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ARTICLE INFO ABSTRACT
Keywords: Background: To define changes in AMI case rates, patient demographics, cardiovascular comorbidities, treatment
COVID-19 approaches, in-hospital outcomes, and the economic burden of COVID-19 during the pandemic.

Acute myocardial infarction

" ¢ Methods: We conducted a multicenter, observational survey with selected hospitals from three medical univer-
Cardiac care units

sities in Tehran city. A data collection tool consisting of three parts. The first part included socio-demographic
information, and the second part included clinical information, major complications, and in-hospital mortal-
ity. Finally, the third part was related to the direct medical costs generated by AMI in COVID-19 and non-COVID-
19 patients. The study cohort comprised 4,560 hospitalizations for AMI (2,935 for STEMI [64%] and 1,625 for
NSTEMI [36%]).

Results: Of those hospitalized for AMI, 1,864 (76.6 %) and 1,659 (78 %) were male before the COVID-19 outbreak
and during the COVID-19 era, respectively. The length of stay (LOS), was significantly lower during the COVID-
19 pandemic era (4.27 + 3.63 vs 5.24 + 5.17, p = 0.00). Results showed that there were no significant dif-
ferences in terms of patient risk factors across periods. A total of 2,126 AMIs were registered during the COVID-
19 era, with a 12.65 % reduction (95 % CI 1.5-25.1) compared with the equivalent time in 2019 (P = 0.179). The
risk of in-hospital mortality rate for AMI patients increased from 4.9 % in 2019 to 7.0 % in the COVID-19 era (OR
=1.42; 95 % CI 1.11-1.82; P = 0.004). Major complications were registered in 9.7 % of cases in 2020, which is
higher than the rate of 6.6 % reported in 2019 (OR = 1.46, 95 % CI 1.11-1.82; P = 0.000). Total costs in
hospitalized AMI-COVID patients averaged $188 more than in AMI patients (P = 0.020).

Conclusion: This cross-sectional study found important changes in AMI hospitalization rates, worse outcomes, and
higher costs during the COVID-19 periods. Future studies are recommended to examine the long-term outcomes
of hospitalized AMI patients during the COVID-19 era.

Economic burden

Abbreviations: AMI, Acute Myocardial Infarction; STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST segment elevation myocardial infarction;
COVID-19, Coronavirus Disease 2019; LOS, length of stay; CI, confidence interval; OR, Odds ratios; RR, Risk ratios; ICCUs, Incentive cardiac care unite; VSD,
ventricular septal defect; ACS, Acute coronary syndrome.
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1. Introduction

The still ongoing “Coronavirus Disease 2019” (COVID-19) outbreak,
a novel viral respiratory illness caused by the “Severe Acute Respiratory
Syndrome Coronavirus type 2” (SARS-CoV-2), started to spread in late
2019 and quickly developed into a global pandemic in early 2020 [1].
The immediate and direct global effects of the COVID-19 outbreak on
public health have been dreadful [2]. During the pandemic, the surge in
infections has put a strain on healthcare facilities: the global regulations
implemented and the measures taken, on the one hand, have reduced
viral transmission and mitigated the associated burden in terms of in-
fections and mortality, partially relieving weak infrastructure. On the
other hand, they have led to devastating effects on public health, by
delaying/postponing the treatment of other diseases, including non-
communicable disorders [3]. For instance, despite being primarily a
respiratory illness, COVID-19 may have potential, either direct or indi-
rect, cardiovascular sequelae, that were initially underestimated, as
shown by an accumulating body of scholarly evidence, which has re-
ported relevant cardiac complications also in patients with COVID-19,
with or without prior cardiovascular disease [4,5].

Besides, the COVID-19 outbreak has also had major psychological,
emotional, and behavioral impacts, and may have compromised mental
health, leading to secondary issues and conditions, including those
increasing the risk of affecting the cardiovascular system [6].

