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Abstract
Background

Myocardial infarction (MI) is among the most diagnosed cardiological diseases in the whole world and in
Palestine, and is managed mainly by percutaneous coronary intervention (PCI), or in addition of tissue
plasminogen activator (tPA), i.e., pharmacoinvasive approach. The aim of the current study is to identify
the most common postoperative complications, and compare differences according to demographic
factors, in both approaches in two tertiary centers in West Bank – Palestine.

Methodology

A retrospective cohort design was utilized on a randomized sample of 160 adult (30–75 years old)
patients who were admitted to intensive care cardiology departments of Palestine Medical complex (for
pharmacoinvasive approach) and An-Najah National University Hospital (for PCI approach). The
researcher used a data sheet that was developed based on previous literature, and data were analyzed
using SPSS software.

Results

Patients who underwent PCI (n = 82, 51.2%) were significantly older (mean = 59.8 ± 9.7 vs 56.2 ± 12.7)
than pharmacoinvasive (n = 78, 48.8%), with more radial site of insertion use (95.1% vs. 15.4%), and no
significant difference in MI location. PCI patients showed more significant decrease in some laboratory
tests and heart rate, with more significant increase in troponin-I, compared to pharmacoinvasive patients
(p-value < 0.05) between pre- and post-operative phases. Most postoperative complications, and
mortality rate, were significantly higher among pharmacoinvasive patients (p-value < 0.05). Lastly,
significantly more postoperative complications were found among patients with dyslipidemia, valve
regurgitation and cardiac hypokinesia.

Conclusion

Patients who were treated with pharmacoinvasive approach showed higher postoperative complications
and 30-day mortality rate. More research is needed in this area of cardiology management in Palestine.
A prospective design is also recommended to be conducted for this topic in the future research.

Introduction
Cardiovascular diseases (CVDs) are considered the leading cause of death in the world, and account for
around one third of all global mortality (32%), while the largest proportion of this burden is accounted for
ischemic heart diseases (1). Evidence tells that ST-elevation myocardial infarction (STEMI) represents
the most severe type of acute coronary syndrome (ACS) clinical manifestations, and associates with a
high level of short-term mortality, as well as significant morbidity, and may result in long-term disability if
not treated in early and effective way (2, 3).
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The European Society of Cardiology (ESC) and the American College of Cardiology/American Heart
Association (ACC/AHA) provided current international guidelines that strongly recommend primary
percutaneous coronary intervention (PCI) as the main and preferred strategy for reperfusion, with a
timeframe of first medical contact-to-device time ideally achieved within less than 90 minutes (4, 5). On
the other hand, fibrinolytic therapy (e.g., tissue plasminogen activator [tPA]) followed by routine early
coronary angiography is considered an effective alternative approach when timely access to PCI is not
available, which refers to the pharmacoinvasive approach (6, 7). Several large randomized controlled
trials (RCTs) concluded comparable clinical outcomes of pharmacoinvasive approach versus primary
PCI, especially when mechanical reperfusion delays exceed acceptable thresholds (8–11).

Due to several challenges, mainly regarding availability of catheterization laboratories, in many low- and
middle-income countries (LMICs) (12, 13), undesirable consequences of heart failure, long-term
disability and/or increased mortality are expected (14, 15). Therefore, pharmacoinvasive approaches are
utilized to try to mitigate delays in treatment, and to optimize outcomes in these resource-limited
healthcare systems (16–18).

Limited number of PCI-capable centers, unequal geographic distribution of specialized cardiac centers,
political barriers and military checkpoints that restrict patient mobility, and prolonged transfer times
between hospitals are among the most common unique challenges in Palestine (19), leading to more
substantial burden of STEMI (20, 21).

Studies are very limited on clinical outcomes of pharmacoinvasive therapy compared to primary PCI in
Palestine, which limits evidence-based development and decision-making of policies (22). Most of
related studies originate from countries with high-income levels and well-developed emergency medical
systems, with clear and fast transfer pathways between hospitals (23–25), in contrast with the scarcity
of evidence in areas affected by conflict, that have fragile healthcare systems (6, 23), including in
Palestine, leading to lack in addressing comparative effectiveness, delays on the systematic level and
real-world outcomes of difference reperfusion (26–28).

Aim of the study
The study mainly aims to compare between primary PCI and pharmacoinvasive approaches in terms of
clinical, angiographic and procedural outcomes among Palestinian patients presenting with STEMI.

Additionally, the study’s secondary objectives included evaluation of specific complications, treatment
delays, left ventricular function and length of stay (LOS) across both approaches, as well as exploring
factors that influence treatment selection and outcomes.

The current study’s significance includes being the first to comprehensively evaluate STEMI reperfusion
strategies using multicenter data within the Palestinian healthcare system, and aiming to provide
national cardiovascular policymakers with up-to-date evidence on how to optimize care pathways for
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emergency cardiac cases, resulting in supporting the development of clinical guidelines that are
sensitive to the Palestinian context, therefore considered as locally relevant evidence.

The findings of the current study can help in improving allocation of limited healthcare resources, and
establishing structured protocols that are tailored to Palestinian healthcare system, ultimately improving
survival rate, reducing morbidity, and enhancing quality of care.

Methods

Study Design
The study implemented the retrospective cohort quantitative descriptive design.

Several advantages were considered when conducting a retrospective cohort study, including its
suitability for studying multiple outcomes, and is relatively time and cost effectiveness, as both the
exposures and outcomes have already occurred. On the other hand, the absence of control over
exposure by the researcher should be taken in consideration in order to avoid bias.

Study Setting
Two tertiary hospitals in the West Bank – Palestine were selected to collect data from: Palestine Medical
Complex (PM) in Ramallah and An-Najah National University Hospital (NNUH) in Nablus, which are
known for being major regional centers for advanced cardiac care, with high annual volume of received
STEMI cases.

Both hospitals are suitable for the aims of the current study, as they integrate electronic medical records
(EMRs), therefore facilitating systematic retrospective data retrieval and ensuring clinical documentation
completeness and accuracy according to the built data sheet.

Study Population and Sampling
The study population included all adult STEMI patients who were admitted in the cardiology departments
of the mentioned settings, regardless to their gender, educational levels, residency, … etc. The required
sample size was calculated using G*Power software version 3.1, with effect size of 0.5, error probability
for α of 0.05 and power of 0.95, the calculated size was 54 patients for each group, resulting in a
recommended sample of 108, while the researcher was able to recruit a total of 160 patients.

The researcher used simple randomized sampling technique, by assigning a serial number for each of
the extracted admissions between January 2020 and December 2024, then selecting the required
sample by choosing xth record from each hospital list in a systematic way.
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Inclusion and Exclusion Criteria
Adult patients (aged between 30 and 75 years old) who were diagnosed with STEMI, and presented and
managed in the mentioned hospitals between January 2020 and December 2024were included in the
study, while patients who were managed by tPA only rather than pharmacoinvasive or PCI, pregnant
women, diagnosed with any mental illness, had a history of bleeding within the last 6 months, and
patient who were referred to NNUH or PMC from other hospitals were excluded from the study.

Data Collection Instrument and Study Protocol
The data were collected by an abstract sheet which was developed according to literature review and
from the specialist doctor’s experience. The sheet mainly included sections related to sociodemographic
data, parameters related to the two approaches, in term of catheter insertion site and timing of
procedure, followed by the preoperative and postoperative results of laboratory tests, postoperative
complications and 30-day survival.

Validity and Reliability
An external, content validity was used to validate the study tool, where the abstract sheet was reviewed
by 5 experts in the field of the study, which resulted in several adjustments to reach the final version of
the used data sheet.

To enhance the reliability, data was collected by the researcher and a trained nurse in both hospitals
using a standardized data abstraction protocol, ensuring a higher level of inter-rater consistency,
minimizing transcription errors and shortened the required period.

