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Abstract

Research Article

Introduction

Stroke is a common and concerning medical problem worldwide 
because of the disabilities and deaths associated with it.[1] It is one 
of the most important causes of death both in urban and rural parts 
of India.[2] It is estimated that, in coming years, the burden will 
mostly increase in developing countries compared to developed 
countries.[3] India comparatively has a higher prevalence of 
hemorrhagic strokes compared to the west with the percentage 
of strokes approaching 70%–80% depending on the location.[4,5]

Time is the essence in the treatment of acute strokes both 
hemorrhagic and ischemic types. Prompt treatment of stroke 
patients is associated with better patient outcomes in the 
form of lesser symptomatic intracranial hemorrhage rates, 
better discharge destinations as well as lower inhospital 
mortality rates.[6,7]  However, significant delays are often seen 
in the treatment of patients with acute stroke,[8] especially in 

resource‑limited settings. There are multiple limitations in 
thrombolysis of stroke patients even in tertiary care centers.[9] 
Delay in treatment in the hospital can be minimized by utilizing 
a systematic approach.[10] Efforts are continuously made to 
reduce the time lag between patient arrival and initiation of 
treatment. “Stroke code” (SC), i.e., a rapid response system 
is one such approach.[8,11,12] We implemented this “SC” in the 
hospital. The stroke team members including the nursing staff 
and supporting staff were trained on “SC”. Data on the impact 
of SC in an Indian tertiary care setup are limited.

Objective: “Stroke code” (SC) implementation in hospitals can improve the rate of thrombolysis and the timeline in care of stroke patient. 
Materials and Methods: A prospective data of patients treated for acute ischemic stroke (AIS) after implementation of “SC” (post‑SC era) were 
analyzed (2015–2016) and compared with the retrospective data of patients treated in the “pre‑SC era.” Parameters such as symptom‑to‑door, 
door‑to‑physician, door‑to‑imaging, door‑to‑needle (DTN), and symptom‑to‑needle time were calculated. The severity of stroke was calculated 
using the National Institutes of Health Stroke Score (NIHSS) before and after treatment. Results: Patients presented with stroke symptoms in 
pre‑ and post‑SC era (695 vs. 610) and, out of these, patients who came in window period constituted 148 (21%) and 210 (34%), respectively. 
Patients thrombolyzed in pre‑ and post‑SC era were 44 (29.7%) and 65 (44.52%), respectively. Average DTN time was 104.95 min in pre‑SC 
era and reduced to 67.28 min (P < 0.001) post‑SC implementation. Percentage of patients thrombolyzed within DTN time ≤60 min in pre‑SC 
era and SC era was 15.90% and 55.38%, respectively. Conclusion: Implementation of SC helped us to increase thrombolysis rate in AIS and 
decrease DTN time.
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Objective
The objective of this study was to evaluate the impact of SC 
implementation on outcomes in patients with acute ischemic 
stroke (AIS).

Materials and Methods

Approval from the Institutional Ethics committee was received 
for the study protocol. Data of patients with AIS treated after 
implementation of SC in 2014 (post‑SC era) were analyzed 
and compared with the previously published pre‑SC data.[9] 
Consecutive patients presenting with symptoms of stroke were 
screened at the emergency and only those patients within the 
window period for thrombolysis, i.e., within 4.5 h after onset of 
symptoms of stroke were screened. After imaging, decision for 
thrombolysis was made. The evaluation parameters included 
the National Institutes of Health Stroke Scale (NIHSS) score 
before and after treatment in both groups, i.e., pre‑ and post‑SC 
period. Other parameters, i.e., symptom‑to‑door  (STD), 
door‑to‑physician  (DTP), door‑to‑imaging  (DTI), and 
finally, door‑to‑needle  (DTN) time were calculated and 
compared in patients before and after SC implementation. 
The improvement in thrombolyzed patients at 3 months was 
tracked telephonically – this improvement was assessed with 
the help of  modified Rankin  (mRS) score. The number of 
patients with a DTN time <60 min was compared before and 
after SC implementation. Furthermore, hour‑wise distribution 
of thrombolyzed patients was analyzed [Figure 1].