Nonetheless, the pandemic might have even had more severe car-
diovascular effects than initially expected. Importantly, despite all the
efforts made by health authorities to fight the infection, the surge of
infected patients in demand for Intensive Care Unit (ICU) admission has
been overwhelming. Consequently, further Intensive Cardiac Care Units
(ICCUs) have been dedicated to the treatment of COVID-19 patients, but,
despite this, clinical critical settings such as acute myocardial infarction
(AMI) might have missed proper medical care and management [7,8].

The massive pressure exerted on the healthcare system during the
pandemic and the reluctance of patients experiencing chest pain to seek
timely medical care apparently resulted in a significant reduction in AMI
hospitalizations [9-11]. Although fewer patients were admitted during
the COVID-19 pandemic in comparison with the pre-COVID-19 era,
mortality rate and unfavorable patient outcomes were shown to be
higher during the outbreak, since AMI patients were hospitalized with
more severe symptoms [12].

However, limited data is currently available regarding the effects of
the COVID-19 outbreak on AMI admission rates, pre-hospital patient
characteristics, clinical outcomes, and associated costs in Iran. There-
fore, the present study investigated the characteristics of hospitalized
AMI patients, their admission rate, clinical outcomes, and associated
medical costs for a period of 7 months during the COVID-19 era and
equivalent months of 2019 in selected hospitals based in Tehran City,
Iran.

2. Material and methods

We conducted a multicenter, observational survey with selected
hospitals from three medical universities in Tehran city, including the
Tehran University of Medical Sciences, the Iran University of Medical
Sciences, and the Shahid Beheshti University of Medical Sciences. We
aimed at evaluating consecutive AMI patients admitted to ICCUs
throughout the 7 months during the COVID-19 outbreak in Iran from 19
February 2020 (when Iran reported its first confirmed COVID-19 case)
to 22 September 2020. The same data was collected for the equivalent
months of 2019.

AMI was defined according to the Fourth Universal Definition of
Acute Myocardial Infarction, that is to say, the presence of acute
myocardial injury detected by abnormal cardiac biomarkers in the
setting of clinical evidence of acute myocardial ischemia. Major com-
plications were defined as cardiogenic shock, life-threatening arrhyth-
mias, cardiac rupture/ventricular septal defect (VSD), or severe
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functional mitral regurgitation. Direct medical costs included the costs
of a defined intervention and all the follow-up costs for other medication
and health care interventions in ambulatory, inpatient, and nursing
care. Data were divided and analyzed for AMI patients and two sub-
groups of patients: 1) ST-segment elevation myocardial infarction
(STEMI); and 2) non-ST segment elevation myocardial infarction
(NSTEMI).

2.1. Data collection

An ad hoc data collection tool was utilized, that is to say, a self-made
form consisting of three parts. The first part included socio-demographic
information (patient’s first and last name, age, sex/gender, admission
and discharge date, and length of hospitalization). The second part
included clinical information (smoking, diabetes, dyslipidemia, blood
pressure, family background of coronary artery diseases), major com-
plications, and in-hospital mortality. Finally, the third part was related
to the direct medical costs generated by AMI in COVID-19 and non-
COVID-19 patients.

2.2. Statistical analysis

Categorical variables were presented as absolute (numbers), and
relative (percentages) figures, as well as risk ratios (RR) with 95 %
confidence interval (95 % CI), and compared by the chi-square test.
Continuous variables were presented as mean and standard deviation
(Mean + SD) and compared by the Student’s t-test. A dedicated com-
mercial software (IBM SPSS Statistics 23) was used for all analyses. A
logistic regression model was utilized for the multi-variable analysis to
evaluate parameters affecting the medical costs of AMI in COVID-19 and
non-COVID-19 patients. P-values less than 0.05 were considered statis-
tically significant.

