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Importance: Ischemic heart disease is the leading cause of death worldwide. In ST-elevation myocardial infarction (STEMI), delaying
reperfusion from the onset of chest pain increases the incidence of mortality and morbidity. Prehospital thrombolysis (PHT) has been evaluated
in the setting of STEMI. We performed a systematic analysis of studies of PHT in acute STEMI. Objective: The objective of this study was
to evaluate the all-cause mortality benefit in STEMI with PHT during short-term and long-term follow-up. Data Sources: In December 2020,
the Cochrane search strategy was used to analyze randomized control trials, nonrandomized control studies, and registry studies in PubMed,
EMBASE, Cochrane Library, Google Scholar, ClinicalKey, and Clinical Trial Registries. The search was repeated, and the included studies were
updated in June 2023 to include more recent literature. We restricted the analysis to full-text publications in English. Study Selection: Studies
using any thrombolytic agent in treating acute myocardial infarction in prehospital and inhospital settings with or without percutaneous
Coronary intervention (PCI) were included in the analysis. Selection criteria included patient history and symptoms, electrocardiogram
findings, and cardiac markers. Data Extraction: We used the Cochrane Handbook for Systematic Reviews of Interventions for assessing
bias, the PRISMA flow diagram to show the process of inclusion and exclusion of studies, and RevMan software to perform meta-analysis.
Main Outcomes and Measures: Outcomes include all-cause hospital mortality rate of PHT versus inhospital thrombolysis (IHT), influence of
ischemic median time on all-cause mortality with PHT, and effect of PHT before PCI. The measures must have been observed for a follow-up
period of up to 35 days, 1-year, and 5-years. Results: Data from 63,814 patients from 32 studies were reviewed. Results indicate a reduction
in all-cause mortality in patients assigned to PHT (odds ratio [OR] —0.68, P < 0.00001) compared to IHT. There was a significant reduction in
mortality when thrombolytics were administered before PCI (OR — 0.78, P = 0.0001). The overall survival was better with an ischemic time
of <2 h. Mortality was higher with longer ischemic time (3 h and 6 h). Among patients who presented within 2 h of the onset of chest pain,
mortality was lower compared to primary PCI (pPCI). Conclusion: PHT offers faster reperfusion and reduces all-cause mortality compared
to IHT. A strategy of PHT within the first 2-3 h of ischemic pain followed by PCI (if indicated) could offer better survival than pPCI.
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INTRODUCTION India has a huge burden of acute coronary syndrome (ACS),
with individuals having a younger age of onset compared to the
Western population.P! In developing countries such as India,
patients tend to reach the hospital several hours post the onset
of acute chest pain. The infrastructural and socioeconomic

Ischemic heart disease (IHD) is the leading cause of
global death and disability. According to the most recent
global disease burden estimates, IHD may account for
approximately 9 million deaths worldwide.[! Acute myocardial
infarction (AMI), which accounts for about 10% of all IHD
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limitations contribute to the delay in reperfusion therapy when
compared to Western counterparts.! This increases the risk of
morbidity and mortality burden among patients with ACS in
the developing world.

In AMI, myocardial salvage is crucial, which is directly linked
to early reperfusion. In porcine models of coronary collateral
circulation, brief coronary occlusion lasting for 15-30 min
does not lead to significant myocardial damage. However, at
90 min, there is about 40%—-50% of cell death, and at 120 min,
there could be irreversible damage in almost 100% of the
wall.’! Therefore, it is evident that timely intervention is
crucial for better clinical outcomes. Early reperfusion has been
observed to abort an MI in nearly 10%-25% of patients and
facilitate better mortality outcomes in both short- and long-term
treatment.[ Reperfusion after 6 h will likely result in minimal
or no myocardial salvage except in situations like stuttering
MI. The reperfusion is highly effective when delivered within
the ischemic time of <2 h.

Percutaneous coronary intervention (PCI) demands significant
execution time to organize and perform after the patient arrives
at the hospital. Due to inherent delays in providing primary
PCI (pPCI), reperfusion is rarely achieved within an optimal
time of 2 h after the onset of symptoms. Door-to-balloon (DTB)
times of <90 min and door-to-needle (DTN) times of <30 min
are achieved only in a minority of cases.!”

A detailed review on early thrombolysis (TL) or prehospital
thrombolysis (PHT) has not been conducted since 2016, and
it is pertinent to update the position of early TL, more so in
the context of time delays and increasing PCI procedures.
Clinical trials do not always represent real-world experience,
although they are among the highest levels of evidence.
A treatment’s efficacy in the real world is better understood in
unselected patient cohorts, i.e. in real-life health-care settings
as in registries. Registry data provide valuable information on
long-term outcomes backed by a large database.

We, therefore, systematically reviewed the available evidence,
including clinical trials and registry data, to evaluate the impact
of PHT on mortality benefits. We compared the mortality
outcome of PHT with inhospital thrombolysis (IHT) and the
effect of PHT before PCI.

MeTtHoDS

Initiated in December 2020 and subsequently in July
2023 (to provide a recent update on the literature), we
conducted a comprehensive electronic search for randomized
or nonrandomized control trials and registry studies in
PubMed, EMBASE, Cochrane Library, Google Scholar, and
ClinicalKey, using the following key search terms: prehospital
thrombolysis/fibrinolysis for STEMI, prehospital thrombolysis
versus inhospital thrombolysis for STEMI, effect of time
delay in thrombolysis for STEMI, prehospital thrombolysis
versus primary PCI, prehospital treatment of STEMI, and
mobile CCU (coronary care unit). In addition, we searched

the following clinical trial registries: ClinicalTrials.gov (www.
clinicaltrials.gov/), International Standard Randomized
Controlled Trial Register (www.controlled-trials.com/
isrctn/), and the WHO International Clinical Trials Registry
Platform (apps.who.int/trialsearch/).