Statistical analysis
Primary analysis along with graphical representation of the 
data was carried out using MS Excel. Descriptive statistical 
analysis was carried out to explore the distributions of 
several characteristics of the cases studied. The results on 
categorical data were shown as n (% of cases) and the results 
on quantitative variables were shown as mean  ±  standard 
deviation. The data were checked for normality, and 
statistical comparisons were done using appropriate statistical 

tests  [Figure 2]. Dependent variables were compared using 
Wilcoxon signed‑rank test while independent variables were 
compared using Mann–Whitney test. Z‑test of proportions 
was also used to compare proportions between the groups. 
P < 0.05 was considered to be statistically significant. The 
entire statistical analysis was performed using the Statistical 
Package for the Social Sciences  (SPSS version  20.0, IBM 
Corp., Armonk, NY, USA) for MS Windows.

Results

Figure  1 gives a breakup of the stroke patients presenting 
to the hospital during the two eras. The data of the 
patients thrombolyzed in the two eras  (44 and 65  patients, 
respectively) were considered for the analysis. The mean age 
of patients treated pre‑ and post‑SC was 57.39 (±13.31) and 
58.94  (±12.54) years, respectively. Demographic variables 
and severity of stroke patients were comparable. The other 
baseline characteristics of patients treated pre‑ and post‑SC 
are given in Table 1.

Among the patients contraindicated for thrombolysis, majority 
of them had intracerebral bleed 62  (41.8%) in pre‑SC era 
and 52 (36.87%) in post‑SC era. Twenty‑five patients in SC 
era had come with symptoms of stroke, but their magnetic 
resonance imaging (MRI)–diffusion‑weighted images (DWIs) 
were normal. The various reasons for contraindication for 
thrombolysis are depicted in Table 2.

The mean NIHSS score in the pre‑SC era before thrombolysis 
was 9. 86  (±4.12), while after thrombolysis, it reduced to 
7.25 (±10.93). The change in mean NIHSS score posttreatment 
was not significantly different (P = 0.0003). The mean NIHSS 
score post‑SC before treatment changed from 10.54 (±6.09) 
to 7.98  (±6.97) posttreatment. The change in mean NIHSS 
score posttreatment was statistically significant (P < 0.001). 
The mean NIHSS scores before and after thrombolyses in the 
two eras have been elucidated in Table 3. Postthrombolysis, 
there was significant improvement in NIHSS score in both 
the groups.

The comparison of pre‑ and post‑SC thrombolysis inhospital 
management timelines in terms of STD, DTP, DTI, and DTN 

Figure  2: Flowchar t for screening stroke patient data in pre‑  and 
poststroke code era

Figure 1: Flowchart of parameters of stroke patients used for analysis 
in our study
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time is given in Table 4. There was a significant reduction 
in DTI, DTP, and DTN time after implementation of 
SC (P < 0.001).

Table 5 gives a representation of the hour‑wise distribution 
of the DTN times of the thrombolyzed patients in the 
two eras. The number of patients with “DTN time” 
≤60  min significantly increased from 15.90% before SC 
implementation to 55.38% post‑SC implementation which 
was significantly higher.

In this study, while the STD time in post‑SC era was higher 
than the pre‑SC era by 16.58 min (±10.87), symptom‑to‑needle 
time was less by 24 min. This may be due to the improvement 
in DTN time in post‑SC era. In the post‑SC era, the patients 
presenting with STD time ≥60 min improvement in DTI time 
contributed more in reducing DTN time.

Discussion

In resource‑limited settings, the emergency evaluation and 
inability to determine eligibility for thrombolysis by the stroke 
team are the major inhospital delays in the management of 

stroke patients.[9,13] Patients presenting within 4.5 h of onset of 
symptoms are thrombolyzed with intravenous recombinant tissue 
plasminogen activator (IV tPA) treatment.[1] Therefore, timely 
arrival of patient and prompt treatment in this hospital is very 
critical. In pre‑SC era, we thrombolyzed only 15.9% of acute 
ischemic stroke patients  within 1 h of their arrival.[9] The reasons 
for suboptimal lysis rates for stroke in the pre‑SC area could have 
been prehospital delay, i.e., onset to arrival time in the hospital 
extended beyond 4.5 h and inhospital delay in initiating treatment 
or both. Padma et al. had also reported similar causes for low 
rate of thrombolysis.[14] Given the potentially serious adverse 
effects of stroke, it is important to give high priority for these 
patients in emergency settings.[6] Having rapid response system is 
useful approach in reducing the time lag between patient arrival 
and initiation of treatment. Gomez et al. showed possibility of 
reducing inhospital treatment delay using rapid response system. 
They compared data of 12 patients treated with this approach 
versus 86 patients in the control group.[8] This study’s population 
was higher compared to the Gomez et al. study, but the results 
were similar with significant differences being observed between 
the consultation intervals in the two groups.

