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A B S T R A C T

Objectives: We evaluated the impact of implementation of the TN-STEMI programme on various
characteristics of the pharmacoinvasive group by comparing clinical as well as angiographic outcomes
between the pre- and post-implementation groups.
Methods: The TN-STEMI programme involved 2420 patients of which 423 patients had undergone a
pharmacoinvasive strategy of reperfusion. Of these, 407 patients had a comprehensive blinded core-lab
evaluation of their angiograms post-lysis and clinical evaluation of various parameters including time-
delays and adverse cardio- and cerebro-vascular events at 1 year. Streptokinase was used as the
thrombolytic agent in 94.6% of the patients.
Results: In the post-implementation phase, there was a significant improvement in ‘First medical contact
(FMC)-to-ECG’ (11 vs. 5 min, p < 0.001) and ‘Lysis-to-angiogram’ (98.3 vs. 18.2 h, p < 0.001) times. There
was also a significant improvement in the number of coronary angiograms performed within 24 h (20.7%
vs. 69.3%, p < 0.001). The ‘Time-to-FMC’ (160 vs. 135 min, p = 0.07) and ‘Total ischemic time’ (210 vs.
176 min, p = 0.22) also showed a decreasing trend. IRA patency rate (70.2% vs. 86%, p < 0.001) and
thrombus burden (TIMI grade 0: 49.1% vs. 73.4%, p < 0.001) were superior in this group. The MACCE rates
were similar except for fewer readmissions (29.8% vs. 12.6%, p = 0.0002) and target revascularizations at
1 year (4.8% vs. none, p = 0.002) in the post-implementation group.
Conclusion: The implementation of a system-of-care (hub-and-spoke model) in the pharmacoinvasive
group of the TN-STEMI programme demonstrated shorter lysis-to-angiogram times, better TIMI flow
patterns and lower thrombus burden in the post-implementation phase.
© 2017 Published by Elsevier B.V. on behalf of Cardiological Society of India. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The primary aim of ST segment elevation myocardial infarction
(STEMI) treatment is timely restoration of the patency of the
infarct related artery (IRA). Though primary percutaneous coro-
nary intervention (PCI) is considered the standard-of-care, it is
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accessible only for a fraction of patients in low-and-middle income
countries (LMIC) like India where stand-alone thrombolysis still
remains the commonest form of reperfusion therapy.1–4 ‘Pharma-
coinvasive (PI) strategy’ was developed to combine the advantages
of early reperfusion with thrombolysis and improved IRA patency
with PCI.

“Pharmacoinvasive strategy” has been endorsed by both the
European Society5 as well as American Heart Association STEMI
guidelines.6 In this strategy, where delay-to-primary PCI is more
than 120 min or the door-to-balloon minus door-to-needle time is
more than 60 min, the early presenters undergo thrombolysis and
are then routinely transferred to a PCI capable centre for
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angiography within 3–24 h. The available evidence from the recent
PI trials do not report any differences in the clinical outcomes
(including mortality, reinfarction, stroke) between the primary PCI
and PI group and these studies have shown shorter time-to-
reperfusion and higher culprit vessel patency in the PI arm.7–9 In a
prospective, observational, multicentre study comparing PI with
tenecteplase versus primary PCI in Indian patients with STEMI
(STEPP-AMI),10,11 the mortality rates between the PI and primacy
PCI arms were comparable. Though PI strategy may be an effective
strategy in LMIC, there are no major studies in the Indian scenario
that have evaluated this strategy using streptokinase. The current
study is designed to assess the angiographic flow profiles and
clinical outcomes in patients who underwent PI management
strategy with streptokinase as the predominant thrombolytic
agent in the TN-STEMI programme conducted in the state of
Tamilnadu.

