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ABSTRACT

Background: Stroke remains a major global cause of mortality and long-term disability, imposing substantial burdens on
individuals, families, and healthcare systems. Tertiary care hospitals play a pivotal role in improving outcomes through
specialized acute stroke services, advanced neuroimaging, and structured rehabilitation programs. Understanding short-term
and intermediate recovery trajectories is essential for optimizing treatment pathways, guiding rehabilitation strategies, and
identifying predictors of unfavourable outcomes within high-acuity clinical environments.

Objective: This study aimed to evaluate clinical outcomes, functional recovery, mortality patterns, and predictors of poor
prognosis among stroke patients in a tertiary care hospital, with specific emphasis on the impact of early rehabilitation on
recovery.

Methods: A prospective observational study was conducted over 12 months at the Pakistan Emirates Military Hospital,
enrolling 130 adult patients admitted within 24 hours of symptom onset with confirmed ischemic or hemorrhagic stroke. Data
included demographic characteristics, comorbidities, admission NIHSS scores, neuroimaging findings, therapeutic
interventions, and Modified Rankin Scale (mRS) scores at discharge and at three months. Survival rates, readmissions, and
rehabilitation status were also documented. Statistical analysis using SPSS (version 23) involved descriptive statistics, t-tests,
chi-square tests, and logistic regression to identify prognostic factors associated with poor outcomes.

Results: Of the total patients, 75% presented with ischemic stroke and 25% with hemorrhagic stroke. In-hospital mortality was
10%. At discharge, 20% demonstrated good recovery (mRS 0-2), while 45% had moderate disability and 25% had severe
disability. At three-month follow-up, good recovery increased to 35% and severe disability declined to 15%. Early
physiotherapy yielded functional improvement in 65% of participants compared with 25% among those without rehabilitation.
Higher NIHSS scores, atrial fibrillation, delayed hospital arrival beyond six hours, and hemorrhagic stroke subtype were
significant predictors of poor outcomes.

Conclusion: Early rehabilitation significantly enhances functional recovery following stroke, while timely hospital arrival and
initial stroke severity remain critical determinants of prognosis. Identifying high-risk patients enables tailored interventions
that can substantially improve recovery trajectories in tertiary care settings.
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INTRODUCTION

Stroke remains one of the leading global causes of morbidity and mortality, imposing profound medical, social, and economic burdens
on individuals, families, and healthcare systems (1,2). It results from an interruption in cerebral blood flow that precipitates neuronal
injury and subsequent neurological impairment. Clinically, stroke presents in two major forms—ischemic and hemorrhagic—each with
distinct etiological and pathophysiological pathways (3). Approximately 85% of all stroke events are ischemic, arising from vascular
occlusion, whereas hemorrhagic strokes occur due to ruptured blood vessels and often carry a higher risk of severe disability or death.
Despite advancements in acute stroke care, including modern neuroimaging, thrombolysis, thrombectomy, and refined critical care
practices, stroke continues to cause long-term disability for a large proportion of survivors due to the irreversible neurological deficits
that persist beyond the acute phase (4). Early intervention in the acute phase is critical for optimizing functional outcomes and reducing
mortality. Evidence shows that specialized stroke care—particularly when delivered in tertiary hospitals equipped with advanced
therapeutic options—significantly improves patient recovery trajectories (5,6). However, many individuals continue to experience poor
outcomes due to delayed hospital arrival, high initial stroke severity, and prevalent comorbidities such as hypertension and atrial
fibrillation, which compound the clinical burden (7). In recent years, early rehabilitation has emerged as a promising adjunct to acute
medical treatment, with growing evidence suggesting it may positively influence neuroplasticity, functional independence, and long-
term quality of life. Nonetheless, the full extent of its impact—particularly in combination with advanced acute interventions—remains
an area of active scientific inquiry (8).

While previous research has extensively documented survival rates and functional limitations after stroke, fewer studies have
systematically explored the predictors of unfavourable outcomes alongside the role of early rehabilitation in mitigating these risks (9,10).
This gap is particularly evident in tertiary care settings where access to specialized interventions provides a unique opportunity to
examine how early rehabilitative measures integrate with high-level acute management to shape recovery patterns. Understanding these
interactions is crucial, as tertiary facilities treat some of the most clinically complex stroke cases and therefore stand to benefit
significantly from evidence-guided rehabilitation strategies. Grounded in this context, the present study investigates clinical outcomes
among stroke patients admitted to tertiary care hospitals, with a focus on identifying predictors of poor recovery and evaluating the
contribution of early rehabilitation to functional improvement. By examining these dimensions together, the study aims to generate
practical insights that can guide clinicians, inform hospital protocols, and ultimately enhance the standard of stroke management. The
objective of this research is therefore to determine how early rehabilitation, in conjunction with acute stroke care, influences functional
outcomes and survival while identifying key factors associated with unfavourable recovery trajectories.