Table 1: Baseline characteristics

Pre‑stroke code Post‑stroke code
Total number of patients 44 65
Mean age (years) mean (+SD) 57.39 (+13.31) 58.94(+14.04)
Male n (%) 35 (79.5%) 51 (80%)
Female n (%) 9 (20.5%) 13 (20%)
No co‑morbidity n,% 13 (29.5)  13 (20)
Co‑morbidity

HT n, % 6 (3.6) 10 (15)
DM n, % 2 (4.5) 8 (12.3)
IHD n, % 2 (4.5) 3 (4.61)
Hypothyroid n % ‑ 1 (1.5)
Alcoholic liver disease n % 1 (2) ‑
Seizure disorder n % 1 (2) ‑

More than one co‑morbidity (HT/DM/IHD/Hypothyroid)
COPD/BA n % 19 (43) 26 (40)
Venous sinus thrombosis n,% ‑ 2 (3.07)
AF (3.07)
CVA 5 (7.69%)

Medications
Antihypertensive Data not available 15 (23.07)
Antiglycemic 7 (10.76)
Statins 4 (6.15)
Antiplatlet 13 (20)
Anti‑coagulants 2 (3.07)

NIHSS
≤5 11 (25) 15 (23.07)
6 to 15 26 (59) 34 (52.30)
16 to 25 7 (15) 15 (23.07)

Symptom to door time (STD), (mean) 83.43 mins (47.41) 99.58 (57.58)
Annual volume of ischemic stroke admission 203 305
Annual volume of tPA administration mean 16 (15‑17) 32 (31‑34)
HT: Hypertension; DM: Diabetis mellitus; IHD: Ischemic heart diseases; BA: Bronchial asthma; COPD: Chronic obstructive pulmonary disease; AF: Atrial 
fibrillation; NIHSS: National Institutes of Health Stroke Score; tPA: Tissue plasminogen activator
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Global guidelines for stroke recommend that DTI time should 
be <25 min and DTN time should be <1 h in at least 80% of 
the thrombolyzed patients as an important indicator of quality 
of stroke care.[12,15]

Similar to Olson et al., we had identified five domain which 
will help our rapid response team in improving DTN time.[16]

The five domains were as follows:
1.	 Stroke code protocol: Stroke protocol was drafted and 

made available in emergency department and also in 
all outpatient department units of hospital. Continuous 
training and education were imparted about SC 
throughout the hospital. This helped us to identify patients 
with symptoms of stroke at every level and increase the 
percentage of patients

2.	 Communication and teamwork: Multidisciplinary 
team was formed  (emergency department, radiology 
department, medical resident/neurophysician, and 

intensivist). Each member identified themselves as part 
of a team. After initiation of SC, communication was 
maintained among team members during whole process 
till patient got thrombolyzed

3.	 Organizational/management culture: Communication 
with key people in administration department regarding 
the financial and logistic issue related to tPA and stroke 
treatment was undertaken. By doing so, more number 
of AIS patients who refused thrombolysis on financial 
ground or due to delay in official document preparations 
would be thrombolyzed. Staff and SC members were fully 
supported. Early thrombolysis was the goal

4.	 Performance monitoring and feedback: Initially 
stroke audit was conducted annually, but post‑SC 
implementation, it is being conducted quarterly. This 
helped in terms of monitoring individual roles more 
effectively. The main reasons identified for delays in 
thrombolysis were availability of tPA, administrative 
issues, and time wasted in transportation. Hence, the 
tPA vial was made available in radiology, emergency, 
and stroke unit. Currently, the stroke patients are being 
thrombolyzed in imaging department rather than waiting 
for bed availability in stroke unit or transporting patient 
back in casualty

5.	 Appreciation of performance: At the same time, shortest 
DTN code was celebrated and members attending 
to the shortest code were appreciated in front of all 
departments.