2. Methodology

The ‘Tamilnadu � ST segment elevation myocardial infarction
(TN-STEMI) programme’ was designed with the aim of delivering
timely reperfusion therapy for patients presenting with STEMI in
the Indian set-up. The rationale and detailed design of the
TN-STEMI network has been described previously.12 The pro-
gramme introduced a ‘hub-and-spoke’ model to address the
deficiencies in the infrastructure and patient transport in the
existing STEMI-care, by forming strategic partnerships with the
government and ambulance systems and utilising the latest
developments in data collection. The programme systematically
collected data of the existing practice of STEMI management in the
first phase (pre-implementation) and then introduced a system-
of-care for STEMI management in the second phase (post-
implementation). The 1 year data has been published earlier.13

In the programme, 2420 consecutive patients were enrolled
between 2012 and 2014 in ‘4 hub and 40 spoke centres’ in the state
of Tamilnadu, India. There were 2167 patients in the study who
received one of the three treatment strategies: stand-alone
fibrinolysis (929 patients), fibrinolysis followed by angiography-
PI approach (423 patients) and primary PCI (815 patients). The
study observed a decrease in various time-delays and higher
adoption of either PI or primary PCI as a reperfusion strategy.13

There was also a 3.4% absolute mortality reduction at the end of
one year. Though we had shown a significant reduction in stand-
alone thrombolysis and a significant increase in pharmacoinvasive
strategy, the mechanisms which provided the improvements in the
1 year mortality remained unclear. We therefore evaluated clinical
events, time-delays and coronary angiograms among patients who
underwent fibrinolysis followed by cardiac catheterization (423
patients).

2.1. Objectives, data collection, definitions

The primary objective of the study was to assess the impact of
implementation of a system-of-care for STEMI, on the IRA patency
and thrombus load in the patients who underwent PI treatment.
The secondary objective was to assess the effect of the programme
on 1) time-delays, 2) MACCE, 3) Major and minor bleeds.

The PI cohort underwent onsite fibrinolysis in spoke centres
within 12 h of onset of symptoms followed by transfer to one of the
four PCI capable hospitals as a part of the PI strategy. Patients with
failed lysis or those in cardiogenic shock were transferred for PCI as
a part of the rescue PCI strategy.

Data were collected from the 4 clusters during both the phases
of the programme with the help of electronic data capture
application for the demographic characteristics, clinical findings,
medications and cardiac catheterisation details. All the angiograms
were collected from the hubs and analysed in an independent core-
laboratory (Indian Cardiology Research Foundation Core laborato-
ry, Chennai, India). The investigator overseeing the angiographic
data of the total cohort was blinded to the distribution of the
patients between the two groups. Angiographic determination of
artery patency was based on TIMI flows described by the
Thrombolysis In Myocardial Infarction group14 (Appendix A).
Infarct related artery (IRA) patency rates were derived as a sum of
TIMI 2 and 3 flows. Grading of thrombus burden was based on the
definitions given by the TIMI group15 (Appendix B).

The clinical events reported in this study include all-cause
mortality, reinfarction, ischemic stroke, haemorrhagic stroke,
major bleed, minor bleed, angina or any cardiac symptoms
requiring hospitalization and repeat revascularizations. The Major
Cardio and Cerebro-Vascular Event (MACCE) rate has been
reported as a composite of death, re-infarction and stroke. The
reported follow-up of the patients are at three stages: in-hospital,
30 day and 1 year. The definitions (Appendix C, Appendix D) of
stroke, reinfarction, major and minor bleeding is in accordance to
the clinical data standards.16,17

2.2. Statistical analysis

Continuous variables presented in the tables are summarised
using descriptive statistics and the categorical data are presented
as numbers with percentages. The time-delays are presented as
medians with 25th and 75th percentiles. Comparison of variables
between the two groups has been done with appropriate tests-
chi-square/Fischer exact test for categorical variables, student T
test for means of continuous variables, Mann-Whitney U test for
the various time-delays. The various variables capable of predict-
ing TIMI flows �2 have been studied using a binary logistic
regression model where age, diabetes, hypertension, smoking
status, heart rate, systolic blood pressure, various time-delays and
pre-post group status were incorporated into a forward regression
model. The likelihood of prediction of TIMI flows �2 is presented
as odds ratio with 95% confidence intervals. The fitness of the
model was tested using Hosmer and Lemeshow test. All calculated
p values are two-tailed and are set at statistical significance of
0.05. All confidence intervals are reported at 95% level. The study
conforms to ethical principles in the Declaration of Helsinki and
the study has been approved by the local institutional ethics
committee.

