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Abstract
Background: The aim of the current study is to determine the safety of early discharge (ED) within 48 hours (h) for STelevation myocardial infarction (STEMI) patients who underwent primary percutaneous coronary intervention (PPCI)
and to deﬁne the criteria of low-risk patients that can be considered for ED.
Methods: This is a single-center retrospective study that took place at Mohammed bin Khalifa Cardiac Centre in the
Kingdom of Bahrain. 301 patients who underwent PPCI between January 2018 and March 2019 were included. Endpoints
at 30 days follow-up comprised cardiac re-admission, cardiovascular death, non-fatal myocardial infarction, stroke, and
major adverse cardiovascular and cerebrovascular events.
Results: Of the 301 patients included in our study, 74 (24.5%) were discharged within 48 h (group 1) compared with 227
(75.5%) hospitalized for more than 48 h after PPCI (group 2) (<0.0001). In terms of baseline characteristics, group 2 had
higher proportions of chronic kidney disease (P ¼ 0.051), mean HbA1c (P ¼ 0.016) and mean CPK (P < 0.0001) compared
to their group 1 counterparts. The prevalence of anterior STEMI was twice as high among group 2 (P < 0.0001), with a
signiﬁcantly higher prevalence of left main stenting (P ¼ 0.025). Additionally, larger proportion of group 2 required
inotropic therapy (P ¼ 0.031), oral anticoagulation (P ¼ 0.005) and had a signiﬁcantly lower ejection fraction (LVEF)
(P < 0.0001) with more procedural complications (P ¼ 0.005).
LVEF exerts a large effect on ED, as reﬂected by a high deviance R2 ¼ 20.4%, and was able to correctly classify the
subjects into their pertaining discharge group with an accuracy of 80.4%, a speciﬁcity of 82.7%, and a sensitivity of 71.2%.
According to the ﬁtted LVEF values using the logistic equation, each 1% increase in LVEF is associated with a 3.5%
increase in the chance of ED. The two groups recorded fairly similar clinical outcomes at 30-day.
Conclusion: Preserved LV systolic function is a good predictor of early and safe discharge after successful PPCI. The
presented data support the practice of ED, with length of stay even shorter than current guidelines recommendation in
selected low-risk patients.
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1. Introduction

A

cute coronary syndrome, especially STEMI,
is considered the leading cause of mortality
and morbidity worldwide, and primary percutaneous coronary intervention (PPCI) has emerged

as the gold standard reperfusion strategy scoring
signiﬁcantly over thrombolysis [1].
The hospitalization cost of STEMI is high, particularly in the PPCI era, and hence substantial efforts
are exerted by healthcare systems to determine lowrisk patients in whom early discharge (ED) after
PPCI would be appropriate and deemed safe [2].
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Previous studies have provided sufﬁcient evidence of safe discharge 72 hours (h) after uncomplicated PPCI of low-risk patients. However, the
deﬁnition of low-risk patients remains ambiguous,
and studies assessing the safety and feasibility of
shorter hospital stays after PPCI are scanty [3, 4].
The 2017 European Society of Cardiology (ESC)
guidelines of acute myocardial infarction (AMI) in
patients presenting with STEMI recommend ED
(within 48e72 h) if early rehabilitation and adequate
follow-up are arranged (class of recommendation
(COR) IIa; level of evidence (LOE) A). Although ED
is not associated with late mortality, there is no clear
deﬁnition of low-risk patients in this document [5].
The aim of the current study is to determine the
safety of discharge within 48 h for STEMI patients
who underwent PPCI and to deﬁne the criteria of
low-risk patients that can be considered for ED.

physician, whose clinical judgment alone determined the actual timing of discharge. Follow up
appointments were made for all patients at our
cardiac outpatient department at day-30 post
discharge. The local ethics committee approved the
study, and all patients gave informed consent in
compliance with the Declaration of Helsinki.

2. Methods

2.4. Outcomes

2.1. Setting

Endpoints at 30 days follow-up comprised cardiac
re-admission, cardiovascular death, non-fatal
myocardial infarction, stroke, and major adverse
cardiovascular
and
cerebrovascular
events
(MACCEs).
Cardiac re-admissions included any hospitalization that could be attributed or considered related to
indexed admission: for example, post MI angina,
acute decompensated heart failure, and arrhythmia.
Cardiovascular death was deﬁned as all-cause cardiovascular mortality in addition to unwitnessed
death and death of unknown causes after discharge
from hospital. Myocardial infarction was deﬁned
based on the 2018 universal deﬁnition. Stroke was
deﬁned as an acute episode of focal or global
neurologic dysfunction caused by brain, spinal cord,
or retinal vascular injury as a result of hemorrhage
or infarction. MACCEs were deﬁned as the composite of cardiac death, non-fatal MI, and stroke.