3. Results
3.1. Pre-hospital information and LOS

Three selected medical universities participated in the study. The
study cohort comprised 4,560 hospitalizations for AMI (2,935 for STEMI
[64 %] and 1,625 for NSTEMI [36 %]). Of those hospitalized for AMI,
1,864 (76.6 %) and 1,659 (78 %) were male before the COVID-19
outbreak and during the COVID-19 era, respectively (Table 1). The
mean age of AMI patients was 61.35 + 12.09 and 60.37 £ 11.77 years
before and during the COVID-19 era, respectively. Overall, the mean age
for AMI was significantly different between the pre-COVID-19 and the
COVID-19 era (p = 0.005). However, when stratifying based on the
STEMI/NSTEMI status, in STEMI patients the mean age (61.02 + 12.28
vs 60.61 + 12.12) was not significantly different between the pre-
COVID-19 and the COVID-19 era (p = 0.37), whilst, in NSTEMI pa-
tients, the mean age (61.86 + 11.77 vs 59.83 & 10.94) was significantly
different between the pre-COVID-19 and the COVID-19 era (p = 0.00).

The length of stay (LOS), as an important hospitalization index, was
significantly lower during the COVID-19 pandemic era (4.27 + 3.63 vs
5.24 £ 5.17, p = 0.00). Sub-group analysis showed that for STEMI pa-
tients (4.38 + 3.61 vs 5.44 + 5.53) and NSTEMI patients (4.14 + 3.64 vs
4.96 + 4.56), the average of LOS during the pandemic period is 1.06 and
0.82 days less than the pre-pandemic period, and these changes are
statistically significant (p = 0.00). Results showed that there were no
significant differences in terms of patients’ risk factors such as diabetes,
hypertension, family history of CVD, dyslipidemia and current smoking
rates in the COVID-19 era compared with the pre-COVID-19 period.

3.2. Reduction of hospitalizations for AMI in the COVID-19 era

A total of 2,126 AMIs were registered during the COVID-19 era, with
a 12.65 % reduction (95 % CI 1.5-25.1) compared with the equivalent
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time in 2019 (P = 0.179), when 2,434 patients had been hospitalized for
the same diagnosis (Table 1). Results for STEMI and NSTEMI patients are
reported in Table 2. The reduction for NSTEMI patients was higher than
in the STEMI group. The admission rate for STEMI patients remained
almost constant and has not changed significantly; reduced from 1,473
in 2019 to 1,462 in 2020 (0.7 % reduction; 95 % CI —0.9-40.6; P =
0.974). also, hospitalizations for NSTEMI went down from 961 in 2019
to 664 in 2020 (30.9 % reduction; 95 % CI 13.03-42.28; P = 0.25), this
decrease is not statistically significant.

3.3. Mortality for AMI

Table 3 shows the result of the mortality rate in AMI patients and
STEMI and NSTEMI subgroups. The risk of in-hospital mortality rate for
AMI patients increased from 4.9 % in 2019 to 7.0 % in the COVID-19 era
(OR = 1.42; 95 % CI 1.11-1.82; P = 0.004), this increase is statistically
significant. for STEMI patients’ mortality rate increased from 5.1 % in
2019 to 7.9 % in the COVID-19 era (OR = 1.53; 95 % CI 1.14-2.07; P =
0.004), this increase is statistically significant. NSTEMI subgroup pa-
tients” mortality rate increased from 4.6 % in 2019 to 5.1 % in the
COVID-19 era (OR = 1.11; 95 % CI 0.7-1.75; P = 0.64), this increase is
not statistically significant.

3.4. Major complications in AMI

Table 4 illustrates the numbers and percentages of major complica-
tions in AMI patients. Major complications were defined as cardiogenic
shock, life-threatening arrhythmias, and cardiac rupture/ventricular
septal defect (VSD) or severe functional mitral regurgitation. Major
complications were registered in 9.7 % of cases in 2020, which is higher
than the rate of 6.6 % reported in 2019, in a statistically significant
fashion (OR = 1.46, 95 % CI 1.11-1.82; P = 0.000).