3. Results

Amongst the 423 patients in the PI cohort, 16 were excluded
where either angiographic data was not available or patients had
rescue PCI for failed lysis or directly transferred for PCI in the
setting of cardiogenic shock. The study included 407 patients, 114
patients (28%) in the ‘Pre-implementation’ group and 293 (72%) in
the ‘Post-implementation’ group.

The baseline characteristics of the pre- and post-implementa-
tion groups are summarised in Table 1 and the salient features are
mentioned below. There were no significant differences in the
baseline variables between the two groups except for heart rate,
systolic blood pressure and distribution of hypertension. Strepto-
kinase was the predominant thrombolytic agent (94.6%) used.
Overall, the proportion of patients who received adhoc PCI, CABG
and medical therapy were 50.9%, 14.5% and 34.1% respectively.
Radial vascular access was used in 78.4% of the patients.

The time delays, TIMI flows (Fig. 1) and thrombus burden are
detailed in Table 2. In the post-implementation phase, there was a
significant improvement in ‘First medical contact (FMC)-to-ECG’
(11 vs. 5 min, p < 0.001) and ‘Lysis-to-angiogram’ (98.3 vs. 18.25 h,
p < 0.001) times and number of coronary angiograms performed



Fig. 1. Comparison of angiographic timi flows after thrombolysis.

Table 1
Comparison of baseline characteristics between Pre- and Post-implementation groups.

Variables Total group (N = 407) Pre-implementation (N = 114) Post-implementation (N = 293) p value
n (%) n (%) n (%)

Age (years)a 52.38 � 10.7 51 � 9.8 52.7 � 10.9 0.24
Male 357 (87.7) 97 (85.1) 260 (88.7) 0.32
Diabetes 90 (22.1) 18 (15.8) 72 (26.9) 0.06
Hypertension 85 (20.9) 15 (13.2) 70 (23.9) 0.02
Active smoking 188 (46.2) 50 (43.9) 138 (47.1) 0.58
Prior PCI 6 (1.5) 2 (1.8) 4 (1.4) 0.67
Prior CAG 2 (0.5) 0 2 (0.7) 0.9
HR (beats/min)a 76 � 27 84 � 17 72.9 � 30 <0.001
Systolic BP (mm Hg)a 121 � 41 130 � 27.3 117 � 46 0.007
DAPT treatment after thrombolysis 388 (95.3) 111 (97.4) 276 (94.2) 0.21

Thrombolytic Agents
Streptokinase 385 (94.6) 102 (89.5) 283 (96.6) 0.01
Tenecteplase 19 (4.7) 11 (9.6) 8 (2.7)
Reteplase 3 (0.7) 1 (0.9) 2 (0.7)

Management strategy after thrombolysis
Adhoc PCI 207 (50.9) 52 (45.6) 155 (52.9) 0.11
Medical management 124 (30.5) 45 (39.5) 79 (27)
Elective PCI suggestedb 15 (3.6) 3 (2.6) 12 (4.1)
CABG 59 (14.5) 14 (12.3) 45 (15.4)

CAG- coronary angiogram; HR- heart rate; BP- blood pressure; DAPT- dual anti-platelet treatment; CABG- coronary artery bypass graft surgery.
a Continuous variables presented as mean � SD.
b Patients did not undergo PCI at the time of angiogram due to logistic reasons; PCI- percutaneous coronary intervention.
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within 24 h (20.7% vs. 69.3%, p < 0.001). The ‘Time-to-FMC’ (160 vs.
135 min, p = 0.07) and ‘Total ischemic time’ (210 vs.176 min, p = 0.22)
showed a decreasing trend in the post-implementation period. IRA
patency (after fibrinolysis) was noted in 86% of the patients in the
post-implementation group compared to only 70.2% in the pre-
implementation group (p < 0.001). TIMI 3 flows were noted in
37.5% and 25.4% in the post and pre-implementation groups
respectively (p = 0.02). Similarly there was a significant reduction
in the thrombus burden in the post-implementation group (49.1%
vs. 73.4%, p < 0.001). TIMI 3 flows were achieved in 96.1% patients
who underwent a PCI (96.1% in the pre- and 96.8% in the post-
implementation groups respectively).

