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ABSTRACT

Aim: To characterize the impact of adherence to quality metrics of stroke care on the clinical outcomes of ischemic stroke (IS) and intracerebral
hemorrhage (ICH) admissions.

Methods: Consecutive patients with acute stroke were prospectively followed up for their demographic and clinical characteristics, acute stroke
management, and associated clinical outcomes at discharge. Stroke quality metrics [adopted from the American Heart Association (AHA)/
American Stroke Association’s Get with The Guidelines (GWTG)] with a specific interest in an association between acute reperfusion therapies
and functional recovery in stroke patients are analyzed and presented. A composite measure of care was considered “0 (non-adherence) to 1
(adherence).” An all-or-none measure of care was calculated to check whether eligible patients received all the quality-of-care interventions.
Multivariate Cox regression models were used to study an association between optimal adherence and clinical outcomes.

Results: During the study period, of the total 256 stroke admissions, 200 (78.1%) patients had IS, and the remaining 56 (21.9%) patients had ICH.
The median [interquartile range (IQR)] age of total stroke admissions was 57 (36-78) years. Male preponderance was observed (IS: 80% and ICH:
67.9%). The conformity of performance metrics in IS patients was from 69.1% [95% confidence interval (Cl), 68.5-69.6] for the use of deep vein
thrombosis prophylaxis (DVTp) to 97.8% (95% Cl, 96.2-98.6) for the use of statins. In ICH patients, it ranged from 61.7% (95% Cl, 60.4-62.5) for
the use of DVTp to 89.9% (95% Cl, 88.6-89.7) for stroke rehabilitation. The unadjusted odds ratio (OR) of mortality (in-hospital plus the 28th-day
postdischarge) was higher in ICH patients vs IS patients (4.42, p = 0.005). Optimal adherence with intravenous recombinant tissue plasminogen
activator (IV-rtPA) therapy [hazards ratio (HR) = 0.23], in-hospital acute measures [IS (HR=0.41) and ICH (HR = 0.63)], and discharge measures [IS
(HR = 0.35) and ICH (HR = 0.45)] were associated with reduced hazards of the 28th-day mortality in both cohorts. Compared to ICH, IS patients
had significantly improved neurofunctional recovery [modified Rankin score (mRS) < 2, p < 0.01].

Conclusion: Adherence to quality metrics and performance measures was associated with low mortality and favorable clinical outcomes. Also,
DVTp as an in-hospital (acute) measure of stroke care needs attention in both cerebrovascular events.
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« Adherence to intravenous recombinant tissue plasminogen
activator (IV-rtPA) therapy, in-hospital (acute) measures, and
discharge measures significantly lowered the hazards of the
28th-day mortality in ischemic stroke (IS) and intracerebral
hemorrhage (ICH) patients.

«  ThelS patients compared to the ICH patients showed significant
improvement in neurofunctional independence at the 28th-day
postdischarge.

+ Door-to-imaging time (DIT) and door-to-needle time (DNT) both
exhibit scope for improvement, ranging 45-50% and 25-30%,
respectively.

« Deep vein thrombosis prophylaxis (DVTp) as an in-hospital
(acute) care measure needs attention in both cerebrovascular
events.

INTRODUCTION

InIndia, stroke is now the fifth most common cause of disability and
the fourth most common cause of death.’ Despite the development
of evidence-based guidelines for stroke care,? the incidence of
stroke in India ranges between 84 and 262 per 100,000 people in
rural areas and between 334 and 424 per 100,000 people in urban
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areas. This incidence rate is on the rise, despite the fact that the
country’s overall crude prevalence of stroke, which in the past 10
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years has varied from 44.29 to 559/100,000 people.> Registry-based
surveillance studies using the WHO stages stroke instrument have
been successfully conducted in western and southern parts of India,
which have proposed a proportional mortality rate of 6-8%, where,
more than 50% of stroke deaths majorly occurred in tertiary-care
hospitals, respectively.*®

Considering the intravenous recombinant tissue plasminogen
activator (IV-rtPA) therapy which has been used in ischemic stroke
(IS) management for >15 years in the United States. The reported
administration rate in the United States study was found to be very
low (between 1.2 and 9%).° Improving the quality of stroke care has
become a worldwide priority now. For measuring the performance
of an individual hospital in delivering appropriate acute stroke
care, certain quality metrics and performance measures have
been devised. The American Heart Association (AHA)/American
Stroke Association (ASA) “Get With The Guidelines (GWTG) Stroke
Program” is such a stroke quality measurement and improvement
program that represents the world’s largest stroke registry.”® After
the adoption and implementation of AHA/ASA's evidence-based
guidelines, through continuous quality improvement surveillance
and interventions number of patients have benefited from
favorable and improved neurofunctional outcomes.””'® However,
in developing countries this situation is different, where the stroke
care services are established but they are not fully developed yet.
There is published evidence of the Indian Stroke Association (ISA)
recommendations for early management of stroke and transient
ischemic attack (TIA) to improve the quality of care.? However, the
adoption, implementation, and association of adherence to this
evidence-based guideline recommendation with clinical outcomes
have not been systematically evaluated in clinical practice. Except
for oneimportant study by the Indo-US Collaborative Stroke Project
(IUCSP) group, there is a big paucity of Indian data on this instance.

