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Although morbidity and mortality rates are declining for acute coronary syndrome (ACS) in most high-
income countries, it is rising at an alarming pace for low to middle income countries (LMICs). A major
factor that is contributing to the poor clinical outcomes among LMICs is largely due to prehospital treat-
ment delays. This systematic review was conducted to determine the mean length of time from symptom
onset to treatment in LMICs and the sociodemographic, clinical and health system characteristics that
contribute to treatment delays. We conducted a comprehensive review of the relevant literature pub-
lished in English between January 1990 through May 2020 using predefined inclusion and exclusion cri-
teria. Twenty-nine studies were included and time to treatment was defined from ACS symptom onset to
first medical contact and dichotomized further as less than or >12-hours. The mean time from symptom
onset to first medical contact was 12.7 h which ranged from 10-minutes to 96 h. There was consensus
among studies that being older, female, illiterate, living in a rural area, and financially limited was asso-
ciated with longer treatment delays. Lack of a developed emergency transportation system, poor commu-
nication and organization between community facilities and interventional facilities were also cited as
major contributors for ACS treatment delays. Findings from this systematic review provide future direc-
tions to potentially reduce prehospital delays in LMICs and improve ACS outcomes.

© 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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1. Introduction

Over the last two decades, mortality rates from acute coronary
syndrome (ACS) have markedly declined in high-income countries
largely due to lifestyle risk factor reduction and treatment
advancements in cardiovascular disease (CVD). Among low-to
middle-income countries (LMICs) however, the prevalence of ACS
is rising at an alarming pace, accounting for approximately 80%
of the burden and 85% of the disability observed worldwide [1-
4]. Despite the disproportionate burden of ACS in LMICs, knowl-
edge of patient characteristics, management and outcomes are pri-
marily composed of data obtained from high-income countries [5].

Inadequate prehospital emergency medical services (EMS) and
lack of coordination between facilities contribute to the poorer
clinical outcomes observed in most LMICs [6]. In addition, access
to interventional cardiology facilities and catheterization laborato-
ries are exceedingly scarce in LMICs with the majority located in
large, urban areas [6-9]. Management guidelines for ST-segment
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elevation myocardial infarction (STEMI) focus on the avoidance
of treatment delays and achieving reperfusion therapy as soon as
possible. The best clinical outcomes for a STEMI occurs when the
time from first medical contact to diagnosis is within 10 min of
arrival at a hospital equipped for reperfusion therapy. Pharmaco-
logical interventions such as fibrinolytics have the best patient out-
comes if infused within 30 min to one hour of symptom onset, with
little efficacy observed after 6 h. Percutaneous coronary interven-
tion (PCI) is most effective when used within 2-hours of symptom
onset, although some efficacy is reported up to 12-hours with little
improvement reported after 24-hours. Current American Heart
Association/American College of Cardiology (AHA/ACC) and Euro-
pean (ESC) guidelines provide strong evidence of superior clinical
outcomes, fewer complications and lower mortality if reperfusion
therapy efforts are initiated even earlier, within one-hour window
of symptom onset [10-12]. In most LMICs however, the time from
symptom onset to treatment is often delayed well beyond the time
frame for optimal or effective ACS management and remains a for-
midable challenge [2,5].

The purpose of this systematic review was to identify the aver-
age length of time from symptom onset to first medical contact in
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LMICs, and to determine sociodemographic, clinical and health sys-
tem characteristics that influence prehospital treatment delay for
ACS.

2. Methods
2.1. Search strategy

The PRISMA recommendations guided the procedures used in
this systematic review [13]. The protocol for the review was regis-
tered at PROSPERO (CRD42020202812). A comprehensive litera-
ture search was undertaken to identify studies meeting the
inclusion criteria. The search strategies were developed and con-
ducted by an experienced medical librarian (SL) with input from
the team members. An initial search strategy was drafted for test-
ing in PubMed using keywords from pre-identified sentinel articles
related to the study objectives. The draft search results were
assessed by the team and terms revised and again tested in
PubMed. The search terms were then translated for each additional
literature database and grey literature resources appropriate to the
study topic. The searches combined controlled vocabulary supple-
mented with keywords related to the concepts of acute coronary
syndrome (e.g. chest pain, angina, ST segment elevation), delayed
treatment (treatment seeking delay, time-to-treatment, time fac-
tors), and low- to middle-income countries. The search was limited
to studies published between January 1, 1990 to May 31, 2020 and
in the English language.

Finalized tested searches were undertaken on May 7, 2020. The
six bibliographic databases searched were CINAHL, Embase.com,
Global Health (Pro Quest), Psycinfo, PubMed, and Web of Science
Core Collection. In addition to the grey literature obtained from
Embase.com and Web of Science, other grey literature sources
searched were Africa Index Medicus, African Journals OnLine, Eur-
ope PMC, Google Scholar, Networked Digital Library of Theses
and Dissertations, OpenAIRE, Open Grey, ProQuest Dissertations
and Theses Global, and Scientific Electronic Library Online
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(SciELO). Google was hand searched. Search strategy details for
PubMed are provided in Fig. 1. Full searches for all databases and
grey literature are summarized in the accompanying Supplemen-
tary Material.

2.2. Inclusion criteria

The following were inclusion criteria: a) studies conducted in
low to middle income countries as defined by the World Bank
(2016), b) study designs including systematic reviews, meta analy-
ses, cross sectional, observational, case control, randomized con-
trolled trials, prospective and retrospective, c) adults diagnosed
with ACS, myocardial infarction with ST- elevation (STEMI),
myocardial infarction with non-ST-segment elevation (NSTEMI),
unstable angina (UA), and d) time reported from symptom onset
to first medical contact was documented.

2.3. Exclusion criteria

Studies were excluded if: a) an admission diagnosis other than
ACS, MI, STEMI, NSTEMI or UA b) documentation of symptom onset
and time to first medical contact was not reported, c) qualitative or
narrative study methodology was used. Characteristics influencing
time to treatment and a brief description of the included studies
are presented in Table 1.

A meta-analysis was not possible due to the differences in the
factors assessed as well as the heterogeneity of inclusion and
exclusion criteria among the included studies. Prehospital delay
was defined as the time from symptom onset to the first medical
contact. The delay time was further dichotomized into less than
12-hours, timely treatment decisions and >12 h, late treatment
decisions).