Table 3 compares clinical events between the groups. The
overall cumulative 1 year MACCE and all-cause mortality rates
were 9.6% and 8.5% respectively. There was no significant
difference in the overall MACCE or individual event rates between
the groups except for lower readmissions (29.8% vs. 12.6%,
p = 0.0002) and repeat revascularization at 1 year (4.8% vs. none,
p = 0.002) in the post-implementation group.

A binary logistic regression analysis to predict better TIMI flows
(2 and 3) in the total cohort was performed with 14 variables
(Table 4). It revealed that the ‘Implementation of the TN-STEMI
programme’ was the only significant variable amongst the others
in the regression model which was contributing substantially to
better TIMI flows. In the model, the implementation of the
TN-STEMI programme had 3.57 times more likelihood (Odds
ratio = 1/0.28 = 3.57) of TIMI flows �2 compared to the pre-
implementation group.



Table 2
Comparison of time delays, TIMI flows and thrombus burden between Pre- and Post-implementation groups.

Time Delaysa Total group Pre-implementation Post-implementation p valueb

Time to FMC 140 (85,240) 160 (97,260) 135 (70,240) 0.07
FMC to ECG 5 (5,11) 11 (10,15) 5 (5,10) <0.001
ECG to Lysis 25 (14,42) 15 (10,35) 25 (15,43) <0.001
Door to needle 30 (20, 50) 30 (15, 45) 30 (25, 58.5) 0.004
Total ischemic time 185 (120,315) 210 (125,289) 176 (110,315) 0.22
Lysis to Angiogram 1281 (580,4100) 5900 (1860,9660) 1095 (489,1659) <0.001
Lysis to PCI 1064 (490,1792) 2580 (480,7380) 1030 (490,1327) 0.001
Thrombolysis to angio <24 h 217 (53.3%) 23 (20.7%) 194 (69.03%) <0.001

TIMI-flows after lysis Total group Pre-implementation Post-implementation p valuec

n (%) n (%) n (%)

0 37 (9.1) 16 (14) 21 (7.2) 0.04
1 38 (9.3) 18 (15.8) 20 (6.8) 0.01
2 193 (47.4) 51 (44.7) 142 (48.5) 0.51
3 139 (34.2) 29 (25.4) 110 (37.5) 0.03
TIMI flow 0 + 1 75 (18.4) 34 (29.8) 41 (14) <0.001
IRA patency (2 + 3) 332 (81.6) 80 (70.2) 252 (86) <0.001

TIMI-thrombus grade after lysis Total group Pre-implementation Post-implementation p valuec

n (%) n (%) n (%)

Grade-0 271 (66.6) 56 (49.1) 215 (73.4) <0.001
Grade-1 54 (13.3) 25 (21.9) 29 (9.9) 0.001
Grade-2 32 (7.9) 11 (9.6) 21 (7.2) 0.30
Grade-3 15 (3.7) 5 (4.4) 10 (3.4) 0.55
Grade-4 5 (1.2) 5 (4.4) 0 0.002
Grade-5 30 (7.4) 12 (10.5) 18 (6.1) 0.15

FMC- first medical contact, ECG- electrocardiogram, PCI- percutaneous coronary intervention, TIMI- thrombolysis in myocardial infarction, IRA- infarct related artery.
a Time delays are presented as median times (25th–75th percentile).
b Comparison of distributions by independent samples Mann-Whitney U test.
c by Fisher exact test.
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4. Discussion

The current study shows that implementation of a system-of-
care for management of STEMI was associated with 1) shorter
times to cardiac catheterisation, 2) better IRA patency rates, and 3)
lower thrombus burden.