Our tertiary care university hospital follows ISA’s recom-
mendations and AHA/ASA’s evidence-based guidelines.?'"12
However, the quality assessment of performance in clinical practice
has never been measured systematically. Therefore, the current
study’s objectives were to describe the hospitalization of stroke
patients, investigate the variations in performance metrics stated
in evidence-based guidelines, and determine associated clinical
outcomes.

MATERIALS AND METHODS

Study Design, Settings, Patients, and Ethics

A prospective-observational quality metric and performance
analysis was performed, including adult patients who were primarily
hospitalized with a diagnosis of the cerebrovascular event [either
IS orintracerebral hemorrhage (ICH)] during the period of October
2021 to March 2023 (1.5 years) at a tertiary-care university hospital
situated in Western Maharashtra, India. Ethical approval was
obtained from an institutional review board (IEC/2021/39).

The intent of this quality and performance analysis was to
identify any shortcomings in order to ensure that the hospital
managers, quality staff, and stroke care teams could work together
to formulate and implement a system of quality improvement
interventions. A cerebrovascular event was confirmed by brain
imaging [either computed tomography (CT or magnetic resonance
imaging (MRI)] in patients who were admitted either directly to
or through the emergency department. The National Institute of
Health Stroke Scale (NIHSS) severity scoring system was applied
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to both of the cohorts. Patients with other cerebrovascular events,
head trauma, polytrauma, recent intracranial and/or intraspinal
surgery, pregnancy, pediatric age, and being diagnosed with
dementia or psychiatric disorder were excluded. Patients with
contraindications to medications used in acute stroke care were
also excluded from the study.

Case Identification and Data Abstraction

Various techniques were utilized for prospective identification,
but some of them included routine surveillance of emergency
department records (i.e., presenting symptoms and primary
complaints), ward demographic records, and neurology
assessments. Prior to abstraction, a chart review confirmed each
admission for IS or ICH. The patients’ demographics, medical
history, time indicators, initial brain imaging findings, in-hospital
treatments and events, discharge treatment and events, counseling,
mortality, and discharge destination were all abstracted from the
patients’ medical case files and registers maintained at the nursing
station while admitted. Fully anonymized data were used in these
analyses. Verbal and written informed consent were obtained from
the patientand patient’s family members for the study participation
and publication of results.

Quality Metrics and Multifaceted Performance
Measures

Two additional quality metrics and a total of 12 guideline-
based performance measures (5 acute performance measures
and 7 discharge performance measures) for in-hospital stroke
management were considered as developed by the GWTG-stroke
program and adopted by ASA/AHA.”® These measures have
also been endorsed by the National Quality Forum and the ISA.?
Additional quality metrics included were as follows: (A) Door-to-
imaging time (DIT) (within 45 minutes) and (B) door-to-needle time
(DNT) (within 60 minutes). Multifaceted performance measures
included the following five acute performance measures: (A) The
IV-rtPA administration within 3 hours of stroke symptom onset (last
known well time); (B) early antithrombotics (EATs) administration
within 48 hours of admission; (C) deep vein thrombosis prophylaxis
(DVTp) [including unfractionated heparin (UFH) or low-molecular-
weight heparin (LMWH)] within 48 hours of admission; (D) dysphagia
screening; (E) stroke rehabilitation and included the following
seven discharge performance measures: (A) The antithrombotics
(ATs); (B) anticoagulants for atrial fibrillation (ACAF); (C) blood
pressure (BP)-lowering medications [antihypertension (anti-
HTN)]; (D) antidiabetics (ADs); (E) statins in patients with [low-
density lipoprotein cholesterol (LDL-C)] levels of >100 mg/dL;
(F) smoking cessation interventions (counseling or medications);
(G) stroke education and resources given. Only patients who
satisfied the criteria for stroke were subjected to quality metrics
and performance measures. Two different but crucial measures
were also included in this analysis and were compared with the
GWTG study'® and the CNSR study.”® These standards were used
for establishing total performance measure conformance. First, an
all-or-none measure of stroke care was used, which was defined as
the proportion of eligible patients who received all the performance
measure interventions. Second, a composite measure of stroke care
[with a range of “0” (non-adherence) to “1” (perfect adherence)]
was developed to determine the extent to which eligible patients
received evidence-based stroke care. It was calculated by dividing
the number of actual performance measures offered by the total
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number of performance measures which could have been used
for the patient.

Stroke Related Clinical Outcomes and In-hospital
Medical Complications

Primary outcomes assessed include the following: (A) mortality
(in-hospital, and 28-day postdischarge) and discharge against
medical advice (DAMA); (B) major adverse cardiovascular events
(MACESs) [TIA, cerebral infarction, cerebral hemorrhage, and
myocardial infarction (MI)]. The secondary outcomes assessed
include the following: (A) hospital length of stay (LOS) (days) and
(B) in-hospital medical complications [deep vein thrombosis,
convulsive seizure, pneumonia, urinary tract infection, bedsore
(decubitus ulcer), respiratory failure or cardiopulmonary arrest,
anxiety, and depression].

Neurofunctional outcome evaluation was performed using a
modified Rankin score (mRS)."*'® Patients (discharged home only)
were telephonically contacted for a follow-up at the end of 28th-day
postdischarge for assessment of neurofunctional recovery (using
the mRS) and postdischarge mortality outcome evaluation. An
mRS score of 0 or 1 was considered to be a good clinical outcome,
and an mRS score of 0-2 was considered to be a favorable clinical
outcome (neurofunctional recovery).

