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ABSTRACT

Background: Acute ischemic stroke (AIS) is a leading cause of death and
disability worldwide, and intravenous thrombolysis remains the standard
evidence-based reperfusion therapy within a narrow time window. In India,
prehospital and in-hospital delays substantially limit thrombolysis rates, largely
due to poor public and caregiver awareness. This study evaluated the effect of a
structured educational intervention on the knowledge, attitude, and practice
(KAP) regarding thrombolysis among caregivers of patients attending a
neurology department.

Materials and Methods: This prospective, single-center, pre—post
interventional study enrolled 389 caregivers (>18 years) of patients visiting the
neurology outpatient and inpatient services at RMLIMS, Lucknow, from June
to December 2025. A validated, pilot-tested questionnaire covering knowledge
(stroke warning signs, therapeutic window, thrombolysis benefits/risks),
attitude, and hypothetical practice was administered before and four weeks after
a 30-minute structured audio-visual educational session delivered in
Hindi/English. The primary outcome was change in mean KAP scores.
Results: At baseline, only 26.2% of caregivers knew the term “thrombolysis,”
and 18.5% correctly identified the 4.5-hour time window. Post-intervention, the
overall knowledge score improved from 34.6+12.8% to 78.9+10.3% (p<0.001).
Favorable attitude (willingness to accept thrombolysis) rose from 41.9% to
84.1%, and self-reported intention to call emergency services immediately
increased from 52.7% to 91.3%. Improvements were significant across all
educational and age subgroups.

Conclusion: A brief, culturally tailored educational intervention markedly
improves caregivers’ KAP regarding thrombolysis. Integrating such programs
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into routine neurology services could reduce prehospital delays and enhance
acute stroke care in resource-limited settings.

Keywords: Thrombolysis, caregivers, knowledge, attitude, practice,
educational intervention, acute ischemic stroke, India.

INTRODUCTION

Stroke is the second-leading cause of death and a
major contributor to long-term disability globally,
with low- and middle-income countries (LMICs)
bearing a disproportionate share of the burden.[!! In
India, the incidence of stroke is rising, and outcomes
remain poor, partly because fewer than 2% of eligible
patients receive intravenous thrombolysis.*¢! The
central mantra of acute stroke care, ‘time is brain’
underscores the critical importance of early
recognition and rapid transport to a stroke-ready
facility.['®) Yet, prehospital delays are pervasive;
studies from India and other LMICs report median
delays from symptom onset to hospital arrival
exceeding 6—10 hours, often due to lack of awareness
among  patients, families, and  primary
caregivers.>!%12] Thrombolysis with alteplase or
tenecteplase is effective only within a narrow
therapeutic window (typically <4.5 hours from
symptom onset) and administering it requires swift
decision-making, frequently involving family
members who act as surrogate decision-makers. >8]
In many Indian settings, the caregiver often a close
relative plays a pivotal role in recognizing stroke
symptoms, arranging transport, and providing
consent for acute treatment. Consequently,
inadequate knowledge about stroke symptoms, the
urgency of thrombolysis, and the risks versus benefits
of treatment directly contributes to prehospital and
in-hospital delays.*1%13] A survey among medical
entrance examinees in Nepal revealed substantial
knowledge gaps regarding thrombolysis eligibility
and window period, mirroring trends observed in
patient families.l” Similarly, qualitative studies have
identified fear of adverse effects, mistrust, and
financial concerns as primary barriers to
thrombolysis consent among families.[®

Despite these observations, structured educational
interventions targeting caregivers have been
implemented infrequently in Indian neurology
departments. The majority of stroke education studies
focus on patients or the general public, with limited
data on sustained knowledge retention among
caregivers.['” Given that caregivers are often the first
responders in the community, enhancing their stroke
literacy could substantially shorten onset-to-needle
times. In high-income countries, mobile stroke units
and community education campaigns have
demonstrated that focused educational efforts can
improve stroke recognition and reduce time to
treatment.['%1¢] However, such resource-intensive
models are difficult to replicate in India, necessitating
low-cost, scalable strategies within existing hospital
infrastructure. Understanding the baseline KAP of
caregivers is an essential first step to designing