This was a single-center retrospective study that
took place at Mohammed bin Khalifa Cardiac
Centre in the Kingdom of Bahrain; it is the only
tertiary cardiac center in Bahrain with 24/7 PPCI
service.
2.2. Study population
All patients who underwent PPCI for acute STEMI
between January 2018 and March 2019 were
included. Inclusion criteria were patients admitted
with acute STEMI, treated with PPCI and discharged successfully from the cardiac center.
Exclusion criteria were the following: (1) STEMI
treated with ﬁrst-line thrombolytic therapy; (2)
rescue PCI after failed thrombolysis; (3) those who
died during index admission; (4) patient's refusal of
informed consent to participate in the study; and (5)
high probability of non-adherence to follow-up requirements (e.g. visitors from abroad).
Acute STEMI was deﬁned as persistent chest pain
within 12 hours of presentation to the ﬁrst medical
contact with new ST-segment elevation on the surface ECG in at least two contiguous leads. All patients had cardiac rhythm monitoring for at least
24 hours post PPCI via telemetry and haemodynamic parameters were recorded every 4 hours, in
the absence of complications. Patients with Thrombolysis in Myocardial Infarction-III (TIMI-III) ﬂow
in the culprit artery and without haemodynamic or
arrhythmic complications were considered for early
discharge, at the discretion of the attending

2.3. Left ventricular ejection fraction
Comprehensive transthoracic echocardiography
was performed with commercially available ultrasound systems in accordance with the cardiac
chamber quantiﬁcation guidelines published in 2015
[6]. The left ventricular ejection fraction (LVEF) was
quantiﬁed by the biplane method of disks (modiﬁed
Simpson's rule). Ultrasound-enhancing agents were
used in patients with suboptimal acoustic windows.

2.5. Statistical analysis
Most of the study's variables were dichotomous;
therefore, they were summarized by calculating the
frequency and percentages of their categories.
Descriptive analysis of the continuous variables was
carried out by calculating their means and standard
deviations.
To investigate the association between two
dichotomous variables (such as gender (male and
female) and discharge group (<48 h and >48 h),
Fisher's exact test (an extension of the chi square
test) was performed. To explore the association between an independent categorical variable such as

discharge categories and a dependent numerical
variable such as LVEF, the t-test was used to
compare both groups' means and assess any signiﬁcant difference. Direct binary logistic regression
was used to explore the predictive value of certain
variables in predicting the subjects' probability of
ED (<48 h). The cutoff signiﬁcance level was set to
0.05 as a criterion to accept or reject the statistical
signiﬁcance of any association or difference in the
mentioned test.