Statistical Analysis

Proportions were used for categorical variables, and mean
[standard deviation (SD)] or median [interquartile range (IQR)]
were used for nominal variables. The association between the
cerebrovascular event group and patient demographics, clinical
variables, treatments, performance measures, quality metrics,
and in-hospital outcomes were explored using contingency tables
(multivariate logistic regression models). Data were examined
generally as well as by the two kinds of cerebrovascular events,
IS and ICH, for these analyses. All categorical row variables were
subjected to Pearson’s chi-square tests to assess the statistical
connections, and all continuous or ordinal variables were subjected
to Kruskal-Wallis tests.

The relationship between cerebrovascular event groups and
three binary outcome measures mortality (in-hospital or 28-day
postdischarge), discharge home status, and LOS (>4 days vs <4
days; this cut-point represented the median LOS) were further
examined using multivariate logistic regression models. The
variables most predictive of mortality (in-hospital or the 28th-day
postdischarge) in logistic regression models for the cerebrovascular
event group were also compared. In addition, the association of
adherence to performance measures with clinical and functional
outcomes was analyzed using a multivariable Cox proportion
hazard and multivariate regression model. The models used were
not adjusted for patient demographics and clinical characteristics.
Comparisons were made between mortality, discharge status,
specific performance metrics, and LOS above 4 days. All categorical
row variables’ probability values were based on Chi-square rank-
based group mean score statistics (equivalent to the Wilcoxon
test for two levels). All the calculated p-values are two sided, and
statistical significance is defined as p < 0.05. Post hoc analysis with
the Bonferroni method was used, for which the level of significance
was set at p < 0.05; for post hoc analysis of nonparametric statistics,
Bonferroni correction for multiple comparisons was set at p < 0.0100
(0.05/5). If an interaction effect of variables in two-way repeated
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measures was found, the adjusted p value for multiple comparisons
at each time period was p < 0.0083 (0.05/8). Statistical package for
the social sciences (SPSS) software, version 21.0, and Microsoft Excel
software, version 16.45, were used to conduct all of the statistical
analyses. Each author held responsibility for the data’s integrity
and had full access to it.

REesuLTs

For the 200 (78.1%) IS and 56 (21.9%) ICH patients included in
the study, the median (IQR) age was 58 (35-75) and 53 (38-79)
years, and more than half (77.3%) were male (overall). Table 1
summarizes the patient demographics and clinical characteristics
by cerebrovascular event type. Patients with ICH had a relatively
high prevalence of hypertension (71.4%) compared to IS (60%).
Prior stroke/TIA was comparable in both the cerebrovascular event
types, whereas diabetes (35%), dyslipidemia (21%), atrial fibrillation,
or flutter (14%) were majorly present in IS patients. Overall median
NIHSS on admission was 10 (5-16), where ICH patients had high
stroke severity compared to IS.

According to the ISA consensus statement,? patients who
managed to arrive at the stroke unit within 3 hours of symptom
onset had better 3-month neurofunctional outcomes. In our
study patients, a major time median (P,5—P,5) was elapsed from
symptom onset to emergency medicine department (EMD) arrival
[9.2 (2.5-45.2) hours]. The DIT in patients who arrived in less than 3
hours of stroke symptom onset was 40 (22-68) minutes, whereas the
DNT in the eligible patients was 55 (45-65) minutes. Furthermore,
IV-rtPA was administered at 2.2 (1.5-2.7) hours from the symptom
onset (Table 1).

Quality Metrics and Multifaceted Performance
Measures

« Additional quality metrics: The guideline recommends that
door-to-imaging should take 25 minutes, and the interpretation
should be done within 45 minutes, whereas DNT for the
eligible patients should be 60 minutes so as to improve the
viability of IV-rtPA administration at 3-4.5 hours. For every
15-minute reduction in DNT (from arrival to emergency room to
thrombolysis), there are 5% lower odds ratio (OR) of in-hospital
mortality.>® In our study patients, door-to-imaging within
45 minutes was observed in 55-60% of the patients in both
cerebrovascular event types. Adherence to additional quality
metrics is detailed in Table 2.

« Acute performance measures: The mean (SD) composite score
ranged from 0.74 (0.1) in patients with ICH to 0.87 (0.1) in patients
with IS, and the all-or-none measure was in the range of 71.5%
[95% confidence interval (Cl), 70.2-72.1] in patients with IS to
73.2% (95% Cl, 72.7-73.9) in patients with ICH. In India, IV-rtPA is
approved for use up to 4.5 hours, and endovascular treatment is
also available. An additional 4 patients received IV-rtPA between
3 and 4.5 hours for an overall IV-rtPA rate of 92.8% (52/56); in
addition, endovascular treatment alone was administered to 6
(3%) patients. Among measures that were applicable to stroke
types, the proportions of those who undergone DVTp were
69.1% (95% Cl, 68.5-69.6, p = 0.02), and stroke rehabilitation were
91% (95% Cl, 90.4-92.6). This was higher among patients with IS
compared to ICH (p = 0.04). The gap in performance measures
among cerebrovascular event groups was seen in DVTp in the
range of 7.4% (p = 0.02) (Table 2).
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Table 1: Patient demographics, clinical characteristics, and time windows for IS and ICH admissions