Pilot Study
A total of 18 cases were piloted (while excluded from final data analysis) and divided them to two group
(9 patients managed by pharmacoinvasive and 9 patients treated by primary PCI) to explore the
appropriateness of the study instrument and help the researcher for training for data collection, which
has helped to increase the validity and reliability for the research.

Data Analysis
For the purpose of data analysis, IBM Statistical Package for Social Sciences (SPSS) software v25.0 was
used to produce description of frequencies and percentages of patients’ categorical variables of
sociodemographic information, pharmacoinvasive and PCI approaches, postoperative complications and
survival, while mean and standard deviation (SD) was used for continuous variables, while the
investigation of the relationship between study’s independent and dependent variables was done using
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Chi-square test (between categorical factor), and independent samples t-test and one-way ANOVA
(between categorical independent and continuous dependent factors), using two-tailed statistical tests,
and a p-value < 0.05 for consideration of statistical significance.

Ethical Considerations
Ethical approval for this study was obtained from the Institutional Review Board (IRB) of An-Najah
National University (Reference (May 2023\18) prior to data collection. Permission to conduct the study
was also obtained from the administrations of the participating hospitals. All procedures were
conducted in accordance with the ethical standards of the Declaration of Helsinki.

Written informed consent was obtained from all participants prior to their inclusion in the study.
Participation was voluntary, and participants were informed about the purpose of the study, assured of
confidentiality and anonymity, and informed of their right to withdraw at any time without any
consequences.

Results

Demographic data
The demographic factors for all the patients (n = 160) and their differences between patients with PCI (n 
= 82, 51.2%) and pharmacoinvasive (n = 78, 48.8%) are shown in the Table 1. The mean age of all
patients was 58.0 ± 11.4 years old, ranging from 25 to 75 years old, which was significantly higher
among the patients who underwent PCI (mean = 59.8 ± 9.7) than pharmacoinvasive (mean = 56.2 ± 12.7,
t = 2.000, p-value = 0.047). Moreover, more than half of the patients (51.9%) lived in urban areas, which
was significantly higher among patients who underwent PCI (57.3%) than pharmacoinvasive (46.2%, X2 
= 6.127, p-value = 0.047). On the other hand, most of the patients were male (81.3%) and married
(86.2%), in which gender and marital status did not differ significantly between the patients of both
approaches.
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Table 1
Distribution of patients’ demographic data and the differences between PCI and pharmacoinvasive groups
Variables Values Overall PCI Pharmacoinvasive Test

result
p-
value

F % F % F %

Age (mean ± SD) 58.0 ± 11.4 59.8 ± 9.7 56.2 ± 12.7 2.000 0.047

Gender Male 130 81.3% 64 78.0% 66 84.6% 1.131 0.287

Female 30 18.8% 18 22.0% 12 15.4%

Residency City 83 51.9% 47 57.3% 36 46.2% 6.127 0.047

Rural 57 35.6% 22 26.8% 35 44.9%

Camp 20 12.5% 13 15.9% 7 9.0%

Social
status

Single 9 5.7% 4 4.9% 5 6.4% 0.754 0.686

Married 137 86.2% 69 85.2% 68 87.2%

Others 13 8.2% 8 9.9% 5 6.4%

F = frequency, PCI = Percutaneous coronary intervention,
SD = standard deviation
Regarding past medical history (PMHx), patients of both approaches were significantly different in their
dyslipidemia and obesity histories, where dyslipidemia was found among 13.8% of the patients, which
was significantly higher among pharmacoinvasive (25.6%) than PCI patients (2.4%, X2 = 18.146, p-value 
< 0.001), while obesity was found among 13.8% of the patients, which was significantly higher among
pharmacoinvasive (23.1%) than PCI patients (4.9%, X2 = 11.164, p-value = 0.001). On the other hand, the
prevalence of the rest of the included histories was not significantly different between patients of both
groups (p-value > 0.05), including DM (46.3%), HTN (54.4%), IHD (35.0%) and other histories (16.3%).

In terms of the past surgical history (PSHx), previous PCI was done by 35.0% of the patients, while 5.0%
of them had a previous open heart surgery, and 1.3% had a previous vascular surgery, which all did not
significantly differ between PCI and pharmacoinvasive patients (p-value > 0.05), while having history of
other surgeries was significantly higher among pharmacoinvasive (37.2%) than PCI patients (2.4%, X2 = 
30.885, p-value < 0.001). Moreover, 61.3% of all patients were current smokers, which was not
significantly different between both study groups (p-value = 0.067).

Page 8/31



Table 2
Distribution of patients’ medical and surgical histories and the differences between PCI and

pharmacoinvasive groups
Variables Values Overall PCI Pharmacoinvasive Test

result
p-
value

F % F % F %

Past medical history

DM No 86 53.8% 49 59.8% 37 47.4% 2.441 0.118

Yes 74 46.3% 33 40.2% 41 52.6%

HTN No 73 45.6% 38 46.3% 35 44.9% 0.035 0.852

Yes 87 54.4% 44 53.7% 43 55.1%

IHD No 104 65.0% 56 68.3% 48 61.5% 0.802 0.371

Yes 56 35.0% 26 31.7% 30 38.5%

Dyslipidemia No 138 86.3% 80 97.6% 58 74.4% 18.146 < 
0.001

Yes 22 13.8% 2 2.4% 20 25.6%

Obesity No 138 86.3% 78 95.1% 60 76.9% 11.164 0.001

Yes 22 13.8% 4 4.9% 18 23.1%

Others No 134 83.8% 69 84.1% 65 83.3% 0.019 0.989

Yes 26 16.3% 13 15.9% 13 16.7%

Past surgical history

PCI No 104 65.0% 54 65.9% 50 64.1% 0.054 0.816

Yes 56 35.0% 28 34.1% 28 35.9%

Open heart
surgery

No 152 95.0% 78 95.1% 74 94.9% 0.005 0.942

Yes 8 5.0% 4 4.9% 4 5.1%

Vascular
surgery

No 158 98.8% 81 98.8% 77 98.7% 0.001 0.972

Yes 2 1.3% 1 1.2% 1 1.3%

Others No 129 80.6% 80 97.6% 49 62.8% 30.885 < 
0.001

Yes 31 19.4% 2 2.4% 29 37.2%

Smoking
status

Current 98 61.3% 57 69.5% 41 52.6% 5.396 0.067

Previous 12 7.5% 6 7.3% 6 7.7%

F = frequency, PCI = Percutaneous coronary intervention, HTN = hypertension, DM = diabetes mellitus,
IHD = ischemic heart disease
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Variables Values Overall PCI Pharmacoinvasive Test
result

p-
value

F % F % F %

Past medical history

Never 50 31.3% 19 23.2% 31 39.7%

F = frequency, PCI = Percutaneous coronary intervention, HTN = hypertension, DM = diabetes mellitus,
IHD = ischemic heart disease