The TN-STEMI programme addresses the gap in research in
acute cardiovascular diseases with a long term follow-up in India.18

In an earlier paper, we have shown the impact of the model on
various health metrics during the post-implementation phase and
observed a decrease in various time-delays, higher rates of
coronary angiography (35.0% vs. 60.8%; p < 0.001) and PCI
(29.5% vs. 46.5%; p < 0.001), and greater adoption of either PI or
primary PCI as a reperfusion strategy (46.4% vs. 70.6%; p < 0.001).
The TN-STEMI model-of-care resulted in 3.4% absolute mortality
reduction at end of 1 year with ‘any’ form of reperfusion therapy in
2167 patients. The majority of this difference was in the spoke
centers (3.3% mortality reduction compared to only 1.1% in the hub
centers).13 In the pharmacoinvasive cohort, which has been
analysed in the present paper, majority of the patients were from
spoke centers (245 patients, 60.2%). This could have contributed to
the higher mortality reduction observed in the spoke centers than
in the hub centers in the total cohort of the earlier paper.

The impact of PI strategy with newer generation thrombolytic
agents has been established.7–9 However with financial constraints
in LMIC, streptokinase continues to be the commonly used
thrombolytic agent.1–4 There are no major studies which have
evaluated streptokinase as a part of PI strategy in contemporary
practice. In addition the impact of systems-of-care on angiographic
outcomes with PI strategy utilising streptokinase is also not
known. TN-STEMI programme provides a unique data on this
subset of patients and should be of great interest in other LMIC,
where a similar strategy can be used.

Timely restoration of IRA patency in STEMI is critical for
myocardial salvage. Fibrinolytic agents and primary PCI are equally
effective in the initial hours of STEMI.5,6 Hence for thrombolytic to
be effective reperfusion agents, shorter times-to-treatment is
important, more so with agents like streptokinase. This under-
scores the need of a system-of care in order to deliver timely
reperfusion. In this study there was an improvement in timelines-
total ischemia time, lysis-to-angiogram and the percentage of
angiograms within the mandated time of 24 h. The median total
ischemic time was shorter (176 min) in the post-implementation
phase compared to a longer time (210 min) in the pre-implemen-
tation phase. This is comparable to the 165 min in the KAMIR
registry19 and 130 min observed in the FAST MI 2010 registry.20,21

In our study, prior to implementation of the programme, the lysis-
to-angiogram times were very high (nearly 4 days) and introducing
a system-of-care has immensely helped in reducing the lysis-to-
angiogram times to nearly 18 h. Our analysis also shows that 60.9%
patients had an angiographic evaluation within 24 h of lysis
compared to a mere 21.8% prior implementation of the pro-
gramme. In addition, the programme has also impacted the lysis-
to-PCI time, causing a significantly less time-to-PCI (17 h) in the
post-implementation phase compared to the pre-implementation
phase (40 h).

The reported TIMI 3 flows of 34.2% in the total cohort are
comparable to the 33% of TIMI 3 flows observed in the GUSTO-1
trial with streptokinase.22 The most important observation of this
study was the significant improvement in artery patency rates
(86% vs. 70.2%; p < 0.001) which was driven by increase in the TIMI
3 flows (25.4% vs. 37.5%; p = 0.027) and reduction in TIMI 0 and 1
flows (18.4% vs. 29.8%; p < 0.001) in the post-implementation
phase. There was also a concomitant significant reduction in the
thrombus burden (49.1% vs. 73.4%; p < 0.001). The improvement in
TIMI flow and reduction of thrombus load can be attributed to the
reduced ischemia times and time-to-lysis, though not significant
individually in this analysis. The system-of-care could have
impacted all these factors and hence was responsible for this
improvement.



Table 3
Comparison of clinical outcomes between Pre- and Post-implementation groups.