We restricted to publications in the English language and the
availability of full-text articles. The search strategies used can
be found in PROSPERO 2021 CRD42021258680 (Available
from: https://www.crd.york.ac.uk/prospero/display record.
php?ID = CRD42021258680). We did not search gray
literature or carry out any hand searching. We did not contact
any pharmaceutical companies to provide their unpublished
studies. A summary is provided in the PRISMA flow
diagram [Figure 1]. Data from selected studies were collected
and entered into Review Manager 5 (RevMan 2011) for meta-
analysis.

Dichotomous outcomes, such as all-cause hospital mortality,
were represented as odds ratios (ORs) with 95% confidence
intervals (Cls). The unit of analysis was at an individual
level. We identified some studies with a different mean time
to intervention. Our study focused on a cutoff time of 2 h as
the time to intervene for comparison. We also recorded issues
with the study follow-up period ranging from 15-35 days
to 5 years. We have done a subgroup analysis to negate any
possible misinterpretations.

The forest plot for heterogeneity using the Chi-square test at a
1% level of significance and P statistic indicated a reasonable
clinical and methodological similarity between trials.
Hence, we were able to carry out a meta-analysis. Reporting
biases were assessed using funnel plots [Supplementary
Figures 1-7].

All studies observed adults (>16 years) diagnosed with AMI
in either a prehospital or inhospital setting. The diagnosis was
defined according to the included studies’ criteria for STEMI
and included at least two of the following three positive
indicators: (1) the individual’s history and symptoms, (2)
electrocardiogram findings, and (3) biochemical cardiac
markers (not mandatory for diagnosis). Studies using any
thrombolytic agent in treating AMI in prehospital and
inhospital settings with or without PCI were included in the
analysis.

Outcome measures

1. All-cause hospital mortality — PHT versus IHT

2. Influence of ischemic median time on all-cause mortality
with PHT for a follow-up period of up to 35 days, 1 year,
and 5 years

3. Effect of intervention with thrombolytics within 2 h
versus 3 h and 6 h time lag on mortality rate for a
follow-up period of up to 5 years

4. Effect of PHT before PCI on 30-day mortality

5. Relationship of actual ischemic time before TL/TL + PCI
on the mortality outcomes for a follow-up duration of up
to 35 days, 1 year, and 5 years.

.Research in Cardiovascular Medicine | April-June 2024 | Volume 13 | Issue 2
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Reports assessed for eligibility.
(n=38)

Studies included in the review.
(n=32)

Randomised controlled trials.
(n=12)

Non-randomised controlled trials
(n=13)

Registry studies (n =7)

Records removed before
screening:
Duplicate records removed.
Records marked as ineligible.
(n=31178)

Records excluded:

(n=19)

(n = 8) Full-text not available

Reports excluded:
All-cause mortality data not
available (n =4)
Ischemic time not available
(n=1)
ECG not included in the
inclusion criteria (n = 1)

Figure 1: PRISMA flow diagram of systematic review methodology. *Search results from EMBASE were similar to search results from other databases.
Hence, the search in EMBASE has been conducted only until December 2020

ResuLts

Study characteristics and risk of bias tabulation

Data from 32 studies with 63,814 patients were included in this
meta-analysis [Table 1]. The risk-of-bias (RoB) estimation was
carried out using Cochrane “RoB” assessment tools (ROBINS tool,
RoB2.0) (Available from: https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42021258680) and displayed in
Supplementary Figure 1. RoB analysis for registries was not
performed. The publication of Stenestrand ef a/. (RIKS-HIA) had
a higher risk of bias in the author’s view and is explained in detail
in the upcoming section on mortality rate and ischemic time.**

There are two comparator groups: patients receiving either
PHT or IHT treatment. The data analyzed included the

mortality rate (follow-up period of up to 35 days) as the number
of events in the total patient population in each comparator
group. There were 20 included studies in this analysis based
on the availability of complete information [Figure 2a].
Since the heterogeneity of the data between the studies was
not significant in a random-effects model, the fixed-effects
model is presented here. The reduction in mortality in
the PHT group was significant (P < 0.00001) compared
to the THT group (OR = 0.68; 95% CI [0.62—0.74]). For
verifying sensitivity, the analysis was repeated in studies
that were only RCTs [Figure 2b]. The inferences were
reproducible with a significant reduction (P =0.008) in mortality
among the PHT compared to the IHT group (OR = 0.8; 95%
CI [0.68-0.94)).
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PHT HT 0Odds Ratio 0Odds Ratio

Study or Subgroup _ Events Total Events Total Weight M.H, Fixed, 95%Cl Year M.H, Fixed, 95% CI

McNeill 1989 2 27 3 30 02% 0.72(0.11,467) 1989

Castaigne 1989 3 57 2 3 02% 0.94(0.15,5.95) 1989 [——

Schofer 1990 1 40 2 38 02% 046(0.04,531) 1990 fre—
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Figure 2: Effect of prehospital thrombolysis versus inhospital thrombolysis on all-cause mortality rate. Forest plot representation — Comparing the
effect for a follow-up period of up to 35 days from studies including (a) randomized control trials, nonrandomized trials, and registry data, and (b) only
randomized control trials. The size of the squares is proportional to the weight of the study. Horizontal lines represent a 95% confidence interval (Cl)
of the study. The diamond indicates the pooled estimate with 95% CI. N is the number of individuals, OR: Odds ratio, Cl: Confidence interval

To quantitatively compare the short- and long-term mortality
effect of median ischemic time of <2 h, the analysis was
performed for a follow-up period of up to 35 days [Figure 3a],
up to 1 year [Figure 3b], and up to 5 years [Figure 3c]. The
35-day mortality rate data from 10 studies indicated that
ischemic time of <2 h had a significant impact (P <0.00001) on
survival with an OR of 0.64 (95% CI [0.53-0.78]). Similarly,
results from studies with a follow-up duration of 1 year (n =5
studies) [Figure 3b] and 5 years (n = 3 studies) [Figure 3c]
indicated a significant reduction (P < 0.00001) in all-cause
mortality, when the thrombolytic intervention was given
within 2 h.