For the echotomography findings, 4.4% of the patients had valve stenosis, which was significantly higher
among pharmacoinvasive patients (9.0%) than PCI patients (0.0%, X2 = 7.696, p-value = 0.006), while
28.1% of the patients had valve regurgitation, which was also significantly higher among
pharmacoinvasive patients (52.6%) than PCI patients (4.9%, X2 = 44.968, p-value < 0.001), as well as
cardiac muscle hypokinesia, which was found among 41.3% of the patients, and was significantly higher
among pharmacoinvasive patients (51.3%) than PCI patients (31.7%, X2 = 6.320, p-value = 0.012). On the
other hand, other findings were not significantly different between both groups, including the prevalence
of ventricular hypertrophy (13.8%) and cardiomegaly (2.5%), while the overall mean ejection fraction (EF)
was 45.1 ± 10.4, and was significantly lower among PCI patients (mean = 43.4 ± 11.3) than
pharmacoinvasive patients (mean = 47.0 ± 9.3, t = -2.277, p-value = 0.024).
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Table 3
Distribution of patients’ echotomography findings and the differences between PCI and pharmacoinvasive

groups
Tomography
findings

Values Overall PCI Pharmacoinvasive Test
result

p-
value

F % F % F %

Valve stenosis No 153 95.6% 82 100.0% 71 91.0% 7.696 0.006

Yes 7 4.4% 0 0.0% 7 9.0%

Valve
regurgitation

No 115 71.9% 78 95.1% 37 47.4% 44.968 < 
0.001

Yes 45 28.1% 4 4.9% 41 52.6%

Cardiac
muscle
hypokinesia

No 94 58.8% 56 68.3% 38 48.7% 6.320 0.012

Yes 66 41.3% 26 31.7% 40 51.3%

Ventricular
hypertrophy

No 138 86.3% 72 87.8% 66 84.6% 0.343 0.558

Yes 22 13.8% 10 12.2% 12 15.4%

Cardiomegaly No 156 97.5% 80 97.6% 76 97.4% 0.003 0.960

Yes 4 2.5% 2 2.4% 2 2.6%

EF (mean ± SD) 45.1 ± 10.4 43.4 ± 11.3 47.0 ± 9.3 -2.277 0.024

F = frequency, PCI = Percutaneous coronary intervention, SD = standard deviation, EF = ejection fraction

Treatment approach and perioperative parameters
The preferred catheter insertion approach was more in the radial artery (56.3%), which was also
significantly preferred higher among PCI (95.1%) than pharmacoinvasive patients (15.4%, X2 = 103.279,
p-value < 0.001). Also, more than half of the patients conducted the procedure at the day of admission
(54.4%), which significantly differed between both groups, where 97.6% of the PCI patients conducted
the procedure at the day of admission, while 30.8% and 48.7% of the pharmacoinvasive patients
conducted it at the first and second day of admission, respectively (X2 = 126.494, p-value < 0.001).

The locations of MI among the patients were 50.0% inferior, 12.5% septal, 34.4% anterior, 6.3% posterior
and 13.1% lateral, taking into account that the patients may have MI in more than one location at the
same time, while they were not significantly different between both study groups (p-value > 0.05).
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Table 4
Distribution of variables related to the treatment approach and perioperative parameters among the

patients and between PCI and pharmacoinvasive patients
Variables Values Overall PCI Pharmacoinvasive Test

result
p-
value

F % F % F %

Catheter
insertion
approach

Radial 90 56.3% 78 95.1% 12 15.4% 103.279 < 
0.001

Femoral 70 43.8% 4 4.9% 66 84.6%

When was
the
intervention
done?

Admission
day

87 54.4% 80 97.6% 7 9.0% 126.494 < 
0.001

1st day 25 15.6% 1 1.2% 24 30.8%

2nd day 39 24.4% 1 1.2% 38 48.7%

3rd day 4 2.5% 0 0.0% 4 5.1%

Others 5 3.1% 0 0.0% 5 6.4%

Location of MI

Inferior MI No 80 50.0% 39 47.6% 41 52.6% 0.400 0.527

Yes 80 50.0% 43 52.4% 37 47.4%

Septal MI No 140 87.5% 72 87.8% 68 87.2% 0.014 0.905

Yes 20 12.5% 10 12.2% 10 12.8%

Anterior MI No 105 65.6% 54 65.9% 51 65.4% 0.004 0.950

Yes 55 34.4% 28 34.1% 27 34.6%

Posterior
MI

No 150 93.8% 78 95.1% 72 92.3% 0.540 0.462

Yes 10 6.3% 4 4.9% 6 7.7%

Lateral MI No 139 86.9% 73 89.0% 66 84.6% 0.682 0.409

Yes 21 13.1% 9 11.0% 12 15.4%

F = frequency, PCI = Percutaneous coronary intervention,
MI = myocardial infarction

Laboratory tests and heart rate
Some of the preoperative laboratory tests showed significantly different mean results between PCI and
pharmacoinvasive patients, including WBCs (overall mean = 10.53, 12.45 vs 8.51, t = 5.474, p-value < 
0.001), sodium (overall mean = 137.61, 136.74 vs 138.52, t = -2.650, p-value = 0.012), troponin-I (overall
mean = 514.17, 973,56 vs 69.06, t = 1.995, p-value = 0.049), triglyceride (overall mean = 188.00, 124.96 vs
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200.93, t = -2.387, p-value 0.019), INR (overall mean = 1.08, 1.13 vs 1.03, t = 2.531, p-value = 0.013), CRP
(overall mean = 30.64, 123.93 vs 16.29, t = 2.321, p-value = 0.040) and heart rate (overall mean = 86.66,
93.07 vs 79.92, t = 5.363, p-value < 0.001), respectively, while the rest of the preoperative laboratory tests
showed insignificant differences in their mean results between both groups (p-value > 0.05).
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Table 5
Differences in preoperative laboratory tests results and heart rate between PCI and Pharmacoinvasive

approaches
Test name Overall PCI Pharmacoinvasive t p-

value
Mean SD Mean SD Mean SD

Hemoglobin 14.23 1.96 14.10 1.81 14.36 2.11 -0.818 0.414

WBCs 10.53 4.99 12.45 5.49 8.51 3.42 5.474 < 
0.001

Platelets 265.92 82.90 274.61 85.76 256.79 79.30 1.362 0.175

BUN 20.96 15.64 19.74 12.70 22.22 18.17 -0.999 0.319

Creatinine 1.84 6.52 1.39 1.83 2.31 9.16 -0.886 0.377

Potassium 4.05 0.64 4.12 0.69 3.98 0.57 1.363 0.175

Sodium 137.61 4.42 136.74 3.39 138.52 5.16 -2.650 0.012

Calcium 9.02 0.64 8.79 0.67 9.05 0.64 -1.173 0.244

Troponin-I 514.17 2846.07 937.56 3921.71 69.06 394.76 1.995 0.049

CK-MB 76.69 104.12 23.00 . 77.97 105.04 -0.517 0.608

CK-total 778.76 1366.70 957.00 1107.33 772.51 1382.58 0.186 0.853

RBS 174.28 90.28 167.78 79.91 181.11 100.10 -0.928 0.355

LDL 119.45 43.23 113.95 45.92 120.58 42.88 -0.557 0.579

HDL 46.47 26.86 37.91 17.91 48.23 28.12 -1.879 0.069

Triglyceride 188.00 118.89 124.96 85.43 200.93 121.06 -2.387 0.019

PT 15.25 5.07 14.74 2.85 15.78 6.60 -1.287 0.201

PTT 43.19 25.82 46.05 31.48 40.19 17.80 1.461 0.147

INR 1.08 0.25 1.13 0.17 1.03 0.30 2.531 0.013

CRP 30.64 72.36 123.93 160.25 16.29 28.62 2.321 0.040

Heart rate 86.66 16.80 93.07 15.94 79.92 15.02 5.363 < 
0.001

F = frequency, PCI = Percutaneous coronary intervention, SD = standard deviation, WBC = white blood
cells, BUN = blood urea nitrogen, CK = creatine kinase, RBS = random blood sugar, LDL = low-density
lipoprotein, HLD = high=density lipoprotein, PT = prothrombin time, PTT = partial thromboplastin time,
INR = international normalized ratio, CRP = c-reactive protein

