ICHOM Stroke Set reference guide (ICHOM,
2023; Stroke Set (Version 2.0.1)).

The set includes both clinician-reported and patient-reported outcome measures.
Clinician-reported measures encompass the National Institutes of Health Stroke Scale (NIHSS),
which quantifies acute neurological deficit severity, and the Modified Rankin Scale (mRS), which
assesses functional independence across six levels of disability. Patient-reported measures include
the Simplified modified Rankin Scale (smRS), a validated self-report adaptation of the mRS
designed for telephone administration. For health-related quality of life, the ICHOM Stroke Set
recommends the use of the Patient-Reported Outcomes Measurement Information System Global
Health 10 (PROMIS-10 GH) as the primary instrument. However, the EQ-5D-5L (including
EQ-VAS) is an accepted alternative and was used in this study. The EQ-5D-5L measures
health-related quality of life across five dimensions: mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression.

Challenges Prior to ICHOM Implementation

Prior to implementation of the ICHOM stroke set in BDMS, outcome assessment within the BDMS
network focused primarily on clinician-reported neurological and functional indicators during
hospitalization, including measures such as the NIHSS for neurological severity, the mRS for
functional status at discharge and in-hospital mortality rates. Standardized patient-reported
outcome measures and structured long-term follow-up were not uniformly embedded in routine
workflows. Variability in post-discharge monitoring limited longitudinal outcome tracking and
benchmarking across hospitals.
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Operational challenges included workforce constraints, competing clinical priorities and the
absence of clearly defined roles dedicated to outcome collection and follow-up coordination. These
factors limited the sustainability of long-term outcome measurement across a large hospital
network.

Implementation of the ICHOM Stroke Set

To address these gaps, BDMS implemented the ICHOM Stroke Set across its stroke pathway.
Outcome collection was integrated into routine care processes rather than treated as a standalone
research activity. The Stroke Nurse Coordinator was designated the central operational role
responsible for coordinating outcome measurement, follow-up and patient engagement.

BDMS prioritized four core ICHOM instruments (NIHSS, mRS, smRS, and EQ-5D-5L) to ensure
feasibility, data completeness, and consistency across hospitals. Outcome data were captured
through a centralized stroke registry and ICHOM-aligned dashboard system, with standardized
collection at predefined time points (admission, discharge or Day 7, and Day 90), enabling reliable
longitudinal tracking, performance monitoring, and internal benchmarking across the network.

Patient Journey and Longitudinal Follow-up

Stroke care within the BDMS network extends beyond acute hospitalization to encompass
rehabilitation, community reintegration and long-term outcome monitoring. Structured nurse-led
follow-up is conducted via scheduled telephone calls and selected home visits.

During follow-up, functional recovery, quality of life and patient experience are systematically
assessed using ICHOM-aligned tools. This approach enables early identification of complications,
functional decline or psychosocial concerns, allowing timely intervention and referral.

Results

Follow-Up Completion

Figure 3 presents monthly follow-up completion rates for patient-reported outcome measures
(PROMSs) following implementation of the ICHOM Stroke Set within the BDMS network, including
EQ-5D-5L and smRS. During the early implementation phase in late 2024, completion rates were

variable, ranging from 0% in November 2024 to 40% in October 2024, reflecting initial operational
and patient engagement challenges.

Copyright © 2026 by International Consortium for Health Outcomes Measurement. All rights are reserved.



International Consortium for . .

Health Outcomes Measurement

Completion rates increased to 75% in December 2024 but declined to 33.3% in January 2025
during the transition from initial rollout to routine practice. This temporary reduction likely reflects
early implementation challenges, including incomplete workflow standardization, limitations in
patient contact strategies, and reduced patient responsiveness. The use of standard hospital
telephone numbers and generic messaging systems may have contributed to low response rates,
particularly in the context of widespread concerns regarding phone scams and unsolicited calls.
The timing of the New Year period may have further affected patient availability and engagement.