Delay[tw] OR “pre-hospital delay”’[tw] OR “prehospital delay”’[tw] OR “Treatment seeking delay”’[tw] OR “Treatment-seeking
delay”’[tw] OR “treatment delay”[tw] OR “delayed care”[tw] OR “delay in care”[tw] OR “patient delay”[tw] OR “health care
seeking”’[tw] OR “healthcare seeking”[tw] OR “help seeking”[tw] OR “help-seeking”[tw] OR “care seeking”’[tw] OR “care-
seeking”[tw] OR "Patient Acceptance of Health Care"[Mesh] OR "Time-to-Treatment"[Mesh] OR "Decision Making"[Mesh] OR
“decision making”[tw] OR “decision-making”[tw] OR “Time Factors””) AND ("Acute Coronary Syndrome"[Mesh] OR “acute
coronary syndrome”[tw] OR “myocardial infarction”[tw] OR “chest pain”[tw] OR angina[tw] OR “heart attack”[tw] OR
“ischemic heart disease”[tw] OR "Chest Pain"[Mesh] OR "Angina Pectoris"[Mesh] OR "Myocardial Infarction"[Mesh] OR
"Myocardial Ischemia"[Mesh] OR “cardiovascular event”[tw] OR “cardiovascular emergency”[tw] OR “cardiac emergency’[tw]
OR “cardiac event”[tw] OR “ST segment elevation”[tw] OR "ST Elevation Myocardial Infarction"[Mesh]) AND (“low income
country”’[tw] OR “middle income country”’[tw] OR “low-income country”’[tw] OR “middle-income country”’[tw] OR “low to
middle income country”[tw] OR “low-to-middle income country”[tw] OR “developing countries”[tw] OR “developing

country”’[tw] OR "Developing Countries"[Mesh] OR “low-income and middle-income countries”[tw] OR “low income and
middle income countries”[tw] OR LMIC[tw] OR Afghanistan OR Angola OR Bangladesh OR Benin OR Bhutan OR Bolivia OR
“Burkina Faso” OR Burundi OR “Cabo Verde” OR Cambodia OR Cameroon OR “Central African Republic” OR Chad OR
Comoros OR Congo OR “Coéte d'Ivoire” OR Djibouti OR Egypt OR “El Salvador” OR Eritrea OR Eswatini OR Ethiopia OR
Gambia OR Ghana OR Guinea OR Guinea-Bissau OR Haiti OR Honduras OR India OR Indonesia OR “ivory coast” OR Kenya
OR Kiribati OR Korea OR “Kyrgyz Republic” OR Lao OR Lesotho OR Liberia OR Madagascar OR Malawi OR Mali OR
Mauritania OR Micronesia OR Moldova OR Mongolia OR Morocco OR Mozambique OR Myanmar OR Nepal OR Nicaragua
OR Niger OR Nigeria OR Pakistan OR “Papua New Guinea” OR Philippines OR Rwanda OR “Sao Tomé” and Principe OR
Senegal OR Sierra Leone OR “Solomon Islands” OR Somalia OR “South Asia” OR “South Sudan” OR Sudan OR “Syrian Arab
Republic” OR Tajikistan OR Tanzania OR Timor-Leste OR Togo OR Tunisia OR Uganda OR Ukraine OR Uzbekistan OR
Vanuatu OR Vietnam OR “West Bank and Gaza” OR Yemen OR Zambia OR

Zimbabwe) AND English[lang] AND ("1990/01/01"[PDAT] : "2020/05/31"[PDAT])

Fig. 1. PubMed Search Strategy.
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Table 1

Factors influencing pre-hospital delay times for acute coronary syndrome in LMICs.

Studies where majority had <12 h of pre-hospital delay time

Study Design and Sample Patient Characteristics Major outcome Major Findings Selection Comparability Outcome Rating
Setting Size
Ahmed, et al., Cross- 280 Mean age 67.9; > 70% Time to Non-diabetics (n = 54, 36%) mean delay time was 1-3 hrs compared to 3-6  *** ** ** Good
2018 [24]  sectional, male. 130 (n = 46.4%) treatment hrs for diabetics (n = 54, 41.5%). Of those presenting after 6 h, majority
descriptive. were diabetic between (n = 66, 88.0%) did not believe that they were experiencing an MI. Self-
3 tertiary care diabetics and medication (36.0%) and traffic (22.7%) were major reasons for delay time.
hospitals in nondiabetics
Pakistan with STEMI or
NSTEMI.
Allana, et al.,  Descriptive, 249 Males 53.4% and females  Determine The median prehospital delay time for women was 7 h, compared to 3.5 h ~ *** ** ** Good
2015 [33]  cross-sectional 46.6%. Mean age men gender among men. Women delayed due to social factors. Men delayed for
comparative (56.46 + 11.67); women differences in individual factors.
study. 2 55.77 £ 11.77. Women time to
tertiary care were more likely treatment.
hospitals in hypertensive, diabetic,
Pakistan and have prior ACS.
Allana, et al, Comparative, Same as  Males 53.4% and females  To explore Atypical symptoms were experienced by more women, and perceived ek x Good
2018 [17]  cross- above 46.6%. Mean age men gender symptoms as another cause and not urgent. Only 47.3% (n = 118) had prior
sectional. (56.46 + 11.67); women differences in knowledge of ACS. Very few 4% (n = 10) were aware of treatment options.
2 tertiary care 55.77 £+ 11.77. ACS symptoms,
hospitals knowledge of
symptoms, and
perceived
urgency of
treatment.
Bandara, Observational 81 Mean age 61.7 £ 10.7. Presentation, Median time between symptom onset and hospital presentation was e e Good
etal, with one year Males (74%) management, 60 min (mean 212 min). Thrombolysis was performed in 73% of patients.
2015 [37]  follow-up. 1 and outcomes of The major reason for not providing thrombolysis was prehospital delay
tertiary care acute STEMI time. Median door-to-needle time was 64 min (mean, 98 min). Only 16.9%
hospital in Sri with follow-up  of patients received thrombolysis within 30 min, and none underwent
Lanka over 1-year. primary PCI. One-year mortality rate was 12.3%. Only 7.3% received
coronary intervention post infarction.
Bezdah, Observational, 445 Male (79%), mean age Factors The average time of FMC was 4.27 + 5.30 h. Longer FMC among women, o Poor
et al.,, follow-up at 60 + 12. influencing first  elderly, diabetics and those with a history of myocardial infarction. Female
2020 [19]  one-year. 1 medical contact gender was the only independent factor related to a longer FMC-delay
tertiary care (FMC). (adjusted OR = 1.87; P = 0.002). Patients who were carried by an ambulance
hospital or seen directly in hospital emergency initially had significantly shorter
Tunisia. delay time than those who visited a private doctor.
Dakota, et al., Retrospective, 1076 Median age was 55 (range  Door in (DI) to Median DI-DO time was 180 min; ischemic time 461 min. Only 63 ok Good
2020 [26]  cross- 48-61). Males, 86%, all door out (DO) (n = 6.4%) arrived within 60-minutes. Women had higher risk of longer DI-
sectional. were acute STEMI and all  time, total DO time > 120 min. Slow referral at initial hospitals increased DI-DO time.
Jakarta, were transported by ischemic time,
Indonesia ambulance. delay time
registry
database
Dhungel Cross- 79 All patients undergoing Door to Balloon  The median DTB (DBT) was 79 min. Forty-six (58.2%) had a DTB time less ~ ** * * Fair
et al., sectional, primary PCI; rescue and time (DTB) and  than 90 min. DTB time was significantly shorter with direct visit vs transfer
2018 [18]  observational. elective PCIs were factors that (p = 0.029). No significant DTB differences were found for
1 tertiary care excluded. influence it. sociodemographic or clinical variables.
hospital in
Nepal
Doddipalli Prospective, 346 Mean age Factors Major factors contributing to longer ischemic included symptom ke Fair
etal, Cross- 55.3 + 12.1 years; male contributing to  recognition 150.2 + 140.5 min. and transportation time, much longer if EMS