3.5. Total costs

The multi-variable logistic regression model showed that sex/
gender, age, readmission, Diagnosis, COVID-19, and Results of Angi-
ography were independent factors influencing total direct costs in AMI
patients (Table 5).

Table 6 shows that on average, direct medical costs in men are $105
less than in women, however, this relationship is not statistically sig-
nificant (p = 0.156). Costs for STEMI patients are on average $112 more
than for NSTEMI patients. There is a relationship between living con-
ditions and total expenses, so that total expenses for living people are on
average $62 more than for deceased people, although this difference is
not statistically significant (P = 0.578). There is a statistically significant
relationship between contracting COVID-19 and the total costs of AMI
patients. Total costs in hospitalized AMI-COVID patients averaged $188
more than in AMI patients (P = 0.020). The estimation results show that

Table 1
The demographic and pre-hospital information.
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total costs in patients with SVD angiography are $96, in patients with
2VD $136, and in 3VD $127 more than in patients with mild CAD.

Table 7 represents cost itemized for AMI-COVID and AMI patients.
Results show that most percent of total medical cost for AMI-COVID
patients are drug and device (37.4 %), hospital bed & CCU (26.3 %),
respectively. For AMI patients therapeutic and surgical interventions
(29 %) and hospital bed & CCU (21.7 %), respectively.

4. Discussion

In this observational survey, we investigated the impact of COVID-19
on hospitalizations, health outcomes, and costs in AMI patients during
the COVID-19 era and the equivalent period of 2019. The key findings of
the current study are:

1) The mean age of AMI patients was significantly lower during the
COVID-19 period, significantly among patients presenting with
NSTEMI;

2) Admitted AMI patients had significantly lower LOS;

3) AMI Hospitalization during the COVID-19 pandemic was reduced;

4) Mortality rate during the COVID-19 era increased significantly
among STEMI patients;

5) Major complications rate was significantly higher during the COVID-
19 outbreak;

6) Total direct costs among hospitalized AMI-COVID-19 patients were
demonstrably higher than AMI patients.

Our study revealed a lower mean age of admission among ACS pa-
tients compared to the pre-COVID-19 era. However, the mentioned
reduction was more significant among NSTEMI patients. Since the
COVID-19 outbreak, several studies evaluated changes in AMI patients’
characteristics and in-hospital outcomes [13-18]. A recent meta-analysis
showed similar results regarding the mean age of admission among ACS
patients during the COVID-19 pandemic [11]. The lower mean age of
admission may have several explanations. The initial pandemic response
involved national lock-downs and recommendations for social
distancing and remaining at home. These measures might have led to the
reluctance of ACS patients to seek medical care. Furthermore, NSTEMI
may cause milder symptoms and therefore, is more likely to be ignored.
During latent COVID-19 phases, medical care services were more
adopted and the COVID-19 infection rate was more controlled. Conse-
quently, several studies resulted in the same or higher mean age of
hospitalization among AMI patients [13,14,19].

We found shorter LOS during the COVID-19 period among both
STEMI and NSTEMI subgroups in comparison with pre-COVID-19-era.
Milovancev et al. obtained similar results [20]. Shorter LOS may be
justified by the general policy of allocating cardiac beds for non-AMI
patients in the early COVID-19 pandemic. Besides, during the initial
pandemic phases, admitted ACS patients were more likely to get medical