3. Results
3.1. Baseline characteristics
Of the 301 patients included in our study, 74
(24.5%) were discharged within 48 h (group 1)
compared with 227 (75.5%) hospitalized for more
than 48 h after PPCI (group 2) (<0.0001). Both groups
were quite comparable in all the demographic
characteristics and in most of the illness-related
features. On average, subjects in both groups were
middle age individuals with a negligible difference
in their mean ages, which turned out to be statistically insigniﬁcant (55 ± 11.5 vs. 53.4 ± 11.32 years,
p ¼ 0.316). In addition, both genders were almost
equally represented across both groups.
In terms of comorbidities, patients in group 2 had
a marginally and signiﬁcantly higher proportion of
chronic kidney disease as compared with their
group 1 counterparts [23(10.1%) vs. 2(2.7%),
p ¼ 0.051). Another difference was observed in the
magnitude of glycemic control as reﬂected by
HbA1c. On average, subjects in group 2 had a
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signiﬁcantly higher mean HbA1c than those in
group 1 (7.7 ± 2.6 vs. 7 ± 1.8, p ¼ 0.016). A similar
difference was also detected in their CPK levels.
Group 2 had a signiﬁcantly higher mean CPK than
group 1 (2676 ± 2581.9 vs. 1645 ± 1967.5, p < 0.0001).
The full analysis of the baseline characteristics of the
study population is depicted in (Table 1).
3.2. Patients and procedural characteristics
The two groups showed some distinctive features
in some of their clinical and procedural details. In
term of patients’ characteristics: group 2 had a
signiﬁcantly lower ejection fraction than their group
1 counterparts (39.6 ± 9.3 vs. 49.8 ± 8.9, p < 0.0001).
In the same vein, a lower proportion of group 2 had
preserved left ventricular systolic function
(36(16.8%) vs. 52(71.2%), p < 0.0001) when compared
with group 1 (Fig. 1). The prevalence of anterior
STEMI was twice as high among group 2 patients
than in group 1 patients (127(55.9%) vs. 18(24.3%),
p < 0.0001).
In terms of procedural details: a signiﬁcantly
larger proportion of group 2 required inotropic
therapy compared with group 1 (30(13.2%) vs.
3(4.1%), p ¼ 0.031) with a signiﬁcantly higher prevalence of LMCA stenting (14(6.1%) vs. 0(0%),
p ¼ 0.025). Again, in terms of procedural complications, group 2 recorded a signiﬁcantly higher
proportion compared with group 1 (20(8.8%) vs.
0(0%), p ¼ 0.005). Acute kidney injury (AKI) secondary to hypotension, nephrotoxicity or cholesterol
embolization was the most commonly encountered
peri-procedural complication (9 (45%) out of 20

Table 1. Baseline characteristics of study population.
Demographic/comorbidities

Group 1
ischarged <48h

Group 2
Discharged >48h

p-value

Number of cases n(%)
Age (Mean ± SD)
Gender: males n(%)
Gender: females n(%)
Hypertension n(%)
Diabetes mellitus n(%)
Dyslipidemia n(%)
Smoking n(%)
Coronary artery disease n(%)
Chronic kidney disease n(%)
Peripheral vascular disease n(%)
Chronic obstructive pulmonary disease n(%)
Stroke n(%)
Hemoglobin g/L (Mean ± SD)
Creatinine umol/L (Mean ± SD)
Hemoglobin A1c % (Mean ± SD)
Cholesterol mmol/L (Mean ± SD)
Low-density lipoprotein mmol/L (Mean ± SD)
Triglyceride mmol/L (Mean ± SD)
Creatine phosphokinase U/L (Mean ± SD)

74(24.5%)
55 ± 11.5
62(83.7%)
12(16.2%)
31(41.8%)
29(39.1%)
39(52.7%)
28(37.8%)
11(14.8%)
2(2.7%)
1(1.3%)
1(1.3%)
1(1.3%)
142.4 ± 21.4
95.7 ± 137
7 ± 1.8
4.5 ± 1.1
3.1 ± 1
1.9 ± 1.5
1645.4 ± 1967.5

227(75.5%)
53.4 ± 11.3
202(88.9%)
25(11.0%)
117(51.5%)
103(45.4%)
129(56.8%)
99(43.6%)
40(17.6%)
23(10.1%)
4(1.7%)
3(1.3%)
7(3.0%)
142.5 ± 21
101.4 ± 110.4
7.7 ± 2.6
4.6 ± 1.3
3.2 ± 1.3
2.6 ± 13.7
2676.3 ± 2581.9

<0.0001
0.316
0.301
0.301
0.180
0.418
0.590
0.496
0.721
0.051
0.999
0.968
0.684
0.987
0.721
0.016
0.594
0.523
0.649
<0.0001
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Fig. 1. Comparison of mean ejection fraction among subjects discharged <48h and >48h.

Table 2. Clinical presentation and procedural details.
Clinical presentation and procedural details

Group 1(74 patient)
Discharged < 48h

Group 2 (227 patient)
Discharged > 48h

p-value

Cardiogenic shock
Inotropic support
Intra-aortic balloon pump
Cardiopulmonary resuscitation
Mechanical ventilation
Life threatening arrhythmia
Ejection fraction
Preserved left ventricular systolic function
Anterior ST-elevation myocardial infarction
Radial access
Thrombectomy
Atherectomy
Intravascular imaging
Drug eluting stent
Drug eluting balloon
Plain old balloon angioplasty (POBA) only
Left main coronary artery
Multi vessel percutaneous coronary intervention
Residual syntax score after primary PCI
Procedural complications
Glycoprotein IIb/IIIa inhibitors
Aspirin
Brilinta
Plavix
Oral anticoagulation