In response, a targeted workflow redesign was implemented in February 2025, led by the Stroke
Nurse Coordinator. Follow-up responsibilities were formalized under a dedicated coordinator role,
and patient education regarding post-discharge follow-up was introduced during the inpatient
phase. Patients were informed about the purpose of longitudinal follow-up and provided with a
direct contact number for the coordinator. Subsequent follow-up was conducted using this
identifiable contact, supported by prior face-to-face interaction during hospitalization, facilitating
trust and improving responsiveness.

Following these workflow and communication adaptations, completion rates increased to 82.3% in
February 2025 and 100% in March 2025. High performance was sustained thereafter, with rates
remaining above 80% in April 2025 (83.3%), May 2025 (94.1%), and June 2025 (80.9%). This
progressive improvement was accompanied by stabilization of follow-up workflows, increasing staff
familiarity with standardized outcome collection, and improved patient engagement in
post-discharge follow-up. Improved follow-up completeness enabled more reliable longitudinal
capture of functional status and patient-reported outcomes, supporting meaningful evaluation of
stroke care beyond the acute episode.
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Figure 3. Monthly Follow-up Completion Rates after ICHOM Implementation across 5
BDMS Hospitals Participating in The ICHOM Stroke

Functional and Neurological Outcomes

Figure 4 illustrates the distribution of modified Rankin Scale (mRS) scores at admission (Day 1)
and at discharge in 2024-2025. At Day 1, approximately 46.2% of patients were functionally
independent (MRS 0-2), while 53.8% presented with functional dependence (MRS 3-5), reflecting
a high burden of disability at presentation. By discharge, the proportion of functionally independent
patients increased to approximately 70.9%, with a corresponding reduction in functional
dependence to 29.1%. This shift demonstrates meaningful functional improvement during the
acute hospitalization period, reflecting the impact of timely reperfusion strategies, early
rehabilitation and coordinated multidisciplinary care embedded within the BDMS Stroke Pathway.
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Figure 4. Distribution of mRS at Admission and Discharge 2024-2025

Figure 5 presents the distribution of simplified modified Rankin Scale (smRS) scores at discharge
and at 90 days post-discharge also in 2024-2025. At discharge, 35.66% of patients were classified
as smRS 0-1 (no symptoms or minimal disability), 16.28% as smRS 2, 6.98% as smRS 3, 10.85%
as smRS 4 and 30.23% in the most severe categories (SmRS 5-6). By 90 days, a clear shift
toward improved functional status was observed, with the proportion of patients with favorable
outcomes (smRS 0-1) increasing to 56.91%, while those with slight to moderate disability (smRS 2
and 3) changing to 22.76% and 11.38%, respectively. The proportion of patients with severe
disability (smRS 4-5) decreased substantially to 4.88% and 4.07%. These findings indicate
ongoing functional recovery during the early post-acute period beyond hospital discharge.
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Figure 5. Distribution of smRS at Discharge and 90 Days 2024-2025 across 5 BDMS
Hospitals Participating in The ICHOM Stroke

During the same period, Figure 6 illustrates the distribution of NIHSS scores at four time points:
Day 0 (presentation), Day 1, Day 7 or discharge and Day 90 post-stroke. At initial presentation
(Day 0), most patients exhibited mild to moderate neurological deficits, primarily involving NIHSS
domains such as motor function (arm and leg weakness), language (aphasia), speech articulation
(dysarthria), facial palsy and sensory function. There were 39 patients in the NIHSS 1-4 category
and 24 patients in the NIHSS 5-14 category. Smaller proportions presented with severe deficits (5
patients with NIHSS 15-24 and 3 patients with NIHSS 25-42), while 7 patients had no measurable
neurological deficit (NIHSS 0). Over time, a clear shift toward lower NIHSS categories was
observed. By Day 7 or at discharge, the number of patients with no neurological deficit (NIHSS 0)
increased to 30, while those with moderate deficits (NIHSS 5-14) decreased to 16. This
improvement became more pronounced at Day 90, when 67 patients achieved NIHSS 0 and only 8
patients remained in the NIHSS 1-4 category. Very few patients continued to demonstrate
moderate-to-severe deficits at 90 days (2 patients in NIHSS 15-24 and 3 patients in NIHSS
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25-42). These findings demonstrate substantial neurological recovery across the acute and early
post-acute phases of stroke care.
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Figure 6. NIHSS Distribution from Admission to 90 Days across 5 BDMS Hospitals
Participating in The ICHOM Stroke

