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Objective The study aims to determine the effects of implementing stroke unit (SU) 
care in a remote hospital in North-East India.
Materials and Methods This before-and-after implementation study was performed 
at the Baptist Christian Mission Hospital, Tezpur, Assam between January 2015 and 
December 2017. Before the implementation of stroke unit care (pre-SU), we collected 
information on usual stroke care and 1-month outcome of 125 consecutive stroke 
admissions. Staff was then trained in the delivery of SU care for 1 month, and the same 
information was collected in a second (post-SU) cohort of 125 patients.
Statistical Analysis Chi-square and Mann–Whitney U test were used to compare 
group differences. The loss to follow-up was imputed by using multiple imputations 
using the Markov Chain Monto Carlo method. The sensitivity analysis was also per-
formed by using propensity score matching of the groups for baseline stroke sever-
ity (National Institute of Health Stroke Scale) using the nearest neighbor approach to 
control for confounding, and missing values were imputed by using multiple imputa-
tions. The adjusted odds ratio was calculated in univariate and multivariate regression 
analysis after adjusting for baseline variables. All the analysis was done by using SPSS, 
version 21.0., IBM Corp and R version 4.0.0., Armonk, New York, United States.
Results The pre-SU and post-SU groups were age and gender matched. The post-SU 
group showed higher rates of swallow assessment (36.8 vs. 0%, p < 0.001), mobil-
ity assessment, and re-education (100 vs. 91.5%, p = 0.037). The post-SU group also 
showed reduced complications (28 vs. 45%, p = 0.006) and a shorter length of hospital 
stay (4 ± 2.16 vs. 5 ± 2.68 days, p = 0.026). The functional outcome (modified rank-
ing scale) at 1-month showed no difference between the groups, good outcome in 
post-SU (39.6%) versus pre-SU (35.7%), p = 0.552.
Conclusion The implementation of this physician-based SU care model in a remote 
hospital in India shows improvements in quality measures, complications, and possibly 
patient outcomes.
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Introduction
In the year 2016, globally there were 80.1 million prev-
alent cases. The incidence of stroke in India ranges from 
121 to 150 per 100,000.1 There is a high burden of stroke 
in the north-eastern states of India.2 Among the vari-
ous evidence-based stroke treatments, stroke unit (SU) 
care has been estimated to have the greatest population 
impact.3 However, establishing SUs in low and middle-in-
come countries (LMICs) is challenging because of limited 
resources, lack of infrastructure, shortage of neurologists and 
rehabilitation staff, and lack of government funding.4 Various 
strategies are being studied and explored in LMICs that are 
culturally acceptable and cost-effective.5

Despite these challenges, there has been a rise in the 
number of SUs in LMICs.6 However, further expansion would 
be greatly aided by the development of a physician-based 
model of SU that is a sustainable and viable option. This 
model of care has been tested in SU trials in high-income 
countries3 but is relatively untested in LMIC settings, and 
it is unclear whether they will improve stroke outcomes. 
This research was designed to evaluate the effects of imple-
menting a physician-based SU model in a remote hospital in 
North-East India.

Methods
This study was a before and after cohort study performed in 
the Baptist Christian Hospital (BCH) in Tezpur, Assam. The data 
collection for the pre-SU group was done from January 2015 to 
March 2016 and for the post-SU group from October 2016 to 
December 2017. The SU manual was developed, and the staff 
in the SU was trained during the intervening period. The inclu-
sion criteria for the study followed all patients admitted with 
ischemic, hemorrhagic strokes, transient ischemic attack, and 
spontaneous subarachnoid hemorrhage over 18 years of age. 
Patients with a traumatic brain hemorrhage and brain tumor 
were excluded from the study. The approval for the study was 
obtained from the institutional review board of Emmanuel 
Hospital Association, New Delhi. The informed written con-
sent was taken from all the participants of the study.

Tezpur is situated in the eastern state of Assam in 
India (►Fig. 1).