For the postoperative laboratory tests, more results showed significant differences between the study
groups, including WBCs (overall mean = 9.75, 11.05 vs 8.58, t = 3.952, p-value < 0.001), sodium (overall
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mean = 138.75, 136.82 vs 140.67, t = -5.584, p-value < 0.001), troponin-I (overall mean = 1681.29, 3244.10
vs 38.33, t = 5.094, p-value < 0.001), LDL (overall mean = 94.95, 19.77 vs 110.37, t = -7.917, p-value < 
0.001), HDL (overall mean = 42.49, 6.81 vs 49.81, t = -5.441, p-value < 0.001), PTT (overall mean = 49.50,
57.83 vs 41.80, t = 3.845, p-value < 0.001), INR (overall mean = 1.09, 1.18 vs 1.06, t = 2.086, p-value = 
0.039), CRP (overall mean = 33.93, 126.22 vs 16.19, t = 3.050, p-value = 0.008) and heart rate (overall
mean = 79.55, 82.13 vs 76.83, t = 2.669, p-value = 0.008), respectively, while the rest of postoperative
laboratory tests did not show significant differences in their mean results between both groups.
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Table 6
Differences in postoperative laboratory tests results and heart rate between PCI and Pharmacoinvasive

approaches
Test name Overall PCI Pharmacoinvasive t p-

value
Mean SD Mean SD Mean SD

Hemoglobin 13.61 2.06 13.45 1.95 13.76 2.16 -0.935 0.351

WBCs 9.75 3.99 11.05 4.05 8.58 3.57 3.952 < 
0.001

Platelets 268.53 164.91 258.10 81.28 277.90 214.04 -0.728 0.468

BUN 21.58 17.08 19.80 12.19 23.14 20.36 -1.181 0.239

Creatinine 1.79 5.69 1.21 1.14 2.34 7.88 -1.254 0.214

Potassium 4.12 0.58 4.14 0.56 4.09 0.59 0.519 0.605

Sodium 138.75 4.71 136.82 3.12 140.67 5.24 -5.584 < 
0.001

Calcium 9.12 0.67 9.22 0.53 9.11 0.68 0.412 0.682

Troponin-I 1681.29 4373.56 3244.10 5695.18 38.33 206.99 5.094 < 
0.001

CK-MB 50.64 51.30 20.00 . 51.37 51.70 -0.600 0.552

CK-total 504.97 963.04 297.00 179.61 512.26 978.97 -0.308 0.759

RBS 154.68 62.87 153.21 50.94 156.22 73.68 -0.299 0.765

LDL 94.95 53.78 19.77 43.40 110.37 41.36 -7.917 < 
0.001

HDL 42.49 32.93 6.81 19.26 49.81 30.31 -5.441 < 
0.001

Triglyceride 160.09 154.36 34.66 66.09 185.82 154.88 -3.820 < 
0.001

PT 16.12 7.34 15.62 2.66 16.31 8.46 -0.426 0.671

PTT 49.50 26.34 57.83 29.24 41.80 20.70 3.845 < 
0.001

INR 1.09 0.26 1.18 0.16 1.06 0.28 2.086 0.039

CRP 33.93 74.16 126.22 138.98 16.19 32.89 3.050 0.008

F = frequency, PCI = Percutaneous coronary intervention, SD = standard deviation, WBC = white blood
cells, BUN = blood urea nitrogen, CK = creatine kinase, RBS = random blood sugar, LDL = low-density
lipoprotein, HLD = high=density lipoprotein, PT = prothrombin time, PTT = partial thromboplastin time,
INR = international normalized ratio, CRP = c-reactive protein
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Test name Overall PCI Pharmacoinvasive t p-
value

Mean SD Mean SD Mean SD

Heart rate 79.55 12.80 82.13 13.04 76.83 12.02 2.669 0.008

F = frequency, PCI = Percutaneous coronary intervention, SD = standard deviation, WBC = white blood
cells, BUN = blood urea nitrogen, CK = creatine kinase, RBS = random blood sugar, LDL = low-density
lipoprotein, HLD = high=density lipoprotein, PT = prothrombin time, PTT = partial thromboplastin time,
INR = international normalized ratio, CRP = c-reactive protein

The changes from preoperative to postoperative laboratory tests’ results were also investigated and
some had shown significant differences in mean results changes between both study groups. For
example, the mean decrease in WBCs was 0.77, which significantly decreased more in PCI patients
(mean decrease = 1.71) than pharmacoinvasive patients (mean increase = 0.07, t = -3.228, p-value = 
0.002). Also, the mean the mean increase in sodium was 1.14, which was lower in PCI patients (mean
increase = 0.13) than pharmacoinvasive patients (mean increase = 2.16, t = -3.349, p-value = 0.001). The
mean increase in troponin-I was 1167.12, which was significantly higher in PCI patients (mean increase 
= 2306.54) than pharmacoinvasive patients (mean decrease = 30.74, t = 3.806, p-value < 0.001).

For the lipid profile, the mean decrease in LDL was 24.51, which was significantly higher among PCI
patients (mean decrease = 94.18) than pharmacoinvasive patients (mean decrease = 10.21, t = 4.642, p-
value < 0.001), with a mean decrease in HDL by 3.98, which was more among PCI patients (mean
decrease = 31.09) than pharmacoinvasive patients (mean increase = 1.58, t = -6.380, p-value < 0.001),
and a mean decrease in triglyceride by 27.91, which was significantly more among PCI patients (mean
decrease = 90.29) than pharmacoinvasive patients (mean decrease = 15.11, t = -2.074, p-value = 0.041).
Lastly, the mean decrease in heart rate was 7.11, which was significantly higher in PCI group (mean
decrease = 10.94) than pharmacoinvasive patients (mean decrease = 3.09, t = -4.044, p-value < 0.001).
On the other hand, the rest of the tests did not show significant differences in their pre-post changes
between PCI and pharmacoinvasive patients (p-value > 0.05).
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Table 7
Differences in preoperative-postoperative changes in laboratory tests results and heart rate between PCI

and Pharmacoinvasive approaches
Test name Overall PCI Pharmacoinvasive t p-

value
Mean
diff.

SD Mean
diff.

SD Mean
diff.