IS ICH Total
Variables N=200(78.1%) N=156(21.9%) N =256 (100%)
Age
Mean (SD) 58.1 (x15.7) 53.1(%15.8) 57.1 (£15.7)
Median (IQR) 58 (35-75) 53 (38-79) 57 (36-78)
Gender
Male 160 (80) 38(67.9) 198 (77.3)
Female 40 (20) 18(32) 58(22.7)
Current/history of smoking 101 (50.5) 24 (43) 125 (48.8)
Current tobacco use 92 (46) 21(39.3) 113 (44.1)
Medical history
Hypertension 120 (60) 40 (71.4) 152 (59.4)
Diabetes mellitus 70 (35) 14 (25) 84 (32.8)
Previous stroke/TIA 38(19) 10(18) 48 (18.8)
Dyslipidemia 42 (21) 2(3.6) 44 (17.2)
Atrial fibrillation or flutter 28 (14) 0 28 (11)
CAD/previous MI 10 (5) 8(14.3) 18(7.0)
DVTp/PE 6(3) 0 6(2.3)
NIHSS
Median (IQR) 9(5-15) 11 (6-16) 10 (5-16)
Undocumented 36 (18) 12(21.5) 48(18.7)
1-4 82 (41) 14 (28.6) 96 (37.5)
5-14 70 (35) 20(32) 90 (35.2)
>15 12 (6) 10(17.9) 22(8.6)
Time windows (eligible stroke patients only)
Time of symptom onset to EMD arrival (within 3 8.15 (2.55-45.5) 8.25(1.4-23) 9.2 (2.5-45.2)
hours) median (P,5—P5)
Door-to-imaging time (within 45 mins) median 40 (22-68) 40 (22-65) 41 (23-68)
(PZS_P7S)
Door-to-needle time (within 60 minutes) median 55 (45-65) - 55 (45-65)
(PZS_P75)
Time of symptom onset to IV-rtPA administration 2.2(1.5-2.7) NA 2.2(1.5-2.7)
(within 3 hours) median (P,5—P;5), (n =52)
Administration of EAT (within 48 hours) median 4(2.1-7.7) NA 4(2.1-7.7)
(Py5-P75)
ATs after IV-rtPA (after 24 hours) median (P,5—Ps) 30.2 (26.5-36.8) NA 30.2 (26.5-36.8)
DVTp (within 24 hours) median (P,5-Ps5) 21.4(8.7-25.5) NA 21.4(8.7-25.5)
DVTp after IV-rtPA (after 24 hours) median 32.2(25.1-37.8) NA 32.2(25.1-37.8)

(PZS_P75)
DVTp (after 48 hours) median (P,5—P;s)

NA

63.4 (48.6-132.9)

63.4 (48.6-132.9)

CAD, coronary artery disease; DVTp, deep vein thrombosis prophylaxis; EAT, early antithrombotic; EMD, emergency medicine department; IV-rtPA,
intravenous recombinant tissue plasminogen activator; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale; PE, pulmonary
embolism; TIA, transient ischemic attack

« Discharge performance measures: Antihypertensives were .« Overall performance measures: The composite measure of care
administered to 86.4% (95% Cl, 85.3-87.1) eligible ICH patients ranged from a mean (SD) of 0.80 (0.15) in ICH patients to 0.87
compared to 82.8% (95% Cl, 81.2-84.1) eligible IS patients (0.11) in IS patients. Similarly, all-or-none care measures ranged
(p=0.03).Both cerebrovascular event groups used the smoking from 69.5% (95% Cl, 68.2-70.3) in IS patients to 75.1% (95% Cl,
cessation strategy at an ideal level (>85%). The all-or-none 74.3-76.2) in ICH patients (IS vs ICH, p < 0.01) (Table 2).
measures were significant (p = 0.01) in the range of 75.8% (95%

Cl, 74.7-76.5) in patients with IS to 83.3% (95% Cl, 82.2-84.8)in  In-hospital outcomes and complications
patients with ICH (Table 2). The composite score varied from  We observed significant variations in both the cerebrovascular
0.88 (0.06) in patients with ICH to 0.91 (0.07) in patients with IS.  event groups in mortality, DAMA, MACEs, LOS, and in-hospital
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Table 2: Additional quality metrics (time), individual performance measures (acute, discharge, and overall), and all-or-none measures by

cerebrovascular event type (IS vs ICH)