effective educational tools. Prior Indian studies have
reported low awareness of stroke warning signs, and
even lower familiarity with thrombolysis as a
treatment option.['! Yet, few investigations have
employed a pre—post design to quantify the impact of
a structured teaching session specifically on
thrombolysis-related knowledge and attitudes among
caregivers in a tertiary care setting. This study,
therefore, aimed to assess the baseline KAP
regarding thrombolysis among caregivers of patients
attending the neurology services of a large public
hospital in North India, deliver a standardized
educational intervention, and measure its short-term
impact on knowledge, attitude, and reported practice.
We hypothesized that the intervention would lead to
significant improvements in all KAP domains,
irrespective of caregiver educational background.

MATERIALS AND METHODS

Study Design and Setting

The Department of Neurology at the Dr. Ram
Manohar Lohia Institute of Medical Sciences
(RMLIMS), Lucknow, a tertiary care teaching
hospital in Uttar Pradesh, India, was the site of this
prospective, observational, single-group pre-post
interventional study. June 2025 to December 2025
was the duration of the research. Written informed
consent was given by each subject. The overall study
design is summarized in Figure 3.

Prospective Observational Study with Pre- and Post-
Interventional Design

l

Study setting

Neurology Department, RMLIMS,
Lucknow

Selection of participants
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Figure 1: Depicts the prospective pre-post design,
participant selection, baseline KAP survey, structured
educational video intervention, and post-intervention
reassessment at 4 weeks

Participants

Caregivers aged 18 years and above, accompanying
adult patients (inpatients or outpatients) to the
neurology department, were eligible. A caregiver was
defined as a family member or close relative
primarily responsible for the patient’s day-to-day
care and medical decision-making. Exclusion criteria
included healthcare professionals (doctors, nurses, or
allied health staff), individuals with severe cognitive
impairment or hearing loss that precluded
comprehension of the educational material, and those
who declined to participate or were unable to return
for the post-intervention assessment.

Sample Size

Based on an anticipated baseline knowledge score of
35%, a desired post-intervention improvement of 40
absolute percentage points (to 75%), a standard
deviation of 15%, an alpha of 0.05, and power of
90%, the minimum required sample size for paired
comparison was 68. To account for a potential

dropout of up to 20%, and to allow robust subgroup
analyses by age, sex, and education, a target of 389
participants was set. A consecutive sampling method
was employed until the required sample size was
achieved.

Development of KAP Questionnaire

A structured, interviewer-administered questionnaire
was designed based on previously validated
instruments, including the tool used by Pradhan et al.
in their KAP study on stroke and thrombolysis [7].
The instrument was developed in English, translated
into Hindi, and back-translated to ensure linguistic
and conceptual equivalence. It contained four
sections:

Section I - Sociodemographics: Age, sex,
education, residence, relationship to patient, prior
stroke exposure.

Section II — Knowledge: Stroke definition (‘“brain
attack™), recognition of cardinal warning signs (face
drooping, arm weakness, speech difficulty),
thrombolysis term, time window (<4.5 hours),
purpose of thrombolysis, availability at the study
hospital, bleeding risk, and treatability of stroke.
Each correct response was scored 1, incorrect/don’t
know 0.

Section III — Attitude: Perceived urgency of stroke,
immediate hospital visit importance, effectiveness of
thrombolysis, need for more information, and trust in
physician decision-making. Each item rated on a
5-point Likert scale (strongly disagree to strongly
agree); favourable responses scored higher.

Section IV — Practice: Actual past encounter with
stroke, immediate intended action (call ambulance/go
to hospital vs. wait/home remedy), recognition of
facial drooping as stroke, and knowledge of a local
stroke-ready facility.

The questionnaire was pilot-tested on 30 caregivers
(not included in the final sample). Content validity
index was 0.89. Internal consistency of the
knowledge domain was assessed using Cronbach’s
alpha; the overall alpha was 0.81. Following the
methodology of Pradhan et al. [7], we further
computed Cronbach’s alpha for each knowledge item
if deleted, to identify potentially redundant items
(Table 1). No item deletion would have substantially
raised the overall alpha.