Mortality rate and ischemic time

The influence of ischemic time on mortality rate was analyzed.
Based on the CAPTIM trial and various other studies, 240411
we did a 2-h cutoff analysis and compared it with other time
periods. From available literature, the mortality rate following
an ischemic time of 2 h, 3 h, and 6 h and a follow-up duration
of 30 days, up to 1 year, and up to 5 years were analyzed.
Figure 4 shows the survival plot as a function of ischemic time
for a follow-up period of up to 5 years. The results indicate
a better survival rate when the ischemic time was <2 h, and
the mortality progressively rises with increasing ischemic
time (3 h and 6 h plots) [Figure 4].

We extended the analysis to study the effect of prehospital
thrombolytics administered before PCI on mortality. We studied
the two comparator groups: prehospital thrombolytics given
before the PCI procedure (PHT + PCI) and pPCI. Eight studies
contained complete information for the analysis. Statistical
tests indicated a significantly high heterogeneity (2 = 80%,
P < 0.00001). Therefore, we employed a random-effects
model comparing the mortality outcome. Although there was
an indication for a reduction in mortality when for PHT + PCI,
the effect is not statistically significant (P = 0.11) [Figure 5a].
One large-scale publication by Stenestrand et al., in 2006,
skews the effect response. This registry analysis had concerns
of severe bias in including more patients with a lower risk of
cardiac events in the primary PCI group at a particular instance
of the study period.? Therefore, we have analyzed by excluding
Stenestrand et al.’s 2006 study [Figure 5b]. Following this, the
effect of administration of TL before PCI had statistically
significant benefits in reducing mortality (OR = 0.56, 95%
CI1[0.36-0.89]; P=0.01) than the pPCI alone [Figure 5b].

Based on this evidence of mortality benefits with early TL, a
subgroup analysis was performed. Figure 6a shows that early
intervention within 70 min of onset of symptoms provides
significant mortality benefits in 1-year and 5-year follow-ups.
This clearly demonstrates that salvaging the cardiac tissues from
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Figure 3: Influence of ischemic median time on all-cause mortality: (a) Follow-up period of 35 days, (b) Follow-up period of 1 year, (c) Follow-up period
of 5 years. Forest plot representation of the influence of ischemic median time on all-cause mortality rate for a follow-up period of (a) 35 days, (b)
1 year, and (c) 5 years. The size of the squares is proportional to the weight of the study. Horizontal lines represent a 95% confidence interval (Cl) of
the study. The diamond indicates the pooled estimate with 95% CI. NV is the number of individuals, OR: Odds ratio, CI: Confidence interval

Survival plot as a function of ischemic time
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Figure 4: Effect of time of intervention on mortality rate. The Kaplan—Meier survival analysis plot based on the effect of time of intervention in patients
with acute events on mortality rate for a follow-up period of up to 5 years. The inset provides a zoomed-in view of the plot
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Figure 5: Effect of prehospital thrombolytic treatment before percutaneous coronary intervention on 30-day mortality. (a) Including Stenestrand’s 2006
study, (b) Excluding Stenestrand’s 2006 study. Forest plot representation of the effect of prehospital thrombolysis before PCI on all-cause mortality
rate: (a) Including Stenestrand’s 2006 study, (b) excluding Stenestrand’s 2006 study. The size of the squares is proportional to the weight of the
study. Horizontal lines represent a 95% confidence interval (Cl) of the study. The diamond indicates the pooled estimate with 95% CI. NV is the number

of individuals, OR: Odds ratio, Cl: Confidence interval
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Figure 6: Relationship of actual ischemic time before thrombolysis (TL)/TL + PCI on the mortality outcomes for a follow-up duration of up to 35 days,
1 year, and 5 years. The included studies in the bar graphs consider (a) actual ischemic time of less than or >70 min or 1.5 h; (b) actual ischemic
time of < or > 2 h. The inset provides a tabulated list with additional information on the included study population of the corresponding study

injury through early intervention can provide significant mortality
benefits. Many studies indicate favorable mortality outcomes
when intervention is offered at least within 2 h [Figure 6b]. TL
alone or TL + PCI or PCI alone administered later than 2 h had
lower benefits in comparison to interventions given <2 h. Hence,
it becomes evident that time is critical for reducing myocardial
damage and short/mediun/long-term mortality benefits.

Moreover, when patients present within 2 h, the PHT strongly
reduces mortality compared to pPCI. In the CAPTIM study,

there was a greater absolute reduction in mortality by
3.4% at 30 days (2.2% in PHT vs. 5.7% pPCI) and 5.3% at
5 years (PHT 5.8% vs. pPCI 11%). French registry USIC
2000 data also support the CAPTIM findings.['>*] In this
registry, PHT was associated with a 0.49 relative risk of death
at 1 year compared to pPCI, showing an absolute reduction
of 5% (PHT + PCI 5% and pPCI 11%). When the time from
symptom onset to admission after TL is <3.5 h, the inhospital
mortality is nil, and at 1 year, mortality is 1%. In contrast, in
the case of later admissions, the registry shows the inhospital
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Table 1: List characteristics of included studies