Quality of Life

Figure 7 illustrates patient-reported EQ-5D-5L outcomes across five dimensions (mobility,
self-care, usual activities, pain/discomfort and anxiety/depression) at discharge and at 90 days
post-discharge in 2024-2025. At discharge, 78.18% of patients reported good health, 12.48%
reported mild-to-moderate disability, 4.24% reported severe disability and 4.85% reported very
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severe disability. At 90 days post-discharge, the proportion reporting good health increased
substantially to 94.29%, with 5.71% reporting mild-to-moderate disability and no patients reporting
severe or very severe disability. This marked improvement across all EQ-5D-5L dimensions
reflects patients’ perception of sustained recovery in functional capacity, emotional well-being and
overall quality of life during the early post-acute period. The reduction in anxiety/depression and
improvement in usual activities domains are particularly notable, suggesting that structured
nurse-led follow-up and patient engagement contributed to better psychosocial outcomes beyond

clinical recovery alone.

Domain At Discharge

Anxiety / Depression 38 5 BT
Pain / Discomfort 41 : I
Usual Activities 33 3 3 IEEN
Self-Care 33 2 |4 Bl
Mobility 32 4 1 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

At 90 Days

Anxiety / Depression a4 0
Pain / Discomfort 44 0
Usual Activities 39 N 1 [
Self-Care 37 4 o
Mobility 39 4 LS 0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

No Problem Slight problem || Moderate problem [l Severe problem [l Extreme problem / Unable to do

Figure 7. EQ-5D-5L Outcomes at Discharge and 90 Days across 5 BDMS Hospitals

Participating in The ICHOM Stroke
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Mortality

Figure 8 presents stroke mortality rates within the BDMS network during the period 2022-2025,
compared with external national and international benchmarks. The BDMS network mortality rate
of 2.20% is substantially lower than the Thailand national average (7.97%), the Asia regional
estimate (10.80%), the global average (11.60%), and benchmarks reported in Europe and North
America (approximately 14.0%).

Although formal statistical comparisons were not performed, the magnitude of the observed
difference suggests a clinically meaningful reduction in mortality. However, these comparisons
should be interpreted with caution, as differences in case-mix, patient characteristics, and
healthcare system contexts across datasets may influence outcomes. Future analyses
incorporating risk adjustment and case-mix stratification would be valuable to validate the
comparability of these findings.

Across all BDMS hospitals, a total of 6,279 eligible cases were analyzed, of whom 6,140 (97.8%)
met the predefined internal mortality performance target (<5%), while 139 (2.2%) exceeded this
threshold, indicating overall favorable mortality outcomes across the network. Stroke mortality was
monitored quarterly from 2022 to 2025 against this predefined target, encompassing ischemic
stroke, transient ischemic attack and hemorrhagic stroke. Mortality rates remained below the 5%
threshold in the majority of reporting periods, demonstrating sustained and consistent performance
over time. Collectively, these results highlight the role of structured KPI monitoring in supporting
continuous performance evaluation, data-driven decision-making and sustained improvement in
stroke outcomes across the network.

16.00%
14.00%
14.00%
12.00% 11.40%
10.80%
10.00%
7.97%
8.00%
6.00%
4.00%
2.20%
2.00%
0.00%
BDMS Thailand Global

Figure 8. Stroke Mortality Rate: BDMS Compared with External Benchmarks
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Smoking Cessation

Figure 9 presents the distribution of smoking status at baseline and at 90 days post-stroke during
2024-2025. Smoking status was classified into four categories: daily smoker, weekly smoker,
former smoker, and never-smoker. At baseline, 21.2% of patients were current daily smokers, while
no weekly smokers were identified. Former smokers accounted for 6.1% of patients, and 72.7%
had never smoked.

At the 90-day follow-up, no patients were classified as current daily smokers, whereas 17.1% were
categorized as current weekly smokers. The proportion of former smokers increased to 9.8%, while
the proportion of never-smokers remained relatively stable at 73.2%.

