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Abstract

Background

Prior acute coronary syndrome (ACS) registries in Saudi Arabia might not have accurately

described the true demographics and cardiac care of patients with ACS. We aimed to evalu-

ate the clinical characteristics, management, and outcomes of a representative sample of

patients with acute myocardial infarction (AMI) in Saudi Arabia.

Methods

We conducted a 1-month snap-shot, prospective, multi-center registry study in 50 hospitals

from various health care sectors in Saudi Arabia. We followed patients for 1 month and 1

year after hospital discharge. Patients with AMI included those with or without ST-segment

elevation (STEMI or NSTEMI, respectively). This program survey will be repeated every 5

years.

Results

Between May 2015 and January 2017, we enrolled 2233 patients with ACS (mean age was

56 [standard deviation = 13] years; 55.6% were Saudi citizens, 85.7% were men, and 65.9%

had STEMI). Coronary artery disease risk factors were high; 52.7% had diabetes mellitus

and 51.2% had hypertension. Emergency Medical Services (EMS) was utilized in only 5.2%

of cases. Revascularization for patients with STEMI included thrombolytic therapy (29%),

primary percutaneous coronary intervention (PCI); (42.5%), neither (29%), or a pharmaco-

invasive approach (3%). Non-Saudis with STEMI were less likely to undergo primary PCI

compared to Saudis (35.8% vs. 48.7%; respectively, p <0.001), and women were less likely

than men to achieve a door-to-balloon time of <90 min (42% vs. 65%; respectively, p =

0.003). Around half of the patients with NSTEMI did not undergo a coronary angiogram. All-

cause mortality rates were 4%, 5.8%, and 8.1%, in-hospital, at 1 month, and at 1 year,

respectively. These rates were significantly higher in women than in men.

Conclusions

There is an urgent need for primary prevention programs, improving the EMS infrastructure

and utilization, and establishing organized ACS network programs. AMI care needs further

improvement, particularly for women and non-Saudis.

Introduction

The Global Burden of Diseases, Injuries, and Risk Factors Study, 2017, estimated that the larg-

est number of deaths within non-communicable diseases (17�8 million; 95% uncertainty inter-

val [UI]: 17�5–18�0 deaths) was due to cardiovascular diseases [1]. On a global level, between

2007 and 2017, deaths from ischemic heart disease increased from 7.30 million (95% UI: 7�22–

7�46) to 8.93 million (95% UI: 8�79–9�14) [1]. Registry studies play a key role in improving the

health care of patients that present with acute myocardial infarction (AMI) by assessing their

real-life clinical presentation, management, and outcomes. The health care set-up in Saudi
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Arabia has several independent sectors that makes it very challenging to conduct a nation-

wide registry, particularly due to lack of a unified system for triaging patients with suspected

AMI. In previous local and regional registry studies, we have demonstrated that Saudi patients

with acute coronary syndromes (ACSs) present at a relatively young age, due to the high preva-

lence of coronary artery disease (CAD) risk factors [2–4]. However, many medical centers

enrolled in those registries were tertiary-care hospitals with robust health care infrastructures.

In addition, there was an under-representation of some health care sectors, particularly the

non-tertiary care Ministry of Health hospitals, private health care hospitals, and hospital in the

peripheral areas of the country that are usually under-served and more in-need of improved

care than hospitals in major cities. Moreover, those registries could have missed enrollment of

a large proportion of non-Saudi expatriates, a subgroup with different demographic and socio-

economic backgrounds and with limited access to certain tertiary health care centers. Non-

Saudis represent 37% of the 33 million people in the total population of Saudi Arabia [5].

The Saudi Acute Myocardial Infarction Registry (STARS) planned to overcome the limita-

tions of previous registry studies by following a simple, yet unique and representative, snap-

shot study design. The French Registry of Acute ST-Elevation or non-ST-elevation Myocardial

Infarction (FAST-MI) study enrolled consecutive patients with AMIs every 5 years to create a

representative sample of the healthcare centers in France, since 2005 [6]. That particular study

methodology included multiple iterations, which resulted in a representative, reliable snap-

shot of AMI care in that large European country. We sought to follow a similar study design in

Saudi Arabia to include a sample that fully represented AMI care and long-term outcomes in a

country with a vast geographic area that included several health care sectors. We report here

the first survey of the registry program (STARS-1 Program).