References Population Comparator groups Treatment duration Assessment duration of
size (n) primary outcome
Randomized control
trials
Armstrong, 2006!* 304 Group 1=TL + usual Group 1=91 min 30-day composite outcome
care; Group 2=TL + PCI; Group 2=119 min
Group 3=PPCI
Barbash ez al., 19901 190 PHT + PCI and IHT and PCI <2hand>2h At 60 days and at 24 months
Behmer et al., 20101" 276 patients with Early invasive group versus At 30 days and at 1 year
acute STEMI conservative group
CAPTIM trial 2002 840 PHT + PCI versus PPCI <2 hversus >2 h At 30 days and at 5 years
and 2009
CAPTIM! 834 PHT + PCI versus PPCI <2hversus>2 h 30-day mortality
Castaigne et al., 100 PHT, IHT PHT=131 min, IHT=180 min Inhospital mortality
1989131
EMIP, 1993014 5469 PHT, IHT PHT 130 min, IHT 190 min Overall mortality at 30-days
GREAT, 1992013 311 PHT versus IHT PHT=101 min, IHT=240 min At hospital discharge, at
years 1, 5, and 10
McAleer and Varma, 248 PHT versus IHT PHT=136 min, IHT=196 min At 30 days and at years 1
20061 and 5
McNeill et al., 198917 57 PHT versus IHT PHT=119 min, IHT=187 min Inhospital mortality
Schofer et al., 199018 78 PHT versus IHT PHT=85 min, IHT=137 min Inhospital
Sinnaeve et al., 20141 1892 PHT + PCI versus PPCI PHT + PCI=100 min PPCI=178 min 30 days, 1 year
MITIE 360 PHT versus IHT PHT=77 min, IHT=110 min Inhospital, 2 years
Nonrandomized trials
Benger, 20022" 98 PHT, IHT PHT=133 min, IHT=178 min Inhospital
Coccolini et al., 280 Rural hospital transfer to Rural 90 min, CCU 165 min 35 days
1998122 CCU
Gilon et al., 200023 358 Effect of very early <1.5 h, between 1.5 hand 4 h Major CV events during 3
thrombolysis months, 1, 2, 3, and 4 years
Grijseels et al., 199524 768 PHT versus IHT <2hand>2h Hospital 1 year and 5 years
Khan et al., 20201 484 PHT versus PPCI 1,2,3,4,and 5 and 6.2 years
Linderer et al., 199313 170 Early thrombolysis — cutoff <l.5hand>1.5h 21 days
time of 1.5 h
Mathew et al., 20032 750 PHT versus IHT PHT=2.3 h, IHT=4 h Inhospital
Roncalli et al., 200327 318 Primary angioplasty and PHT=145+81 min, Inhospital and 3 years
PHT PTCA=237490 min
Roth et al., 199088 116 MICU versus CCU MICU 94435 min, CCU 137444 min  Inhospital
Solhpour ez al., 214 TT + PCI versus PPCI TT + PCI 151 min PPCI 165 min 30 days
20142
Viikild et al., 20135 448 PPCI versus PHT 30 days and 1 year
Welsh et al., 20065 1095 PHT versus IHT PHT=1 h 43 min, [IHT=2 h 38 min Inhospital
Guy et al., 20215% 33 PHT versus IHT PHT=25 min, IHT=84 min
Registry studies
Danchin et al., 200453 1922 PHT, IHT, PPCI, and no Median time from symptom onsetto  Inhospital 1 year
reperfusion admission in the PHT group was 3.5
h and greater in the IHT group
Stenestrand et al., 26,205 PHT, IHT, and PPCI <2 h and >2h Inhospital, at 7 days,
2006534 30 days, and 1 year
Bjorklund et al., 5375 PHT versus IHT PHT=113 min, IHT=165 min 1 year
20068
Mannsverk et al., 385 PHT versus IHT <2 h and >h 1 year
20196¢!
Danchin et al., 201457 1492 PHT versus IHT 5 years
Kalla et al., 200658 1053 PHT, IHT, and PPCI 0-2,2-6,and 2-12 h Inhospital mortality
Jortveit et al., 20225 9787 Effect of very early <2h,2-3h,and>3 h 6 years
thrombolysis

PHT: Prehospital thrombolysis, IHT: Inhospital thrombolysis, PTCA: Percutaneous transluminal coronary angioplasty, TT: Thrombolytic therapy,
PCI: Percutaneous coronary intervention, PPCI: Primary PCI, MICU: Mobile intensive care unit, CCU: Coronary care unit, CV: Cardiovascular,
STEMI: ST-elevation myocardial infarction, TL: Thrombolysis
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mortality at 6% and the 1-year mortality rate at 10%. Vienna
study®®! shows that when the treatment was given within 2 h
of symptoms onset, the inhospital mortality rates favored TL
over pPCI (pPCI 7.8%, TL 5.1%).

In addition, when we analyzed the data from CAPTIM,
CAPTIM, and WEST (combined analysis), and the Vienna
study, we can observe that within 2 h of ischemic pain, PHT
followed by PCI provides better mortality benefits than pPCI
alone at 30 days, 1-year, and 5-year follow-up. This observation
necessitates a closer look at STEMI management when patients
present within 2 h of ischemic pain.[*4

Discussion

IHD is among the leading causes of death and disability in
developing countries, and measures to offer the quickest
possible reperfusion therapy after the onset of acute chest pain
could evade life-threatening irreversible myocardial damage.
The importance of early intervention has been well recognized,
studied, and proven in several large-scale studies and registries.
When all ages are considered, 40% of the deaths from AMI
occur within 1 h of the onset of symptoms. ' Among men of
middle and younger ages, 63% of the deaths occur within 1 h
of the onset of symptoms. With few exceptions like stuttering
MI, reperfusion attempted after 6 h of the onset of symptoms is
of minimal to no benefit in preventing myocardial damage.