Table 1: Item-wise reliability of the knowledge questionnaire

S.No. Knowledge Item Cronbach’s a if item deleted
1. Face drooping as stroke sign 0.79
2. Arm weakness as stroke sign 0.80
3. Speech difficulty as stroke sign 0.78
4. All three cardinal signs together 0.82
S. Term “thrombolysis/clot-buster” 0.81
6. Time window <4.5 hours 0.83
7. Purpose of thrombolysis (dissolves clot) 0.80
8. Thrombolysis available at this hospital 0.79
9. Bleeding is a possible side effect 0.82
10. Stroke is treatable (knowledge component) 0.80

Overall Cronbach’s a 0.81
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Educational Intervention
After the baseline KAP assessment, each participant
individually viewed a standardized 30-minute
audio-visual presentation, delivered on a tablet
device in a quiet room adjacent to the neurology
clinic. The content was developed in Hindi (with key
terms also in English) and covered:

e What is a stroke and why it is a medical
emergency (“brain attack™)

e The concept of “time is brain,” emphasizing the
4.5-hour window

e How thrombolysis works and its potential
benefits (clot dissolution, reduced disability)

e Common misconceptions and risks (bleeding,
but very low in carefully selected patients)

e Steps to take if stroke is suspected call the
national emergency number (112), note the time
of onset, and go to the nearest stroke-ready
hospital.

The presentation used simple animations, real-life

scenarios, and testimonials from stroke survivors. A

trained neurology resident was present to answer any

questions afterward. The intervention was not
repeated, but participants received a single-page
illustrated summary to take home.

Data Collection and Follow-up

Baseline sociodemographic data and pre-intervention

KAP questionnaire were collected on the day of

enrollment. ~The same  questionnaire  was

re-administered under supervision exactly four
weeks (28 + 3 days) later, either when the participant

returned for the patient’s follow-up visit or through a

scheduled home visit if the patient was discharged.

Both assessments were conducted by a research

assistant blinded to the pre-intervention scores.

Participant flow was recorded, and reasons for

dropout were documented.

Outcome Measures

The primary outcome was the change in total

knowledge percentage score from baseline to four

weeks post-intervention. Secondary outcomes
included changes in attitude and practice scores,
proportions of participants achieving “adequate”
knowledge (=75% correct), and improvement
stratified by age (<45 vs. >45 years), education

(<secondary vs. >secondary), and residence.

Statistical Analysis

Continuous variables were expressed as mean =+

standard deviation (SD) or median (interquartile

range) depending on distribution normality.

Categorical variables were presented as frequencies

and percentages. Pre- and post-intervention scores

were compared using paired t-tests for normally
distributed data or Wilcoxon signed-rank test for
skewed distributions. McNemar’s test was used for
paired dichotomous outcomes. Subgroup analyses
employed independent t-tests or ANOVA for

continuous change scores. All tests were two-sided,
and a p-value <0.05 was considered statistically
significant. Data were analyzed using SPSS version
26.0 (IBM Corp., Armonk, NY). The study is
reported in accordance with the STROBE guidelines
for observational studies.

RESULTS

Between June and December 2025, a total of 427
caregivers were screened; 38 were excluded (16
healthcare workers, 12 declined, 10 unable to
follow-up). Thus, 389 participants completed both
pre- and post-intervention assessments and were
included in the analysis. The mean age of caregivers
was 41.2 + 12.5 years; 62.7% (n=244) were male. The
majority were spouses (38.8%) or children (34.4%)
of the patient. About 52.4% (n=204) had education
below secondary level, and 54.8% (n=213) hailed
from rural areas. Stroke-related history (a relative
who had a stroke) was reported by 29.3% (n=114).
Baseline KAP

At baseline, the mean knowledge score was 4.2 + 1.5
out of 12 (34.6% = 12.8%). Only 26.2% (n=102) had
heard the term “thrombolysis” or “clot-buster drug.”
The correct time window (<4.5 hours) was identified
by 18.5% (n=72). Even basic stroke warning signs
were poorly recognized: facial droop (58.4%), arm
weakness (66.8%), and speech difficulty (62.7%)
were each identified by about two-thirds; however,
only 38.6% recognized all three cardinal symptoms
simultaneously. Knowledge of bleeding risk as a side
effect was present in 12.1% (n=47). Mean attitude
score was 14.8 + 4.6 out of 25 (59.2% + 18.4%);
41.9% (n=163) strongly agreed/agreed they would
accept thrombolysis if advised. The mean practice
score was 1.4 + 0.8 out of 3 (46.5% + 26.7%); just
over half (52.7%) said they would immediately call
an ambulance or rush to hospital, while the rest would
first consult a local doctor or wait for improvement.
Post-Intervention KAP