Methods

Study design and population

This prospective, multi-center, STARS study included all consecutive hospital admissions of

patients with AMI. Eligible patients were�18 years-old and were hospitalized with or without

a ST-elevation myocardial infarction (STEMI or NSTEMI, respectively). Clinical assessments

were performed at out-patient clinic visits or, when not possible, in phone calls at one-month

and one-year follow-ups.

Eligible hospitals had a 50-bed capacity or more. In addition, over a one-month period, a

minimum of 20 patients with AMI had to be enrolled from hospitals with no catheterization

laboratories (non-Cath Lab hospitals), and a minimum of 60 patients with AMI had to be

enrolled from hospitals with catheterization laboratories (Cath Lab hospitals). Hospitals were

allowed to continue patient enrollment over another two months, when the assigned target

number of patients was not achieved over the one-month period. Certain months were ran-

domly assigned by a Principal Coordinating Center (PCC) for patient enrollment in the non-

Cath Lab hospitals, and these were different from the months assigned to the Cath Lab hospi-

tals. These separate enrollment periods were implemented to avoid the double-entry of

patients transferred between the two types of hospitals, and to reduce the potential biases asso-

ciated with patient enrollment in specific months in some hospitals (i.e., summer vacations or

religious holidays). To improve the representation of the health care in this study, we planned

to enroll two-thirds non-Cath Lab hospitals and one-third Cath Lab hospitals. In addition, the

recruitment of hospitals from each region into the registry was based on the “real-life” relative

distribution of the various health care sectors in Saudi Arabia.

Acute myocardial infarction in Saudi Arabia
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This STARS Program survey aimed to provide a snap-shot of patient enrollment and geo-

graphic health care representation. The program will be repeated every five years to provide a

reliable assessment of temporal changes in AMI care over the years in Saudi Arabia.

Study objectives and definitions

This study aimed to assess the clinical presentations, management, in-hospital course, in-hos-

pital mortality rates, and one-month and one-year re-admission and mortality rates of patients

with AMI. In addition, we assessed the guideline-recommended medical treatments and the

proportion of patients with uncontrolled CAD risk factors at the one-year follow-up. We

employed standard definitions of these clinical variables, based on the American College of

Cardiology and the European Society of Cardiology guidelines [7,8]. Accordingly, the avail-

ability of serum troponin data (rather than the creatinine kinase-MB fraction) was a manda-

tory requirement for hospital enrollment into the registry to ensure a highly reliable diagnosis

of patients with NSTEMI.

Study organization

A Registry Steering Committee, consisting of experienced cardiologists from all five major

geographic regions of the country, was responsible for recruiting hospitals, monitoring the

study progress in their respective regions, overlooking the overall study conduct, and approv-

ing the final study results. Throughout the hospital stay of each patient, a Case Report Form

(CRF) was completed online by dedicated research assistants, physicians, and/or trained

nurses working in each hospital. A log book was maintained to ensure enrollment of all con-

secutively admitted patients. All CRFs were verified by a cardiologist, then sent electronically

to the PCC (King Fahad Cardiac Center, King Saud University, and Riyadh). There, the forms

were checked for data queries or entry mistakes by a dedicated research coordinator and the

Principal Investigator, before submission for final analysis. Ethics approval was obtained from

the Institutional Review Board (IRB), College of Medicine, King Saud University, Riyadh,

Saudi Arabia. Given the observational nature of the study and the fact that patient identities

remained anonymous, the IRB did not require written informed consent.

Statistical methods

Categorical data were summarized with absolute numbers and percentages. Continuous data

were summarized as the means and standard deviations (SDs) or the medians and interquartile

ranges (IQRs). Comparisons of categorical variables between groups were evaluated with the

chi-square test or Fisher’s exact test. Comparisons of continuous data between groups were

evaluated with the student t-test or Mann Whitney U test. Crude and adjusted odds ratios with

95% confidence intervals (CI) were estimated using logistic regression models, where adjust-

ments were done for clinically relevant factors S5 and S6 Tables. All analyses were performed

with SAS version 9.2 (SAS Institute, Inc, Cary, NC) and R software (R foundation for statistical

computing, Vienna, Austria).