METHODS

This prospective observational study was conducted over a 12-month period at the Pakistan Emirates Military Hospital, a tertiary-care
reference facility equipped with advanced stroke services, including neuroimaging, thrombolytic therapy, mechanical thrombectomy,
and intensive care monitoring. The study aimed to assess clinical outcomes, functional recovery, and survival patterns among patients
admitted with acute stroke. Ethical approval was obtained from the Institutional Review Board prior to study initiation, and written
informed consent was secured from all participants or their legally authorized representatives before data collection commenced. Eligible
participants included adult patients aged 18 years and above who were admitted within the first 24 hours of symptom onset and received
a confirmed diagnosis of stroke based on clinical evaluation supported by neuroimaging. Patients were excluded if they presented with
transient ischemic attacks, pre-existing severe disability defined as a Modified Rankin Scale (mRS) score greater than 4 prior to stroke
onset, or stroke secondary to trauma, malignancy, or infectious etiologies. Individuals with incomplete medical records or those who
could not be followed up were excluded from the final analysis to ensure data integrity and reliability.

Data were collected using a standardized form that captured demographic characteristics and clinical variables, including blood pressure
measurements, serum glucose levels, and National Institutes of Health Stroke Scale (NIHSS) scores at admission. Detailed
documentation of therapeutic interventions—such as thrombolysis, mechanical thrombectomy, and conventional medical
management—was maintained. Hospital-related indicators, including length of stay, intensive care admissions, and in-hospital
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complications such as pneumonia, deep vein thrombosis, and recurrent stroke, were systematically recorded. Functional outcomes were
evaluated at discharge and again at three months post-stroke using the Modified Rankin Scale (mRS), while survival status and
readmission events were tracked throughout the study period. All data were analyzed using SPSS version 23. Descriptive statistics were
used to summarize baseline characteristics, with continuous variables presented as mean + standard deviation (SD) and categorical
variables expressed as frequencies and percentages. Comparative analyses between ischemic and hemorrhagic stroke groups were
conducted using independent t-tests for continuous variables and chi-square tests for categorical variables. Logistic regression analysis
was applied to identify independent predictors of poor functional outcomes and mortality. Kaplan—Meier survival curves were generated
to estimate survival probabilities over the three-month follow-up interval. A p-value of <0.05 was considered statistically significant.

RESULTS

The study included adult stroke patients with a mean age of 65 + 12 years, of whom 58% were male and 42% were female. Hypertension
emerged as the most common comorbidity, affecting 72% of participants, followed by diabetes mellitus at 42% and atrial fibrillation at
18%. Among the total cohort, ischemic stroke accounted for 75% of all cases, whereas hemorrhagic stroke represented 25%. Functional
outcome assessment at discharge showed that 20% of patients achieved good recovery with a Modified Rankin Scale (mRS) score of 0—
2, while 45% demonstrated moderate disability (mRS 3—4) and 25% exhibited severe disability (mRS 5). Mortality during the initial
hospital stay was 10%. At the three-month follow-up, functional improvement was evident, with good recovery increasing to 35%,
moderate disability decreasing to 40%, and severe disability dropping to 15%. Mortality remained unchanged at 10%. Analysis of
prognostic factors revealed that a higher NIHSS score at admission was significantly associated with poor functional outcomes (p<0.01).
The presence of atrial fibrillation also contributed to worse recovery patterns (p=0.03). Patients who presented to the hospital more than
six hours after symptom onset experienced poorer outcomes compared to those who arrived earlier (p<0.05). Hemorrhagic stroke
subtype was identified as a predictor of significantly worse functional recovery compared to ischemic stroke (p<0.01). Early
rehabilitation demonstrated a substantial positive impact on patient progress. Among those who received early physiotherapy, 65%
showed functional improvement, whereas only 25% of those who received no rehabilitation demonstrated similar progress.

Table 1: Patient Characteristics

Characteristic Value
Mean Age (years) 65+12
Gender

Male 58%
Female 42%
Hypertension 72%
Diabetes Mellitus 42%
Atrial Fibrillation 18%

Table 2: Stroke Subtypes

Stroke Type Percentage
Ischemic Stroke 75%
Hemorrhagic Stroke 25%
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Table 3: Functional Qutcomes (mRS)

Outcome Category At Discharge (%) At 3-Month Follow-up (%)
Good Recovery (mRS 0-2) 20% 35%
Moderate Disability (mRS 3-4) 45% 40%
Severe Disability (mRS 5) 25% 15%
Mortality 10% 10%

Table 4: Predictors of Poor Outcomes

Predictor Factor p-value
Higher admission NIHSS score <0.01
Presence of atrial fibrillation 0.03
Delayed hospital arrival (>6 hours) <0.05
Hemorrhagic stroke subtype <0.01

Table 5: Impact of Early Rehabilitation

Rehabilitation Status

Functional Improvement (%)

Received Early Physiotherapy

65%

No Rehabilitation

25%

Impact of Early Rehabilitation on Functional Improvement

60

w 3 v
o o o

Functional Improvement (%)

N
o
T

10

Early Physiotherapy

Figure 2 Impact of Early Rehabilitation on Functional

Improvement

DISCUSSION

No Rehabilitation

Percentage (%)