SD

Hemoglobin -0.57 0.87 -0.55 0.91 -0.59 0.83 0.308 0.759

WBCs -0.77 3.32 -1.71 4.30 0.07 1.72 -3.228 0.002

Platelets 1.32 154.88 -20.73 46.65 21.10 207.38 -1.650 0.101

BUN 0.19 8.17 -0.64 9.80 0.91 6.42 -1.146 0.254

Creatinine -0.03 1.35 -0.10 0.70 0.04 1.77 -0.636 0.526

Potassium 0.07 0.50 0.02 0.60 0.11 0.36 -1.130 0.261

Sodium 1.14 3.91 0.13 2.95 2.16 4.46 -3.349 0.001

Calcium 0.10 0.54 0.28 0.52 0.08 0.54 0.855 0.395

Troponin-I 1167.12 4138.32 2306.54 5557.51 -30.74 192.21 3.806 < 
0.001

CK-MB -26.05 71.76 -3.00 . -26.60 72.53 0.322 0.749

CK-total -273.80 561.06 -660.00 927.72 -260.25 552.40 -0.990 0.326

RBS -19.60 57.60 -14.57 56.94 -24.89 58.18 1.133 0.259

LDL -24.51 50.70 -94.18 71.05 -10.21 30.10 -4.642 < 
0.001

HDL -3.98 17.20 -31.09 20.01 1.58 9.76 -6.380 < 
0.001

Triglyceride -27.91 134.42 -90.29 124.97 -15.11 133.44 -2.074 0.041

PT 0.29 3.86 -0.34 1.37 0.52 4.43 -1.535 0.128

PTT 5.44 32.26 9.59 43.23 1.62 16.13 1.472 0.144

INR 0.02 0.16 -0.01 0.11 0.03 0.18 -0.934 0.352

CRP 1.68 30.68 19.13 89.80 -0.10 16.46 0.605 0.564

Heart rate -7.11 12.85 -10.94 12.23 -3.09 12.32 -4.044 < 
0.001

F = frequency, PCI = Percutaneous coronary intervention, SD = standard deviation, WBC = white blood
cells, BUN = blood urea nitrogen, CK = creatine kinase, RBS = random blood sugar, LDL = low-density
lipoprotein, HLD = high=density lipoprotein, PT = prothrombin time, PTT = partial thromboplastin time,
INR = international normalized ratio, CRP = c-reactive protein
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Postoperative outcomes
Almost all postoperative complications showed significant differences between both groups. For
example, the overall prevalence of postoperative insertion site hematoma was 36.9%, which was
significantly higher among pharmacoinvasive patients (53.8%) than PCI patients (20.7%, X2 = 18.832, p-
value < 0.001). The rest of the complications also showed significantly higher prevalence among
pharmacoinvasive than PCI patients, including hemorrhagic stroke (overall prevalence = 4.4%, 9.0% vs
0.0%, X2 = 7.696, p-value = 0.006), epistaxis (overall prevalence = 9.4%, 19.2% vs 0.0%, X2 = 17.401, p-
value < 0.001), hematemesis (overall prevalence = 3.1%, 6.4% vs 0.0%, X2 = 5.426, p-value = 0.020) and
stroke (overall prevalence = 2.5%, 5.1% vs 0.0%, X2 = 4.313, p-value = 0.038), with a significant difference
in the overall number of postoperative complications between both groups, where 79.3% of PCI patients
did not have any postoperative complication, compared to only 33.3% among pharmacoinvasive
patients, while 20.5% of pharmacoinvasive patients had more than one complication, compared to 0.0%
among PCI patients (X2 = 39.450, p-value < 0.001). Lastly, the overall 30-day survival rate was 93.1%,
which was significantly lower among pharmacoinvasive patients (87.2%) than PCI patients (98.8%, X2 = 
8.403, p-value = 0.004).
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Table 8
Differences in specific postoperative complications and 30-day survival between PCI and Pharmacoinvasive

approaches
Variables Values Overall PCI Pharmacoinvasive Test

result
p-
value

  F % F % F %

Insertion site
hematoma

No 101 63.1% 65 79.3% 36 46.2% 18.832 < 
0.001

Yes 59 36.9% 17 20.7% 42 53.8%

Hemorrhagic
stroke

No 153 95.6% 82 100.0% 71 91.0% 7.696 0.006

Yes 7 4.4% 0 0.0% 7 9.0%

Upper GI
bleeding

No 157 98.1% 82 100.0% 75 96.2% 3.213 0.073

Yes 3 1.9% 0 0.0% 3 3.8%

Epistaxis No 145 90.6% 82 100.0% 63 80.8% 17.401 < 
0.001

Yes 15 9.4% 0 0.0% 15 19.2%

Hematemesis No 155 96.9% 82 100.0% 73 93.6% 5.426 0.020

Yes 5 3.1% 0 0.0% 5 6.4%

Stroke No 156 97.5% 82 100.0% 74 94.9% 4.313 0.038

Yes 4 2.5% 0 0.0% 4 5.1%

Number of
complications

Zero 91 56.9% 65 79.3% 26 33.3% 39.450 < 
0.001

One 53 33.1% 17 20.7% 36 46.2%

> one 16 10.0% 0 0.0% 16 20.5%

Patient’s
survival

Died 11 6.9% 1 1.2% 10 12.8% 8.403 0.004

Survived 149 93.1% 81 98.8% 68 87.2%

F = frequency, PCI = Percutaneous coronary intervention,
GI = gastrointestinal tract
The number of postoperative complications were also compared among all patients across the
demographic factors (as shown in Table 9), which showed that none of the demographic factors were
significantly associated with differences in them (p-value > 0.05).
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Table 9
Differences in number of postoperative complications across patients’ demographic factors

Factor Values None One > one X2 p-value

  F % F % F %

Age < 40 YO 5 50.0% 3 30.0% 2 20.0% 3.597 0.731

40–49 YO 16 61.5% 9 34.6% 1 3.8%

50–59 YO 30 62.5% 13 27.1% 5 10.4%

>= 60 YO 40 52.6% 28 36.8% 8 10.5%

Gender Male 76 58.5% 39 30.0% 15 11.5% 3.992 0.136

Female 15 50.0% 14 46.7% 1 3.3%

Residency City 49 59.0% 26 31.3% 8 9.6% 1.259 0.868

Rural 30 52.6% 20 35.1% 7 12.3%

Camp 12 60.0% 7 35.0% 1 5.0%

Social status Single 7 77.8% 2 22.2% 0 0.0% 4.315 0.365

Married 76 55.5% 45 32.8% 16 11.7%

Others 7 53.8% 6 46.2% 0 0.0%

F = frequency, X2 = Chi-square test value, YO = years old
The relationships between the medical factors (medical and surgical histories and echotomography
factors) are also tested and shown in Table 10, where it shows that 17.8% of the non-hypertensive
patients had more than one complication, compared to 3.4% among hypertensive patients (X2 = 9.617, p-
value = 0.008). On the other hand, 18.2% of patients with dyslipidemia had more than one complication,
compared to 8.7% among patients without dyslipidemia (X2 = 6.716, p-value = 0.035).

Also, there was a significantly higher percentage of ad more than one complication among patients with
than without valve regurgitation (22.2% vs 5.2%, respectively, X2 = 17.875, p-value < 0.001), which also

applies among patients with cardiac muscle hypokinesia (18.2% vs 4.3%, respectively, X2 = 9.559, p-
value = 0.008). The rest of the factors did not significantly associate with differences in the number of
postoperative complications (p-value > 0.05).
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Table 10
Differences in number of postoperative complications across patients’ medical factors

Factor Values None One > one X2 p-
value

  F % F % F %

DM No 50 58.1% 25 29.1% 11 12.8% 2.424 0.298

Yes 41 55.4% 28 37.8% 5 6.8%

HTN No 40 54.8% 20 27.4% 13 17.8% 9.617 0.008

Yes 51 58.6% 33 37.9% 3 3.4%

IHD No 57 54.8% 38 36.5% 9 8.7% 1.807 0.405

Yes 34 60.7% 15 26.8% 7 12.5%

Dyslipidemia No 84 60.9% 42 30.4% 12 8.7% 6.716 0.035

Yes 7 31.8% 11 50.0% 4 18.2%

Obesity No 83 60.1% 43 31.2% 12 8.7% 4.765 0.092

Yes 8 36.4% 10 45.5% 4 18.2%

Others No 74 55.2% 47 35.1% 13 9.7% 1.415 0.493

Yes 17 65.4% 6 23.1% 3 11.5%

PCI No 59 56.7% 35 33.7% 10 9.6% 0.070 0.966

Yes 32 57.1% 18 32.1% 6 10.7%

Open heart
surgery

No 88 57.9% 49 32.2% 15 9.9% 1.332 0.514

Yes 3 37.5% 4 50.0% 1 12.5%

Vascular
surgery

No 90 57.0% 53 33.5% 15 9.5% 3.928 0.140

Yes 1 50.0% 0 0.0% 1 50.0%

Others No 84 65.1% 33 25.6% 12 9.3% 19.713 < 
0.001

Yes 7 22.6% 20 64.5% 4 12.9%

Smoking status Current 61 62.2% 26 26.5% 11 11.2% 5.288 0.259

Previous 5 41.7% 6 50.0% 1 8.3%

Never 25 50.0% 21 42.0% 4 8.0%

Valve stenosis No 88 57.5% 51 33.3% 14 9.2% 2.283 0.244

F = frequency, X2 = Chi-square test value, PCI = Percutaneous coronary intervention, HTN = hypertension,
DM = diabetes mellitus, IHD = ischemic heart disease, EF = ejection fraction
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Yes 3 42.9% 2 28.6% 2 28.6%