Results

Enrolled Hospitals and Study population

Between May 2015 and January 2017, 2233 patients with AMI were enrolled in the study. Of

these, 1471 (65.9%) patients had STEMI and 762 (34.1%) patients had NSTEMI. We identified

370 eligible hospitals, and we invited a total of 50 hospitals (14%) from the 13 provinces in the

country. 30 centers were non-Cath Lab hospitals (60%). The various health care sectors
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represented in the study were similar to those included in the overall health care system in

Saudi Arabia (S1 and S2 Figs). Table 1 shows patient baseline characteristics, clinical presenta-

tion, and cardiac procedures. The mean age (±SD) of the overall population was 56 (±13)

years, 55.6% were Saudi citizens, and 85.7% were men. Of the non-Saudis, 68.7% were of Arab

ethnicity. The prevalence of CAD risk factors was high; 52.7% of patients had diabetes mellitus,

51.2% had hypertension, and 51.3% were either current or ex-smokers. The mean body mass

index was 28.43 (±5.4) kg/m2. At presentation, only 5.2% were transferred by the Emergency

Medical Services (EMS; i.e., Saudi Red Crescent); 88.3% had typical chest pain, and 16% had

clinical evidence of congestive heart failure.

Compared to patients with STEMI, those with NSTEMI were more likely to be older, Saudi

citizens, and have a history of angina, myocardial infarction, PCI, CABG (Coronary Artery

Bypass Grafting), heart failure, chronic renal failure, diabetes, hypertension, and/or hypercho-

lesterolemia (Table 1). However, compared to patients with NSTEMI, patients with STEMI

were more often men, current or ex-smokers, and presented with typical ischemic chest pain

or cardiac arrest.

ST elevation myocardial infarction: presentation and management

Among the 1178 patients with STEMI that presented within 24 h of symptom onset, 88.2%

presented within 12 h of symptoms onset. The median time from symptom onset to the first

medical contact was 110 min (IQR: 199.5), and the median time from the first medical contact

to emergency department arrival was 155 min (IQR: 280; Fig 1).

On the other hand, among patients who were self-presented to the emergency department,

the median time from symptom onset to emergency department arrival was 180 min (IQR:

310). A total of 427 patients (29%) were treated with thrombolytic therapy; 22% had unsuc-

cessful clinical reperfusions; of these, only 38% underwent rescue PCI. Administration of

thrombolytic therapy followed by elective coronary angiography within 24 h in patients that

experienced a successful reperfusion or rescue PCI in case of unsuccessful reperfusion (i.e.,

pharmaco-invasive approach) was performed in only 3% of patients. Primary PCI was per-

formed in 42.5% of patients with STEMI. Among all PCIs, 48.2% were performed through a

radial artery approach (50.4% in men vs. 29.3% in women, p = 0.002), and 19% were treated

with aspiration thrombectomy devises. Around one-third of all patients with STEMI did not

receive either thrombolytic therapy or a primary PCI, mainly due to a late presentation (53%).

The median door-to-needle time was 30 min (IQR: 35 min) with no significant difference

between men and women. The median door-to-balloon time was 74 min (IQR: 84 min), and it

was significantly longer in women (103 min, IQR: 196 min) than in men (73 min, IQR: 74

min; p = 0.033). However, door-to-needle times <30 min were achieved in 45% of patients,

with no significant difference between men and women. Door-to-balloon times <90 min were

achieved in 62% of patients, but women were less likely than men to achieve that benchmark

(65% in men vs. 42% in women, p = 0.003; S1 and S2 Tables).

Around half of the patients with STEMI were non-Saudi. Thrombolytic therapy was used

more frequently in non-Saudis than in Saudis (40.6% vs. 18.2%; respectively, p = <0.001). On

the other hand, Saudis were more likely to receive primary PCIs than non-Saudis (48.7% vs.

35.8%; respectively, p<0.001).