Variables Total group Pre-implementation Post-implementation p value
n (%) n (%) n (%)

In-hospital adverse events
MACCE 8 (1.96) 2 (1.8) 6 (2.0) 0.9
Death 7 (1.7) 2 (1.8) 5 (1.7) 0.9
Stroke 1 (0.2) 0 1 (0.3) 0.9
Major bleed 0 0 0 1
Minor bleeding 1 (0.2) 0 1 (0.3) 0.9
Angina 6 (1.5) 2 (1.8) 4 (1.4) 0.67
Others 19 (4.7) 5 (4.4) 14 (4.8) 0.9

Clinical events after discharge upto 1 month
MACCE 8 (2) 1 7 0.45
Death 7 (1.8) 1 (0.9) 6 (2.2) 0.68
Reinfarction 1 (0.2) 0 1 (0.003) 0.9
Stroke 0 0 0 1
Angina 4 (1.05) 0 4 (1.5) 0.33
Re-admission 31 (8.2) 12 (10.8) 19 (7.1) 0.22
Re-intervention CABG 7 (1.8) 1 (0.9) 6 (2.2) 0.67
Re-intervention PCI 4 (1.05) 4 (3.6) 0 0.01
Follow-up rate 379 (93.1) 111 (97.4) 268 (91.5) 0.05

Clinical events after 1 month upto 1 year
MACCE 23 (5.85) 5 (4.8) 18 (7.1) 0.49
Death 21 (5.8) 5 (4.8) 16 (6.3) 0.81
Reinfarction 2 (0.56) 0 2 (0.8) 0.9
Stroke 0 0 0 1
Angina 22 (6.1) 5 (4.8) 17 (6.7) 0.63
Re Admission 94 (23) 31 (29.8) 32 (12.6) <0.001
Re-intervention CABG 14 (3.4) 1 (0.96) 6 (2.3) 0.68
Re-intervention PCI 9 (2.2) 5 (4.8) 0 0.002
Follow-up rate 357 (87.7) 104 (91.3) 253 (86.3) 0.24

Cumulative events at 1 year
MACCE 39 (9.58) 8 (7) 31 (10.5) 0.35
Death 35 (8.5) 8 (7) 27 (9.2) 0.56
Reinfarction 3 (0.7) 0 3 (1.02) 0.56
Stroke 1 (0.2) 0 1 (0.3) 1
Angina 32 (7.8) 7 (6.1) 21 (7.16) 0.83
Re-admission 94 (23) 43 (37.7) 51 (17.4) <0.001
Re-intervention CABG 14 (3.4) 2 (1.7) 12 (4) 0.37
Re-intervention PCI 9 (2.2) 9 (7.8) 0 <0.001

MACCE- major adverse cardio- and cerebrovascular events (death, reinfarction or stroke); CABG- coronary artery bypass graft surgery; PCI- percutaneous coronary
intervention

Table 4
Binary logistic regression analysis of variables predicting IRA patency.a

Variables Odds ratio (95% C.I) p value

Baseline demographic variables
Age 1.01 (0.97–1.03) 0.72
Gender 1.39 (0.55–3.5) 0.49
Diabetes 1.53 (0.75–3.15) 0.24
Hypertension 0.84 (0.38–1.85) 0.67
Smoking status 0.58 (0.31–1.08) 0.09
DAPT treatment 1.25 (0.26–5.9) 0.78

Clinical variables
Heart rate 1.01 (0.99–1.02) 0.57
Systolic blood pressure 0.99 (0.99–1.009) 0.79

Time delays
Time to FMC 1.0 (0.99–1.01) 0.40
FMC to ECG 1.0 (0.99–1.01) 0.83
ECG to Lysis 1.01 (0.99–1.03) 0.34
Door to needle 0.99 (0.98–1.01) 0.44
Thrombolysis to Angio time 1.0 (1–1) 0.19