The definitive treatment in acute STEMI is reperfusion therapy.
Among the two reperfusion therapies, namely, TL and primary
angioplasty, primary angioplasty is considered a better method
of reperfusion, but its greater value is compromised when it
cannot be delivered within the recommended time limit.”!
Practical difficulties in completing the primary angioplasty
within the recommended time limit of 180 min from symptom
onset most often exist because much depends on the time taken
by the patients seeking medical help and the transportation
facility. 8

Studies show that prehospital delay is longer among people
of old age (>55 years), women, with lower socioeconomic
status, and those with a previous history of angina and diabetes
mellitus.*’ Patients in developing countries tend to get
extremely delayed reperfusion therapy compared to patients in
Western geographies. This increases the risk of mortality and
morbidity in patients with STEMI in the developing world.[
Lack of education and awareness, misreading of the symptoms,
attempts with home remedies, economic reasons, lack of
ambulance services, major traffic congestions of the city roads in
the case of the urban population, long distances to be covered for
hospitalization amidst rural population, and late referrals by the
attending health-care professional are all some of the common
causes for the delay in reaching out to a cardiac care center. Most
basic requirements for quick balloon deployment are untenable
even in metropolitan cities of developing countries."*"

McNamara et al. showed that DTB times of <90 min and DTN
times of <30 min are achieved only in a minority of cases.”

In the National Registry of Myocardial Infarction (NRMI)
databases 3 and 4, the guideline-recommended DTB time of
1.5 h was achieved in only 4.2% of patients.[>!

When primary angioplasty is delayed, its advantage over TL is
lost. The ESC guidelines permit a PCl-related time delay over
fibrinolysis (DB-DN time) of up to 120 min. Pinto et al., based
on NRMI studies, have pointed out that it is not uniform for all
STEMI patients.? In an anterior wall, MI patient <65 years
old who presents within 2 h of symptom onset, the mortality
advantage is lost if the DB-DN time is >40 min.

It is often challenging to perform PCI immediately on the
patient’s arrival at the hospital since it demands extensive
inhospital organization and infrastructural facility. Most often
than a matter of exception, there is a delay in the primary PCI,
and thus, the reperfusion is rarely achieved within an optimal
time of 2 h after the onset of symptoms. In this context, PHT
has a time gain of approximately 60 min over IHT in urban
areas (approximately 30 min of transport and another 30 min in
the DTN time in the hospital)!’*! and 75 min in a rural study.?
PHT saved 131 min compared to pPCI in a real-world registry
study (NORWAY study).[!”

In this systematic review, we have evaluated the available
evidence from clinical trial data and real-world registry data
to evaluate the impact of early PHT on mortality benefits.

The main findings of our review are:

1. PHT significantly reduces mortality compared to
IHT (OR-0.68, P < 0.00001). This sharply contrasts the
commonly known 2% absolute reduction in mortality
with pPCI over IHT. We infer that PHT given in time
offers far greater benefits than interventions given later
than 2 h, irrespective of the type of intervention

2. Early thrombolytics followed by PCI provided better
mortality benefits (OR-0.78, P = 0.0001) [Figure 3b]. PHT
delivered within the first 2-3 h of the onset of symptoms of
AMI followed by PCI shows better survival rates than pPCI

3. Our analysis shows a far superior survival rate when
the median ischemic time is <2 h (OR 0.64 at 30 days,
0.54 at 1 year, and 0.37 at 5 years: P =0.00001). The
mortality increases with longer ischemic time [3 h and
6 h plots of Figure 4].

Mobile CCU reduces the short-term community (prehospital
and inhospital) mortality in STEMI by an absolute 9.7%.
It results from (a) prevention or correction of ventricular
fibrillation outside the hospital before transport; (b) stabilization
of patients before transfer which eliminates death during
transport and in casualty departments; and (c) diminution of
hospital mortality by a reduction in the incidence of shock
and pump failure in patients receiving prehospital care.
Our meta-analysis shows a reduction in all-cause short-term
mortality associated with the PHT (7.1%) compared to
IHT (10.6%), an absolute reduction of 3.4%.

Our study findings indicated an increasing mortality trend
with an increase in median ischemic time [3 h vs. 6 h plots
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of Figure 4]. Similar results were reported by Eric Boersma,
who conducted a meta-analysis of 22 trials with 50246 patients
and found that the 35-day mortality reduction in patients
treated <2 h versus later was 44% versus 20%.1"

Recently, microvascular obstruction (MVO) has been shown
to predict major adverse cardiovascular events than infarct
size itself. MVO, in turn, is more closely related to ischemic
time than types of reperfusion therapy. Thus, the ischemic
time critically influences prognosis rather than the type of
reperfusion.B¥

ConcLusIioN

This meta-analysis reveals a significant reduction in mortality
with PHT compared to IHT. The definitive treatment in
patients with STEMI is reperfusion at the earliest. Compared
to inhospital reperfusion, it hastens reperfusion by more than
an hour in rural and urban areas. This reduction in ischemic
time translates as improved survival and yields an absolute
reduction in short-term mortality of 3.4%.

TL is universally available, economical, and can be given
anywhere, even at odd hours. Patients with STEMI ineligible
for TL can be stabilized at home and transferred to the PCI
center directly, reducing time to balloon and improving results.

With the movement of thrombolytic therapy from the
catheterization laboratory to the critical care unit and then to
the emergency department, the delay in TL of acute MI has
been dramatically reduced. It is time to move TL to a home or
mobile cardiac care ambulance for maximal benefit.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Khan MA, Hashim MJ, Mustafa H, Baniyas MY, Al Suwaidi SK,
AlKatheeri R, et al. Global epidemiology of ischemic heart disease:
Results from the global burden of disease study. Cureus 2020;12:€9349.

2. Roth GA, Johnson C, Abajobir A, Abd Allah F, Abera SF, Abyu G, et al.
Global, regional, and national burden of cardiovascular diseases for 10
causes, 1990 to 2015. J Am Coll Cardiol 2017;70:1-25.

3. Sreeniwas Kumar A, Sinha N. Cardiovascular disease in India: A 360
degree overview. Med J Armed Forces India 2020;76:1-3.

4. Xavier D, Pais P, Deverecaux PJ, Xie C, Prabhakaran D, Reddy KS,
et al. Treatment and outcomes of acute coronary syndromes in
India (CREATE): A prospective analysis of registry data. Lancet
2008;371:1435-42.