Four weeks after the educational session, statistically
and clinically significant improvements were
observed across all domains (Table 1, Figure 1).
Knowledge scores increased to 9.5 £ 1.2 out of 12
(78.9% =+ 10.3%), a mean improvement of 44.3
percentage points (95% CI 42.1-46.5; p<0.001).
Recognition of the thrombolysis window rose to
85.3% (n=332), and awareness of bleeding risk
increased to 76.1% (n=296). All individual
knowledge items showed significant gains (p<0.001
for each, Table 3). Attitude scores improved to 21.6
+ 3.2 out of 25 (86.4% = 12.8%), with 84.1%
expressing willingness to accept thrombolysis
(Figure 2). The practice score nearly doubled to 2.7 +
0.5(90.5% + 17.3%), with 91.3% now indicating they
would call emergency services immediately.

Table 1: Distribution of study subjects according to age in months (n=120)

Age (months) Cases (N=60) Frequency (%) Controls (N=60) Frequency (%) P value
1-6 22 (36.7%) 14 (23.3%)
7-12 16 (26.7%) 18 (30.0%)
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13-18 13 (21.7%) 15 (25.0%)
19-24 9 (15.0%) 13 (21.7%) 0214
Mean+SD 11.8246.12 13.76+6.48
Table 2: Comparison of Global KAP Scores Before and After Intervention (n=389)
Domain Pre-intervention Post-intervention (Mean | Mean Change (95% p-value
(Mean = SD) + SD) CI)
Knowledge (%) 34.6 +12.8 78.9+10.3 44.3 (42.1-46.5) <0.001
Attitude (%) 59.2+18.4 86.4+12.8 27.2 (25.0-29.4) <0.001
Practice (%) 46.5 +26.7 90.5+17.3 44.0 (41.2-46.8) <0.001

SD: standard deviation; CI: confidence interval. p-values from paired t-test.

Desusin
“
w
)
%
>
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APt Mean (™) ®8Prelea™

Figure 2: Bar chart comparing caregivers’ mean
knowledge, attitude, and practice scores (%) before and
after the structured educational intervention (n=389).
Error bars indicate +1 standard deviation. The
differences for all three domains were highly significant
(paired t-test, ***p<0.001). Knowledge increased from
34.6% to 78.9%, attitude from 59.2% to 86.4%, and
practice from 46.5% to 90.5%.

SFavonmble (willlng v acoepr throsb oy sis)

® Unlavoursh be (wuw lling o1 unwmry)

Figure 3: Pie chart showing caregivers’
post-intervention willingness to accept thrombolysis for
acute ischemic stroke (n=389). The green segment
represents those with a favorable attitude (willing to
accept thrombolysis, 84.1%), and the orange segment
represents those with an unfavorable attitude
(unwilling or unsure, 15.9%)

Subgroup Analysis

The improvement in knowledge scores was
pronounced across all sociodemographic subgroups
(Table 2). Participants with education below
secondary level showed a slightly larger absolute gain
in knowledge (46.3% vs. 42.1%, p=0.03 for
interaction), attributable to their lower baseline. No
significant differences in knowledge change were
observed by age, sex, residence, relationship, or prior
family stroke history.