Functional Outcomes at Discharge vs 3-Month Follow-up

Good Recovery

B Discharge
= 3-Month Follow-up

Moderate Disability

Severe Disability Mortality

Figure 2 Functional Outcomes at Discharge vs 3- Month Follow-up

The findings of this study align closely with global evidence on stroke outcomes and further support the established understanding of
stroke as a major contributor to disability and mortality across diverse healthcare systems. The in-hospital mortality rate of 10% observed
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in this cohort corresponded with the mortality trends reported internationally, where similar studies have documented rates between 8%
and 15%, reinforcing the persistent burden of acute stroke despite advancements in neurocritical care (11,12). This consistency suggests
that the outcomes of stroke care remain influenced by the intrinsic severity of neurological injury and the variability in patient
comorbidities rather than regional differences alone. Functional outcomes in this study highlighted substantial limitations at discharge,
with only 20% of patients achieving good recovery (mRS 0-2). This pattern mirrors previous findings that early post-stroke disability
remains high due to the intensity of neurological damage and the limited timeframe for early neuroplastic changes (13). The
improvement to 35% good recovery at the three-month mark corroborates earlier research indicating that the most meaningful gains in
stroke rehabilitation typically occur within the first 90 days following onset (14). This trajectory reflects the critical window of
neurobiological recovery and underscores the value of structured follow-up rehabilitation services. Early rehabilitation emerged as a
significant determinant of functional improvement in the present cohort. Patients who engaged in early physiotherapy demonstrated a
65% improvement rate compared with only 25% among those who did not receive rehabilitation, supporting the established evidence
that early mobilization enhances functional recovery and reduces long-term disability (15,16). Such outcomes emphasize the necessity
for tertiary hospitals to integrate standardized early rehabilitation protocols into acute stroke pathways to maximize functional outcomes.

Ischemic stroke was associated with superior recovery compared to hemorrhagic stroke in this study, which is consistent with prior
literature reporting better functional trajectories and lower disability severity among ischemic stroke survivors (17). Hemorrhagic stroke
naturally carries a higher risk of neurological deterioration due to mass effect, elevated intracranial pressure, and secondary
complications, which explains the comparatively poorer outcomes observed. Multiple predictors of poor outcomes were identified,
including higher NIHSS scores at admission, the presence of atrial fibrillation, delayed hospital arrival beyond six hours, and
hemorrhagic stroke subtype. These predictors align with previous work demonstrating that initial stroke severity and cardiac
comorbidities markedly influence prognosis (18,19). Delayed presentation further restricted eligibility for time-sensitive interventions
such as thrombolysis, supporting existing evidence that the therapeutic window is strongly linked with recovery potential (20). Such
findings reiterate the need for public health initiatives to enhance awareness of stroke symptoms and promote timely healthcare seeking
behaviors. The strengths of this study include its prospective design, standardized assessment tools, and comprehensive three-month
follow-up, which allowed for a clear depiction of short-term functional recovery patterns. The use of validated instruments such as
NIHSS and mRS strengthened the reliability of the findings. Additionally, the real-world setting of a tertiary care hospital enhances the
generalizability of the results to similar healthcare environments.

However, certain limitations should be acknowledged. The study was conducted in a single tertiary-care center, which may limit broader
applicability to rural or resource-limited settings. The exclusion of patients who could not be followed up may have introduced selection
bias, potentially underestimating poor outcomes. The study also did not stratify outcomes based on treatment modalities such as
thrombolysis versus mechanical thrombectomy, which could have provided deeper insights into treatment-related differences.
Furthermore, the absence of detailed analyses such as odds ratios and survival curve metrics limited the ability to quantify risk magnitude
associated with identified predictors. Incorporating imaging findings and rehabilitation intensity levels would have strengthened the
explanatory depth relating to functional outcomes. Future research should consider multicenter designs, longer follow-up durations, and
a more comprehensive evaluation of treatment pathways, rehabilitation intensity, and socioeconomic determinants. Evaluating patient
adherence to post-discharge rehabilitation and integrating patient-reported outcome measures would further enhance the understanding
of recovery dynamics. Overall, the study reinforces the global evidence base, demonstrating that early rehabilitation, timely hospital
arrival, and lower initial stroke severity remain essential determinants of favorable recovery. The results advocate for structured early
rehabilitation programs, improved acute care pathways, and enhanced community awareness strategies to optimize stroke outcomes.

CONCLUSION

This study reinforced well-documented patterns in stroke outcomes by highlighting the differing recovery trajectories of ischemic and
hemorrhagic strokes, the persistent burden of post-stroke disability, and the critical role of early rehabilitation in improving functional
recovery. The findings emphasize the importance of timely stroke recognition and rapid initiation of acute treatment, alongside the need
for structured, standardized rehabilitation pathways to optimize patient outcomes. By identifying key areas for improvement and
underscoring the value of early therapeutic interventions, the study contributes meaningful evidence to strengthen stroke care practices
within tertiary healthcare settings. Future work should focus on long-term follow-up, individualized rehabilitation strategies, and
emerging treatment approaches to further enhance recovery potential for stroke survivors.
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