According to the 2011 census, the total population in this 
region is 102,505. There are 13 hospitals in Tezpur includ-
ing private and public, and no SUs in these centers. BCH is a 
200-bed secondary care hospital with National Accreditation 
Board for Hospitals and Healthcare Providers accreditation. 
There is one physician (Department of Internal medicine), 
besides 27 doctors from different departments (obstetrics 
and gynecology, ophthalmology, orthopedics, pediatrics, 
radiology, anesthesia, surgery, and dental), 126 nurses, two 
physiotherapists, and an occupational therapist in this hos-
pital. There are no neurologists in this region. The hospital 
has a CT Scanner and facilities to do carotid and vertebral 
Doppler studies were unavailable during the study period.

Pre-Stroke Unit Phase
Before implementing the SU intervention, we collected infor-
mation on a cohort of 125 consecutive stroke admissions. 
All the demographic information was collected from patient 
charts by the research staff in BCH.

All stroke patients were admitted and treated in a medicine 
ward. The nurses allotted in these wards were not specially 
trained to care for stroke patients. Antiplatelet, anticoagu-
lant medication prescription, deep vein thrombosis prophy-
laxis, and swallow test were not routinely performed on all 
patients. Variables like the National Institute of Health Stroke 
Scale (NIHSS), medical complications, multidisciplinary team 
(MDT) approach, and length of hospital stay were collected. 
Patients were also followed up at 1 month and the outcome 
was documented by using the modified ranking scale (mRS).

Implementation of Stroke Unit Care
The SU manual was developed and was written jointly by 
the researchers. This manual defines stroke clearly for the 
staff. It gives guidelines on quick, efficient, and pertinent 
history taking. It guides the staff on how to rapidly exam-
ine a suspected stroke patient, accurately calculate stroke 
severity, and localize the lesion according to symptoms.  
A modified multi-MDT was used for post-stroke care includ-
ing a physician, nurses, physiotherapists, and an occupa-
tional therapist.

Fig. 1 Shows the Tezpur location on the map of India.
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It helps in ordering all relevant investigations at base-
line. This manual also helped in establishing a geographi-
cally defined SU, determining the number of beds according 
to need, employing MDT working, additional training of the 
existent staff, and establishing protocols. The MDT met once 
a week to discuss and plan the management of individual 
patients. The team also organized seminars for the relatives 
and caregiversregularly.

Six beds were allocated in SU. Protocols for blood pressure 
and blood sugar controls were also introduced and imple-
mented. Antiplatelet and anticoagulants guidelines were 

established. A swallow test was performed on all patients in 
the SU. If a patient did not pass the swallow test, a nasogas-
tric tube was inserted. All the complications documented in 
both pre-SU and post-SU groups were defined as per our pre-
viously published research.7

Post-Stroke Unit Phase
The SU intervention with protocols was implemented 
after 1 month of training. A 2-hour training was given to 
physician for three times in a week for 1 month through 
Skype. The physician then trained the SU nurses, phys-
iotherapists, and occupational therapist. The training 
program was designed to promote the core knowledge, 

skills in the area of diagnosis, investigation, and treat-
ment of stroke patients. The team was also trained to 
address the issues that can affect the patient outcome 
and emphasized providing MDT approach to improve 
stroke care. The training module was adapted from the 
Indian Stroke Association guidelines.8 In the second 
cohort, 125 consecutive stroke patients were reassessed. 
The same variables in the pre-SU were documented in 
post-SU care.

The key features of stroke intervention are mentioned in the 
box below:

The reporting guidelines of STROBE were followed for 
the study and the allocation of participants was shown 
in a flow (►Supplementary Material 1 [available in the 
online version]).

Sample Size
The previously done study comparing SU care with patients 
managed in the medical ward in an Indian setting showed a 
reduction of complication by 22% and in-hospital mortality 
by 35%.9 The sample size for an expected 20% reduction in 
complications and a 35% reduction in-hospital mortality was 
210 and 62, respectively, at 80% power with a type 1 error 
of 5%. By taking the maximum of both, the sample size for 

Key features of stroke intervention

Training of local physician: 2 hours training session for three times in a week for 1 month through Skype by stroke experts.