In parallel with these changes in smoking status, positive behavioral trends were observed during
the recovery period. These findings may reflect ongoing patient engagement and repeated
smoking cessation counseling provided through the structured nurse-led follow-up model.
Interventions included smoking cessation counseling during inpatient care, reinforcement of risk
factor modification during follow-up calls, and individualized education regarding the risks of
recurrent stroke and cardiovascular events associated with continued smoking. Patients were also
provided with practical guidance on smoking cessation strategies, including behavioral support and
referral for pharmacological therapy when appropriate.

100%
90%
80%
4 72.70% 73.20%
70%
a
(s3]
£ 60%
|
» 90%
-~
2]
o 40%
g
5 30%
2 21.20%
2 20% 17.10%
9.80%
10% 6.10%
“ o L]
0%
Current every day smoker Current weekly smoker Former smoker Never smoker

Base line (Sep 2024-Nov 2025) M 90 days (Sep 2024-Aug 2025)

Figure 9. Distribution of Smoking Status Categories at Baseline and 90 Days Post-stroke
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Role and Impact of the Stroke Nurse Coordinator

The Stroke Nurse Coordinator served as the primary operational link between the standardized
care pathway, outcome measurement and patient engagement. The Stroke Nurse Coordinator
conducted structured telephone follow-up at predefined time points and in selected cases, home
visits. This approach enabled early identification of functional decline, post-stroke complications
and psychosocial concerns that may not be apparent during routine outpatient care. This facilitated
the development of sustained patient trust and engagement through consistent nurse-patient
interaction. This was directly associated with the progressive improvement in follow-up completion
rates, which increased from 0% to 40% during the early phase of ICHOM Stroke Set
implementation to above 80% following workflow standardization, reaching 100% in March 2025

The use of the Stroke Nurse Coordinator ensured the BDMS network evaluated stroke care not
only by acute clinical success, but also by the outcomes that matter most to patients. Additionally,
this evaluation did not occur at a single point in time and was instead across the entire care
continuum. Facilitating reliable longitudinal outcome capture, such as from hospital admission
through 90-day follow-up, is an essential tenet to identifying areas for continuous improvement in
care delivery.

The nurse-led follow-up facilitated additional patient level interventions including individualized
counseling and reinforcement of self-management strategies at predefined time points. Specifically,
these focused on education on medication adherence, risk factor control, recognition of warning
signs and behavioral modification including the aforementioned smoking cessation support. These
targeted actions were associated with a range of improvements including better EQ-5D-5L scores,
particularly in the domains of mobility, usual activities, and anxiety/depression, reflecting enhanced
functional recovery and psychosocial well-being.

Discussion

The findings of this case study are consistent with a substantial body of international evidence
demonstrating that organized stroke systems of care significantly improve survival and functional
outcomes. Evidence from the Stroke Unit Trialists’ Collaboration has shown that care delivered in
dedicated stroke units reduces mortality and long-term disability compared with general ward
management, primarily through structured multidisciplinary coordination, early mobilization and
systematic monitoring (Stroke Unit Trialists’ Collaboration, 2013). Similarly, the AHA/ASA
guidelines emphasize that adherence to time-based performance metrics, including door-to-needle
and door-to-groin puncture targets, is strongly associated with improved neurological and
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functional outcomes in acute ischemic stroke (Powers et al., 2019). In this context, the BDMS
Stroke Pathway operationalizes these evidence-based principles at scale across a multi-hospital
network.

The progressive improvement in functional independence observed from admission to 90-day
follow-up, as reflected by mRS, smRS and NIHSS trajectories, aligns with evidence from
prospective studies demonstrating meaningful neurological recovery during the early post-acute
phase (Langhorne et al., 2011). The shift toward lower disability categories at 90 days, particularly
the increase in patients achieving favorable outcomes (smRS 0-1), is consistent with outcomes
reported in organized stroke systems that integrate acute reperfusion therapy, early rehabilitation
and structured follow-up (Hankey, 2017). These findings reinforce the concept that recovery
extends beyond the acute hospitalization period and highlight the importance of longitudinal
outcome monitoring.