IS (N = 200) Number/ Frequency (%)  ICH (N = 56) Number/ Frequency (%)
Variables Total Number* (95% Cl) Total Number* (95% Cl) p-value
(a) Additional quality metrics (time)*
Door-to-imaging time (within 45 31/56 55.3 (54.2-57.6) 13/22 59.1 (57.8-61.2) 0.05
minutes)
Door-to-needle time (within 60 mins) 39/52 75.1 (74.3-75.6) - - -
(b) Acute performance measures'
The IV-rtPA administration within 3 48/56 85.7 (84.2-86.3) NA NA -
hours of stroke symptom onset
EATs administration within 48 hours 173/188 92.1 (91.4-93.5) NA NA -
DVTp administration within 48 hours 130/188 69.1 (68.5-69.6) 21/34 61.7 (60.4-62.5) 0.02
Dysphagia screening 170/200 85 (84.4-85.5) 48/56 85.7 (85.1-86.2) 0.45
Stroke rehabilitation 182/200 91 (90.4-92.6) 50/56 89.9 (88.6-89.7) 0.04
Composite score, mean (SD) 0.87(0.1) 0.74(0.1) 0.01
All-or-none measures 143/200 71.5(70.2-72.1) 41/56 73.2(72.7-73.9)
(c) Discharge performance measures*
ATs 163/176 92.6 (91.3-93.1) NA NA -
ACAF 32/37 86.5 (85.2-87.6) NA NA -
BP-lowering medications (anti-HTN) 111/134 82.8 (81.2-84.1) 38/44 86.4 (85.3-87.1) 0.03
ADs 80/96 83.3(82.6-83.9) 21/25 84.1 (83.4-85.5) 0.10
Statins for LDL-C >100 mg/dL 182/186 97.8 (96.2-98.6) NA NA -
Smoking cessation intervention 56/62 90.3 (89.6-90.9) 14/16 87.5 (87.2-87.7) 0.08
(counseling or medications)
Stroke education and resources given 158/186 84.9 (84.2-85.3) 36/42 85.7 (85.2-86.1) 0.32
Composite score, mean (SD) 0.91 (0.07) 0.88 (0.06) 0.01
All-or-none measures 141/186 75.8 (74.7-76.5) 35/42 83.3(82.2-84.8)
(d) Overall performance measures (acute plus discharge)
Composite score, mean (SD) 0.87 (0.11) 0.80 (0.15) <0.01
All-or-none measures 139/200 69.5 (68.2-70.3) 42/56 75.1 (74.3-76.2)

*Number of patients who received quality metric or performance measure (numerator) divided by number of total eligible patients (denominator).
*Only the patients who arrived in EMD within 3 hours of stroke symptom onset. Patients with missing data were excluded from the denominator. fOnly
eligible patients were included in the denominator. *Only eligible patients were included. Deaths and missing data were excluded from the denominator.
ACAF, anticoagulation for atrial fibrillation; ADs, antidiabetics; AF, atrial fibrillation; ATs, antithrombotics; BP, blood pressure; CT, computed tomography;
DVTp, deep vein thrombosis prophylaxis; IVrtPA, intravenous recombinant tissue plasminogen activator; LDL-C, low-density lipoprotein cholesterol;

MRI, magnetic resonance imaging

medical complications (Table 3). Mortality and DAMA were
51.8% (95% Cl, 50.3-52.5) in ICH patients, which was significantly
(p <0.01) higher compared to 24% (95% Cl, 23.3-25.7) in IS patients.
Patients with ICH compared to IS had higher rates of MACEs (21.4%
vs 11%, p = 0.05) and longer LOS (days) [7 (1-31) vs 9 (2-39), p < 0.01].
The median LOS >4 days was higher in ICH patients compared
to IS patients (96.4% vs 78%, p < 0.01). Additionally, ICH patients
experienced considerably higher rates of in-hospital medical
complications (60.7% vs 37.0%, p < 0.01), particularly convulsive
seizure (p = 0.03), pneumonia (p < 0.01), urinary tract infection
(p = 0.05), and respiratory failure or cardiopulmonary arrest
(p < 0.01).

All-or-none care measures and clinical outcomes by cerebro-
vascular event type are summarized in Table 4A. The unadjusted
OR of mortality (in-hospital or the 28th-day postdischarge) were
higher in ICH patients compared to IS patients. The OR of being
hospitalized for more than 4 days remained significantly elevated
for ICH patients compared to IS patients (6.76, p = 0.0003). The
multivariable-unadjusted estimates between IV-rtPA therapy,

optimal adherence with additional quality metrics, acute measures,
discharge measures, and 28-day postdischarge neurofunctional
outcomes are shown in Table 4B. For patients with IS and ICH,
optimal adherence with acute measures was associated with
reduced 28-day mortality (HR = 0.41; 95% Cl, 0.31-0.57) and (HR =
0.63; 95% Cl, 0.49-0.67), respectively, whereas optimal adherence
with discharge measures was associated with reduced 28-day
deaths after discharge (HR = 0.35; 95% Cl, 0.20-0.46) for IS patients
and (HR = 0.45; 95% Cl, 0.31-0.56) for ICH patients. Also, IV-rtPA
therapy was associated with a lower risk of death (HR=0.23;95% Cl,
0.19-0.37). Interventions such as IV-rtPA therapy, in-hospital (acute)
care measures, and discharge care measures were associated with
improved neurofunctional outcomes at the 28th-day postdischarge
in both cerebrovascular event types (OR > 1).

Table 5 summarizes the characteristics that were most
predictive of mortality for both types of cerebrovascular events. In
our datasets of IS patients, atrial fibrillation (OR = 5.5) and diabetes
(OR=5.2) were among the highest predictors of mortality, followed
by hypertension (OR = 4.4), coronary artery disease (CAD)/MI
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Table 3: Stroke related clinical outcomes and in-hospital medical complications by cerebrovascular event type (IS vs ICH)*

Variables IS (n=200) (%) (95% Cl) ICH (n=56) (%) (95% Cl) p-value
(a) Primary outcomes

Discharge home’ 152 (76) (75.3-77.2) 7 (48.2) (47.5-49.6) <0.01
Mortality & DAMA* 48 (24) (23.3-25.7) 29(51.8) (50.3-52.5) <0.01
« In-hospital mortality 4(7) (6.3-7.7) 12 (21.4) (20.7-22.3) <0.01
« 28-day mortality (postdischarge) 6 (4) (3.5-4.5) 8(23) (22.3-23.6) <0.01
- DAMA 8(14) (13.3-14.7) 9(16.1) (15.4-16.9) <0.01
In-hospital MACEs 22 (11)(10.3-11.7) 12(21.4) (20.1-22.7) 0.05
< TIA 2(1)(0.3-1.7) 0(0) -