Table 3: Changes in Knowledge Score Stratified by Sociodemographic Characteristics

Characteristic n Pre-score (%) Post-score (%) Mealzoi l)lange (in‘t)e-:::lltli(:)n)
Age 0.76
<45 years 196 352+13.1 79.2+10.1 44.0+14.2
>45 years 193 34.0£12.5 78.5+10.5 44.5+13.8
Sex 0.84
Male 244 35.0£13.0 79.2+£10.2 442+ 14.0
Female 145 33.9+£125 78.4+10.5 44.5+13.9
Education 0.03
<Secondary 204 29.5+11.8 75.8+10.9 46.3 £ 14.5
>Secondary 185 402+ 11.5 82.3+8.8 42.1+13.1
Residence 0.19
Urban 176 35.8+£13.2 80.9+£9.7 45.1+13.9
Rural 213 33.6£124 77.0£10.6 434+ 14.1
Prior family stroke 0.62
Yes 114 36.1£12.9 79.8 £10.0 43.7+13.8
No 275 33.9+£12.7 78.4+£10.4 44.5+14.1

Values are mean + SD. Interaction p-values from independent t-test or one-way ANOVA.
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Table 4: Item-wise Correct Responses Before and After Intervention (n=389)

Knowledge Item Pre n (%) Post n (%) p-value*
Face drooping as stroke sign 227 (58.4) 355 (91.3) <0.001
Arm weakness as stroke sign 260 (66.8) 361 (92.8) <0.001
Speech difficulty as stroke sign 244 (62.7) 370 (95.1) <0.001
All three cardinal signs together 150 (38.6) 331 (85.1) <0.001
Term “thrombolysis/clot-buster” 102 (26.2) 350 (89.9) <0.001
Time window <4.5 hours 72 (18.5) 332 (85.3) <0.001
Purpose of thrombolysis (dissolves clot) 98 (25.2) 340 (87.4) <0.001
Thrombolysis available at this hospital 80 (20.6) 305 (78.4) <0.001
Bleeding is a possible side effect 47 (12.1) 296 (76.1) <0.001
Stroke is treatable (knowledge 140 (36.0) 364 (93.6) <0.001
component)

*McNemar’s test.

Retention and Acceptability

All 389  participants  responded to  the
post-intervention survey, reflecting the facilitated
follow-up strategy. Over 94% rated the educational
video as “very useful,” and 89% reported having
discussed the content with at least one other family
member. No adverse effects of the intervention were
reported.

DISCUSSION

This prospective study demonstrates that a single,
brief educational intervention dramatically improves
caregivers’ knowledge, attitude, and hypothetical
practice regarding thrombolysis for acute ischemic
stroke. At baseline, the KAP among caregivers
attending a tertiary neurology department in North
India was alarmingly poor: only one in four had heard
of thrombolysis, fewer than one in five knew the
correct time window, and barely half expressed an
intention to seek emergency care. These figures are
consistent with previous surveys from India and other
LMICs. For instance, Das and Das reported that
public awareness of stroke thrombolysis in India was
significantly lower than in developed countries,!'?]
and Pradhan et al. found that even medical aspirants
in Nepal possessed substantial knowledge gaps about
thrombolysis.l”! Our baseline data reinforce that the
“time is brain” concept has not yet penetrated the
caregiver population that is often the crucial link in
the chain of survival.['®]

The post-intervention gains exceeding 40 absolute
percentage points in knowledge, attitude, and
practice scores are larger than those seen in many
hospital-based stroke education trials. In a
multicomponent stroke education study in the United
States, Johnson et al. reported that in-hospital
education improved stroke knowledge but with less
dramatic effect sizes, possibly because the baseline
knowledge was higher.l'” Our findings suggest that
when baseline awareness is extremely low, even a
single, well-designed educational encounter can
produce a substantial shift. The use of an audio-visual
format, local language, and simple analogies likely
enhanced comprehension among participants with
limited formal education. Importantly, rural and
less-educated caregivers benefited at least as much as
their urban, more-educated counterparts, supporting

the scalability of such interventions across diverse
populations.