Improvements in health-related quality of life further support this observation. The substantial
increase in patients reporting good health at 90 days is consistent with prior studies demonstrating
that patient-reported outcomes improve significantly during the early post-stroke recovery period,
particularly when supported by structured follow-up and patient education (Carod-Artal &
Vazquez-Cabrera, 2012; Haacke et al., 2006). Notably, improvements in the anxiety/depression
domain suggest that nurse-led follow-up contributed to enhanced psychological well-being and
patient confidence in self-management. These findings align with the principles of VBHC, which
emphasize outcomes that matter to patients, including functional status and quality of life, beyond
traditional clinical indicators (Porter, 2010).

The BDMS network mortality rate of 2.20% is substantially lower than national and international
benchmarks. This favorable performance can be explained by several interrelated factors
supported by existing evidence. Timely reperfusion therapies, including intravenous thrombolysis
and mechanical thrombectomy, have been consistently shown to reduce mortality and disability
when delivered within guideline-recommended time windows (Emberson et al., 2014; Goyal et al.,
2016). In addition, structured multidisciplinary stroke care and protocolized clinical pathways
reduce in-hospital complications and early case fatality (Langhorne & Ramachandra, 2020).
Furthermore, systematic outcome measurement and benchmarking, as promoted by the ICHOM
framework, support continuous quality improvement and reduce variation in care delivery (ICHOM,
2023).

A key enabler of these improvements was the Stroke Nurse Coordinator, whose role was central to
operationalizing VBHC within the BDMS network. Nurse-led coordination, including structured
follow-up, outcome data collection, patient education and early identification of clinical
deterioration, has been shown to improve follow-up adherence, reduce readmissions and enhance
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patient-reported outcomes (Boult et al., 2009; Cameron et al., 2008). In addition to improvements
in follow-up completion and outcome collection, positive behavioral changes in smoking status
were also observed during the recovery period . Smoking cessation is a well-established strategy
for reducing the risk of recurrent stroke and other cardiovascular events (Burn et al., 1994; Peters
et al., 2013). The observed changes in smoking behavior in this study suggest that structured
nurse-led follow-up may support the implementation of secondary prevention strategies in routine
stroke care through continuous counseling, patient education and reinforcement of risk factor
modification.

These findings further highlight the importance of sustained patient engagement during the
post-stroke recovery period. Repeated follow-up interactions may facilitate behavioral modification,
strengthen adherence to secondary prevention strategies and support long-term vascular risk
reduction in routine clinical practice.

From a systems perspective, the implementation of the ICHOM Stroke Set acted not only as a
measurement initiative, but also as a catalyst for care redesign across the network. The
standardization of outcome collection created an infrastructure for benchmarking and performance
comparison, enabling targeted quality improvement at both hospital and network levels (Porter &
Lee, 2013). This transformation is reflected in follow-up performance, with completion rates
increasing from below 40% during early implementation to consistently above 80% following
workflow standardization. The observed improvement over time likely reflects increasing
integration of standardized outcome measurement into routine clinical workflows, alongside
strengthening patient engagement and continuity of post-discharge care. Importantly, improved
follow-up completeness enabled more reliable longitudinal assessment of functional and
patient-reported outcomes, supporting a more comprehensive evaluation of stroke care beyond the
acute episode.

Taken together, these findings demonstrate that integrating standardized outcome measurement
with structured, nurse-led coordination can improve not only clinical outcomes, but also
patient-reported outcomes and health behaviors. This model represents a practical and scalable
approach to implementing value-based stroke care in large healthcare networks.

Lessons Learned

The implementation of a standardized, value-based stroke care framework across the BDMS
network highlighted the critical role of nurse-led follow-up in sustaining continuity of care beyond
the acute hospitalization phase. Stroke Nurse Coordinators served as a consistent point of contact
for patients and caregivers, enabling early detection of functional deterioration, emerging
complications and psychosocial distress that may not be apparent during routine physician visits.

Copyright © 2026 by International Consortium for Health Outcomes Measurement. All rights are reserved.



International Consortium for . .