Implementation of Programme
Pre- and post-programme 0.29 (0.145–0.572) <0.001

a Infarct related artery (IRA) patency = TIMI flows �2; p value for Hosmer and
Lemeshow test = 0.188 (Model is good fit); DAPT- dual antiplatelet treatment; FMC-
first medical contact; ECG- electrocardiogram.
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In the present study, our observations in the PI cohort did not
reveal any change in the primary clinical outcome of MACCE rate
including mortality, stroke or reinfarction between both the
groups. The observed 30 day and 1 year mortality rates of 1.7% and
9.2% respectively in the post-implementation phase is comparable
to the 30 day and 6-to-12 month mortality rates of 3.3% and 4.8%
respectively observed in a meta-analysis of studies with an early
PCI strategy following thrombolysis with newer generation lytic
agents.23 In the same meta-analysis, the observed stroke and 6-to-
12 month reinfarction rates were 0.7% and 3.9% respectively
comparable to 0.3% and 1.02% at 1 year respectively in our study.

The safety end points were not different and shows that though
there was a significant reduction in time-to-catheterisation, safety
was not an issue. There were no major bleeding events observed in
the cohort. Though the observed median time to an invasive
strategy (nearly 21 h) is within the current recommendation of
3–24 h, this was achieved only in 53.3% of the study patients. These
longer times and in addition a predominantly radial vascular
access might have contributed to lower bleeding events. Re-
admission and re-interventions improved in the post-implemen-
tation phase possibly due to the impact of the system-of-care on
multiple parameters.

The study has reported observations on a cohort who
underwent angiography following fibrinolysis and thus has the
inherent limitation of an observational quasi-experimental study
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design. The project was not designed to address the safety and
efficacy of the PI strategy against primary PCI or stand-alone
fibrinolysis, which has been proven in prior trials. However the
study reflects the real-world scenario with the available systems-
of-care in our region. The study documents important facts
pertinent to the adoption of a PI management strategy with
improved systems-of-care to improve the contemporary STEMI
facilities in the region.

5. Conclusion

In this study, the implementation of a ‘system-of-care’ with PI
management strategy in the form of the ‘Hub-and-Spoke’ model
for the management of STEMI population, resulted in shorter
lysis-to-angio times, better TIMI flow patterns and lower
thrombus burden. If streptokinase is used as the lytic agent, as
in this cohort, it is necessary to follow systems-of-care in order to
achieve a favourable outcome for patients. Importantly, increased
use of the PI strategy with streptokinase in the post-implemen-
tation phase, did not increase the bleeding complications.
Methodical implementation of a system-of-care24–27 will help
in getting guideline-based treatments and help in achieving
better clinical outcomes.

What is already known?

The TN-STEMI programme showed an improvement in the
various process measures as well as clinical outcomes at 1 year in
patients presenting with STEMI. Pharmacoinvasive strategy is a
time tested reperfusion strategy for patients of STEMI and has
shown to reduce inadvertent time-delays in establishing the
infarct artery patency by primary PCI.

What this study adds?

The TN-STEMI model-of care in STEMI patients who were
offered pharmacoinvasive treatment predominantly with strep-
tokinase, has resulted in improvement in the angiographic
outcomes in the form of reduction in thrombus burden,
improvement in TIMI flows and artery patency rates in the
post-implementation phase.
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Appendix A.

TIMI Flow Grade Classification14

Grade Definition

3 (complete reperfusion) Antegrade flow in the terminal coronary artery
segment through a stenosis is as prompt as
antegrade flow into a comparable segment proximal
to the stenosis. Contrast material clears as rapidly
from the distal segment as from an uninvolved,
more proximal segment.

2 (partial reperfusion) Contrast material flows through the stenosis to
opacify the terminal artery segment. However,
contrast enters the terminal segment perceptibly
more slowly than more proximal segments.
Alternatively, contrast material clears from a
segment distal to a stenosis noticeably more slowly
than from a comparable segment not preceded by a
significant stenosis.

1 (penetration with
minimal perfusion)

A small amount of contrast flows through the
stenosis but fails to fully opacify the artery beyond.

0 (no perfusion) No contrast flow through the stenosis

Appendix B.