5. Garcia Dorado D, Théroux P, Elizaga J, Galifianes M, Solares J,
Riesgo M, et al. Myocardial reperfusion in the pig heart model:
Infarct size and duration of coronary occlusion. Cardiovasc Res
1987;21:537-44.

6. Lamfers EJ, Hooghoudt TE, Hertzberger DP, Schut A, Stolwijk PW,
Verheugt FW. Abortion of acute ST segment elevation myocardial
infarction after reperfusion: Incidence, patients’ characteristics, and
prognosis. Heart 2003;89:496-501.

7. McNamara RL, Herrin J, Bradley EH, Portnay EL, Curtis JP, Wang Y,
et al. Hospital improvement in time to reperfusion in patients with acute
myocardial infarction, 1999 to 2002. J Am Coll Cardiol 2006;47:45-51.

8. Armstrong PW, WEST Steering Committee. A comparison of
pharmacologic therapy with/without timely coronary intervention versus
primary percutaneous intervention early after ST-elevation myocardial
infarction: The WEST (Which Early ST-elevation myocardial infarction
therapy) study. Eur Heart J 2006;27:1530-8.

9. Barbash GI, Roth A, Hod H, Miller HI, Modan M, Rath S, et al.
Improved survival but not left ventricular function with early and
prehospital treatment with tissue plasminogen activator in acute
myocardial infarction. Am J Cardiol 1990;66:261-6.

10. Behmer E, Hoffmann P, Abdelnoor M, Arnesen H, Halvorsen S. Efficacy
and safety ofimmediate angioplasty versus ischemia-guided management
after thrombolysis in acute myocardial infarction in areas with very long
transfer distances results of the NORDISTEMI (NORwegian study on
Dlstrict treatment of ST-elevation myocardial infarction). J Am Coll
Cardiol 2010;55:102-10.

11. Bonnefoy E, Lapostolle F, Leizorovicz A, Steg G, McFadden EP,
Dubien PY, et al. Primary angioplasty versus prehospital fibrinolysis
in acute myocardial infarction: A randomised study. Lancet
2002;360:825-9.

12. Steg PG, Bonnefoy E, Chabaud S, Lapostolle F, Dubien PY, Cristofini P,
et al. Impact of time to treatment on mortality after prehospital
fibrinolysis or primary angioplasty: Data from the CAPTIM randomized
clinical trial. Circulation 2003;108:2851-6.

13. Castaigne AD, Hervé C, Duval Moulin AM, Gaillard M,
Dubois Rande JL, Boesch C, et al. Prehospital use of APSAC: Results
of a placebo-controlled study. Am J Cardiol 1989;64:30-3A.

14. European Myocardial Infarction Project Group. Prehospital thrombolytic
therapy in patients with suspected acute myocardial infarction. N Engl J
Med 1993;329:383-9.

15. GREAT. Feasibility, safety, and efficacy of domiciliary thrombolysis by
general practitioners: Grampian region early anistreplase trial. GREAT
Group. BMJ 1992;305:548-53.

16. McAleer B, Varma MP. Feasibility and long term outcome of home
versus hospital initiated thrombolysis. Ir ] Med Sci 2006;175:14-9.

17. McNeill AJ, Cunningham SR, Flannery DJ, Dalzell GW, Wilson CM,
Campbell NP, et al. A double blind placebo controlled study of early and
late administration of recombinant tissue plasminogen activator in acute
myocardial infarction. Br Heart J 1989;61:316-21.

18. Schofer J, Biittner J, Geng G, Gutschmidt K, Herden HN, Mathey DG,
et al. Prehospital thrombolysis in acute myocardial infarction. Am J
Cardiol 1990;66:1429-33.

19. Sinnaeve PR, Armstrong PW, Gershlick AH, Goldstein P, Wilcox R,
Lambert Y, et al. ST-segment-elevation myocardial infarction patients
randomized to a pharmaco-invasive strategy or primary percutaneous
coronary intervention: Strategic reperfusion early after myocardial
infarction (STREAM) Il-year mortality follow-up. Circulation
2014;130:1139-45.

20. Weaver WD, Cerqueira M, Hallstrom AP, Litwin PE, Martin JS,
Kudenchuk PJ, et al. Prehospital-initiated versus hospital-initiated
thrombolytic therapy. The myocardial infarction triage and intervention
trial. JAMA 1993;270:1211-6.

21. Benger JR, Karlsten R, Eriksson B. Prehospital thrombolysis: Lessons
from Sweden and their application to the United Kingdom. Emerg Med
12002;19:578-83.

22. Coccolini S, Berti G, Maresta A. The magnitude of the benefit from
preCCU thrombolysis in acute myocardial infarction: A long term
follow up. Int J Cardiol 1998;65 Suppl 1:S49-56.

23. Gilon D, Leitersdorf I, Gotsman MS, Zahger D, Sapoznikov D,
Weiss AT. Reduction of congestive heart failure symptoms by very
early fibrinolytic therapy in acute myocardial infarction: A long-term
follow-up. Am Heart J 2000;139:1096-100.

24. Grijseels EW, Bouten MJ, Lenderink T, Deckers JW, Hoes AW,
Hartman JA, et al. Pre-hospital thrombolytic therapy with either
alteplase or streptokinase. Practical applications, complications and
long-term results in 529 patients. Eur Heart J 1995;16:1833-8.

25. Linderer T, Schroder R, Arntz R, Heineking ML, Wunderlich W,
Kohl K, et al. Prehospital thrombolysis: Beneficial effects of very early
treatment on infarct size and left ventricular function. J Am Coll Cardiol
1993;22:1304-10.