(continued on next page)
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Table 1 (continued)

Studies where majority had <12 h of pre-hospital delay time

Study Design and Sample Patient Characteristics Major outcome Major Findings Selection Comparability Outcome Rating
Setting Size
2018 [41]  sectional, gender n = 277 (80%), longer ischemic  was not utilized. Mortality and poorer outcomes with longer ischemic and
observational. majority lived in rural times in STEMI ~ DTB time.
1 tertiary areas patients
cardiac care undergoing
center in India primary PCL.
George et al.,, Retrospective, 96 Mean age was Time to The median patient decision delay was 75 min. Median from symptom R ok Good
2017 [20]  descriptive 55 + 11 years; male treatment and onset to FMC was 120 min and to referral center 290 min. Longer
Cross- gender n = 78 (81%); reasons for prehospital delay was associated with rural location and using public
sectional majority lived in rural delay. transportation. Correct symptom interpretation, rapid progression of
study. 1 areas (65%), STEMI symptoms, perceived symptoms as urgent and ambulance use led to
tertiary care diagnosis. shorter prehospital delays.
center in south
India
Juwana et al.,, Prospective, 596 Mean age was 62.5 years; Compare Time from symptom onset to FMC longer in Indonesian patients than in the = ** ** ** Fair
2009 [36] observational,  total 75% were male, all patient Netherlands (413 + 325 vs. 214 + 202). DTB time was also longer (189 + 127
Cross- 568 in patients underwent characteristics vs. 49 + 33 min). Indonesian patients were younger, had more severe CAD,
sectional. 1 Zwolle primary PCI for STEMI and time to PCI  smoked, more diabetics and have higher lipid levels.
tertiary care and 28 diagnosis. treatment, PCI
hospital in the in outcomes,
Netherlands Jakarta
and Jakarta.
Khan et al., Prospective, 720 First AMI, mean age Pre-hospital The median (IQR) times to presentation was 3.04 (6.0) hours. 34% had FMC =~ *** ** ** Good
2007 [32]  observational, 54 years + 12; 78% male.  delay time in 6 h or more after symptoms. Only 36% arrived within 2 h of symptom onset.
Cross- first MI and Two-thirds (66%) did not recognize the AMI symptoms, 81% were not aware
sectional. 1 reasons for of any symptoms of AMI, and only 6% could identify two or more symptoms
tertiary care delay of heart attack. Lack of knowledge of AMI symptoms and mild chest pain
hospital in were associated with significantly longer delay times.
Pakistan
Khursheed Retrospective 230 Mean age was Time to various  Patients were seen by ED physicians in < 30 min of arrival; 149 patients o Fair
et al, chart audit, 58.9 years * 13.7, 62.6% treatments in (74.1%) in < 10 min, 36 (17.9%) in 11-30 min, and 16 (8.0%) after 30 min of
2015 [16]  cross- (n = 144) were male. ACS triage. 60 patients (26.1%) met criteria for PCI; DTB time was < 90 min in 29
sectional. 1 (48%) of patients.
tertiary care
hospital in
Pakistan
Kim et al., Retrospective, 164 Mean age was 57.07 Evaluate the in- The mean pain-to-door time was 472 min (7.87 h + 12.40). Only 5.49% e Fair
2019 [38] longitudinal, (£12.40), 75% (n = 123) hospital clinical  traveled by EMS which caused significant delay times. Non-thrombolysis
chart audit, were male. All were STEMI group had significantly prolonged pain-to-door time (25.83 + 29.20 h)
descriptive. 1 STEMI outcomes of when compared to thrombolytic group (4.17 + 3.86 h). The average door-to-
rural hospital treated in a needle time was 38.28 min, and 62.50% (85/136) received
in Bangladesh rural hospital streptokinase less than 30 min after arrival. Only 3 patients were referred to
PCI capable hospital. The overall in-hospital mortality rate was 19.51%,
MACE at 30 days, 23.17% (38/164), respectively.
Lim et al., Cross- 222 Mean age 58 + 11.9 years. Pre-hospital Median symptom-to-door time was 130.5 (IQR 240) min, with 64% of R ok x Good
2019 [35]  sectional, 83.8% (n = 186) were factors affecting subjects arriving early and 36% arriving late. Only 30.6% males arrived late,

descriptive. 2
tertiary care
hospitals in
Malaysia

males.

symptom-to-
door time
among STEMI
patients
dichotomized
as less than 3
hrs and > 3 hrs.

compared to 63.9% female patients. Patients who first sought treatment at a
primary clinic exhibited a 2.8 greater odds of a longer delay time. Patients’
self-perceptions of their symptoms as cardiac had lower delay time versus
those with atypical or recurrent chest pain.
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Table 1 (continued)