3(4.1%)
3(4.1%)
2(2.7%)
1(1.3%)
2(2.7%)
0(0%)
49.8 ± 8.9
52(70.2%)
18(24.3%)
67(90.5%)
18(24.3%)
0
2(2.7)
68(91.8%)
1(1.3%)
4(5.4%)
0(0%)
5(6.7%)
4.4 ± 4.5
0(0%)
8(10.8%)
74(100%)
27(36.4%)
46(62.1%)
1(1.3%)

21(9.2%)
30(13.2%)
19(8.3%)
17(7.5%)
13(5.7%)
1(0.4%)
39.6 ± 9.3
36(15.8%)
127(55.9%)
189(83.2)
67(29.5%)
0
7(3.0)
194(85.4%)
5(2.2%)
11(4.8%)
14(6.1%)
28(12.3%)
7.8 ± 3.8
20(8.8%)a
32(14.0%)
222(97.7%)
79(35%)
146(64.3%)
28(12.3%)

0.216
0.031
0.120
0.085
0.536
0.180
<0.0001
<0.0001
<0.0001
0.186
0.458
0.899
0.229
0.999
0.765
0.025
0.281
0.255
0.005
0.558
0.340
0.779
0.888
0.005

a

The types of procedural complications were as follows (NB. some patients experienced more than one complication and all complications occurred in group 2): Acute kidney injury 9 patients, distal embolization or no reﬂow with TIMI ﬂow <3 or side branch occlusion 3 patients, upper GI bleeding 2 patients, retroperitoneal hematoma 2 patients, contrast allergy 2 patients, stent thrombosis 1,
pesudoanurysm 1 patient, coronary dissection 1 patient, Stroke 1 patient.
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Fig. 2. Comparison of prevalence of cardiac re-admissions among
subjects discharged < 48h and > 48h at 30-day follow up.

cases), but no one required hemodialysis and all
patients recovered completely during follow up.
Finally, a signiﬁcantly larger percentage of group 2
required oral anticoagulation (OAC) (28(12.3%) vs.
1(1.3%), p ¼ 0.005). Post myocardial infarction LVThrombus was the main indication for oral anticoagulation, followed by atrial ﬁbrillation.
The clinical presentation and procedural details
are shown in (Table 2).
3.3. 30-day outcomes
The two groups recorded fairly similar clinical
outcomes despite some occasional differences,
which were proved to be statistically insigniﬁcant.
For instance, even though group 2 had a slightly
higher cardiac re-admissions rate than group 1
(9(4%) vs. 2(2.7%), p ¼ 0.998), this difference was not
statistically signiﬁcant (Fig. 2). The clinical outcomes
are summarized in (Table 3 and Fig. 3).
3.4. Predictors of ED
Direct binary logistic regression was performed to
assess the impact of a number of factors on the
likelihood that subjects would have ED (<48 h). The

Fig. 3. Comparison of prevalence of major adverse cardiovascular and
cerebrovascular events (MACCE) among subjects discharged < 48h and
> 48h at 30-day follow up.

model contained nine independent variables: CKD,
HbA1c, CPK, inotropic support, LVEF, anterior
STEMI, LMCA, procedural complications, and oral
anticoagulation. None of these predictors was statistically signiﬁcant, except for LVEF. Re-estimating
the model with only LVEF as a predictor indicated a
statistically signiﬁcant model overall (X2 ¼ 66.6,
df ¼ 1, p < 0.0001, OR(1.14)). LVEF exerts a large
effect on ED, as reﬂected by a high deviance
R2 ¼ 20.4%, and was able to correctly classify the
subjects into their pertaining discharge group with
an accuracy of 80.4%, a speciﬁcity of 82.7%, and a
sensitivity of 71.2%. According to the ﬁtted LVEF
values using the logistic equation, each 1% increase
in LVEF is associated with a 3.5% increase in the
chance of ED, as illustrated in the logistic curve in
(Fig. 4).

4. Discussion
The main ﬁnding of our study is that low-risk
patients can be safely discharged within 48 h after
PPCI. There are several factors that inﬂuence the
length of hospital stay, such as non-cardiac comorbidities and economic and home circumstances.
However, the decision for ED is at the discretion of
the treating physician.