TIMI Thrombus classification15

Grade
0

no cineangiographic characteristics of thrombus are present.

Grade
1

possible thrombus is present, with such angiography characteristics as
reduced contrast density, haziness, irregular lesion contour, or a
smooth convex “meniscus” at the site of total occlusion suggestive but
not diagnostic of thrombus;

Grade
2

there is definite thrombus, with greatest dimensions �1/2 the vessel
diameter.

Grade
3

there is definite thrombus but with greatest linear dimension >1/2 but
<2 vessel diameters.

Grade
4

there is definite thrombus, with the largest dimension �2 vessel
diameters.

Grade
5

there is total occlusion.

Appendix C.

TIMI Bleeding Criteria16

Non-CABG Related Bleeding:
1. Major
� Any intracranial bleeding (excluding microhemorrhages <10 mm evident

only on gradient-echo MRI)
� Clinically overt signs of hemorrhage associated with a drop in hemoglobin of

�5 g/dL or a �15% absolute decrease in haematocrit
� Fatal bleeding (bleeding that directly results in death within 7 d)

2. Minor: Clinically overt (including imaging), resulting in hemoglobin drop of
3–<5 g/dL or �10% decrease inhaematocrit

� No observed blood loss: �4 g/dL decrease in the haemoglobin concentration
or �12% decrease inhaematocrit

� Any overt sign of hemorrhage that meets one of the following criteria and
does not meet criteria for a major or minor bleeding event, as defined above
� Requiring intervention (medical practitioner-guided medical or surgical

treatment to stop or treatbleeding, including temporarily or permanently
discontinuing or changing the dose of a medication or study drug)

� Leading to or prolonging hospitalization
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TIMI Bleeding Criteria16

� Prompting evaluation (leading to an unscheduled visit to a healthcare
professional and diagnostic testing, either laboratory or imaging)

3. Minimal
Any overt bleeding event that does not meet the criteria above or Any clinically
overt sign of haemorrhage (including imaging) associated with a <3 g/dL
decrease in haemoglobin concentration or <9% decrease in haematocrit

Bleeding in the Setting of CABG:
� Fatal bleeding (bleeding that directly results in death)
� Perioperative intracranial bleeding
� Reoperation after closure of the sternotomy incision for the purpose of

controlling bleeding
� Transfusion of �5 U PRBCs or whole blood within a 48-h period; cell saver

transfusion will not be counted in calculations of blood products.

Chest tube output >2 L within a 24-h period

Appendix D.

Clinical events17

ST elevation New ST elevation at the J point in two
contiguous leads with the cut-points:
�0.1 mV in all leads other than leads V2–V3
where the following cut-points apply:
�0.2 mV in men �40 years; �0.25 mV in
men

MACCE (Major Adverse Cardio-
and Cerebro vascular event)

Composite of death, nonfatal myocardial
infarction, stroke

Death Patient died during hospitalization/
documentation of death during follow-up

Myocardial Infarction Detection of a rise and/or fall of cardiac
biomarker values (preferably cardiac
troponin) with at least one value above the
99th percentile URL and with at least one of
the following: (i) symptoms of ischemia, or
(ii) new or presumed new significant ST-
segment–T wave (ST–T) changes or new left
bundle branch block, or (iii) development of
pathological Q waves in the
electrocardiogram, or (iv) imaging evidence
of new loss of viable myocardium or new
regional wall motion abnormality, or (v)
identification of an intracoronary thrombus
by angiography or autopsy

Stroke Loss of neurological function caused by an
ischemic or hemorrhagic event with residual
symptoms at least 24 h after onset or leading
to death

Cardiogenic shock Hypotension (a systolic blood pressure of
less than 90 mmHg for at least 30 min or the
need for supportive measures to maintain a
systolic blood pressure of greater than or
equal to 90 mmHg), end-organ
hypoperfusion (cool extremities or a urine
output of less than 30 mL/h, and a heart rate
of greater than or equal to 60 beats per
minute).
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