Studies where majority had <12 h of pre-hospital delay time

Study Design and Sample Patient Characteristics Major outcome Major Findings Selection Comparability Outcome Rating
Setting Size
Medagama Prospective, 265 Mean age was Factors that The median delay from symptom onset to hospital admission was shorter =~ *** ** ** Good
et al., cross-sectional 63.2 + 11.1 years; 55.1% influence for STEMI patients at 60 min than for UA/NSTEMI patients at 120 min.
2015 observational. (n = 141) were female. management of  Longer delays for those seeing a GP initially. Fifty-nine (70.2%) with STEMI
[40] 1 tertiary care ACS. underwent fibrinolytic therapy. Only 10 patients (16.9%) received
hospital in Sri thrombolytic therapy within 30 min, 28 (47.4%) within 60 min, and 39
Lanka (66%) within 90 min. Twenty (33.9%) received thrombolytic
therapy>90 min after arriving at the hospital. MACE occurred in 11.7% with
higher BMI and duration of diabetes the greatest predictors.
Mesas et al.,  Observational, 50 Mean age was 59 + 10.5;  Evaluate the The median reperfusion time (RT) was 430 min. Patients treated in o Poor
2018 [21]  cross- 64% (n = 32) were male individual intermediate care units showed a significant increase in system delay time;
sectional, components of  which accounted for 81.1% of RT; only 10% of patients were taken directly
descriptive. reperfusion to referral center and only 23.5% used an ambulance. Patient delay time was
Tertiary care time (RT) in approximately 40 min longer among those who answered, “I didn’t think it
hospital in patients with was serious.”
Brazil. STEML.
Mohan et al.,  Prospective, 619 Age was dichotomized Identify factors ~ 58% presented within 6 hrs to the hospital, and 42% after 6 hrs. Prehospital =~ **** ** ** Good
2018 [30]  cross- as less than 60 associated with  delay > 6 hrs was significantly longer in the elderly, rural residents, when
sectional, or > 60 years; mean age prehospital FMC was clinic and illiteracy. Correct symptom interpretation, being
observational. was 78.6% (n = 487) were  delay time less diabetic and EKG utilization at FMC reduced prehospital delay. When EKG
5 tertiary care males than 6 hrs or>6 was performed, approximately 80.7% of the patients received early
hospitals in hrs. reperfusion therapy. Ambulance awareness was present in 96% of patients,
India but only used by 5.3%.
Poorhosseini ~ Cross- 2103 Mean age was Assess Median pain to door (P2D) time was 279 (120-630) minutes. Female ok Good
et al, sectional, 59.49 + 11.79 years; 76.4% prehospital gender, being uneducated, self-transportation or referral from another
2019 descriptive. 1 males. delay and it's hospital, atypical chest pain and history of hypertension were associated
[22] tertiary care contributing with significantly higher delay times.
hospital in Iran factors in STEMI
undergoing
primary PCIL
Sriha et al., Cross- 1173 Mean age was 60 years, To describe ACS  Two hours was the median duration between chest pain onset and ED Ak Good
2018 [34]  sectional, 67.4% were males; the prevalence and arrival (IQR: 2-4 h). Pre-hospital delays, starting treatment delays and
descriptive. 14 majority were UA/NSTEMI management in  length of stay were significantly shorter in men, in STEMI cases and among
emergency (74.2%) emergency younger patients. Hypertension, active smoking and type 2 diabetes were
departments departments the most reported risk factors (53%). Emergency medical service
(8 academic (EDs). transportation was used in 11.9% of cases. Pre-hospital delays, treatment
centers, 7 delays and length of stay were significantly shorter in men, in STEMI cases
regional) in and among younger patients.
Tunisia
Xavier et al.,  Prospective, 20,937 Mean age was Describe The median time from onset of symptoms to hospital presentation was 6 h. ~ **** ** ** Good
2008 [31]  multicenter 57.5 + 12.1 years; STEMI associated Patients with STEMI were younger and had shorter prehospital delay time
registry that patients were younger factors, than those with non-STEMI or unstable angina. The median time from
included 89 56.3 + 12.1 years than treatments, and  hospital to thrombolysis was 50 min. Only about 5% used an ambulance.
hospitals in 50 were those with non- outcomes of About three-quarters of the patients paid the total hospital costs out of
cities from 10 STEMI or unstable angina  patients with their own pockets. Mortality varied by socioeconomic strata lowest (5.5%)
regions in 59.3 + 11.8 years). Most acute coronary in high income patients and highest (8.2%) in poor patients.
India patients were from lower syndrome
middle n =10, 737 (52.5%)
and poor n = 3999 (19.6%)
social classes.
Acharya, Cross- 100 Age range 36-84, mean Reasons for Mean time to treatment was 32-hours; 20 hrs for residing in same city as ** * * Fair
etal. 2009 sectional, 62 + 10.4; male to female delayed referral center, 63 hrs for outside city, 39 hrs for seeking care at another
[23] descriptive. ratio 1.6 to 1; 81% treatment. facility. Lack of EMS, poor transportation, initial visit at local centers were

(continued on next page)
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Table 1 (continued)

Studies where majority had <12 h of pre-hospital delay time

Study Design and Sample Patient Characteristics Major outcome Major Findings Selection Comparability Outcome Rating
Setting Size
1 tertiary presented with chest pain leading reasons for delayed treatment.
academic
referral center
in Eastern
Nepal
Agrawal, Cross- 100 Mean age was 58.9 years; Examine patient Median time to reach hospital was 24 h with only 27% patients reaching e e e Fair
etal, sectional, 75% males; 65% were characteristics hospital within 6 h. Among patients with STEMI only 43% received
2016 [39]  descriptive. STEMI and 35% were of first-time fibrinolytic therapy; 56.5% of diabetics presented after 24 h. Lack of EMS,
Academic NSTEMI admission for financial constraints, lack of symptom recognition, lack of primary care
tertiary care ACS and factors  referral were major reasons for treatment delay.
center hospital related to
with treatment delay.
interventional
cardiac care
unit in India.
Bogale, et al., Retrospective, 124 Mean age was Time to The average time from onset of ACS symptoms to presentation in the o Fair
2019 [25]  cross- 56.3 + 13.65. Males treatment and emergency department was 3.8 days (91.7 h). In-hospital mortality was
sectional. 1 (75.8%). 72.6% were in-hospital 27.4%. LOS was 9.77 * 6.42 days. Predictors of mortality were age, delay
academic, STEMI, 16.1% NSTEMI, mortality time, hypertension, Killip class Il and IV, and STEMI diagnosis. A delay time
tertiary care 11.3% UA outcomes from of > 3 days increased mortality > 5-fold.
hospital, ACS.
Ethiopia
Desta, et al.,  Retrospective, 151 Mean age was Time to The average time between onset of symptoms to hospital admission was ok Fair
2020 [15]  cross- 59.12 £12.98; 72.2% were  treatment and 95.85 + 145.68 h. Five (3.3%) patients presented within one hour onset of
sectional. 1 males; STEMI (n = 110, ACS outcomes. symptoms and 43% were admitted within 13-72 h. In-hospital mortality
tertiary care 72.8%), NSTEMI (n = 23, was 24.5%, hypertension was the most frequent (46.4%) ACS risk.
hospital, 15.2%), UA (n = 18, 12%), Catheterization and PCI were performed in 27.1%, and 3.9%, respectively.
Ethiopia 74% resided in urban Streptokinase was administered in seven (6.3%) patients with STEMI. Heart
areas. failure was most common complication (n = 64, 42.2%).
Koirala et al., Retrospective, 232 Mean age was Clinical The average time of presentation after symptom onset was 17.5 h, earliest ** * * Fair
2019 [42]  cross-sectional 57.4 £12.9; 74.5% male. characteristics being 15 min. 66% of patients presented in less than 12 h of symptoms
chart audit. 1 and outcomes onset, 21% presented 12- hours of symptoms onset and 13% patients
tertiary care for STEMI presented late. 87% had primary PCI, 13% had elective PCI. In-hospital
hospital in undergoing PCI  mortality was 38.46%. Heart failure was the most common complication.
Nepal.
Sharma et al.,, Prospective, 147 Mean age was Characteristics Median time from symptom onset to care was 24 h (interquartile range 18— *** ** ** Good
2019 [29]  cross- 58.7 + 11.1 years; 70.7% of patients 48 h); 101 patients (68.7%) presented > 24 h after symptom onset. 53
sectional, (n = 104) were male arriving > 12 h patients (63.9%) underwent PCI at a median of 36 h (IQ 30-72) after
observational. for treatment symptom onset. Sixty-three patients (42.9%) died during initial
1 tertiary care with hospitalization, of whom 20 (13.6%) died in the initial 24 h.
hospital in cardiogenic
India. shock (CS-
STEMI)
Shrestha Prospective, 153 Mean age 62 + 12 years; Characteristics 33% of all patients with ACS presented to the hospital after>48 h of chest ~ ** ** * Fair
et al, cross sectional, the majority were males and outcomes of  pain. 24% of all patients came in within 6 h of the onset of symptoms, nearly
2011 [27]  observational. across STEMI, NSTEMI and  patients with one third had STEMI. 52% were illiterate and also had poor access to the
1 tertiary care UA diagnostic categories ACS hospital because of distance and/or financial constraints and had much
hospital in longer prehospital delays. Only 20 (34%) received thrombolysis with
Nepal. Streptokinase. Heart failure was more common among those who were
illiterate (61% vs. 44%, p less than 0.02).
Varwani Retrospective 230 Mean age was Determine in- Delayed presentation (more than six hours after symptom onset) occurred = ** * ** Fair
et al, longitudinal. 1 60.5 + 12.8 years. 101 had  hospital and in 66.1% of patients. 49 received thrombolytic therapy while 19 patients
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2.4. Study selection

Rating

A total of 1004 studies were identified through the database
searches, grey literature reviews, and review of article references.
All identified citations were collated and uploaded to EndNote X9
and duplicates removed, leaving 907. Of these, 762 were
excluded through title and abstract screening by two indepen-
dent reviewers (LB, RG), leaving 117 eligible for full-text review.
During the full-text review, the reviewers independently evalu-
ated each article.