Table 3. 30-day comparison of clinical outcomes between subjects discharged <48h and >48h.
Outcomes

Group 1
Discharged <48 hrs

Group 2
Discharged >48 hrs

p-value

30
30
30
30
30

2(2.7%)
0(0%)
0(0%)
0(0%)
0(0%)

9(3.9%)
2(0.8%)
2(0.8%)
1(0.4%)
5(2.2%)

0.998
0.999
0.999
0.978
0.340

days
days
days
days
days

Cardiac re-admission n(%)
Cardiovascular Mortality n(%)
Myocardial infarction n(%)
Stroke n(%)
MACCE n(%)

MACCE: major adverse cardiovascular and cerebrovascular events.
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Fig. 4. Ejection fraction (EF) as independent predictor of safe early discharge. Each 1% increase in EF is associated with 3.5% increase in the chance of
early discharge as illustrated in the logistic curve.

Overall in our study, the mortality and clinical
outcomes at 30 days follow-up are similar between
both groups and consistent with previously reported
data. There was a small increase in the cardiac readmission rate among patients in the ED group;
however, this difference was statistically insigniﬁcant (4% vs 2.7%, p ¼ 0.998). All these emphasize the
safety of the ED of patients with uncomplicated
STEMI within 48 h after PPCI.
The safety and feasibility of ED from hospital
following an AMI has long been debated, triggered
by increasing economic pressure within the
healthcare system [7, 8]. In early days patients were
hospitalized for several weeks after an AMI [9]. In
the past half century, there has been a drastic
decline in the length of stay, possibly secondary to
transition from passive care to active contemporary
care [10]. The 2017 ESC STEMI guidelines have
considered ED with 48e72 h in select low-risk patients treated with PPCI (COR IIa; LOE A) [5, 10].
This recommendation is largely based on small trials and observational studies. Recent meta-analysis
with data from seven randomized controlled trials
and 1780 patients suggested the ED strategy after
successful PPCI in selected low-risk patients [4, 11].
These data are encouraging because included
studies in this meta-analysis stretched over a period
of 20 years, and we know that STEMI care signiﬁcantly transited during this period with new potent
P2Y12 inhibitors, generalization of PPCI after
STEMI, and changes in stent design and drug
coatings [12]. In the GUSTO trial, “uncomplicated”

myocardial infarction is deﬁned as the absence of
death, re-infarction, ischemia, stroke, shock, heart
failure, bypass surgery, intra-aortic balloon pumping, emergency catheterization, or cardioversion/
deﬁbrillation during the ﬁrst four hospital days [13].
In the present era, there are several risk scores to
risk-stratify patients. In the PAMI II trial, low risk
was deﬁned as age <70 years, LVEF >45%, one- or
two-vessel disease, successful PCI, and no
arrhythmia [11, 14]. De Luca et al. developed the
most validated and accepted ZRS risk score (Zwolle
risk score) for risk stratiﬁcation in low-risk STEMI
patients [15, 16]. Sharkawi et al. demonstrated that
low-risk patients after uncomplicated STEMI
managed successfully with PPCI identiﬁed using the
CADILLAC risk score have low adverse events on
the third day or later of hospitalization [17, 18].
Although these studies and several other studies
carried out in the past showed that the ED of patients 48e72 h after uncomplicated STEMI treated
with PPCI is safe, feasible, and cost-effective, largescale randomized controlled trials are still scarce.
In our study with only LVEF as the predictor, we
were able to correctly classify patients into their
speciﬁc discharge group with an accuracy of 80.4%,
a speciﬁcity of 87.7%, and a sensitivity of 71.2%. Our
study also predicted that each 1% increase in LVEF
is associated with a 3.5% increase in ED. Hence,
with this simple tool, a large proportion of patients
could be targeted for safe and ED with very few readmissions. LVEF is a potent determinant of subsequent complications after PPCI, such as

arrhythmia and heart failure, which extends the
length of hospital stay.
Length of hospital stay is one of the most important factors that add to the cost of in-hospital treatment after STEMI, and several studies have shown
cost savings with a reduced length of hospital stay.
Despite the fact that cost effectiveness was not
evaluated in our study, a reduced length of hospital
stay has the capacity to reduce healthcare costs
among patients undergoing PPCI.