Valve
regurgitation

No 76 66.1% 33 28.7% 6 5.2% 17.875 < 
0.001

Yes 15 33.3% 20 44.4% 10 22.2%

Cardiac
hypokinesia

No 60 63.8% 30 31.9% 4 4.3% 9.559 0.008

Yes 31 47.0% 23 34.8% 12 18.2%

Ventricular
hypertrophy

No 82 59.4% 44 31.9% 12 8.7% 3.317 0.190

Yes 9 40.9% 9 40.9% 4 18.2%

Cardiomegaly No 89 57.1% 52 33.3% 15 9.6% 1.039 0.595

Yes 2 50.0% 1 25.0% 1 25.0%

EF reduction Normal 43 58.9% 24 32.9% 6 8.2% 5.770 0.449

Mild 29 55.8% 15 28.8% 8 15.4%

Moderate 6 50.0% 4 33.3% 2 16.7%

Severe 13 56.5% 10 43.5% 0 0.0%

F = frequency, X2 = Chi-square test value, PCI = Percutaneous coronary intervention, HTN = hypertension,
DM = diabetes mellitus, IHD = ischemic heart disease, EF = ejection fraction

Discussion
This study utilized a retrospective cohort design provided an evidence in the comparison between
pharmacoinvasive and primary PCI approaches for STEMI management within the Palestinian
healthcare system, and represented one of the largest comparative studies in the Palestinian literature
that include real-world outcomes of reperfusion approaches, up to the researcher’s knowledge. The
current study findings serve as a valuable contribution into enhancing feasibility, safety and
effectiveness of the pharmacoinvasive approach, focusing on the study setting of low resources and
geopolitical constraints.

Several previous regional and international studies agree with the demographic profile of the current
study distribution, where STEMI mainly affects patients in their middle age and older-adult phases, as
well as male predominance, which also aligns with the global epidemiological trends, as biological,
hormonal and behavioral risk factors (e.g., higher smoking prevalence and exposure to occupational
stress) attribute to this distribution (29, 30). Such demographic findings in Palestine reflect the
increasing burden of CVDs in Palestine, which is driven by presence of risk factors related to smoking,
obesity, diabetes mellitus and hypertension, which is pushed by the prolonged political instability and
economic hardship, leading to psychosocial stresses (29, 31).
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In terms of treatment approaches, the current study highlights that public awareness level of CVD
symptoms (32), healthcare accessibility, transport logistics and availability of catheterization
laboratories play a pragmatic role in clinical decision-making, where pharmacoinvasive approach
appeared as emergent, frequently utilized, especially among patients who present to centers not capable
of timely PCI, or who face significant transportation delays.

The geographic fragmentation and military checkpoints play major roles in hindering rapid PCI centers
access, alongside the shortage in ambulances (19) and intermittent lockdowns, which are considered
barriers that create prolonged ischemic times, therefore making the pharmacoinvasive approach the
most realistic life-saving strategy, not just an alternative (31, 33).

Significant improvements were shown in laboratory parameters following reperfusion in both study
groups, which means that myocardial salvage and reperfusion are successful and effective, in addition
to that such biomarkers normalization between both approaches is a comparable trend that is
consistent with internation evidence that sowed similar reduction in infarct size and myocardial recovery
between PCI and pharmacoinvasive approaches (34, 35). Laboratory diagnostics in Palestine remain
more accessible than advanced interventional services, therefore they play an important role in
stratifying risks, monitoring treatment progress and evaluating prognosis level, and support the clinical
effectiveness of both approaches when timely delivered, as shown in the favorable laboratory
trajectories.

Adequate myocardial reperfusion and autonomic balance were also observed in both study groups, as
manifested by post-interventional heart rate normalization and hemodynamic stability, which are in
parallel with patterns of physiological recovery that are documented in previous large STEMI samples
(18, 34). On the other hand, higher baseline sympathetic activation and more compromised
hemodynamic status can be more observed in the Palestinian context, caused by delayed presentation,
which concludes that the therapeutic efficacy of pharmacoinvasive approach is comparable in terms of
post-interventional stability when timely PCI is not available.

There is an agreement between the current and international studies in terms of the overall
postoperative complications and 30-day mortality rates. Almost all short-term postoperative
complications were significantly higher in the pharmacoinvasive approach, which can be related to
increased bleeding risk sue to initial thrombolysis therapy, periprocedural anticoagulant and antiplatelet
agents use (16), older age that increases intracranial hemorrhage and other bleeding risk (36). Femoral
access route also increases the risk of insertion site hematoma (37), more frequently used in
pharmacoinvasive approach. Other factors include early PCI after thrombolysis (within 3 to 12 hours)
(38) and older age, where more comorbidities and polypharmacy is more observed (39, 40). Higher
stroke risk in the pharmacoinvasive approach also agrees with previous studies (41, 42), due to
incomplete reperfusion, current ischemia, higher anticoagulant and antiplatelets therapy load.

Higher postoperative complications among patients with dyslipidemia can be interpreted by the link to
increased inflammatory markers and antioxidative stress in these patients, which impair wound healing
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and contribute to postoperative infection, hematoma and cardiovascular events (43, 44). Also,
dyslipidemia correlated with endothelial dysfunction (45), and is common to be found with other
comorbidities, like HTN and DM, increasing the risk of postoperative complications (46).

In agreement with the current study, previous literature emphasized the timeliness and completeness of
reperfusion achieved through primary PCI (41, 47), therefore lower mortality rates, in addition to fewer
postoperative complications (42). Increased availability of thrombolytics and adherence to international
clinical guidelines can improve national STEMI protocols and decrease related mortality rates, with the
emphasis on enhanced nursing competencies.

The critical role of nursing professionals in early triage and rapid administration of thrombolytic agents,
as well as continuous cardiac monitoring and early detection of complications is essential in
strengthening emergency nursing care, with the need to support nursing education and prehospital
cardiac care systems. In terms of policymakers, the findings support the need to invest in regional
STEMI networks and strengthen ambulance system, with future implementation of tele-cardiology
consultation services, and more availability of decentralized thrombolytic agents, which showed
effectiveness in low-resource and conflict-affected areas (33).

Conclusion
The current multicenter retrospective cohort study of Palestinian STEMI patients found more favorable
short-term clinical outcomes, higher 30-day survival and lower major postoperative complications
among patients who were treated with primary PCI than pharmacoinvasive approaches. While the
pharmacoinvasive approach is considered a pragmatically life-saving alternative when timely PCI is not
feasible, higher complication burden is found, therefore highlighting the need to expand primary PCI
access, taking into consideration the need to reinforce the role of a well-structured pharmacoinvasive
protocol in the resource-limited healthcare settings.

Limitations
Despite the advantages and valuable findings of the current study, it was limited by the use of
retrospective design that may have introduced confounding variables and selection bias. Also, pre-
hospital delays, missingness of exact ischemic times and details of EMS care are considered the most
common potentially unmeasured, uncontrolled variables, while analyzing data from only two tertiary
centers in the West Bank may have limited generalizability to other Palestinian regions or low- and
middle-income settings, which may have different healthcare infrastructure. Lastly, long-term morbidity,
recurrent events and functional status after discharge were limited to be measured as the study focused
on 30-day outcomes.

Recommendations
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Based on the findings and discussion of the current study, it is recommended to expand efforts to
provide timely access to primary PCI, and make it a priority in the Palestinian healthcare system, by
investing in the capacity of catheterization laboratories and optimizing the transfer system between
hospitals. There is also a need to establish standardized pharmacoinvasive approaches when timely PCI
is not available, which should include rapid administration of thrombolytic agents, early coronary
angiography and close monitoring after administering fibrinolysis, which will reduce complication risks.
It is also recommended to strengthen emergency medical services and implement national STEMI care
networks that support post-discharge follow-up programs, which may further improve delivering
equitable STEMI care. Lastly, future research in Palestine should implement prospective designs to
investigate the long-term clinical and patient-reported outcomes that follow different reperfusion
approaches, with the need to include more healthcare settings to broaden representation and diversity of
the data.