Disagreements between reviewers were resolved by consen-
sus. An additional 88 articles were excluded that did not meet
the inclusion criteria, leaving 29 articles that met all eligibility
criteria for inclusion in this study. The review and selection pro-
cesses for the studies are summarized in the diagram in Fig. 2.

Fair

Selection Comparability Outcome

wk kK

2.5. Studies included in the systematic review

Twenty-nine peer reviewed studies, which comprised 29,731
study subjects with ACS symptoms residing in 14 LMICs, were
included in this systematic review. Sample sizes in the studies
ranged from 50 to 20,937. The majority of the studies (N = 25)
were cross-sectional, observational designs, 4 were longitudinal
and there were no randomized controlled trials. Retrospective
studies included data retrieved from hospital medical records
(N = 9), there were 3 registry databases and in one study the
source was not reported. Most studies were single site (N = 22)
versus multi-site (N = 7) and the majority were conducted in ter-
tiary care settings (N = 28) compared to rural settings (N = 1). A
description of included studies can be found in Table 1.

2.6. Quality assessment of the included studies

underwent primary percutaneous intervention (PCI). Heart failure was the
most common complication. 15 STEMI (14.9%) and three NSTEMI (2.3%)
died in hospital. Heart failure most common complication. At the end of
30 days, 7.8% had died, and at the end of one year after event, 13.9% had
Time range to seek care from symptom onset ranged from 10 and 5450 min.
28 patients sought care within 12 h (67%); 40% of male subjects and 83.33%
of female subjects delayed treatment. The mean ACS knowledge score was
higher among those with timely treatment (12.2745) than those who
more in timely treatment seeking group (3.6667) than in delayed treatment
seeking group (1.3095). The mean perceived seriousness was more in
timely treatment seeking group (4.7647) than in delayed treatment seeking

died and was more common among STEMI.
sought delayed treatment (5.7381). The mean symptom perception was

E" o The Newcastle-Ottawa Assessment Scale was utilized to mea-
E @ sure the quality of each study.
L :Q The scale was developed to evaluate the quality of nonran-
2 3 domized studies. The scale is comprised of a ‘star system’ based
= * on three broad criteria: selection of the study groups; the compa-
2 s 2 o i § ¢ 4 rability of the groups; and the ascertainment of the exposure or
g |2¢%y % L = g outcome of interest. The scale has an established coding system
2 §§ gf ‘;'SOE =< g o &5 E - to rate studies, content validity and interrater reliability. The
S | &= ; § £ E %OE ég = E £ quality of the studies (good, fair and poor) were evaluated by
S 5 5 § S 5 LETSR E = awarding stars in each domain according to the established
© w= ) guidelines of the Newcastle-Ottawa Scale. A “good” quality score
g D=2 = required 3 or 4 stars in selection, 1 or 2 stars in comparability,
o ‘é 'E’ E g . é and 2 or 3 stars in outcomes. A “fair” quality score required 2
Elg |2 ‘g g g © stars in selection, 1 or 2 stars in comparability, and 2 or 3 stars
% Z Z’ % = & ) in outcomes. A “poor” quality score reflected 0 or 1 star(s) in
3 S o P E ;.’ i“i selection, or 0 stars in comparability, or 0 or 1 star(s) in out-
= ‘g g %E = § g comes. Most of the studies were rated good (n = 14) to fair
% E E<ts E?g (n=13) and 2 were judged as poor.
=
o
E- é. . 3. Results
HEr 8
g 3.1. The mean time from symptom onset to first medical contact
Ble |2 £ e
2| £ § = g =8 £ In the current study, the duration of time from symptom
-‘g B E Y £g - g 2. onset to first medical contact ranged from less than 10 min
g 2 g 5 % 8 é g é g 58 E [14] to 96 h [15] with a mean of 12.7 h. In three studies, the focus
Sle was the delay between arrival to the emergency department and
E 2 @ - treatment initiation [16] perceptions of treatment urgency for
g E e g_- o ACS symptoms [17] and the overall time delay to treatment
-|g|% 2 % ; g [18]. Four studies reported that all patients sought medical con-
2 é é L tact within 12 h of symptom onset [19-22], while 26 studies
& reported treatment delays of 12 h or more, of these, 7 studies
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Fig. 2. PRISMA Flow Diagram.

showed that at least 50% of the study population were delayed for
12 h until the initial medical contact [15,23-28]. Only 1 study by
Sharma and colleagues [29] targeted characteristics of patients
arriving over 12-hours from symptom onset to treatment.

3.2. Sociodemographic characteristics and prehospital delay

Age of study participants ranged from 28 to 72 years, and the
majority were males. There were several individual patient charac-
teristics that contributed to early treatment within 12-hours.
Higher educational status and income were positively associated
with the individual’s ability to recognize ACS symptoms as cardiac
in origin and the perception of the need for urgent medical care
[17,22,23,27,30,31]. There was also consensus those with aware-
ness or knowledge of ACS symptoms sought earlier treatment from
the time of symptom onset [14,22,30,31] compared to those with
limited knowledge [24,32].

3.3. Gender, age and prehospital delay

In the majority of studies, male gender and younger age were
associated with earlier treatment of ACS compared to females
and older adults, respectively [19,23,31,33-35]. Several studies
reported however, that there were no differences in treatment
for ACS due to either gender or age characteristics. [18,30,36].
Allana and colleagues [33] reported that the mean time for male
patients to seek treatment for ACS symptoms in Pakistan was
3.5 h, while women delayed an average of 7 h or longer. Bezdah
and colleagues [19], in a multivariate analysis, showed that female
gender was the only independent factor associated with prolonged
time from symptom onset to first medical contact (adjusted
OR = 1.87; P = 0.002). Females presenting with acute chest pain
were typically older than males and they also tended to have more
risk factors. Studies that considered comorbidities reported that
the frequency of hypertension in women with ACS was 84% and
significantly higher than observed in men with ACS (45%). Women
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with ACS were also more likely to be diabetic, 50% versus 37% com-
pared to men. Similarly, a history of chronic angina was higher in
women 64% than the 50% observed in men [37]. Women also had
a lower probability of receiving proper treatment for STEMI than
men in several studies [26,38].