« Cerebral infraction 8 (4) (3.3-4.7) 4(7.1) (5.8-8.4) 0.35
« Cerebral hemorrhage 2(1)(0.3-1.7) 6(10.7) (9.4-12.1) <0.01
- MI 10 (5) (4.3-5.7) 2(3.6) (2.3-4.9) 0.31
(b) Secondary outcomes

Hospital LOS (days) median (IQR) 7 (1-31) 9(2-39) <0.01
ICU LOS (days) median (IQR) 4(1-22) 6 (2-31) <0.01
Hospital LOS (> 4 days) 156 (78) (77.3-78.7) 54 (96.4) (95.1-97.7) <0.01
In-hospital medical complications 74 (37) (36.3-37.7) 34 (60.7) (60.1-61.4) <0.01
» Deep vein thrombosis 6(3)(2.3-3.7) 2(3.6) (2.3-4.9) 0.70
« Convulsive seizures 2(1)(0.3-1.7) 4(7.1) (5.8-8.4) 0.03
« Pneumonia 14(7) (6.3-7.7) 22(39.3) (38.1-40.5) <0.01
« Urinary tract infection 12 (6) (5.3-6.7) 8(14.3) (12.1-15.6) 0.05
+ Bedsore (decubitus ulcer) 2(1) (0.3-1.7) 2( .6) (2.3-4.9) 0.17
- Respiratory failure or cardiopulmonary arrest 8(9) (8.3-9.7) 2(21.4) (20.1-22.7) <0.01
« Anxiety or depression 24(12) (11.3-12.7) 12 (21.4) (20.1-22.7) 0.08

*Data are represented as number [percentage (95% Cl)] of events unless otherwise indicated. fIndicates patient discharged home, remained alive and
showed up for 28th-day postdischarge follow-up. *Discharge against medical advice was assessed among discharge surviving patients. DAMA, discharge
against medical advice; ICU, intensive care unit; LOS, length of stay; MACEs, major adverse cardiovascular events

Table 4A: All-or-none care measure and clinical outcomes by cerebrovascular event type: Unadjusted OR

Unadjusted
Outcome Event type (vs IS as reference) ~ OR*  Lower (95% Cl) Upper (95% Cl) p-value
All-or-none measure ICH 0.65 0.37 1.16 0.07
Mortality (in-hospital or 28-day postdischarge) ICH 442 4.16 4.82 0.005
Discharge home ICH 0.47 0.25 0.88 0.009
LOS > 4 days ICH 6.76 6.24 7.07 0.0003

*OR indicates odds ratio. Cl, confidence interval; ICH, intracerebral hemorrhage; IS, ischemic stroke; LOS, length of stay

Table 4B: Association of optimal adherence with mortality and with mRS < 2 (favorable functional outcome) at the end of 28th-day postdischarge
Mortality*, HR (95% CI)t

Favorable functional outcome, OR (95% CI)*

Variables IS ICH IS ICH
IV-rtPA therapy 0.23(0.19-0.37) NA 2(3.3-4.9) NA
Additional quality metrics 0.37 (0.23-0.48) 0.67 (0.53-0.78) 2.0(1.1-2.4) 2.2(1.5-2.5)
Acute performance measures 0.41(0.31-0.57) 0.63 (0.49-0.67) 7 (3.1-4.4) 2.1(1.2-3.7)
Discharge performance measures 0.35(0.20-0.46) 0.45 (0.31-0.56) 4.5(3.7-4.9) 34(2.6-4.2)

*Death after IS onset for intravenous rtPA usage, death 48-hours postadmission of acute measures, and death after discharge for discharge measures.
tHazards ratios and odds ratios were unadjusted for patient demographics and clinical characteristics. Cl, confidence interval; HR, hazard ratio; mRS,
modified Rankin score; NA, not applicable; OR, odds ratio; rtPA, recombinant tissue plasminogen activator

(OR =3.9), and previous stroke/TIA (OR = 3.7). A history of CAD/MI  (OR = 6.6) was relatively associated with higher mortality in

and previous stroke/TIA was associated with a higher mortality risk  patients with ICH but lower risk among IS patients. Delayed EMD
for both the cerebrovascular event groups. Whereas, hypertension  arrival was comparatively a low predictor of mortality in ICH but
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Table 5: Variables predictive of mortality among IS and ICH admissions

Variables IS OR, (95% Cl), Chi-square value p-value  Variables ICH OR, (95% Cl), Chi-square value  p-value
Atrial fibrillation 5.5(5.1-5.8), 24.1 0.0001 Hypertension 6.6 (6.2-6.9),32.6 0.0001
Diabetes 2 (5.0-5.8),30.4 0.0001 CAD/MI 35(3.1-3.8),8 0.004
Hypertension 4 (4.1-4.9),19.4 0.0001 Previous stroke/TIA 24(2.1-2.6),5 0.01
CAD/MI 9 (3.8-4.0),6 0.01 Delayed EMD arrival 1.2(0.9-1.3),27.1 0.0001
Previous stroke/TIA 3.7 (3.5-3.9), 16.1 0.0001 Current smoking 0.6 (0.5-0.7), 4.5 0.18
Delayed EMD arrival 8(2.6-3.0),12.6 0.0001 Diabetes 0.5 (0.4-0.6), 6.6 0.009
Current smoking 9(0.7-1.0), 3 0.07 Dyslipidemia 0.5(0.4-0.5), 2.8 0.12
Dyslipidemia 0.6 (0.5-0.7), 2 0.14