5. Conclusions
Preserved LV systolic function (LVEF > 50%) is a
good predictor of early and safe discharge (within
48 h) after successful PPCI. The presented data
support the practice of ED, with length of stay even
shorter than current guidelines recommendation in
selected low-risk patients deﬁned as those with (1)
non-anterior STEMI, (2) non-LM stenting, (3) no
procedural complications, (4) no inotropic support,
(5) no indication for oral anticoagulation, (6) no
profound derangement of renal function or (7) glycemic control, and most importantly those with
relatively (8) small infarct size based on maximum
CPK level and LVEF. ED may help in reducing
healthcare costs for providers of a PPCI service.

6. Limitations
As only 74 of the 301 patients were discharged
early, the statistical power to deﬁne speciﬁc variables as independent predictor of early discharge
was limited. Furthermore, the relatively small sample size and retrospective design precluded more
extensive characterization of the cohort population
and necessitates validation in a larger population
prospective trial. Home support and distance from
nearest medical centre is an important determinant
of early discharge, which we did not include in
our analysis. It is felt that in our small country where
the access to health care system in the majority of
cities is easy and fast, the impact of this factor is
relatively low.

Author contributions
Conception and design of Study; Acquisition of
data; Data preparation and presentation: Nooraldaem Yousif, Tarique S. Chachar. Literature review; Revising and editing the manuscript critically
for important intellectual contents: Nooraldaem
Yousif, Tarique S. Chachar; Suddharsan Subbramaniyam, Vinayak Vadgaonkar, Husam A. Noor
Analysis and interpretation of data; Research
investigation and analysis: Nooraldaem Yousif.

83

Data collection: Tarique S. Chachar. Drafting of
manuscript: Nooraldaem Yousif, Tarique S. Chachar; Suddharsan Subbramaniyam, Vinayak Vadgaonkar. Supervision of the research; Research
coordination and management; Funding for the
research: Husam A. Noor.
Conﬂict of interest
The authors declare that the research was conducted in the absence of any commercial or ﬁnancial
relationships that could be construed as a potential
conﬂict of interest.

References
[1] Menees DS, Peterson ED, Wang Y, Curtis JP, Messenger JC,
Rumsfeld JS, et al. Door-to-balloon time and mortality
among patients undergoing primary PCI. N Engl J Med 2013
Sep 5;369(10):901e9. https://doi.org/10.1056/NEJMoa1208200.
[2] Lamy A, Tong WR, Bainey K, Gafni A, Rao-Melacini P,
Mehta SR. Cost implication of an early invasive strategy on
weekdays and weekends in patients with acute coronary
syndromes. Can J Cardiol 2015 Mar;31(3):314e9. https://
doi.org/10.1016/j.cjca.2014.11.025.
[3] Gong W, Li A, Ai H, Shi H, Wang X, Nie S. Safety of early
discharge after primary angioplasty in low-risk patients with
ST-segment elevation myocardial infarction: A meta-analysis
of randomised controlled trials. Eur J Prev Cardiol 2018 May;
25(8):807e15. https://doi.org/10.1177/2047487318763823.
[4] Asad ZUA, Khan SU, Amritphale A, Shroff A, Lata K,
Seto AH, et al. Early vs Late Discharge in Low-Risk STElevation Myocardial Infarction Patients Treated With
Percutaneous Coronary Intervention: A Systematic Review
and Meta-Analysis. Cardiovasc Revasc Med 2020 Nov;21(11):
1360e8. https://doi.org/10.1016/j.carrev.2020.04.030. Epub
2020 May 1.
[5] Ibanez B, James S, Agewall S, Antunes MJ, BucciarelliDucci C, Bueno H, et al. ESC Scientiﬁc Document Group.
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 STsegment elevation of the European Society of Cardiology
(ESC). Eur Heart J 2018 Jan 7;39(2):119e77. https://doi.org/
10.1093/eurheartj/ehx393.
[6] Lang RM, Badano LP, Mor-Avi V, Aﬁlalo J, Armstrong A,
Ernande L, et al. Recommendations for cardiac chamber
quantiﬁcation by echocardiography in adults: an update
from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur Heart
J Cardiovasc Imaging 2015 Mar;16(3):233e70. https://doi.org/
10.1093/ehjci/jev014.
[7] Melberg T, Jørgensen M, Ørn S, Solli T, Edland U,
Dickstein K. Safety and health status following early
discharge in patients with acute myocardial infarction
treated with primary PCI: A randomized trial. Eur. J. Prev.
Cardiol.
2015;22:1427e34.
https://doi.org/10.1177/
2047487314559276.
[8] Noman A, Zaman AG, Schechter C, Balasubramaniam K,
Das R. Early discharge after primary percutaneous coronary
intervention for ST-elevation myocardial infarction. Eur.
Heart J. Acute Cardiovasc. Care 2013;2:262e9. https://
doi.org/10.1177/2048872612475231.
[9] Berger AK, Duval S, Jacobs DR, Barber C, Vazquez G, Lee S,
et al. Relation of length of hospital stay in acute myocardial
infarction to postdischarge mortality. Am J Cardiol 2008 Feb 15;
101(4):428e34. https://doi.org/10.1016/j.amjcard.2007.09.090.