Gender related differences concerning the decision to seek
treatment were examined by Allana and colleagues (2018). This
delay decision among female participants was associated with
greater anxiety, lack of knowledge about ACS symptoms or not
wanting to trouble others. Males however, were more likely to
evade early treatment decisions by assuming that symptoms
would eventually subside or they thought the pain was noncardiac
in origin [17]. Atypical ACS symptoms were more likely to occur in
women and were perceived by many of them as non-cardiac in ori-
gin and therefore not requiring urgent medical attention [17,35].

3.4. Clinical factors

Among the studies that further divided patients into the subcat-
egories within ACS, the great majority presenting to the emergency
department were diagnosed to have STEMI (N = 3542, 62.3%), fol-
lowed by unstable angina (UA) (N = 103, 59%) and NSTEMI
(N =156, 38.5%). In a study of 100 patients in India with no prior
histor6760f ischemic heart disease or ACS, the median treatment
delay time was 24 h, and only 27% reached the hospital within
6 h; 65% of this number were STEMI [39]. Several studies reported
that STEMI patients present earlier for treatment than NSTEMI or
UA [27,28,31,34,39,40].

The type and character of chest pain were also ass985ciated
with the length of time before treatment decisions were made by
the patient or family to seek medical evaluation. Patients with
recurrent, atypical, or mild chest pain and those with a prior
myocardial infarction were more likely to delay treatment than
those experiencing chest pain for the first time or pain that was
severe or rapidly progressing in intensity [14,19,20,30,32,35]. For
example, individuals experiencing mild chest pain had a 10-fold
greater likelihood of delaying the decision to seek treatment (OR
10.05 [95 %CT; 6.50, 15.54]) [32]. In addition, there were lifestyle
factors that contributed to treatment seeking behaviors whereby
patients who had been smoking were more likely to seek care
sooner than nonsmoking individuals [19,35].

3.4.1. Comorbid conditions and prehospital delay

Several comorbidities were reported to be associated with
delayed treatment for ACS. In many of these studies, conventional
risk factors for ACS were not reported, but among those that did
address this issue found that smoking, hypertension, diabetes
and dyslipidemia were the most prevalent [15,30,36,38]. Mohan
and colleagues [30], reported that persons with diabetes had a sig-
nificantly shorter prehospital delay compared to non-diabetic
patients (p < 0.047), with no significant association found between
other comorbidities and time to treatment. In contrast, Ahmed and
colleagues [24] reported that diabetics (n = 54, 41.5%) had a delay
time of 3-6 h compared to nondiabetics with a 1-3 h delay (N = 54,
36%). Several other studies also reported similar findings that dia-
betics had significant delays in arrival time for treatment [19,39].
With regards to hypertension, two studies reported that patients
with hypertension had a significantly delayed time to first medical
contact [22,35] while patients with dyslipidemia had 54% lower
odds of delaying hospital arrival [35].

3.4.2. Reperfusion procedures and prehospital delay <12 h
Consistent with the current recommendations [11,12], those
who sought early treatment for ACS or arriving to the hospital
within 12-hours of symptom onset were more likely to receive
reperfusion therapies than those presenting after 12 h (Table 2).
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In a study conducted in Nepal where the average arrival time
was 24 h after symptom onset, 28 (43%) out of 65 patients arrived
within 7.2 h and received thrombolytic therapy, while 37 (57%) did
not receive any reperfusion therapy due to late presentation [39].
Whereas, in another study in Sri Lanka with a mean arrival time
of less than 6 h, although 71 out of 81 patients (87%) were eligible
for thrombolytic therapy only 72.8% (N = 59) received thrombolytic
therapy with streptokinase [37]. Regarding door to treatment time
in STEMI patients, very few studies met the current AHA/ACC/ESC
recommendations that thrombolysis should be administered
within 30-minutes and PCI should be within 120 min [11,12]. In
one study however, the time to fibrinolysis from arrival at the
emergency room less than or equal to 90 min in 66 patients
(58.2%) [18]. In another study, mean door-to-PCI time among 81
STEMI patients was 98-minutes where 10 patients (16.9%) under-
went thrombolysis within 30 min, 28 (47.4%) within 60 min and
39 (66%) within 90 min [37].

In a retrospective study of 1076 STEMI patients in Indonesia
using the Jakarta Acute Coronary Registry, the median time from
symptom onset to treatment was 180 min; only 63 (6.4%) patients
arrived within 60-minutes of symptom onset with the majority
presenting after 180 min [26]. Notably, the door to PCI time was
70 min, and within the guideline-recommenced time frame of
90-minutes [11,12]. Doddipalli and colleagues [41] examined 346
patients admitted within 12 h of symptom onset (mean 2.5 h)
who were willing to undergo PCI only, of whom 280 (81%) under-
went the procedure. The mortality rates were low (1.4%) among
those with treatment times less than 90 min, versus 9% in those
receiving treatment after 90-minutes. Among a sample of 96 STEMI
patients, a median pre- hospital delay of 290 min was reported
with 59% arriving for treatment within 6 h (mean 4.8 h). The med-
ian time for thrombolysis (N = 61, 63%) was 75 min and 110 min
for PCI (N = 8, 13%) [20]. In a comparison of STEMI patients located
in the Netherlands (N = 568) and Indonesia (N = 28), the mean time
from symptom onset to admission was much shorter in the
Netherlands (214 + 127 min) minutes vs (413 vs. 213 min) in
Indonesia. In addition, the Indonesian sample were significantly
younger (53.8 + 11.6 vs 62.9 + 12.8 years), more likely diabetic
(36% vs. 12%), experiencing dyslipidemia (46% vs. 19%), more often
smokers (68% vs. 31%) and had more severe cardiovascular disease
Killip > 2 on admission (52% vs. 8%) than those residing in the
Netherlands [36]. Kim and colleagues [38] observed that the aver-
age chest pain duration before treatment for 164 STEMI patients
was 7.87 h, of these 136 (83%) underwent thrombolysis, 3
(1.84%) received PCI and 1 was referred for CABG at another facil-
ity. In this study, the mean door-to-needle time was 38.28 min, and
62.5% received streptokinase within 30 min of arrival to the hospi-
tal. In a study conducted in Sri Lanka on 256 STEMI patients, 73%
arrived within 12 h, the range was less than 30 min to 281 min
(4.6 hrs.). The mean door-to-needle time was 98-minutes with
10 patients (16.9%) undergoing fibrinolytic therapy using streptok-
inase within 30-minutes, 28 (47.4%) within 60-min and 39 (66%)
within 90-min; notably 20 (33.9%) underwent thrombolysis after
90-min after arriving at the hospital [40].