In-hospital medications

A high frequency of guideline-recommended treatments was given upon hospital admission

Fig 2.
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Table 1. Baseline characteristics, clinical presentation, and cardiac procedures in patients with acute Myocardial infarction.

Characteristic Total

N = 2233

STEMI

N = 1471(65.88%)

NSTEMI

N = 762(34.12%)

P-value

Age, Mean ± SD 55.79 ± 13.03 54.46 ± 12.56 58.37 ± 13.53 <0.001

Male, n (%) 1913 (85.67%) 1315 (89.39%) 598 (78.48%) <0.001

Saudis, n (%) 1218 (55.6%) 759 (51.60%) 459 (60.24%) <0.001

Ethnicities of non-Saudis, n (%)

Arab 1533 (68.65%) 951 (64.65%) 582 (76.38%) <0.001

South Asian 633 (28.35%) 473 (32.15%) 160 (21.00%)

Others 67 (3.00%) 47 (3.20%) 20 (2.62%)

BMI, Mean ± SD 28.43 ± 5.40 28.13 ± 5.27 29.01 ± 5.59 0.063

Type of STEMI, n (%)

Anterior 779 (52.96%) 779 (52.96%)

Inferior 553 (37.59%) 553 (37.59%)

Other 139 (9.45%) 139 (9.45%)

Medical History, n (%)

Angina 471 (21.09%) 201 (13.66%) 270 (35.43%) <0.001

Myocardial infarction 295 (13.21%) 120 (8.16%) 175 (22.97%) <0.001

PCI 238 (10.66%) 99 (6.73%) 139 (18.24%) <0.001

CABG 55 (2.46%) 15 (1.02%) 40 (5.25%) <0.001

Heart failure 111 (4.97%) 32 (2.18%) 79 (10.37%) <0.001

Stroke 81 (3.63%) 40 (2.72%) 41 (5.38%) 0.001

Chronic renal failure 121 (5.42%) 48 (3.26%) 73 (9.58%) <0.001

Diabetes Mellitus 1177 (52.71%) 711 (48.33%) 466 (61.15%) <0.001

Hypertension 1144 (51.23%) 649 (44.12%) 495 (64.96%) <0.001

Hypercholesterolemia 761 (34.08%) 437 (29.71%) 324 (42.52%) <0.001

Current/ex-smoking 1145 (51.28%) 794 (53.98%) 351 (46.06%) <0.001

Chief complaint, n (%)

Chest pain 1972 (88.31%) 1348 (91.64%) 624 (81.89%) <0.001

Shortness of breath/Fatigue 132 (5.91%) 41 (2.79%) 91 (11.94%)

Epigastric/shoulder/back/neck pain 96 (4.30%) 65 (4.42%) 31 (4.07%)

Cardiac arrest 12 (0.54%) 9 (0.61%) 3 (0.39%)

Others 21 (0.94%) 8 (0.54%) 13 (1.71%)

First Medical Contact before presenting to hospital, n (%) 788 (35.29%) 598 (40.65%) 190 (24.93%) <0.001

Emergency Department 688 (87.31%) 521 (87.12%) 167 (87.89%) 0.781

Clinic/Doctor 137 (17.39%) 106 (17.73%) 31 (16.32%) 0.655

Pharmacy 11 (1.40%) 7 (1.17%) 4 (2.11%) 0.339

Transferred by Saudi Red Crescent 96 (5.2%) 74 (5.03%) 22 (2.89%) 0.018

Status upon hospital arrival

Heart rate, Mean ± SD 85.50 ± 21.21 85.42 ± 22.04 85.65 ± 19.51 0.810

Systolic blood pressure, Mean ± SD 133.1 ± 28.12 130.7 ± 28.41 137.6 ± 26.99 <0.001

Heart rate>100 bpm, n (%) 383 (17.15%) 248 (16.86%) 135 (17.72%) 0.610

Systolic blood pressure<90mmHg, n (%) 68 (3.05%) 57 (3.87%) 11 (1.44%) 0.002

Cardiac arrest 58 (2.60%) 50 (3.40%) 8 (1.05%) <0.001

Heart Failure Killip Class, n (%)

Class I 1876 (84.01%) 1260 (85.66%) 616 (80.84%) <0.001

Class II/III 305 (13.66%) 168 (11.42%) 137 (17.98%)

IV 52 (2.33%) 43 (2.92%) 9 (1.18%)

Echo-Options, n (%)

(Continued)
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These rates were also high at hospital discharge Fig 3: 96% of patients received aspirin,

92.4% received statins, 87% received beta-blockers, and 78.6% received angiotensin converting

enzyme inhibitors or angiotensin receptor blockers (ACE-I/ARB).