Declarations
Ethics approval and consent to participate

Ethical approval for this study was obtained from the Institutional Review Board (IRB) of An-Najah
National University (Reference (May 2023\18) prior to data collection. Permission to conduct the study
was also obtained from the administrations of the participating hospitals. All procedures were
conducted in accordance with the ethical standards of the Declaration of Helsinki.

Consent for publication
Not applicable.

Funding sources:
This research received no specific grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Author Contribution
M.H., B.M., J.Q., L.M.Z., I.G., and N.B.S. contributed to the conceptualization and study design. M.H.,
B.M., J.Q., and L.M.Z. contributed to methodology, software development, and statistical analysis. I.G.,
E.A.S., F.Z., E.A., and S.G.Q. contributed to data collection. I.G., E.A.S., and E.A. contributed to data
curation and validation. F.Z. and B.M. contributed to field investigation and clinical data acquisition. M.H.,
B.M., and N.B.S. drafted the main manuscript text. All authors (M.H., B.M., J.Q., L.M.Z., I.G., N.B.S., E.A.S.,
M.F.A.A., E.A., S.G.Q., and F.Z.) contributed to critical revision of the manuscript, read and approved the
final version, and agree to be accountable for all aspects of the work.

Page 26/31



Acknowledgement
The authors would like to sincerely acknowledge the staff of the cardiology departments and intensive
care units at Palestine Medical Complex (PMC) and An-Najah National University Hospital (NNUH) for
their valuable support and cooperation during data collection.We also extend our gratitude to the
healthcare professionals and nursing teams involved in the management and documentation of patient
records, whose efforts made this retrospective analysis possible. Special thanks to the research team
for their dedication and hard work throughout the all research process.

Data availability
The data sets supporting the current research results are available from the corresponding authors upon
request.

References
1. Severino P, D'Amato A, Pucci M, Infusino F, Adamo F, Birtolo LI et al. Ischemic Heart Disease

Pathophysiology Paradigms Overview: From Plaque Activation to Microvascular Dysfunction. Int J
Mol Sci. 2020;21(21).

2. Akbar H, Foth C, Kahloon RA, Mountfort S, Acute ST. Elevation Myocardial Infarction. StatPearls.
Treasure Island (FL): StatPearls Publishing Copyright © 2022. StatPearls Publishing LLC.; 2022.

3. Bhatt DL, Lopes RD, Harrington RA. Diagnosis and Treatment of Acute Coronary Syndromes: A
Review. JAMA. 2022;327(7):662–75.

4. Rao SV, O'Donoghue ML, Ruel M, Rab T, Tamis-Holland JE, Alexander JH, et al. 2025
ACC/AHA/ACEP/NAEMSP/SCAI Guideline for the Management of Patients With Acute Coronary
Syndromes: A Report of the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Circulation. 2025;151(13):e771–862.

5. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC Guidelines
for the management of acute myocardial infarction in patients presenting with ST-segment
elevation: The Task Force for the management of acute myocardial infarction in patients presenting
with ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart J.
2017;39(2):119–77.

6. Araiza-Garaygordobil D, Gopar-Nieto R, Cabello-López A, Martinez-Amezcua P, Eid-Lidt G, Baeza-
Herrera LA, et al. Pharmacoinvasive Strategy vs Primary Percutaneous Coronary Intervention in
Patients With ST-Elevation Myocardial Infarction: Results From a Study in Mexico City. CJC Open.
2021;3(4):409–18.

7. Fazel R, Joseph TI, Sankardas MA, Pinto DS, Yeh RW, Kumbhani DJ, et al. Comparison of
Reperfusion Strategies for ST-Segment-Elevation Myocardial Infarction: A Multivariate Network
Meta-analysis. J Am Heart Assoc. 2020;9(12):e015186.

Page 27/31



8. Mishra S, Verma SK. Application of STREAM trial in management of acute myocardial infarction in
real world practice. Indian Heart J. 2013;65:629–30.

9. Armstrong Paul W, Gershlick Anthony H, Goldstein P, Wilcox R, Danays T, Lambert Y, et al.
Fibrinolysis or Primary PCI in ST-Segment Elevation Myocardial Infarction. N Engl J Med.
2013;368(15):1379–87.

10. Widimský P, Budesínský T, Vorác D, Groch L, Zelízko M, Aschermann M, et al. Long distance
transport for primary angioplasty vs immediate thrombolysis in acute myocardial infarction. Final
results of the randomized national multicentre trial–PRAGUE-2. Eur Heart J. 2003;24(1):94–104.

11. Busk M, Maeng M, Rasmussen K, Kelbaek H, Thayssen P, Abildgaard U, et al. The Danish multicentre
randomized study of fibrinolytic therapy vs. primary angioplasty in acute myocardial infarction (the
DANAMI-2 trial): outcome after 3 years follow-up. Eur Heart J. 2008;29(10):1259–66.

12. Baliga RR, Bahl VK, Alexander T, Mullasari A, Manga P, Dec GW, et al. Management of STEMI in low-
and middle-income countries. Glob Heart. 2014;9(4):469–510.

13. Alexander T, Mullasari AS, Narula J. Developing a STEMI system of care for low- and middle-income
countries: the STEMI-India model. Glob Heart. 2014;9(4):419–23.

14. Jortveit J, Pripp AH, Halvorsen S. Outcomes after delayed primary percutaneous coronary
intervention vs. pharmaco-invasive strategy in ST-segment elevation myocardial infarction in
Norway. Eur Heart J Cardiovasc Pharmacother. 2022;8(5):442–51.

15. O’Gara PT, Kushner FG, Ascheim DD, Casey DE, Chung MK, de Lemos JA, et al. 2013 ACCF/AHA
Guideline for the Management of ST-Elevation Myocardial Infarction. Circulation. 2013;127(4):e362–
425.

16. Zubaid M, Khraishah H, Alahmad B, Rashed WA, Ridha M, Alenezi FF et al. Efficacy and Safety of
Pharmacoinvasive Strategy Compared to Primary Percutaneous Coronary Intervention in the
Management of ST-Segment Elevation Myocardial Infarction: A Prospective Country-Wide Registry.
Annals Global Health. 2020;86.

17. Helal AM, Shaheen SM, Elhammady W, Ahmed MI, Abdel-Hakim AS, Allam LE. Primary PCI versus
pharmacoinvasive strategy for ST elevation myocardial infarction. Int J Cardiol Heart Vasculature.
2018;21:87–93.

18. Rashid MK, Guron N, Bernick J, Wells GA, Blondeau M, Chong A-Y, et al. Safety and Efficacy of a
Pharmacoinvasive Strategy in ST-Segment Elevation Myocardial Infarction: A Patient Population
Study Comparing a Pharmacoinvasive Strategy With a Primary Percutaneous Coronary Intervention
Strategy Within a Regional System. JACC Cardiovasc interventions. 2016;9 19:2014–20.

19. McNeely CA, Barber BK, Giacaman R, Belli RF, Daher M. Long-Term Health Consequences of
Movement Restrictions for Palestinians, 1987–2011. Am J Public Health. 2018;108(1):77–83.

20. Jamee Shahwan A, Abed Y, Desormais I, Magne J, Preux PM, Aboyans V, et al. Epidemiology of
coronary artery disease and stroke and associated risk factors in Gaza community -Palestine. PLoS
ONE. 2019;14(1):e0211131.

Page 28/31



21. Aminorroaya A, Saeedi Moghaddam S, Tavolinejad H, Aryan Z, Heidari B, Ebrahimi H, et al. Burden of
Ischemic Heart Disease and Its Attributable Risk Factors in North Africa and the Middle East, 1990
to 2019: Results From the GBD Study 2019. J Am Heart Association. 2024;13(2):e030165.