In a study conducted in Kenya, fewer than 10% of patients pre-
sented within one hour of symptom onset, while >35% took longer
than 24 h to present to a medical facility. Patients with STEMI pre-
sented earlier compared to those with NSTEMI, 46.6% and 23.3% pre-
senting within six hours of symptom onset, respectively. Of the 101
patients admitted with STEMI, 49 received thrombolytic therapy
while 19 patients underwent PCI. The mean time intervals to throm-
bolysis and PCI were 49 (+42) and 137 (£+63) minutes, respectively.
Target door-to-needle time for thrombolysis of 30 min was met in
26 of the 49 subjects (53.1%) while door-to-balloon time of 90 min
was achieved in only 5 of the 19 patients considered for primary
PCI(26.3%)[28]. Alarge multi-site study conducted in India examin-



L. Beza, S.L. Leslie, B. Alemayehu et al.

ing 20,937 patients with ACS reported a median time from onset of
symptoms to hospital arrival of 6 h. Patients with STEMI were
younger and presented to the hospital earlier than those with
NSTEMI or UA. Approximately four-fifths of the patients with STEMI
received fibrinolytic therapy with a median time from arrival to the
hospital to thrombolysis of 50 min [31].

3.4.3. Reperfusion procedures and prehospital delay time exceeding
12-hours

Among studies with arrival times >24 h, fewer participants
received reperfusion therapy [15,25] and those arriving after
12 h were also unlikely to be treated [38,40]. In a study 151
patients with ACS from Ethiopia, the average time interval from
symptom onset to treatment was 96 h, 5 (3.3%) patients presented
for treatment within 60 min and 65 (43%) within 13-72 h, the
remaining 81 patients presented between 73 and 96 h. Of the
151 patients, 110 (72.8%) were diagnosed to have STEMI followed
by NSTEMI in 23 (15.2%) and UA was observed in 18 (12%). Of the
patients with STEMI, 13 received reperfusion therapy, thromboly-
sis was administered in 7 and PCI was done for 6 patients while
6 were referred for CABG at another institution [15]. Kim [38],
reported that approximately 79 (34%) of patients presented after
12 h of symptoms onset and had a 13.82 lower-odds of receiving
thrombolysis. Koirala [42] in a retrospective chart audit of 232
STEMI patients in Nepal reported a mean duration from symptom
onset to treatment was 17.5 h with 153 (66%) presenting before
12 h, approximately 49 (34%) presenting between 12 and 24 h
and an additional 30 (13%) beyond 24 h. Despite late presentation
for almost half (47%) of the patients treated, almost all (98.2%)
received coronary artery stenting with drug eluting stents, and
multiple vessel PCI was also conducted in 7 participants. Notably,
in this study, the PCI mean time was 7.6 h. In another study con-
ducted in India by Sharma and colleagues [29], 147 STEMI patients
were specifically recruited after 12 h of symptom onset with car-
diogenic shock, with mean delayed treatment time of 24 h, 33
(22.4%) underwent thrombolysis and 53 patients (63.9%) under-
went PCI at a median time of 36 h (IQ 30-72) after symptom onset.
Among the 147 patients recruited, 42.9% died during hospitaliza-
tion, and another 20 (13.6%) died within the first 24 h. In a similar
study where the mean time from symptom onset to treatment was
24 hin 153 ACS patients, for those who had a STEMI (N = 38, 58%),
only 20 (34%) of STEMI patients underwent thrombolysis with
streptokinase; mortality and heart failure was higher among STEMI
patients compared to NSTEMI and UA [27].

3.4.4. Major adverse cardiovascular events and prehospital delay time

Among the studies included, 5 of them showed that ACS
patients developed major adverse cardiovascular events (MACE),
such as heart failure, heart block, ventricular arrythmia, pericardial
effusion and stroke primarily after the 12-hour time onset from
symptoms to treatment [25,27,29,38,40,42]. Patients who arrived
at ED after 3 days of symptom onset were 5.52 times more likely
to die compared with patients who arrived within 12 h of symp-
tom onset (AOR = 5.52; 95% CI = 1.05-32.22) [15].

3.4.5. System factors and prehospital delay time

Studies were consistent in reporting that patients who initially
sought care in a facility that lacked adequately trained physicians
and equipment for ACS management were more likely to experi-
ence significant treatment delays. Several studies reported that
the lack of an organized EMS system was a strong contributor to
pre-hospital delay time [27,31,38,40]. Most studies reported that
patients came to the emergency department by a taxi or private
car and some used public transportation; across studies approxi-
mately 5% or less used an ambulance. In one study for example,
approximately 87% of patients lived within 10 km of the hospital
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with ambulance availability, but less than 6% of STEMI patients
used these services for transport to the hospital [38]. In another
study, Mohan [30] reported that although 96% of patients were
aware of ambulance services, only 5.3% of patients used an ambu-
lance for transport. In several other studies, presenting directly to a
tertiary facility significantly reduced mean treatment time versus
those who were initially seen at a general hospital or by a primary
clinician [19-21,26-28,34,35,37,41]. There was general agreement
among studies that a lack of available reperfusion centers outside
of major urban areas, limited diagnostic resources (EKG, cardiac
enzymes) and adequately trained clinicians to recognize ACS pro-
longed symptom onset to treatment time [21,26-28,30,31,42,43].
In addition, system factors such as crowding in the emergency
departments, and a lack of available bed capacity in reperfusion
hospitals also contributed to major delays in treatment time [16].

3.4.6. Other factors and prehospital delay time

There were several other factors that were associated with
increased time from symptom onset to treatment. Living in rural
geographical areas, difficult road travel (poor road conditions, high
traffic volume) and lack of available transportation were reasons
for prolonged pre- hospital treat delays in several studies
[20,22,23,27,31,41,42]. Limited financial resources and the lack of
a national insurance plan in many LMICs requires patients to pay
out of pocket for cardiac reperfusion procedures which resulted
in little to no access to care [16,27,31]. For example, in Pakistan,
mortality was significantly lower (5.5%) among high income STEMI
patients versus the poorest (8.2%) [31].

4. Discussion

This systematic review supports that pre-hospital treatment
delay is a major factor for the higher morbidity and mortality associ-
ated with ACS among STEMI patients residing in LMICs [44-46]. The
duration from symptom onset to the decision to seek medical atten-
tion and receipt of reperfusion therapy are critically important time
points often used to quantify treatment delays [43]. In high-income
countries, the decision to seek care is a major factor contributing to
prehospital treatment delay for STEMI patients, with transportation
having a very limited role except in selected remote settings [9]. In
LMICs however, transportation and the lack of adequate EMS ser-
vices are major reasons for pre-hospital treatment delays.

Patient characteristics, clinical factors and health system influ-
ences all contributed to excessive pre-hospital delays among ACS
patients residing in LMICs [40,43]. Greater recognition of these fac-
tors by policy makers may help identify alternative strategies that
increase the likelihood of earlier treatment decisions. For example,
reaching the first point of effective medical care may exceed 2-
3 days especially when traveling from rural or remote areas [44].
In urban areas prehospital delay is shorter than in rural areas, but
is still reported to exceed 6 h or longer in most instances. This treat-
ment delay is particularly challenging when the first point of con-
tact is a primary care center that lacks essential equipment such
as an electrocardiogram (EKG) or a provider who is unable to inter-
pret it correctly resulting in misdiagnosis of ACS symptoms [43].