 • How to establish the SU
 • Key components of basic SU care, assessment, and monitoring with selected clinical assessments (neurological and medical 

monitoring)
 • Medical and rehabilitation management in the acute phase

Training of stroke team (SU nurses, physiotherapists, and occupation therapist): locally, the trained physician has conducted 2 hours ses-
sion for 5 days a week for 1 month to stroke team as guided by stroke rehab experts.

 • Acute nursing care
 • Secondary complications management
 • Importance of the multidisciplinary approach
 • Early mobility and post-stroke rehabilitation
 • Discharge planning

Formal multidisciplinary team meetings to discuss individual patient progress, treatment goals, and the issues that can affect the patient 
outcome

Stroke care pathway protocols

Assessment and monitoring

 • Medical diagnosis
 • Nursing assessment and 

monitoring
 • Treatment assessment

Acute management 
(first 5 days)

 • Physiological management
 • Managing complications
 • Early mobilization
 • Acute nursing care

Multidisciplinary team (MDT) 
approach

 • Coordinated teamwork
 • Close linking of nursing with 

rehabilitation
 • Early rehabilitation and 

involvement of caregivers
 • Provision of information 

on stroke, recovery, and 
rehabilitation

Discharge planning

 • Early assessment of discharge 
needs

 • Identification of recovery 
goals with patient and 
caregiver

 • Discharge plan involving 
patient and caregiver

 • Rehabilitation input 
in-home setting

1-month patients’ follow-up was taken in outpatient department or telephonically
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our study was n = 250, 125 in each group considering a 15% 
drop out rate.

Statistical Analysis
In descriptive statistics analysis, continuous variables are 
stated as mean ± standard deviation or median (interquar-
tile range). Categorical variables are depicted as count (per-
centage). Kolmogorov–Smirnov test was used to check the 
normality of the variables. Chi-square was used to compare 
the categorical variables and the Student’s t-test or Mann–
Whitney U test was used to compare continuous variables 
between the groups. The loss to follow-up was imputed by 
using multiple imputations using the Markov Chain Monto 
Carlo method (MCMC) after missing patterns showed the 
values were missing at random by treating the functional 
outcome as a dichotomous variable with 0 to 2 score indi-
cating good outcome and 3 to 5 indicating bad outcome. The 
sensitivity analysis was also performed by using the propen-
sity score matching of the groups for baseline stroke severity 
(NIHSS) using the nearest neighbor approach to control for 
confounding, and missing values were imputed by using mul-
tiple imputations. The adjusted odds ratio was calculated in 
univariate and multivariate regression analysis after adjust-
ing for baseline variables.

All the analysis was done by using SPSS, version 21.0. IBM 
Corp and R version 4.0.0, Armonk, New York, United States.

Results
Demography: Total number of stroke patients admitted to 
the hospital during the study period was 250, with pre-stroke 
and post-SU arms having 125 patients each. The mean age of 
the patients was 61 ± 14.1 years and 153 (61%) were men. 
There was a difference in education levels and work status 
between both the groups (►Supplementary  Material  S2 
[available in the online version]).

Patients in pre-SU group had higher NIHSS score. 
Intracerebral hemorrhage rate was high in both the groups 
(pre-SU 74 [59.2%] vs. post-SU care 63 (50.4%), p = 0.227. 
Fewer patients in the pre-SU group had hypertension 
(77 [61.6%] vs. 122 [97.6%], p ≤ 0.001), nonvalvular atrial 
fibrillation (1 [0.8%] vs. 18 [14.4%]; p < 0.001) and diabetes 
(16 [12.8%] vs. 19 [23.2%]; p = 0.032); all other risk factors 
were comparable (►Supplementary Material S2 [available 
in the online version]).