Table 2: Reasons for contraindications for thrombolysis

Reasons for contraindication Pre‑stroke code era n, (%) Post stroke code era n, (%)
Patients out of window period 547 (78.7) 400 (65.57)
Total number of patients within window period but contraindicated for thrombolysis 104 (70.25) 141

IC bleed 62 (41.8) 52 (36.87)
NIHSS low/rapidly improving 19 (13.47)
NIHSS >/Malignant MCA infarct 3 (2.8) 9 (7.09)
Metabolic Encephalopathy 6 (5.7%) 7 (4.96)
TIA 13 (9.45) -
Patient on Warfarin/Acitrome 5 (3.54)
Relatives not willing (age/finance/patient refusal) 9 (8.5%) 6 (4.25)
Recent surgery 1 (0.9) 5 (3.54)
Recently thrombolysed 1 (0.9) 4 (2.83)
Recent history of Bleeding (GI/Hematuria/Epistaxis/hemarthrosis) ‑ 5 (3.54)
Recent CVA 3 (2.8) ‑
Meningitis 2 (1.9) 1 (0.70)
Infective carditis ‑ 1 (0.70)
Space occupying lesion ‑ 1 (0.70)
Low hemoglobin 1 (0.9) ‑
Drug overdose 1 (0.9) ‑
Epilepsy 1 (0.9) ‑
Demylinating lesions 1 (0.9) ‑
MRI (DWI) normal ‑ 25 (17.73)
History of fall 1 (0.70)

IC: Intracerebral bleed; NIHSS: National Institutes of Health Stroke Score; TIA: Transient ischemic attack; CVA: Cerebrovascular attack; MRI: Magnetic 
resonance imaging; DWI: Diffuse wetted image,

Table 3: National Institutes of Health Stroke Scale change 
pre‑ and post‑thrombolysis in the pre‑ and post‑stroke 
code eras

Era n Mean NIHSS SD IQR P
Pre‑stroke 
code

44 Before thrombolysis 9.86 4.12 6.5 0.003
Post thrombolysis 7.25 6.76 7.5

Post‑stroke 
code

65 Before thrombolysis 10.54 6.09 9 <0.001
Post Trombolysis 7.98 6.97 7

IQR: Interquartile range; SD: Standard deviation
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Post‑SC activation, the number and percentage of AIS patients 
receiving IV tPA increased from 44 (6.3%) to 65 (10.65%), 
from results. This is a significant decrease in the timeline of 
stroke thrombolysis which supports the importance of SC 
protocol.

Chen et al., in their study, experienced similar results after 
initiation of SC protocol.[17]

Thus few steps such as: Staff education (nurses, medicine 
resident, EMS personnel, Intensivist), dedicated SC number, 
prioritizing patient for imaging and keeping Stroke kit ready 
in emergency and radiology unit; helps to reduce the door 
to needle time (DTN). Elyar Sadeghi‑Hokmabadi also had 
implemented these simple steps to reduce DTI time.[18]

The hospital’s stroke protocol includes a rapid sequence MRI 
as a preferred imaging technique for acute stroke patients. 
The rapid sequence MRI protocol consists of localizer, DWI, 
swipe, and fluid‑attenuated inversion recovery sequence. The 
MRI sequences for AIS patients were performed in 5 min. 
This MRI sequence was similar to the protocol used by 
Paolini et al.[19]

This study observed a previously described phenomenon called 
“Parkinson’s law” which states that decisions will tend to take 
more time when physicians have more time. This phenomenon 
was observed in the relationship between faster STD time 
and slower DTN time.[20] In patients presenting with STD 
time <60 min, the DTI and DTN times were 10 min and 15 min 
more than the patients presenting late or ≥60 min [Table 3].