26. Mathew TP, Menown IB, McCarty D, Gracey H, Hill L, Adgey AA.

56 Research in Cardiovascular Medicine | April-June 2024 | Volume 13 | Issue 2 -




¥202/22/60 uo =[31ZIMNZIDBpXZOBBqe0ATOAEIOVIHSALLIAIPO0ALIEAHIOII/AOAU

MVYTXOMADYOINXFOHISABZIYTA+BYNIOITWNOTIZTACY HIBSHA QUG AQ WADL/WOD M| s[eulnol/:diy woly pspeojumoq

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

.Research in Cardiovascular Medicine | April-June 2024 | Volume 13 | Issue 2

Ramadoss, et al.: Mortality reduction in acute myocardial infarction by prehospital thrombolysis

Impact of pre-hospital care in patients with acute myocardial
infarction compared with those first managed in-hospital. Eur Heart J
2003;24:161-71.

Roncalli J, Brunelle F, Galinier M, Carrié D, Fourcade J, Elbaz M, et al.
Pre-hospital fibrinolysis followed by angioplasty or primary angioplasty
in acute myocardial infarction: The long-term clinical outcome.
J Thromb Thrombolysis 2003;15:181-8.

Roth A, Barbash GI, Hod H, Miller HI, Rath S, Modan M, et al. Should
thrombolytic therapy be administered in the mobile intensive care unit
in patients with evolving myocardial infarction? A pilot study. J Am Coll
Cardiol 1990;15:932-6.

Solhpour A, Chang KW, Balan P, Cai C, Sdringola S, Denktas AE,
et al. Comparison of outcomes for patients>75 years of age treated
with pre-hospital reduced-dose fibrinolysis followed by percutaneous
coronary intervention versus percutaneous coronary intervention alone
for treatment of ST-elevation myocardial infarction. Am J Cardiol
2014;113:60-3.

Viikild J, Lilleberg J, Tierala I, Syvanne M, Kupari M, Salomaa V, et al.
Outcome up to one year following different reperfusion strategies in acute
ST-segment elevation myocardial infarction: The Helsinki-Uusimaa hospital
district registry of ST-elevation acute myocardial infarction (HUS-STEMI).
Eur Heart J Acute Cardiovasc Care 2013;2:371-8.

Welsh RC, Travers A, Senaratne M, Williams R, Armstrong PW.
Feasibility and applicability of paramedic-based prehospital fibrinolysis
in a large North American center. Am Heart J 2006;152:1007-14.

Guy A, Gabers N, Crisfield C, Helmer J, Peterson SC, Ganstal A, ef al.
Collaborative heart attack management program (CHAMP): Use of
prehospital thrombolytics to improve timeliness of STEMI management
in British Columbia. BMJ Open Qual 2021;10:¢001519.

Danchin N, Blanchard D, Steg PG, Sauval P, Hanania G, Goldstein P,
et al. Impact of prehospital thrombolysis for acute myocardial infarction
on l-year outcome: Results from the French nationwide USIC 2000
registry. Circulation 2004;110:1909-15.

Stenestrand U, Lindbéck J, Wallentin L, RIKS HIA Registry. Long-term
outcome of primary percutaneous coronary intervention versus
prehospital and in-hospital thrombolysis for patients with ST-elevation
myocardial infarction. JAMA 2006;296:1749-56.

Bjorklund E, Stenestrand U, Lindbdck J, Svensson L, Wallentin L,
Lindahl B. Pre-hospital thrombolysis delivered by paramedics
is associated with reduced time delay and mortality in
ambulance-transported real-life patients with ST-elevation myocardial
infarction. Eur Heart J 2006;27:1146-52.

Mannsverk J, Steigen T, Wang H, Tande PM, Dahle BM, Nedrejord ML,
et al. Trends in clinical outcomes and survival following prehospital
thrombolytic therapy given by ambulance clinicians for ST-elevation
myocardial infarction in rural sub-arctic Norway. Eur Heart J Acute
Cardiovasc Care 2019;8:8-14.

Danchin N, Puymirat E, Steg PG, Goldstein P, Schiele F, Belle L, et al.
Five-year survival in patients with ST-segment-elevation myocardial
infarction according to modalities of reperfusion therapy: The French
registry on acute ST-elevation and non-ST-elevation myocardial
infarction (FAST-MI) 2005 cohort. Circulation 2014;129:1629-36.
Kalla K, Christ G, Karnik R, Malzer R, Norman G, Prachar H, et al.
Implementation of guidelines improves the standard of care: The
Viennese registry on reperfusion strategies in ST-elevation myocardial
infarction (Vienna STEMI registry). Circulation 2006;113:2398-405.
Jortveit J, Pripp AH, Halvorsen S. Outcomes after delayed primary
percutaneous coronary intervention versus pharmaco-invasive strategy
in ST-segment elevation myocardial infarction in Norway. Eur Heart J

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

SI.

52.

53.
54.

Cardiovasc Pharmacother 2022;8:442-51.

Boersma E, Maas AC, Deckers JW, Simoons ML. Early thrombolytic
treatment in acute myocardial infarction: Reappraisal of the golden
hour. Lancet 1996;348:771-5.

Gersh BJ, Maron BJ, Bonow RO, Dearani JA, Fifer MA, Link MS,
et al. 2011 ACCF/AHA guideline for the diagnosis and treatment
of hypertrophic cardiomyopathy: Executive summary: A report
of the American College of Cardiology Foundation/American
Heart Association task force on practice guidelines. Circulation
2011;124:2761-96.

Yan AT, Yan RT, Goodman SG. Percutaneous coronary intervention
versus thrombolysis for ST-elevation myocardial infarction. JAMA
2007;297:1313-4.

Bonnefoy E, Steg PG, Boutitie F, Dubien PY, Lapostolle F, Roncalli J,
et al. Comparison of primary angioplasty and pre-hospital fibrinolysis
in acute myocardial infarction (CAPTIM) trial: A 5-year follow-up. Eur
Heart J 2009;30:1598-606.

Westerhout CM, Bonnefoy E, Welsh RC, Steg PG, Boutitie F,
Armstrong PW. The influence of time from symptom onset and
reperfusion strategy on l-year survival in ST-elevation myocardial
infarction: A pooled analysis of an early fibrinolytic strategy versus
primary percutaneous coronary intervention from CAPTIM and WEST.
Am Heart J 2011;161:283-90.