In the pre-SU group, the overall incidence of complications 
was higher as compared with the post-SU group (►Table 1).

A higher proportion of patients in the post-SU group 
received anticoagulants, antiplatelet, antihypertensive, 
oral hypoglycemic, and cholesterol-lowering drugs both 
in-hospital and at discharge as compared with the pre-SU 
group (►Table 2).

In the post-SU group, the length of hospital stay was 
shorter, and no difference was observed in functional out-
come (mRS) at 1 month after imputation for the lost to 
follow-up was done by using multiple imputation method. 
The functional outcome after imputation showed the same 

trend as in a complete case analysis (adjusted odds ratio 
[OR]: 0.65; 0.26–1.66, p = 0.369; ►Table 3).

The sensitivity analysis was performed by using propen-
sity score matching for baseline severity after missing val-
ues imputed using multiple imputation method, but both 
the groups were found matching for all the observations. 
After case-mix adjustment for baseline stroke severity, 
stroke type, first-ever stroke, and risk factors in multi-
variate logistic regression model, we found more patients 
in the post-SU group received mobilization (adjusted 
OR: 4.14; 0.33–51.38) and in-hospital secondary stroke 
preventions, diabetes medication (adjusted OR: 3.18; 
0.98–9.90), and statins (adjusted OR: 4.03; 0.40–40.39, p 
= 0.236) compared with the pre-SU group. The odds ratio 
for the case-mix adjustment model was shown in a forest 
plot (►Fig. 2).

Discussion
The physician-based SU model in a remote area of India 
showed fewer in-hospital complications, reduced hospital 
stay, improvement in secondary prevention measures, and 
a trend toward a better outcome.

The interventions made in BCH, Tezpur did not require 
large capital investment but appeared to improve the quality 
of stroke care and patient outcome. It is especially important 
for LMICs like India where neurologists and imaging facilities 
are limited specifically in rural areas. The interventions had to 
incorporate the high proportion of intracerebral hemorrhage 
and the other components of intervention include supple-
menting the training of nurses and other staff in the rapid eval-
uation of stroke severity, localizing lesions and order timely 

Table 1  Comparison of complications in pre-stroke and post-
stroke unit groups

Complications Pre-stroke 
unit
n(%)

Post-stroke 
unit
n(%)

p-Value

Overall 56 (44.8) 35 (28.0) 0.006

Neurological

Seizure 1 (0.8) 2 (1.6) 0.505

Unexplained 
events

0 (0) 1 (0.8)

Infection

UTI 0 (0) 2 (1.6) 0.145

Chest infection 11 (8.8) 12 (9.6)

Other infections 1 (0.8) 6 (4.8)

Pain

Shoulder 2 (1.6) 1 (0.8) 0.650

Other 10 (8.0) 9 (7.2)

Psychological

Depression 14 (11.2) 0 (0) 0.031

Anxiety 8 (6.4) 1 (0.8)

Confusion 18 (14.4) 9 (7.2)

Abbreviation: UTI, urinary tract infection.



360

Journal of Neurosciences in Rural Practice Vol. 12 No. 2/2021 © 2021. Association for Helping Neurosurgical Sick People.

Physician-Based Stroke Unit in India John et al.

investigations, maintain blood pressure and blood sugar lev-
els, holding a weekly assessment meeting to plan individual 
patient care, and train the caregiver and/or relative while the 
patient was admitted in the hospital.

In a study from South Africa, multidisciplinary stroke care 
was successfully implemented in a secondary-level hospital 
with a reduction in inpatient mortality and an increase in 
referral for inpatient rehabilitation.10 In a few states of India, 
physician-based SUs have been developed with subsequent 
increases in the use of thrombolysis; however, there was 
no comparison made before and after implementation of 
SUs.11 Besides, this model of care emphasized thrombolysis 
more than SU care. Organized stroke care across income levels 

(OSCAIL) is a similar initiative, which is being tested in multi-
ple remote hospitals in Africa and India where there is a lack 
of infrastructure. The northeastern states in India have a high 
rate of stroke in particular ICH.2,12,13 This is related to the high 
prevalence of hypertension in these regions.2 In the post-SU 
group, the higher use of ECG could have been the reason which 
leads to greater cases of atrial fibrillation.