Most patients received Clopidogrel (73.6%), compared to Ticagrelor (16.3%). Compared to

patients with NSTEMI, patients with STEMI less frequently received beta-blockers (75% vs.

86%; p< 0.001) and ACE-I/ARBs (68% vs. 78%; p< 0.001).

In-hospital procedures and outcomes

Evidence of left ventricular systolic dysfunction detected by echocardiography was found in

69.2% of all patients. Severe left ventricular systolic dysfunction (defined as< 30% ejection

fraction) occurred in 10.5% of all patients. An elective coronary angiogram was performed in

44.2% of all patients, and only half the patients with NSTEMI received elective coronary angi-

ography. Patients with NSTEMI were more likely to develop stroke, atrial fibrillation/flutter,

recurrent myocardial infarction, or recurrent ischemia, compared to patients with STEMI

(Table 2). In-hospital mortality occurred in 4.03% of patients, with no significant difference

between STEMI and NSTEMI (4.1% and 3.9%, respectively; p = 0.87), and no significant dif-

ference between Saudis and non- Saudis (3.86% vs. 4.24%, respectively; p = 0.651). However,

women had higher in-hospital mortality than men (7.2% vs. 3.5%, respectively; p = 0.001).

Interestingly, the crude in hospital outcomes demonstrated that all outcomes were signifi-

cantly higher in females but after adjudgment the only significant outcome was atrial fibrilla-

tion OR (95% CI) of 1.85(1.05–3.26) and P-value = 0.033 S5 Table. Similarly, when comparing

in hospital outcomes for Saudis vs non Saudis there was no significant difference noted after

adjustment. S7 Table.

Follow-up

One month and 1-year follow-up data were collected for 1393 patients (65.0%). The rates of

follow-up among Saudis were 88% and 80% at 1 month and 1year, respectively. Non-Saudis

showed considerably lower follow-up rates of 34% at 1 month and 30% at 1 year. Re-admis-

sions for the overall population occurred in 8.3% patients at 1 month and 19.2% at 1 year fol-

low-ups, and they were mainly due to cardiac causes (84% at 1 month and 77% at 1 year). The

cumulative all-cause mortality was 5.8% and 8.1% at 1 month and 1 year, respectively. Patients

with NSTEMI and STEMI had similar mortality at 1 month, but those with NSTEMI had

higher mortality at 1 year (7.0% vs. 3.8%, respectively; p = 0.014; S3 Table). Mortality was

Table 1. (Continued)

Characteristic Total

N = 2233

STEMI

N = 1471(65.88%)

NSTEMI

N = 762(34.12%)

P-value

Normal LV systolic function (EF >50%) 616 (30.85%) 326 (25.08%) 290 (41.61%) <0.001

Mild LV systolic dysfunction (EF 40–50%) 683 (34.20%) 467 (35.92%) 216 (30.99%)

Moderate LV systolic dysfunction (EF 30–40%) 488 (24.44%) 364 (28.00%) 124 (17.79%)

Severe LV systolic dysfunction (EF <30%) 210 (10.52%) 143 (11.00%) 67 (9.61%)

Elective coronary angiogram (performed or Transferred with referral), n (%) 986 (44.16%) 578 (39.29%) 408 (53.54%) <0.001

Arterial access, n (%) 0.765

Femoral 155 (48.44%) 3 (42.86%) 152 (48.56%)

Radial 165 (51.56%) 4 (57.14%) 161 (51.44%)