Health Outcomes Measurement

This continuity proved particularly important during the early post-discharge period, when patients
are most vulnerable to clinical decline and disengagement from care. A practical example can be
found in Case Study 1 (Appendix) which examines the multidisciplinary follow-up protocols at
Phyathai 1 Hospital. Recognition should also be given to the value of the additional patient level
initiatives that were conducted, particularly the smoking cessation. The use of repeated counseling
in this instance serves as a proof of concept that could be carried forward to increase the uptake of
other secondary prevention strategies.

Regarding the ICHOM Stroke Set, the experience within BDMS demonstrated that implementation
of the core recommended measures (NIHSS, mRS and a global health measure) was feasible
across a large multi-hospital network. While the ICHOM set recommends the use of the
PROMIS-10 Global Health instrument for patient-reported outcomes, EQ-5D-5L was used in this
study as an accepted alternative. This approach reflects the application of an already minimal
outcome set, with a minor adaptation to support feasibility, data completeness, and consistent
implementation across participating hospitals.

Embedding PROM collection within routine clinical workflows, coordinated by Stroke Nurse
Coordinators, rather than treating it as a parallel research activity, was the key operational factor
that sustained follow-up rates above 80%. Furthermore, sharing outcome data across hospital sites
through quarterly audits and network-level benchmarking sessions fostered a culture of
accountability and enabled targeted quality improvement at both individual hospital and system
levels. Case Study 2 (Appendix) provides a compelling example of how nurse-initiated escalation
during post-discharge follow-up can directly influence patient outcomes. In this case, early
identification of clinical deterioration through structured follow-up enabled timely intervention,
ultimately leading to full neurological recovery. This example illustrates how patient-reported
outcomes and follow-up data can function as actionable clinical signals, rather than solely as
retrospective evaluation tools.

More broadly, this case highlights the critical role of the Stroke Nurse Coordinator in translating
longitudinal outcome data into real-time clinical decision-making. It demonstrates how structured
follow-up, when combined with clear escalation pathways, can bridge the gap between hospital
discharge and community-based recovery. These findings underscore the value of integrating
PROMs into routine care delivery, where continuous patient engagement and proactive monitoring
can support early intervention, prevent complications, and improve overall recovery trajectories.

The adoption of standardized stroke pathways across the network also demonstrated the value of
consistency in care delivery. Standardized protocols reduced unwarranted variation in clinical
practice, enhanced equity across hospitals with differing resources and supported more predictable
and timely care processes. This standardization enabled outcome data to be meaningfully

Copyright © 2026 by International Consortium for Health Outcomes Measurement. All rights are reserved.



International Consortium for . .

Health Outcomes Measurement

compared across sites, reinforcing accountability and supporting continuous quality improvement
at the network level. Finally, long-term stroke recovery proved to be inherently multidisciplinary,
with effective outcome improvement depending on close collaboration among neurologists, nurses,
rehabilitation specialists and allied health professionals, coordinated through shared care pathways
and outcome data.

Future Directions

Building on the established BDMS Stroke Pathway and the integration of standardized outcome
measurement, future efforts will focus on further strengthening a comprehensive, data-driven and
patient-centered stroke care system across the network. BDMS aims to expand the digitalization of
patient-reported outcome measures (PROMs) and patient-reported experience measures
(PREMSs), which capture patients’ perceptions of care delivery, including communication,
information clarity, and overall care experience across all affiliated hospitals, enabling more
consistent, longitudinal capture of patient perspectives throughout the recovery trajectory.

Enhanced digital platforms will support real-time data collection, improve response rates and
facilitate timely clinical feedback. In parallel, BDMS will continue to strengthen its centralized stroke
registry to enable integrated analysis of clinical, process and outcome data. This will support more
effective internal benchmarking, cross-hospital performance comparison and longitudinal outcome
tracking, while also facilitating participation in international outcome measurement initiatives.

Future developments will also emphasize closer collaboration with community-based rehabilitation
providers to improve access to post-acute services and reduce variations in recovery trajectories.

Finallyy, BDMS plans to apply predictive analytics to identify patients at higher risk of early
complications, functional decline or readmission following stroke, supporting earlier clinical
intervention and more efficient allocation of healthcare resources.