ORIGINAL ARTICLE

JOURNAL OF THE SAUDI HEART ASSOCIATION 2021;33:77e84

84

JOURNAL OF THE SAUDI HEART ASSOCIATION 2021;33:77e84

ORIGINAL ARTICLE

[10] Stenestrand U, Lindb€
ack J, Wallentin L, RIKS-HIA Registry.
Long-term outcome of primary percutaneous coronary
intervention vs prehospital and in-hospital thrombolysis for
patients with ST-elevation myocardial infarction. JAMA 2006
Oct
11;296(14):1749e56.
https://doi.org/10.1001/
jama.296.14.1749.
[11] Grines CL, Marsalese DL, Brodie B, Grifﬁn J, Donohue B,
Costantini CR, et al. Safety and cost-effectiveness of early
discharge after primary angioplasty in low risk patients with
acute myocardial infarction. PAMI-II Investigators. Primary
Angioplasty in Myocardial Infarction. J Am Coll Cardiol 1998
Apr;31(5):967e72.
https://doi.org/10.1016/s0735-1097(98)
00031-x.
[12] Jones DA, Rathod KS, Howard JP, Gallagher S, Antoniou S,
De Palma R, et al. Safety and feasibility of hospital discharge
2 days following primary percutaneous intervention for STsegment elevation myocardial infarction. Heart 2012 Dec;
98(23):1722e7. https://doi.org/10.1136/heartjnl-2012-302414.
[13] Newby LK, Eisenstein EL, Califf RM, Thompson TD,
Nelson CL, Peterson ED, et al. Cost effectiveness of early
discharge after uncomplicated acute myocardial infarction.
N Engl J Med 2000 Mar 16;342(11):749e55. https://doi.org/
10.1056/NEJM200003163421101.
[14] Jirm
ar R, Widimský P, Capek J, Hlinomaz O, Groch L. Next
day discharge after successful primary angioplasty for acute
ST elevation myocardial infarction. An open randomized

[15]

[16]

[17]

[18]

study "Prague-5. Int Heart J 2008 Nov;49(6):653e9. https://
doi.org/10.1536/ihj.49.653.
De Luca G, Suryapranata H, van 't Hof AW, de Boer MJ,
Hoorntje JC, Dambrink JH, et al. Prognostic assessment of
patients with acute myocardial infarction treated with primary angioplasty: implications for early discharge. Circulation 2004 Jun 8;109(22):2737e43. https://doi.org/10.1161/
01.CIR.0000131765.73959.87.
Kotowycz MA, Cosman TL, Tartaglia C, Afzal R, Syal RP,
Natarajan MK. Safety and feasibility of early hospital
discharge in ST-segment elevation myocardial infarction–a
prospective and randomized trial in low-risk primary
percutaneous coronary intervention patients (the SafeDepart Trial). Am Heart J 2010 Jan;159(1):117.e1e6. https://
doi.org/10.1016/j.ahj.2009.10.024.
Sharkawi MA, Filippaios A, Dani SS, Shah SP, Riskalla N,
Venesy DM, et al. Identifying patients for safe early hospital
discharge following st elevation myocardial infarction.
Catheter Cardiovasc Interv 2017 Jun 1;89(7):1141e6. https://
doi.org/10.1002/ccd.26873.
Mehta RH, Yu J, Piccini JP, Tcheng JE, Farkouh ME, Reiffel J,
et al. Prognostic signiﬁcance of postprocedural sustained
ventricular tachycardia or ﬁbrillation in patients undergoing
primary percutaneous coronary intervention (from the HORIZONS-AMI Trial). Am J Cardiol 2012 Mar 15;109(6):
805e12. https://doi.org/10.1016/j.amjcard.2011.10.043.