Variable AMI (4,560) STEMI (2,935) NSTEMI (1,625)
Before COVID-19 Era P value Before COVID-19 Era P value Before COVID-19 Era P value
n = 2434 n = 2126 n = 1473 n = 1462 n = 961 n = 664
Age, mean (SD), 61.35 60.37 0.005 61.02 60.61 0.37 61.86 59.83 0
12.09 11.77 12.28 12.12 11.77 10.94
Male (sex) 1864(76.6 %) 1659(78 %) 0.85 1159(78.6 %) 1148(78.5 %) 0.87 709(73.8 %) 513(77.3 %) 0.94
LOS 5.24(5.17) 4.27(3.63) 0 5.44(5.53) 4.38(3.61) 0 4.96(4.56) 4.14(3.64) 0
Comorbidities (%)
(¢ 619(25.46) 559(26.29) 0.45 448(30.43) 489(33.44) 0.72 159(16.22) 86(12.98) 0.06
DM 309(12.69) 270(12.69) 0.47 187(12.67) 240(16.39) 0.35 123(12.76) 101(15.23) 0.88
DLP 266(10.94) 294(13.82) 0.53 168(11.42) 222(15.15) 0.25 93(9.67) 68(10.29) 0.45
HTN 489(20.08) 507(23.86) 0.65 320(21.76) 374(25.56) 0.8 150(15.64) 128(19.34) 0.65
FH 158(6.49) 198(9.31) 0.1 111(7.54) 157(10.72) 0.14 36(3.70) 37(5.56) 0.47
CAD 746(30.66) 811 (38.16) 0.99 509(34.57) 625(42.75) 0.83 196(20.45) 193(26.14) 0.94
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Table 2
Admissions for specific diagnoses.
Before COVID-19 COVID-19 era Change 95 % CI P-value
Admission Sex M Age Admission Sex M Age
AMI 2434 1864 61.35 + 12.09 2126 1659 60.37 + 11.77 12.65 % (1.5-25.1) 0.179
STEMI 1473 1159 61.02 + 12.28 1462 1148 60.61 +12.12 0.70 % (-0.9-40.6) 0.974
NSTEMI 961 709 61.86 + 11.77 664 513 59.83 +10.94 30.90 % 13.03-42.28 0.25
Table 3
Mortality rate.
Before COVID-19 Covid era Risk Ratio Odds Ratio P-value
% CI % CI
Admission Mortality (%) Admission Mortality (%) (95 % CD (55 % €D
AMI 2434 120(4.9) 2126 150(7.0) 1.39 1.42 0.004
(1.10-1.76) (1.11-1.82)
STEMI 1473 76(5.1) 1462 116(7.9) 1.49 1.53 0.004
(1.13-1.98) (1.14-2.07)
NSTEMI 961 44(4.6) 664 34(5.1) 1.1 1.11 0.64
(0.71-1.71) (0.70-1.75)
Table 4
Major complications rates.
Before COVID-19 Covid era Risk Ratio (95 % CI) 0Odds Ratio (95 % CI) P-value
Admission Complications Admission Complications
(%) (%)
AMI 2434 160(6.6) 2126 206(9.7) 1.39 1.46 0
(1.10-1.76) (1.11-1.82)

Table 5
Variable coding.

treatment instead of traditional interventional treatment. It must be
noted that, however, admission rate and LOS were much lower during
the COVID-19 as to pre-COVID-19-era, in-hospital complications and