Conclusion

Integrating the ICHOM Stroke Set within the BDMS Stroke Pathway fundamentally transformed
stroke care from a fragmented, episodic model to a longitudinal, patient-centered continuum. This
transformation was driven not by technology alone, but by a deliberate redesign of clinical
workflows around the outcomes that matter most to patients: functional independence, quality of
life, freedom from recurrence and survival. By embedding standardized measurement into routine
clinical practice across the BDMS network, the program created a shared language for quality
improvement that transcended individual hospitals and enabled meaningful benchmarking at the
system level.
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The quantitative outcomes achieved across the network validate this approach. Follow-up
completion rates consistently exceeded 80%, a level rarely achieved in post-stroke care without
structured coordination. Patient-reported quality of life improved significantly and functional
recovery demonstrated sustained gains. Most strikingly, the network’s stroke mortality rate of
2.20% stands substantially below the Thailand national average and the global average, reflecting
the cumulative impact of timely intervention, coordinated follow-up and proactive secondary
prevention.

Central to these achievements was the Stroke Nurse Coordinator, who emerged as the connective
tissue of the entire care pathway. By maintaining continuity across the acute, rehabilitation and
community phases, the coordinator ensured that no patient was lost to follow-up, medication
adherence and risk factor control were actively monitored and patients/families received the
education and emotional support necessary for sustained recovery. This nurse-led model
operationalized key principles of Value-Based Healthcare, including a focus on outcomes that
matter to patients, delivery of care across the full cycle of care and the integration of outcome
measurement into routine clinical practice. It shifted the focus from the volume of services
delivered to the quality of outcomes achieved, while simultaneously reducing avoidable
complications and readmissions through early identification of clinical deterioration.

The ICHOM Stroke Set served as a catalyst for this broader care redesign. Rather than imposing
an administrative measurement burden, the Set provided a clinically meaningful and internationally
validated framework that aligned the priorities of patients, clinicians and healthcare administrators.
Its adoption within BDMS demonstrated that standardized outcome measurement is both feasible
and transformative in a large, multi-site hospital network operating in a middle-income country
context.

The BDMS experience offers a replicable model for health systems across Southeast Asia and
beyond. Combining structured outcome measurement with nurse-led longitudinal coordination can
substantially improve survival, functional recovery and patient-reported quality of life following
stroke.
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Appendix - Case Reports in Stroke Nursing from a VBHC Perspective

Case Example 1: Multidisciplinary Follow-Up (Phayathai 1 Hospital)

A 60-year-old male with a left middle cerebral artery (MCA) infarction received multidisciplinary
care over two months. PROMs indicated progressive improvement in mobility and emotional
status, while PREMs reflected enhanced confidence and reduced anxiety.

Systematic collection of PROMs provided meaningful insights into functional recovery and
psychosocial well-being that were not fully captured by clinician-reported measures alone.
Improvements in mobility were consistently reflected through ICHOM-aligned functional outcomes,
including patient-reported mobility and usual activities. These findings complemented
clinician-assessed functional status and supported a more comprehensive understanding of
recovery trajectories.

Patient-reported outcomes related to emotional well-being demonstrated a progressive reduction in
anxiety over the follow-up period. Anxiety was assessed using the anxiety/depression domain of
the EQ-5D-5L, which captures patient-perceived emotional distress as part of overall health-related
quality of life. Anxiety levels decreased from 5 at discharge to 3 at 3 months and 2 at 6 months
indicating a sustained improvement over time. This improvement coincided with consistent
communication, structured follow-up and emotional support provided by the care team, highlighting
the importance of continuity and reassurance during post-stroke recovery.

PREMSs further indicated improvements in caregiver confidence and perceived preparedness for
post-discharge care. Confidence in daily activities improved from 5 at discharge to 3 at 3 months
and 2 at 6 months, reflecting increased satisfaction with education, clarity of care plans and access
to support rather than changes in clinical or functional status alone.