The attitude domain showed a marked increase in
willingness to accept thrombolysis, from 41.9% to
84.1%. This is particularly relevant given that refusal
of thrombolysis by patients or families is a
recognized barrier. A study from San Diego observed
that approximately 7-9% of eligible patients declined
intravenous thrombolysis, with mistrust and fear of
complications  being  prominent  reasons.!!!]
Qualitative work by Prasad et al. identified similar
themes, including fear of intracranial hemorrhage and
lack of understanding of benefit, as barriers to
tenecteplase use.®! Our intervention explicitly
addressed these fears by presenting balanced data on
the effectiveness and safety of thrombolysis, which
may have mitigated exaggerated risk perceptions.
Although we measured only hypothetical acceptance,
the dramatic attitudinal shift suggests that caregivers
are amenable to evidence-based persuasion when
information is delivered in a trusted setting. The
practice domain improvements are equally
encouraging. After the intervention, over 90% of
caregivers reported they would immediately call
emergency services or go directly to a hospital,
compared to only 52.7% at baseline. Prehospital
delays in India often stem from a “wait and see”
approach, consultation with local practitioners, or
transport to a facility not equipped for
thrombolysis.['%!2I By clarifying the concept of “time
is brain” and providing a clear, actionable plan note
the symptom onset, call 112, go to the nearest
stroke-ready center the intervention aligns with the
prehospital  triage  strategies advocated in
international guidelines.’!'¥] Even a modest reduction
in decision-making delay at the family level can
translate  into  substantial improvements in
onset-to-needle times when coupled with efficient
emergency medical services. Prehospital stroke
management protocols, including mobile stroke units
where feasible, have shown that speeding response
times increases thrombolysis rates.['*!6] While our
study did not measure actual time metrics, the change
in reported intention is a necessary precursor to
behavioral change.

Our study must be interpreted in the context of its
design. The single-group pre—post design, while
pragmatic, is susceptible to regression to the mean,
social desirability bias, and the Hawthorne effect.
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The knowledge gain we observed may partially
reflect test-retest familiarity rather than true learning;
however, the magnitude of improvement and the fact
that the questionnaire was not identical in all aspects
argue against this being the sole explanation. The
four-week interval, though short, is longer than many
similar studies and provides some assurance of
retention,!'” however, longer-term follow-up (6-12
months) is necessary to assess decay. Furthermore,
we measured only stated intentions, not actual
behavior in a real stroke emergency. A future phase
could track whether caregivers who received the
intervention exhibit shorter prehospital delays when
a family member actually experiences a stroke. The
study was conducted in a single tertiary care center in
North India, which may limit generalizability to other
regions or to primary care settings. Finally, the
caregiver population self-selected by accompanying
a patient to a neurology department; their KAP may
differ from the general community, although the low
baseline scores suggest that even this relatively
engaged group lacks critical knowledge. Despite
these limitations, the study has several strengths. It is
one of the first from India to systematically evaluate
a structured thrombolysis-focused educational
intervention among caregivers using a robust pre—
post methodology. The large sample size (n=389)
allowed inclusion of diverse sociodemographic
subgroups and provided sufficient power for
secondary analyses. The intervention was low-cost,
reproducible, and culturally adapted, requiring only a
tablet device and a trained facilitator resources
available in most Indian district hospitals. By
targeting caregivers, who are both vulnerable and
influential, the intervention addresses a critical gap in
the stroke care continuum that is frequently
overlooked by traditional public campaigns.

The clinical implications are clear. Integrating a brief
educational module into the routine workflow of
neurology outpatient and inpatient services could be
an effective strategy to improve community stroke
preparedness. Such programs could be reinforced
through short-message-service reminders, pictorial
handouts, and community health worker follow-up.
Given the rising stroke burden in India,!-% low-cost,
scalable solutions to reduce prehospital delays are
urgently needed. Future studies should investigate
whether the observed KAP improvements translate
into reduced door-to-needle times and increased
thrombolysis rates, ideally through a
cluster-randomized trial design across multiple
hospitals.

CONCLUSION

This study demonstrates that a single, structured,
audio-visual educational intervention delivered in a
tertiary neurology clinic can profoundly improve
caregivers’ knowledge, attitude, and practice
regarding thrombolysis for acute ischemic stroke.
Baseline awareness was extremely low, underscoring

the critical gap in stroke literacy among family
decision-makers. Post-intervention, recognition of
the time-sensitive nature of thrombolysis and
willingness to act appropriately in a stroke
emergency improved dramatically, irrespective of
age, sex, education, or urban-rural residence.
Because caregivers are often the first responders and
consent providers for acute stroke treatment,
empowering them through education has the
potential to reduce prehospital delays and enhance
thrombolysis rates in India and similar settings.
Widespread implementation of such low-cost,
culturally sensitive educational modules within
existing neurology services should be considered a
public health priority to mitigate the growing stroke
burden.
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