This study has several strengths; it was done in a 
remote rural setting where there are no neurologists. The 
physician-based model is feasible and can lead to an improve-
ment in stroke quality outcome measures. Reorganizing the 
existing infrastructure of the hospital helped to avoid the 
huge costs involved in setting up SUs. Lack of infrastructure 

Table 2  Comparison of assessment and re-education and secondary stroke prevention given in pre-stroke and post-stroke unit 
groups

Pre-stroke 
unit
n (%)

Post-stroke 
unit
n (%)

p-value Adjusted odds ratio

Odds 
ratio

95% CI (lower-upper)

Assessment and re-education

Swallowing assessment 0 (0) 46 (36.8) <0.001

Mobility assessment and 
re-education

114 (91.2) 124 (99.2) 0.037 10.034 1.152–87.399

Evidence of meeting with 
multidisciplinary team 
approach

114 (91.2) 125 (100.0) 0.001

In hospital (secondary stroke prevention)

Anticoagulant drugs 1 (0.8) 17 (13.6) <0.001 10.346 1.299–82.413

Antiplatelet drugs 0 (0) 39 (31.2) <0.001

Antihypertensive 103 (83.1) 121 (96.8) <0.001 4.773 1.392–16.364

Diabetes medication 8 (6.4) 27 (21.6) 0.001 8.336 1.826–37.842

Statins 1 (0.8) 9 (7.2) 0.010 4.094 0.476–35.192

On discharge

Anticoagulant drugs 0 (0) 18 (14.4) <0.001

Antiplatelet drugs 1 (0.8) 33 (26.4) <0.001 42.447 4.669–383.427

Antihypertensive 82 (65.6) 113 (90.4) <0.001 4.632 2.124–10.099

Diabetes medication 7 (5.6) 30 (24.0) <0.001 21.108 4.279–104.121

Statins 0 (0) 10 (8.0) 0.001

Table 3  Comparison of outcome at discharge and after 1 month in pre-stroke unit and post-stroke unit groups

Outcome Pre-stroke unit
n (%)

Post-stroke unit
n (%)

p-Value Adjusted odds ratio

Odds ratio 95% CI (lower-upper)

Length of hospital stay (d)
Mean ± SD

5 ± 2.68 4 ± 2.16 0.026 0.039 0.011–0.133

Vital status at discharge

Alive 114 (91.2) 121 (96.8) 0.062 1.000

Dead 11 (8.8) 4 (3.2) 0.376 0.091–1.543

Mortality 13 (10.4) 19 (15.2) 0.256 2.391 0.862–6.627

mRS

Good outcome (0–2) 40 (35.7) 42 (39.6) 0.552 0.732 0.274–1.956

Bad outcome (3–5) 72 (64.3) 64 (60.4) 1.000

Abbreviations: CI, confidence interval; mRS, modified ranking scale; SD, standard deviation.
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is a major challenge in establishing SUs in LMICs which this 
study was able to address and successfully implement.

The study limitation is that it was a before and after design 
study which tests the short-term effects of an intervention. 
In remote areas in India, it is difficult sometimes to follow 
up the patients due to multiple factors. Hence, we imputed 
the missing values using a multiple imputation method. 
Missing value analysis of the data showed a random pattern, 
which indicates that the outcome of this study will not be 
significantly influenced by missing values. Despite the above 
limitation, this study appeared to show improved quality 
outcome measures in SU care.

Conclusion
A physician-based SU model is feasible in a remote area in 
India and showed improved quality measures. The imple-
mentation of this model should be feasible for other remote 
hospitals within the country and also in other LMICs.

Note
All data relevant to the study are included in the article 
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