The rates of thrombolysis in AIS in India are very poor. This is 
mainly because of the prehospital delay.[14] A study conducted 
at All India Institute of Medical Sciences, New Delhi, a premier 
tertiary care institute of the country has reported inability to 
thrombolyze 38% otherwise eligible patients. This was due 
to delay in evaluation and treatment.[14] In this study, there 
was no significant difference in the prehospital delay after 

implementation of SC as indicated by two parameters, i.e., STD 
and symptom‑to‑needle time [Table 4]. In fact, the onset‑to‑door 
time was more in SC era. The shorter DTN time observed for 
SC era group compensated for longer STD time, i.e., there was 
an overall reduction in symptom‑to‑needle time by 24 min. 
There was only 12.6% reduction in symptom‑to‑needle time. 
Thus, more patients with longer prehospital delays may have 
received IV tPA due to SC protocol.[17] Patient safety was not 
compromised in these borderline patients. This was evidenced 
by less intracerebral bleed in these patients.

As described by Fonarow et  al., the borderline association 
between SC timeline and good neurological outcome 
signifies the importance of earlier the better goal in AIS 
management.[21,22] Kim et al. also depicted that thrombolysis 
within the first 60  min after onset is associated with best 
outcome for patients with AIS.[22] Although there was 
immediate neurological improvement which was evident by 
decrease in NIHSS score, the 3‑month mRS score would be a 
better measure of disability benefit. Unfortunately, this study’s 
protocol did not include collection of mRS score and should 
be considered a major limitation of the study.

The significantly better short‑term outcomes with thrombolysis 
in golden hour emphasize the importance of interventions to 
accelerate prehospital care.[22]

If the hospital has basic pre-requisites to give stroke care, then 
this simple cost effective protocolised “stroke code” approach, 
tailor made to Indian conditions   will help  to  increase the 
rate of thrombolysis and reduction  in timeline of thrombolysis 
of stroke. 

This rapid response system can help to reduce inhospital 
treatment delay, but for prehospital delay, there is a need of 
having effective community‑based stroke awareness programs. 
Both these activities should be done simultaneously.

A retrospective study design and a small number of patient 
population from single center are the main limitations of this 
study. Nevertheless, the results provide significant insights 
about importance and benefits of “SC” implementation. Based 
on these observations, we recommend larger studies in Indian 
population to confirm these findings.

Conclusion

Implementation of SC was significantly effective in 
increasing percentage of thrombolysis of AIS. Significant 

Table 4: Comparison of pre and post‑stroke code in‑hospital timelines

Parameter Pre‑stroke code mean (SD) minutes n=44 Post‑stroke code mean (SD) minutes n=65 P (unpaired t-test)
Symptom to door time 83 (47.41) 98.52 (57.58) 0.180*
Door to physician time 32.93 (34.15) 8.95 (11.90) <0.001
Door to imaging time 58.88 (44.79) 26.40 (15.21) <0.001
Door to needle time 104.95 (41.06) 67.28 (36.54) <0.001
*There is no significant difference observed between median time between STD for patients admitted in the years 2015‑16 and that of in the years 2012‑13. 
Time for STD is observed to be increased in year 2015‑16 as compared to year 2012‑13 but the difference is statistically insignificant.

Table 5: Hour‑wise distribution of the door‑to‑needle time 
of thrombolysed patients in pre‑  and poststroke code era

Parameter Pre‑stroke code 
n=44, n (%)

Post‑stroke code 
n=65, n (%)

P (Chi 
square test)

Within 1 h 7 (15.90%) 36 (55.38%) <0.001
<1 h‑2 h 20 (45.4%) 24 (36.92%) 0.373
<2 h‑3h 16 (36.36%) 4 (6.15%) <0.001
<3h 1 (2.27%) 1 (1.54%) 0.78
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reduction in thrombolysis timelines such as “DTP time,” “DTI 
time,” and “DTN time” was observed after implementation 
of “SC.” Furthermore, we have observed benefits in NIHSS 
score in post‑SC patients. Thus a tailor made guideline/
step-by-step approach that suits indian conditions especially 
in areas with poor resources would be beneficial to the public 
at large. We strongly recommended that wherever feasible, 
hospitals should try and implement this simple, cost‑effective 
practice to improve outcomes of acute stroke management. To 
overcome prehospital delay, we suggest that there is a need of 
having effective regular community‑based stroke awareness 
programs along with better‑coordinated emergency transport 
services.
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