Bawaskar HS, Bawaskar PH, Bawaskar PH. Preintensive care:
Thrombolytic (streptokinase or tenecteplase) in ST elevated acute
myocardial infarction at peripheral hospital. J Family Med Prim Care
2019;8:62-71.

Institute of Medicine (US) Committee on Social Security Cardiovascular
Disability Criteria. Cardiovascular Disability: Updating the Social
Security Listings. Washington (DC): National Academies Press (US);
2010.

De Luca G, Suryapranata H, Marino P. Reperfusion strategies in acute
ST-elevation myocardial infarction: An overview of current status. Prog
Cardiovasc Dis 2008;50:352-82.

Medical Advisory Secretariat. Primary angioplasty for the treatment of
acute ST-segment elevated myocardial infarction: An evidence-based
analysis. Ont Health Technol Assess Ser 2004;4:1-65.

Millin MG, Brooks SC, Travers A, Megargel RE, Colella MR,
Rosenbaum RA, er al. Emergency medical services management
of ST-elevation myocardial infarction. Prehosp Emerg Care
2008;12:395-403.

Svensson L, Karlsson T, Nordlander R, Wahlin M, Zedigh C, Herlitz J.
Safety and delay time in prehospital thrombolysis of acute myocardial
infarction in urban and rural areas in Sweden. Am J Emerg Med
2003;21:263-70.

Nallamothu BK, Bates ER, Herrin J, Wang Y, Bradley EH,
Krumholz HM, et al. Times to treatment in transfer patients undergoing
primary percutaneous coronary intervention in the United States:
National registry of myocardial infarction (NRMI)-3/4 analysis.
Circulation 2005;111:761-7.

Pinto DS, Kirtane AJ, Nallamothu BK, Murphy SA, Cohen DJ,
Laham RJ, et al. Hospital delays in reperfusion for ST-elevation
myocardial infarction: Implications when selecting a reperfusion
strategy. Circulation 2006;114:2019-25.

Pantridge JF. Mobile coronary care. Chest 1970;58:229-34.

Schumm J, Greulich S, Wagner A, Griin S, Ong P, Bentz K, et al.
Cardiovascular magnetic resonance risk stratification in patients
with clinically suspected myocarditis. J Cardiovasc Magn Reson
2014;16:14.




SEI0 J04SU ||BI8AQ

ulewop -uodal aA}98|as

UJBUIOP BLWI0IIN0 JO JUBLIBINSESJY
uewop -ejep Buissiy

UIBWIOP -8B U 8IUBIBYIP UOHUBAIBII SO
UlBWIOQ UONEINSSE|ISIN

|3A8] UleWoQ UoRI3IaS

juaned ajqifija Buipn|ax3 uonIs|ag
13sn juajeaaid Buipn|ou| JuoRIajas
|aA8] ulewoq :Bulpunouo)d
uonuaaiaul-09 ulpunouod
18A0YoUMS Bulpunojuod

auljaseq :Buipunouod

Benger 2002

seiq 18yl

(selq Buipodal) Buipodal aaaa|es

(selq uonupe) elep awoano aja|duioaul

(selq uoIajap) JUaLISSasse aWodNo Jo Bulpulg

(se1q uoy

(selq asuewnopad) |auuosiad pue sjuediaped Jo Buipung

(seiq uonaalas)

Cocealini 199 | @D | D (O[O | © OO O O S

6in200 | @ | 9 (O |9 | O (O |9 © (O © © (O ®
orisees 1995 | @ | @ @ | O |® | © |© | © |9 |9 |99 ®

Guy 2021

Khan 2020

Linderer1993 (@ | ® | ® | QO ([ ® | © ([ ® || ® | ®

mathew2003 | @ | D | @ (O (O | | © |9 O O O O O
Roncali2003 | @ | @ (@ (O || O O O D OO S S

Roh19%0 | D (@ | © (O | OO O O O O S S e
sohpur2014 (2 | @D | O (9| O (9O (OO O O O S
viila2013 (@ | ® |9 |9 |© | (© | O © 9 S S S

mwelshZUUGQ............

Armstrong 2006 . . . ® e e

Barbash 1990 | @ | ® | @ @ (@ | @

Bohmer2010 | @ | @
Bonnefoy 2002 | @ | @

Castaigne 1989

ERNIP 1993 | @

creat1992 | @ [ @ | @
Meateer2006 | @ (D | @ | O | ® (@

menei 1988 ([ @ | D (@ | O (O | ©

Schofer 1990

Sinnaeve 2014 . . . . .

Weaver 1993

Downloaded from http://journals.lww.com/rcvm by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1y0abggQZXdgGj2MwlZLel= on 09/22/2024

Supplementary Figure 1: Risk-of-bias summary of included (a) randomized control trials and (b) nonrandomized trials
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Supplementary Figure 2: Funnel plot of comparison: Prehospital

thrombolysis versus inhospital thrombolysis follow-up of up to 30 days,

outcome: All-cause mortality
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Supplementary Figure 3: Funnel plot of comparison: 3 Thrombolytics + PCI
versus PPCI, outcome: 3.1 thrombolysis + PCl versus PPCI (inclusive of

Stenestrand ef al.’s study). TL: Thrombolysis, PPCI: Primary PCI
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Supplementary Figure 5: Funnel plot of comparison: 2 elapsed time,

outcome: 2.1 ischemic time versus 30-day mortality rate

Supplementary Figure 4: Funnel plot of comparison: 3 Thrombolytics + PCI
versus PPCI, outcome: 3.2 thrombolysis + PCI versus PPCI (without

Stenestrand et al.’s study). PPCI: Primary PCI, TL: Thrombolysis
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Supplementary Figure 6: Funnel plot of comparison: 2 elapsed time,

outcome: 2.2 ischemic time versus 1-year survival
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