Variable Category Parameter coding mortality were shown to be higher revealing the fact that admitted pa-
Independent variables coding tients were more critical. The decrease in the LOS makes it possible to
Sex Female 0 underestimate the possibility of in-hospital mortality and complications.
Male 1 Probably with the LOS prolongation, an increase in in-hospital mortality
Second admission No 0 and complications may be expected. This may highlight the importance
i ) Yes L of the excess mortality caused by the COVID-19 pandemic [21].
Diagnosis NSTEMI 0 . . R TR s e .
STEMI 1 Considering hospitalization rates, a significant reduction was
State Dead 0 confirmed by several studies [1,8,9,13-15]. An observation common to
Live 1 studies was that during the pandemic a higher proportion of patients
COVID Present MI 0 were hospitalized with STEMI as compared to NSTEMI [22-24].
Angiography x;g%xg) (1) Our results show that the reduction for NSTEMI patients was higher
SVD 1 than in the STEMI group. These results are in line with two recent sys-
2VD 2 tematic reviews and meta-analyses by Sofi et al., that show the overall
3VD 3 incidence rate ratio (IRR) of NSTEMI hospitalizations over the reference
period higher decreased than STEMI (IRR 0.70 vs 0.80), the study also
states that importantly, wide variations were observed among, and
within, countries. [25-27]. The greater decrease in NSTEMI
Table 6
Variables in the equation.
Total costs (USD) Coef. Std. Err. t P>t [95 % Conf. Interval]
Sex ~104.5385 73.46285 —1.42 0.156 —249.1527 40.07557
Age ~1.147934 2.866698 —0.40 0.689 —6.791127 4.495259
Length of Stay —4.443881 6.819293 ~0.65 0.515 ~17.86789 8.980129
Second Admission 204.3225 132.4563 1.54 0.124 —56.42214 465.0672
STEMI vs NSTEMI 112.5022 70.08281 1.61 0.110 —25.45816 250.4626
State 62.75191 112.7195 0.56 0.578 ~159.1403 284.6441
COVID 188.6139 80.39249 2.35 0.020 30.35855 346.8693
Results of Angiography
1 96.93764 249.5783 0.39 0.698 —394.3657 588.241
2 136.8868 163.5644 0.84 0.403 —185.0952 458.8688
3 127.4092 151.4354 0.84 0.401 ~170.6964 425.5149
Constant 575.1401 278.5848 2.06 0.040 26.73647 1123.544
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Table 7
Costs items for specific diagnoses.
Costs Item MI-COVID AMI
(% Total Costs) (% Total Costs)
Physician/Nursing Services 6.7 3.8
Drug & device 37.4 18.2
CT-Scan, Angiography, 9.1 14.1
Echocardiography
diagnostic tests & 10.3 13.2
Laboratory
Therapeutic and surgical 10.2 29
interventions
Hospital bed & CCU 26.3 21.7
Total Costs 100 % 100 %
($1,059.09 + ($871.09 +
944.76) 657)
Basic insurance 75.6 74.2
Supplementary insurance 8.6 10.8
Out of Pocket 12.1 11.8

hospitalizations may have several explanations. Possibly patients with
NSTEMI did not seek medical help since their symptoms were less
frequently characterized by precordial pain or chest discomfort. This
would have, therefore, along with national lockdowns and recommen-
dations for social distancing, increased their reluctance to expose
themselves to the in-hospital risk of COVID-19 infection [11]. The lower
hospitalization rate was, however, associated with higher in-hospital
mortality and complications. This may point out the excess mortality
during the pandemic. Moreover, AMI may lead to chronic settings such
as HF if left untreated, which may impose a further burden on patients
and health care systems. This mandates the importance of providing
proper medical care for emergent cardiovascular patients and the pre-
vention of patients missing during the pandemic. On the other hand,
according to some studies, an actual decrease in the incident cardio-
vascular events during the COVID-19 pandemic cannot be ruled out
mostly because staying at home may limit exposure to ACS-triggering
factors [26,28].

Our study revealed a higher mortality rate among total AMI and
STEMI during the COVID-19 pandemic, yet mortality among NSTEMI
patients did not rise significantly. Our findings together with the number
of other studies revealed higher mortality rates among AMI patients
hospitalized during the pandemic [22,29-32]. COVID-19 infection may
compromise outcomes in hospitalized ACS patients as a recent study
revealed poorer prognosis among hospitalized STEMI patients with
concurrent COVID-19 infection in comparison with uninfected patients
[19]. Additionally, infection with coronavirus may reportedly lead to
AMI in several ways [18,33,34]. Moreover, the COVID-19 outbreak has
as well, had a serious impact on the mental health of the general pop-
ulation. This may influence cardiovascular diseases because of worsened
risk factor control [6]. Higher mortality rate may suggest patients hos-
pitalized with more critical health conditions, which together with
lower hospitalization rate, brings out the fact of excess mortality rate
during the COVID-19 pandemic [21].