Abbreviations: STEMI: ST-elevation myocardial infarction, NSTEMI: non-ST-elevation myocardial infarction, BMI: body mass index, PCI: percutaneous coronary

intervention, CABG: coronary artery bypass graft, LV: left ventricular, EF: ejection fraction.

https://doi.org/10.1371/journal.pone.0216551.t001
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higher among women than men at 1 month (9.4% vs. 5.2%, p = 0.003) and at one year (12.2%

vs. 7.4%; p = 0.004). The frequency of guideline-recommended oral treatments remained high

at 1 year, with no significant difference between patients with STEMI and those with NSTEMI

(S3 Fig and S4 Table). However, the use of Ticagrelor (16.3%) remained low compared to Clo-

pidogrel (73.6%), with no significant difference between STEMI and NSTEMI groups.

At 1-year, 1180 patients (53%) were followed to assess optimal control of the CAD risk fac-

tors. Fasting blood glucose remained> 7 mmol/L in nearly 40% of patients with diabetes, and

one quarter of all patients continued to smoke tobacco. The LDL-C level was greater than 2.5

mmol/L in 34% of patients, and systolic blood pressure was> 140 mmHg in 21% of patients.

Discussion

The STARS-1 Program was the first survey of an AMI registry that was truly representative of

the health care in Saudi Arabia. Unlike prior registry studies that we conducted in the past [2–

4], the present study included almost all health care sectors from all geographic regions in the

country. Furthermore, the snap-shot design enabled retrieval of high-quality data for consecu-

tive patients with AMI from 50 hospitals; hence, we could reduce issues associated with miss-

ing cases and “registry-exhaustion”. Similar to results from prior ACS registry studies in Saudi

Arabia, the present study demonstrated that patients were relatively young at presentation,

Fig 1. Time-line of patients with ST-segment elevation myocardial infarction. FMC: First medical contact; ER: emergency room; ECG:

electrocardiogram; TT: thrombolytic therapy.

https://doi.org/10.1371/journal.pone.0216551.g001
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had a high prevalence of CAD risk factors, and rarely utilized EMS. However, this STARS-1

Program study demonstrated several other unique findings. Nearly two thirds (66%) of

patients with AMI had STEMI, compared to other registries in the developed countries for

example, the Myocardial Ischemia National Audit Project UK MINAP data, of 155, 818

Fig 2. Medications use in the first 24 hrs of hospital admission for patients with acute myocardial infarction. STEMI: ST-elevation myocardial

infarction; NSTEMI: non-ST-elevation myocardial infarction.

https://doi.org/10.1371/journal.pone.0216551.g002
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patients, 68,025 had STEMI (43.6%). [9]. The high prevalence of STEMI was probably due to

the young average age of AMI presentation; our patients were nearly a decade younger than

those studied in developed countries. Interestingly, the prevalence of STEMI was even higher

Fig 3. Medications use at hospital discharge for patients with acute myocardial infarctions. STEMI: ST-elevation myocardial infarction; NSTEMI: non-ST-

elevation myocardial infarction.

https://doi.org/10.1371/journal.pone.0216551.g003
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in STARS than in previously studied local registries, most likely due to the higher proportion

of non-Saudis (45% vs. 15%, respectively), which reflected the more representative sample

derived from Ministry of Health hospitals. Non-Saudi patients with AMI were relatively youn-

ger, mostly males, and typically “blue-collar” workers. These individuals typically had relatively

low access to advanced and life-saving tertiary-care services and had limited health care insur-

ance policies [10]. Indeed, this study showed that non-Saudi patients with STEMI had signifi-

cantly lower access to primary PCI compared to Saudis with STEMI (35.8% vs. 48.7%;

respectively). Interestingly when comparing in- hospital outcomes among patients who under-

went primary PCI for Saudi’s vs non-Saudi, there were no significant differences in either the

crude or adjusted in-hospital outcomes. Nonetheless, the sample size is not large enough to

have a meaningful comparison.