At six months post-stroke, the patient achieved a modified Rankin Scale score of 3, accompanied
by documented improvements in ambulation confidence, performance of daily activities and
quality-of-life indices as captured by PROMs (Table 1). Together, these findings illustrate how
integrated PROM and PREM data can provide actionable insights into patient recovery and
support patient-centered, value-based stroke care.

This case highlights how coordinated nursing support and patient/family engagement contribute to
improved home management and align with VBHC by enhancing quality of life and reducing
preventable complications. The implementation of the ICHOM Stroke Set aimed at integrating
consistent outcome measurement, including clinical, functional and patient-reported indicators, into

Copyright © 2026 by International Consortium for Health Outcomes Measurement. All rights are reserved.



International Consortium for . .

Health Outcomes Measurement

routine care across the network.

Outcome Measure At Discharge 3 Months 6 Months
mRS 5 3 3

EQ-5D Index 0.40 0.65 0.72
Mobility Score (0-5) 5 3 2
Anxiety Level (0-5) 5 3 2
Confidence in Daily Activities (0-5) 5 3 2

Table 1. Patient-reported and Functional Outcomes

Case Example 2: Post-Discharge Coordination and Early Deterioration Detection (Bangkok
Muangraj Hospital)

A patient experienced a first-ever cerebrovascular event, initially diagnosed as a transient ischemic
attack. At the time of the first admission, neurological examination revealed no detectable deficit,
with a NIHSS score of 0 and a modified Rankin Scale (mRS) score of 0 (Table 2). The patient was
clinically stable and discharged without functional limitation.

Three days after hospital discharge, the patient was contacted as part of a structured
post-discharge follow-up program coordinated by the Stroke Nurse Coordinator. During the
follow-up call, the patient reported new-onset neurological symptoms, including-numbness and
right-sided upper limb weakness, which had not been present at discharge. These symptoms
indicated an acute neurological change consistent with stroke recurrence. In response to this
patient-reported signal, the Stroke Nurse Coordinator immediately activated a predefined
escalation protocol. Hospital transport was arranged and care was promptly coordinated with the
attending physician team. Upon readmission, neurological reassessment confirmed clinical
deterioration with an NIHSS score of 3 and the patient was admitted for further evaluation and
treatment.

Following timely medical management, the patient demonstrated rapid neurological improvement.

At discharge (Table 2), reassessment showed complete neurological recovery, with an NIHSS
score of 0 and an mRS score of 0. Patient-reported outcomes at discharge reflected favorable
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functional and quality-of-life status, with an EQ-5D-5L index score of 0.80, no limitation in mobility
(Mobility score 0), minimal anxiety or depression (Anxiety score 1) and no limitation in confidence
in daily activities (Confidence score 0). The simplified modified Rankin Scale (smRS) score at
discharge was 1.

The patient remained enrolled in the structured outcome monitoring program and received a
scheduled follow-up telephone assessment at 90 days post-event. At this time point, the patient
reported sustained recovery with an mRS score of 0 and an smRS score of 0. PROMSs collected at
90 days remained stable, with an EQ-5D-5L index score of 0.90, no reported limitation in mobility
(Mobility score 0), no anxiety or depression (Anxiety score 0) and full confidence in daily activities
(Confidence score 0).

This case highlights the critical role of structured post-discharge coordination and real-time
patient-reported data in identifying early neurological deterioration that may not be captured
through routine outpatient follow-up alone. The integration of PROMs into active clinical workflows
enabled rapid escalation, early intervention and prevention of further clinical decline.

From a VBHC perspective, this case exemplifies outcome measurement across the full cycle of
care, proactive use of patient-reported information as an early warning system and optimized
resource utilization through timely intervention. Importantly, it demonstrates how PROMs can
function not only as retrospective evaluation tools but also as integral components of responsive,
patient-centered stroke care delivery.
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Outcome Measure At At 3
Discharge Discharge Months
of First after
Event recurrent
Stroke

mRs 0 0 0
smRS 0 1 0
EQ-5D Index 0.90 0.80 0.90
Mobility Score (0-5) 0 0 0
Anxiety Level (0-5) 0 1 0
Confidence in Daily 0 0 0

Activities (0-5)

Table 2 — Outcome Measures Following Recurrent Stroke
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