We demonstrated major complications (cardiogenic shock, life-
threatening arrhythmias, cardiac rupture/ventricular septal defect
(VSD), or severe functional mitral regurgitation) increased among AMI
patients during the COVID-19 pandemic. An important finding based on
recent studies indicates that patients with STEMI had greater infarct
size, as assessed by the peak of troponin or creatine kinase levels
[31,35], lower left ventricular ejection fraction [31,36], greater intra-
coronary thrombotic burden [37], and, therefore, more common in-
hospital unfavorable outcomes during the pandemic compared with
pre-COVID-19 era. Additionally, we focused on major complications,
which indicated severe disease and were more probable to lead to death.
This may specify the fact that patients were more critical and although
the admission rate has reduced, complications and mortality rate are
expected to be higher.
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The results of the regression model estimation revealed that there
was a statistically significant relationship between the state of being
infected with COVID-19 and the total costs of AMI patients. In other
words, being infected with COVID-19 in AMI patients significantly in-
creases hospital costs. The results of the present study showed that due
to the more acute health condition in COVID-MI patients, they needed
more and longer health care and consequently, hospital costs increased.
This results are in line with COVID-MI patients who were hospitalized
for a longer time in ICCU and had a higher mortality rate and re-
hospitalization. Furthermore, the current study demonstrated that the
total costs in STEMI patients are on average $112 more than NSTEMI
patients, which may be justified by the more acute condition of STEMI
patients and their need to receive more diagnostic and therapeutic care
and therefore, higher LOS.

Moreover, a direct relationship between re-admission and an in-
crease in costs could be observed. Total costs for patients who were re-
hospitalized were on average $204 more than those who were admitted
for the first time. Seemingly, re-hospitalized patients had more acute
health conditions, and, as a result, required more care and services. Our
study also showed that there is a direct relationship between the number
of vessels disease and the costs of patients (3VD and 2VD); Patients with
vessels disease, a high-risk group according to therapeutic guidelines,
and are a high-risk group according to therapeutic guidelines. During
the initial phases of the pandemic and with the surge in the load of
patients in healthcare centers, ACS patients may have received medical
treatments rather than traditional cardiovascular interventions and
therefore, total medical costs may have declined. However, soon, the
situation was organized to provide appropriate medical care based on
guidelines for hospitalized AMI patients.

5. Strengths and limitations

The current study collected data from 4,560 AMI patients in selected
hospitals of Tehran city and, as such, results may not be generalized to
the entire Iran. Furthermore, we evaluated the impact of COVID-19 on
hospital costs of AMI patients, which was rarely reported in other related
studies. Our study covered 14 months since the COVID-19 outbreak and
the equivalent months of 2019 therefore, only the initial phases of the
pandemic were evaluated. Thus, the rate of admission, major compli-
cations, and mortality among AMI patients might have changed during
the latent phases of the COVID-19 pandemic. Recent studies on AMI
outcomes during the COVID-19 pandemic report short-term results.
Therefore, further evaluation is mandatory to study long-term outcomes
in the future.

6. Conclusions

Our results indicated that the mean age for AMI hospitalization was
significantly different compared to the pre-COVID-19 era. LOS was
lower among both STEMI and NSTEMI subgroups. The reduction in
hospitalization was observed in both groups and was more dominant
among patients with STEMI. The mortality rate was significantly higher
among patients admitted with STEMI in the COVID-19 era. The inci-
dence of major complications in hospitalized AMI patients increased
during the COVID-19 pandemic. More complications and higher mor-
tality rate, together with a lower rate of admission suggests an excess
mortality rate during the COVID-19 pandemic. Total medical costs were
significantly higher among hospitalized MI-COVID patients. Our study
evaluated COVID-19 pandemic effects on pre-hospital patient charac-
teristics and short-term outcomes of hospitalized patients during the
initial phases of the pandemic. Future studies are recommended to
examine long-term outcomes of hospitalized AMI patients during the
COVID-19 era.
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