22. Habib M, Doğan Z. ST-segment elevation myocardial infarction for pharmacoinvasive strategy or
primary percutaneous coronary intervention in Gaza (STEPP 2- PCI) trial. Arch Med Sci Atheroscler
Dis. 2024;9:e202–6.

23. Chandrashekhar Y, Alexander T, Mullasari A, Kumbhani DJ, Alam S, Alexanderson E, et al. Resource
and Infrastructure-Appropriate Management of ST-Segment Elevation Myocardial Infarction in Low-
and Middle-Income Countries. Circulation. 2020;141(24):2004–25.

24. Dharma S. Comparison of Real-Life Systems of Care for ST-Segment Elevation Myocardial
Infarction. Global Heart. 2020;15.

25. Mehta S, Granger C, Grines CL, Jacobs A, Henry TD, Rokos I, et al. Confronting system barriers for
ST- elevation MI in low and middle income countries with a focus on India. Indian Heart J.
2018;70(1):185–90.

26. Panduranga P, Al-Zakwani I, Sulaiman K, Al-Habib K, Al Suwaidi J, Al-Motarreb A, et al. Clinical Profile
and Mortality of ST-Segment Elevation Myocardial Infarction Patients Receiving Thrombolytic
Therapy in the Middle East. Heart Views. 2012;13(2):35–41.

27. Beza L, Leslie SL, Alemayehu B, Gary R. Acute coronary syndrome treatment delay in low to middle-
income countries: A systematic review. IJC Heart Vasculature. 2021;35:100823.

28. Bagai A, Dangas GD, Stone GW, Granger CB. Reperfusion Strategies in Acute Coronary Syndromes.
Circul Res. 2014;114(12):1918–28.

29. Daralammouri Y, Jabri M, Mosleh O, AbdelAziz Y, Azamtta M, Abu Taha A, et al. Sex differences in
acute myocardial infarction: clinical characteristics, management prac-tices, and outcomes for
patients in a large tertiary hospital from Palestine. Palestinian Med Pharm J. 2023;8(3):393–402.

30. Soriano-Moreno DR, Tuco KG, Delgado Flores CJ, Flores-Lovon K, Ccami-Bernal F, Quijano-Escate R,
et al. Pharmacoinvasive strategy versus fibrinolytic therapy alone in adults with ST-elevation
myocardial infarction: A systematic review and meta-analysis. PLoS ONE. 2025;20(10):e0334309.

31. Abukhalil AD, Hamad S, Swaileh ZK, Ghanem AW, Abumadi S, Madia R, et al. Acute Coronary
Syndrome: Treatment Strategies and Outcomes in Patients Admitted to a Tertiary Care Hospital in
Palestine. Patient Prefer Adherence. 2024;18(null):1173–81.

32. Awad MYH, Awad BYH, Warasna HJM, Shahin FBY, Sabboh M, Jobran AWM, et al. Public awareness
of cardiovascular disease and its risk factors in Palestine: a cross-sectional survey. BMC Public
Health. 2025;26(1):224.

33. De Marqui Moraes PI, Galhardo A, Barbosa AHP, de Sousa JMA, Alves CMR, Bianco HT, et al. Metrics
of care and cardiovascular outcomes in patients with ST-elevation myocardial infarction treated with
pharmacoinvasive strategy: a decade-long network in a populous city in Brazil. BMC Cardiovasc
Disord. 2023;23(1):300.

Page 29/31



34. Li K, Zhang B, Zheng B, Zhang Y, Huo Y. Reperfusion Strategy of ST-Elevation Myocardial Infarction: A
Meta-Analysis of Primary Percutaneous Coronary Intervention and Pharmaco-Invasive Therapy.
Front Cardiovasc Med. 2022;9:813325.

35. Gallardo-Grajeda A, Dattoli-Garcia C, Jackson-Pedroza C, Gopar-Nieto G, Ruiz-Fuentes O, Pina-
Fragoso V et al. Efficacy and safety of pharmacoinvasive strategy compared with primary PCI in
patients with STEMI presenting to non-PCI hubs: A real world study. European Heart Journal Acute
Cardiovascular Care. 2021;10(Supplement_1):zuab020.120.

36. Armstrong PW, Bogaerts K, Welsh RC, Sinnaeve PR, Goldstein P, Pagès A, et al. The Second Strategic
Reperfusion Early After Myocardial Infarction (STREAM-2) study optimizing pharmacoinvasive
reperfusion strategy in older ST-elevation myocardial infarction patients. Am Heart J. 2020;226:140–
6.

37. Ashmawy MM, El-din SS, Deraz EM, Mosaad AM, editors. Efficacy of pharmacoinvasive
percutaneous coronary intervention versus primary percutaneous coronary intervention in ST
elevation myocardial infarction2019.

38. Khalfallah M, Elsheikh A, Abdalaal M. Very Early Versus Early Percutaneous Coronary Intervention
After Successful Fibrinolytic Therapy in Pharmacoinvasive Strategy. Global heart. 2018;13 4:261–5.

39. Li SX, Chaudry HI, Lee J, Curran TB, Kumar V, Wong KSK, et al. Patterns of in-hospital mortality and
bleeding complications following PCI for very elderly patients: insights from the Dartmouth Dynamic
Registry. J Geriatric Cardiology: JGC. 2018;15:131–6.

40. Pr B, George S, ASSESSMENT OF CLINICAL PROFILE OF ELDERLY, PATIENTS WITH ACUTE
STELEVATION MYOCARDIAL INFARCTION UNDERGOING REPERFUSION THERAPY. Int J Sci Res.
2018;6.

41. Alex A, Lahiri A, Devika, Geevar T, George OK. Observational study comparing pharmacoinvasive
strategy with primary percutaneous coronary intervention in patients presenting with ST elevation
myocardial infarction to a tertiary care centre in India. J Postgrad Med. 2018;64:80–5.

42. Rashid MK, Singh K, Bernick J, Wells GA, Hibbert B, Russo JJ, et al. Periprocedural Bivalirudin Versus
Unfractionated Heparin During Percutaneous Coronary Intervention Following Fibrinolysis for ST-
Segment Elevation Myocardial Infarction. J Invasive Cardiol. 2019;31(12):E387–91.

43. Som P, Seth BC, Acharyya M. Dyslipidemia as a risk factor for acute myocardial infarction in
postmenopausal women: An observational study. MGM J Med Sci. 2023;10:63–70.

44. Son SM, Okada R, Fresquez Z, Formanek B, Mertz K, Wang JC et al. The Effect of Hyperlipidemia as
a Risk Factor on Postoperative Complications in Patients Undergoing Anterior Cervical Discectomy
and Fusion. Clin Spine Surg. 2023;36:E530 - E5.

45. Gazzaz ZJ, Iftikhar R, Jameel T, Baig M, Murad MA. Association of Dyslipidemia and Comorbidities
with Risk Factors Among Diabetic Patients: A Retrospective Analysis. Diabetes, Metabolic Syndrome
and Obesity: Targets and Therapy. 2020;13:935 – 41.

46. Liu Z, Tang H, Liang H, Bai X, Zhang H, Yang H et al. Dyslipidaemia Is Associated with Severe
Disease Activity and Poor Prognosis in Ulcerative Colitis: A Retrospective Cohort Study in China.

Page 30/31



Nutrients. 2022;14.

47. Shavadia JS, Granger CB, Alemayehu W, Westerhout CM, Povsic TJ, Brener SJ, et al. High-throughput
targeted proteomics discovery approach and spontaneous reperfusion in ST-segment elevation
myocardial infarction. Am Heart J. 2019;220:137–44.

Page 31/31