Ambulance and emergency medical services (EMS) are
underdeveloped in LMICs, especially outside of large urban cities
[38,41]. Typically, the mode of transportation for patients experi-
encing ACS symptoms involves the use of available public trans-
port and private cars [38,41]. In large urban cities where EMS has
been more fully developed and is available, it has contributed to
substantial improvements in the timely management of patients
with an ACS, but it is estimated that only 5% of patients utilize
these services [30,40]. In addition, the use of an ambulance was
cost prohibitive for most patients who are required to pay out of
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pocket in many LMICs who lack a national insurance program. In
addition, many ambulance services did not have the necessary
emergency medical equipment required for emergency care [28]

There were a number of factors identified among participants
delaying 12 h or longer to seek treatment for ACS symptoms. Clin-
ically, patients with atypical symptoms, those with mild chest
pain, gradual in onset or if symptoms subsided on their own, were
more likely to delay seeking treatment. Lack of knowledge of ACS
symptoms was one of the most prominent reasons reported for
treatment delay [14]. Older and illiterate patients with ACS symp-
toms were more likely to attribute their symptoms to originate
from other causes such as gastrointestinal or musculoskeletal
problems [34]. Increasing national educational campaigns to
improve knowledge about typical and atypical ACS symptoms
and the importance of seeking early treatment is central for reduc-
ing the high morbidity and mortality in LMICs.

From a health system'’s perspective, those living in close prox-
imity to and directly admitted to an emergency department
[19,27,35,37] with the capacity to provide thrombolytic or PCI
[22,31,41] were more likely to receive early treatment for ACS
symptoms. Settings where EKG machines were readily available
and timely used in the evaluation of ACS had significantly lower
prehospital delays for referral to reperfusion therapy facilities.
One study documented that 80.7% of patients who had an EKG in
the prehospital phase received reperfusion therapy compared to
63.3% those who did not have an EKG performed [30]. Another
potential strategy to improve EKG diagnostic capability in rural
or remote areas that have fewer resources may be the use of tele-
medicine. The primary care clinic would have the ability to send
EKG results to cardiac centers with greater likelihood of a timelier
diagnosis and reduced prehospital delay time [48].

Poor travel conditions, lack of suitable roads, traffic congestion,
limited access to transportation and vehicle mechanical problems
were among the reasons for delay in seeking treatment for ACS
in rural locations [23,24,27,30,31]. A lack of an organized system
for collaboration between hospitals and physicians were important
roadblocks for more timely treatment for ACS symptoms
[21,30,35,40]. A consistent theme in several LMICs was the lack
of available insurance or universal coverage for healthcare. Many
patients who were unable to pay out of pocket for thrombolytic
therapy or PCT procedures had to leave the treatment facility due
to financial restraints [16,27]. There is a urgent need to establish
both an emergency medical system infrastructure and health cov-
erage for life-saving treatments in most LMICs in order to improve
the morbidity and mortality associated with ACS [47].

Persons residing in LMICs tended to be younger and have more
severe CAD than in developed countries [38]. In many instances,
this was due to the presence of modifiable risk factors such as
smoking. Public and targeted campaigns on primary prevention
are urgently needed and could potentially lower morbidity and
mortality rates due to ACS [49]. Initiatives targeting younger age
children and adolescents through the educational system on the
dangers of smoking to prevent them from starting smoking earlier
could also be an effective approach [50]. Another strategy could
include restrictions in public areas similar to the policies the Uni-
ted States and other European countries have adopted with gov-
ernment and state facilities prohibiting smoking.

The presence of hypertension and diabetes are prominent risk
factors for ACS and are more likely to go untreated in LMICs. Public
campaigns and screenings to increase awareness of these risk fac-
tors may be beneficial. Similar campaigns such as know your num-
bers has been utilized as a model in some developing countries to
increase awareness of cardiovascular risk factors [51]. Screening
for prediabetes would identify those at higher risk for developing
Type 2 diabetes in the future. Because several studies showed that
prehospital delay was longer in diabetics and often was predictable
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for poorer outcomes, making individuals aware of the close associ-
ation and higher risk for heart disease may potentially improve
morbidity and mortality rates [52].

4.1. Strengths and limitations

This systematic review has both strengths and limitations. A
strong and comprehensive search methodology following PRISMA
guidelines was a strength. Among the included studies, a clear pat-
tern emerged that men were more likely to have shortened treat-
ment delay and receive reperfusion at higher rates than women.
Greater knowledge, higher income and living in an urban area were
associated with shorter treatment time with access to care much
more limited in rural areas.

There were also several limitations. Due to the heterogeneity of
the studies, we were not able to pool the results effectively and
analyze the findings using a meta-analysis approach. Most of the
studies were retrospective or prospective cohort in design which
does not rule out a possible bias. Among the retrospective cohort
studies, medical records are subject to errors or missing informa-
tion and in many of these studies, methods of data collection were
not clearly reported or documented. The majority of studies uti-
lized a cross-sectional design, so the long-term effects of treatment
provided was not possible. Serum troponin levels were not avail-
able or were not taken routinely across studies which may have
contributed to an incorrect ACS diagnosis. Single center studies
with small sample sizes were included in the systematic review
which may have also contributed to bias. In addition, studies con-
ducted in private hospitals or in urban tertiary care facilities may
not be generalizable to the population at large in LMICs. Among
the prospective studies included, risk of recall bias may have
occurred regarding symptom onset which may have potentially
confounded the reported pre-hospital delay times. The reliability
of the patient or person providing the information regarding symp-
tom onset was not reported in the most studies. The use of vali-
dated measures to collect data was not utilized increasing the
potential for measurement error. Data was not collected from
patients who died at home or in route to the hospital which may
have inflated the results in a positive direction. Patients with ACS
who were discharged or left against medical advice were not doc-
umented in most studies. Exclusion of clinically unstable patients
may also have limited the generalizability of the study findings.
This is particularly relevant among those who lived in rural areas
and had to travel greater distances to receive care or those from
lower socioeconomic status with little or no health care access to
interventional cardiology facilities.

5. Conclusion

In conclusion, this systematic review provides evidence that
pre-hospital delay time remains an important contributor to
poorer clinical outcomes and higher mortality in LMICs. As the
number of ACS patients is anticipated to dramatically rise in LMICs
over the next several decades, there is a growing concern of devis-
ing better healthcare structures to improve clinical services. Find-
ings from this systematic review provide direction to reduce
prehospital delay in LMICs. Training of multi-disciplinary emer-
gency medical personnel in community hospitals and primary care
settings on diagnostic procedures is a vital step. Lack of an orga-
nized health care system often delays transfer of ACS patients to
cardiac intervention facilities. A country-wide or regional referral
plan is urgently needed to insure timely transfer of patients from
non-cardiac centers to interventional facilities. Finally, many
patients do not seek treatment early because they are not aware
of the signs or symptoms of ACS. Health education through the dif-
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ferent media outlets will raise awareness of the public on ACS risk
factors, accompanying signs and symptoms as well as the need to
seek early treatment to improve clinical outcomes.
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