CAD, coronary artery disease; EMD, emergency medicine department; Ml, myocardial infarction; TIA, transient ischemic attack
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Fig. 1: Temporal changes in mRS at admission (baseline) and at the end
of 28th-day postdischarge in IS and ICH admissions. Note: In IS patients,
the mean (SD) mRS at admission (baseline) and at the end of the 28th-
day postdischarge was 3.0 (1.3) and 2.0 (1.1), respectively (p < 0.01). In
ICH patients, the mean (SD) mRS at admission (baseline) and at the end
of the 28th-day postdischarge was 4.0 (1.2) and 3.0 (1.6), respectively
(p < 0.01). Comparing neurofunctional recovery in IS vs ICH patients,
significant differences were observed (p < 0.01)

three times the likelihood predictor of mortality in IS (1.2 vs 2.8,
p < 0.01) patients.

The temporal changes in mRS at admission (baseline) and
at 28th-day postdischarge are shown in Figure 1. The favorable
outcomes were based on improvements in mRS < 2 from baseline
to the end of 28th-day postdischarge. At end of the 28th-day
postdischarge, significant neurofunctional recovery was observed
in both the cerebrovascular event groups. Compared to ICH,
patients with IS had better neurofunctional recovery (p < 0.01).
As the rates of MACEs, in-hospital medical complications, and
hypertension were higher among ICH patients, neurofunctional
recovery at the end of the 28th-day postdischarge was less favorable
and was delayed at the same time.

Discussion

This prospective study has provided some crucial understanding of
the variances in stroke risk factors, in-hospital (acute) care, discharge
care, and clinical outcomes in cohorts of hospitalized patients with
IS and ICH. Stroke is on the rise in developing countries. An Indian
population registry study reported that IS was present to the tune
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of range 67.3-80.5%, whereas ICH was responsible for 6.5-19.6%
of the cerebrovascular event cases. The present study showed a
comparable prevalence and characteristics of IS and ICH patients
with those of previously published Indian,>'® Chinese,*'%'” and
the United States studies.”'” Both the cerebrovascular event
groups developed stroke at relatively younger ages compared
to the reports from the Western population. The patients in the
present study were younger by an average of 10-12 years than the
median age reported by the GWTG-stroke study (United States),'
the China Stroke Center Alliance (CSCA)-stroke study (China),”
Close the GAP-stroke study (Japan),'® and the Arbeitsgemeinschaft
Deutschsprachiger Schlaganfall Register (ADSR): stroke study
(Germany)'® patients. Comparable age demographics were
observed in the IUCSP-stroke study (India).' The gender distribution
in the present study showed a male preponderance (>75%), similar
to other studies.”>'®"'® However, this was not the case in the GWTG-
stroke study patients where 52.4% of females had IS and 49.3%
had ICH.!” There was a relatively high burden of modifiable risk
factors in both the cerebrovascular event groups. Hypertension
and diabetes prevention require more efforts in India as predicted
by other studies as well.'® The rates of smoking and tobacco use
in the present study were much higher compared to other similar
studies.'®'%"18 The rates of hypertension and atrial fibrillation were
much lower in the present study, the IUCSP-stroke study (India)'®
and China'” compared to the rates from other studies.'%'8-2

In our study, we compared the critical time targets set by the
AHA/ASA and National Institute of the Neurological Disorders and
Stroke (NINDS) on stroke management to those accomplished in our
study group. Stroke thrombolysis in Indian settings has struggled to
match the worldwide criteria set for door-to-imaging time (DIT) and
DTN time.?" In a recently published Indian study, the majority (73%)
of patients had a DIT of 30-60 minutes, whereas only 19% of the
patients had less than 30 minutes.?? In our analysis, nearly 45-50%
of the patients admitted with ischemic stroke (IS) had DIT below 30
minutes. This means, that a 50% scope of improvement exists at our
center.On the contrary, shorter DTN time is associated with minimal
complications to thrombolytics and improved patient outcomes
(MRS < 2 at 90 days poststroke).”3 The DTN time in our study (55
minutes) was comparable with the recently published Indian study
(54 minutes),>* whereas it was significantly delayed in another study
(100 minutes).> We still have scope for more improvement, and
efforts are on to further reduce DTN time at our center.

There were comparable differences between the present study
and other similar studies in regard to stroke severity (measured with
the NIHSS). Among IS patients, both the stroke severity and the
rates of adherence to IV-rtPA therapy differed significantly (p < 0.05)
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from the published studies from other parts of the world.!%1316-20

Fifty-two of 56 (92.8%) eligible patients received IV-rtPA therapy
within 4.5 hours. Reasons for non-adherence to the guideline in four
patients, though eligible, were stroke severity (NIHSS range, 5-10)
and unaffordability issues as not covered under insurance schemes.
The reason for ineligibility in the rest of the 144 (72%) IS patients
was a delay in reporting to EMD (triage). Delay in presentation
is the most common reason for exclusion from IV-rtPA therapy.
Studies have found that only approximately 20-25% of patients
with acute stroke could arrive in the hospital within 3 hours of
symptom onset.%%%’ Similar findings (28%) were also observed in
our study. Although in the present study there was high adherence
to IV-rtPA therapy among eligible patients, insurance coverage
among overall patients was very low (< 40%). Possible lack of stroke
awareness as a neurological life-threatening emergency (“time
is brain”), compounded with no or low insurance coverage, and
unaffordability of medical expenses for some of the patients in the
present study were the primary reasons attributed to the delay in
getting admitted to EMD (triage). Also, many of the patients were
from the outskirts of the city and rural areas around the city. The
unavailability of emergency medical services or nearby health
clinic facilities in the rural or outskirts of the city and inaccessibility
to governmental health schemes at local hospitals were some
additional but unavoidable reasons for not getting IV-rtPA therapy.