The rate of primary PCIs for patients with STEMI (42.5%) has increased significantly com-

pared to rates reported in our previous registry studies (around 20%) [2–4]. This difference

was most likely related to several factors, including the rise in the number of Cath Labs and

interventional cardiologists in the country and the enhanced awareness of the benefits of pri-

mary PCI in the cardiac community. Nevertheless, the rate of primary PCIs in Saudi Arabia

remained relatively low compared to western European countries. The Stent for Life initiative

has demonstrated that the rate of primary PCIs was 23 per 1,000,000 inhabitants in Saudi Ara-

bia, compared to 638 and 884 per 1,000,000 inhabitants in Germany and The Netherlands,

respectively [11]. Our study also showed that there is a need for further improvements in

STEMI care, because around 40% of patients with STEMI failed to achieve a door-to-balloon

time of<90 min; failure to achieve this benchmark occurred significantly more frequently

among women than men. Furthermore, women were less likely to receive thrombolytic ther-

apy compared to men. Registry data in Switzerland and France also showed that primary PCI

rates were lower for women than men (30.9% vs. 40.3%, and 47% vs. 55%, respectively) [12,

13]. These differences between the sexes were most likely related to multiple factors, including

atypical symptoms, delay in seeking medical care, and under-referral of women to receive

acute cardiac care and PCI procedures [14–17].

The decisions to provide a pharmaco-invasive approach (3%) and not to provide acute

revascularization (30%) were mainly due to late presentations. These rates could be improved

by enhancing the EMS infrastructure and EMS utilization, establishing organized STEMI pro-

grams and networks across the country, and enhancing the public awareness of AMI

Table 2. In-hospital course and outcomes of patients with acute myocardial infarction.

Events Total

N = 2233

STEMI

N = 1471 (65.88%)

NSTEMI

N = 762 (34.12%)

P-value

Recurrent ischemia 196 (8.78%) 98 (6.66%) 98 (12.86%) <0.001

Recurrent myocardial infarction 79 (3.54%) 31 (2.11%) 48 (6.30%) <0.001

Atrial Fibrillation/Flutter 84 (3.76%) 40 (2.72%) 44 (5.77%) <0.001

Heart Failure 255 (11.42%) 156 (10.61%) 99 (12.99%) 0.093

Cardiogenic Shock 150 (6.72%) 108 (7.34%) 42 (5.51%) 0.101

Ventricular tachycardia/ fibrillation 128 (5.73%) 84 (5.71%) 44 (5.77%) 0.951

Stroke 24 (1.07%) 10 (0.68%) 14 (1.84%) 0.012

Major bleeding 25 (1.12%) 19 (1.29%) 6 (0.79%) 0.283

Stent thrombosis 8 (0.50%) 5 (0.48%) 3 (0.54%) 0.877

Mortality 90 (4.03%) 60 (4.08%) 30 (3.94%) 0.872

Abbreviations: STEMI: ST-elevation myocardial infarction; NSTEMI: non-ST-elevation myocardial Infarction

https://doi.org/10.1371/journal.pone.0216551.t002
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symptoms. The pharmaco-invasive approach is an effective alternative for patients that present

with STEMI and are unlikely to receive timely access to a primary PCI. In the FAST-MI regis-

try study in France, the time-to-reperfusion was most significantly shortened, when the patient

was treated with fibrinolysis (median, 130 min), followed by rescue or elective PCI, compared

to a primary PCI treatment (median, 300 min); but there was no significant difference in the

long-term mortality between the two groups [18,19]. Furthermore, the Alberta Vital Heart

Response STEMI Network in Canada implemented a pre-hospital triage system for determin-

ing whether a primary PCI or pharmaco-invasive treatment should be applied. In urban areas,

approximately 57% of patients received primary PCIs, and 26% received pharmaco-invasive

treatments. Conversely, in rural areas, approximately 23% of patients received primary PCIs,

and 61% received pharmaco-invasive treatments. There was no difference in the composite

outcome (death, reinfarction, congestive heart failure, and/or cardiogenic shock: 16.8% vs.