Many of the ICH patients (25% with all-or-none measures) did
not get the eligible treatments, even those explicitly indicated
by the consensus guidelines.>*'"'2 These guidelines advocate a
quick radio imaging for stroke, DVTp following 48 hours of ICH
admission, and smoking cessation. The provision of evidence-
based DVTp therapy (UFH or LMWH) was much less frequent in
ICH patients compared to IS patients, with the exception that ICH
patients were more likely to get rapid radio imaging. The adherence
to dysphagia screening as an acute measure was equivalent in
both cerebrovascular event types. The relatively better but still
suboptimal performance on rapid CT/MRI imaging and dysphagia
screening in ICH patients could be related to the known increased
ICH severity compared to IS patients. We were able to directly test
this hypothesis because the NIHSS is routinely documented in our
clinical practice and is a mandatory data element at our tertiary care
center. Arelatively struggling DVTp adherence rate may be a result
of clinicians’ concerns about high NIHSS, the degree of hematoma,
and worries about expanding hematoma.

In IS patients, the use of ATs on arrival and at discharge is
crucial and is advised to cut down the risk of stroke recurrence, or
TIA.29" |n the present study, the use of ATs was optimal (92.6% in
eligible patients) during hospitalization or at discharge, and more
than three-quarters of patients with atrial fibrillation received
anticoagulants at discharge as international normalized ratio (INR)
monitoring was routinely advised in our university hospital. The
utilization of lipid-lowering therapies was considerably higher
(97.8%) in the present study, which was in line with the findings
regarding the utilization of secondary prevention methods for
IS in the United States”'® and China' after a continuous quality
improvement program.

Hypertension is the most important risk factor for stroke in
India.?® Therefore, it was evident in the present study that the
optimal (>80%) use of antihypertensive therapy was present in
eligible patients at hospital discharge as a performance measure.
Recent data?® proves that diabetes is an important modifiable
risk factor for stroke, especially IS. Case-control and cohort
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studies give insights into the association of diabetes with ICH.3°
Hyperglycemia during the acute stroke phase is associated with
poor neurofunctional outcomesin both IS and ICH patients. Hence,
more than 80% of eligible patients were administered ADs in the
present study. There is some evidence that ICH incidence is linked
to diabetes and obesity, implying that treating these illnesses might
lessen the likelihood of recurrent ICH.3 Whether or not addressing
these risk factors minimizes the likelihood of recurrent ICH, primary
prevention guidelines for coronary heart disease and IS support
their management.

To understand the clinical and statistical relationship between
adherenceto clinical performance measures and clinical outcomes
(especially neurofunctional outcomes), the American Hospital
Association/American College of Cardiology task force on
performance measures has recommended that stroke outcomes be
measured at least 28 days after hospital discharge."'? We observed
that adherence to all 5 in-hospital (acute) performance measures
was associated with reduced hazards of mortality after admission
in both the IS and ICH patients. Also, it was evidently found that
optimal adherence to the secondary prevention measures at
discharge was associated with a reduced rate of mortality and an
increased rate of favorable functional outcome (at the 28th day
postdischarge). This supports the need for such timely guideline-
based interventions and continuous monitoring of the processes
to enhance stroke quality of care.

Strengths and Limitations

The prospective, consecutive data collection on patient cohorts
with ISand ICH, as well as the extensive data collection on a variety
of particular care processes and outcomes up until the 1-month
follow-up, are significant strengths of this study. Only patients who
met the requirements for each quality metric and no documented
patient objections or contraindications to the particular processes
of care were included.

Due to the limitations, when we looked at the relationship
between the cerebrovascular event and the clinical outcomes, we
did not adjust for a wide range of patient characteristics to reduce
confounding. This was due to the lack of previous data at the
hospital, the lack of nationwide and registry-based standardized
data. As the present study hospital was an urban tertiary-care
academic center with stroke and other multidisciplinary experts
who are constantly engaged in quality improvement to deliver
optimum stroke care, the present data likely do not reflect the
nationwide risk factor, prevalence, and quality of care in India.
Therefore, the results of our study may have limited generalizability
to academic hospital practice.

CONCLUSION

The present study showed that both, but especially IS patients,
compared to ICH patients who have received an optimal acute
and discharge-eligible process of care showed significantly
improved functional independence at the end of the 28th-day
postdischarge. The provided optimal stroke quality metrics showed
a positive relationship between acute reperfusion treatments and
neurofunctional recovery in IS patients. DVTp as an in-hospital
(acute) care quality metric needs attention in both cerebrovascular
event types. Nationwide registry development and such quality
assessment and improvement studies are required for the
generalization of these results.
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