15.1%; p = 0.161) or major bleeding (7.9% vs. 8.0%; p = 0.951) between groups [20]. These

results highlighted the practicality and the clinical benefits of establishing a well-organized

STEMI network that enables the pharmaco-invasive approach, when it is not possible to per-

form a timely primary PCI. This network would be particularly beneficial in crowded major

cities and in the under-served north and south regions of Saudi Arabia. (See Distribution of

Cath Labs in Saudi Arabia, S4 Fig)

The rate of coronary revascularization also needs to be improved for patients with

NSTEMI. In our group, about half of these patients did not receive a coronary angiogram. In

addition, many hospitals were not enrolled into the registry, because the serum troponin test

was not available. The implication of this latter finding could have a major impact on health

care policy. It calls for action at the level of the Ministry of Health to implement the use of this

essential diagnostic test in all hospitals that triage patients with suspected ACS [21].

This study was the first to investigate the rate of radial access in patients with AMI (51.6%) in

a nation-wide registry in our region. We found that women were less likely than men to undergo

this approach. Radial access was shown to be safe and effective for PCI in the study “Radial vs.

Femoral Access for Coronary Angiography and Intervention in Patients with Acute Coronary

Syndromes” (RIVAL study). They demonstrated that the rate of vascular complications was

lower with radial access (1.4%) compared to femoral access (3.7%) [22]. Furthermore, these find-

ings were recently substantiated in the Minimizing Adverse Hemorrhagic Events by Trans radial

Access Site and Systemic Implementation of Angiox. (MATRIX) program [23]. That study dem-

onstrated that the radial access group had less net adverse clinical events (15.2%) compared to the

femoral access group (17�2%; RR = 0�87, CI: 0�78–0�97; p = 0�0128) [21].

The high frequency of guideline-recommended oral therapies that we observed was consis-

tent with those reported in prior registry studies. However, in the STARS-1 Program, we dem-

onstrated that Ticagrelor was used at low frequency in-hospital and after 1-year in patients

with AMI. The use of Ticagrelor in AMI received a class-I recommendation from the Ameri-

can College of Cardiology and European Society of Cardiology [24, 25]. Potential causes for

the low frequency of Ticagrelor use in our study included the higher cost, the need for twice

daily dosing, and the side effects, primarily dyspnea. The Platelet inhibition and patient Out-

comes (PLATO) trial, conducted in patients with ACS, reported that dyspnea occurred in

14.5% of the Ticagrelor group, compared to 8.7% of the Clopidogrel group; however, severe

dyspnea occurred in only 0.4% and 0.3%, respectively [26]. Further studies are needed in our

population to explore the reasons for such low use.

The overall in-hospital, 1-month, and 1-year mortality rates among our patients with AMI

were 4%, 5.8%, and 8.1%; respectively. These rates were comparable to those reported for

developed countries, but our patients presented at a relatively younger median age. Uncon-

trolled CAD risk factors were found in 20%-40% of our patients at the 1-year follow-up. This
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highlighted the need to develop optimal secondary prevention measures to be applied after

hospital discharge.

Our study had some limitations. First, hospital enrollment was voluntary. Hence, there was

a potential under-representation of patients in real-life clinical practice and patients in other

non-enrolled hospitals, particularly hospitals with unavailable serum troponin testing. How-

ever, this limitation was mitigated by the enrollment of various health care sectors from all

regions of the country. Second, a selection bias and the possibility of missing important

unmeasured variables could have been introduced, due to the observational nature of registry

studies. Third, only 14% of the 370 eligible hospitals were included in our study. This may

indicate an overall small sample size. Nonetheless, all the Cath Lab hospitals enrolled in our

registry were major tertiary health care centers that already have large “catchment area” and

received referrals from many surrounding hospitals in their respective regions. Hence, we

believe that the actual representation is much more than just 14%. Lastly, a large proportion of

patients were missing at the 1 year follow-up, particularly among non-Saudis, mainly due to

their poor access to health care [19]

In conclusion, the STARS-1 Program, with its unique study design, provided a representa-

tive snap-shot of the AMI care in Saudi Arabia. Our study design will be potentially helpful to

other countries with large geographic areas. In Saudi Arabia, patients presented at relatively

young age and had a high prevalence of CAD risk factors. Hence, there is a need for national

primary prevention programs. In addition, we urgently need to improve the EMS infrastruc-

ture and utilization, establish an organized network of ACS programs, focus on timely acute

revascularization, particularly for women, and improve access to health care for non-Saudis.
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