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Abstract

Aim

The purpose of this study was to examine the impact of total ischemic time (TIT) on in-hospital
complications in acute ST-elevation myocardial infarction (STEMI) patients with renal dysfunction (RD).

Methods

The study included a total of 116 patients. All patients underwent percutaneous coronary intervention.
Glomerular filtration rate (GFR) was < 60 ml/min/1.73 m?%inall patients. The patients were split into two
groups based on the TIT value. All eligible patients were assigned to two groups according to TIT: Group 1
comprised 54 patients with < 6-hour TIT and Group 2 consisted of 62 patients with > 6-hour TIT. The groups’
other characteristics were similar. The composite rate of pulmonary edema and cardiogenic shock were
compared between groups.

Results

The mean TIT in Group 1 was 4.37 + 1.35 and in Group 2 was 9.03 = 1.59 (p < 0.0001). The incidence of
pulmonary edema or cardiogenic shock was higher in Group 2 than in Group 1: 16.1% and 3.7%, respectively
(p = 0.034).

Conclusion

STEMI patients with RD and higher TIT were more likely to develop pulmonary edema and cardiogenic
shock.

Categories: Cardiac/Thoracic/Vascular Surgery, Cardiology
Keywords: gfr, renal dysfunction, percutaneous coronary intervention, total ischemic time, stemi

Introduction

Clinical trials have made tremendous progress in establishing the importance of gender and, more recently,
the role of diabetes and obesity as key comorbidities for coronary artery disease [1,2]. Renal disease hasn't
gotten the same kind of attention; in fact, cardiovascular events account for more than half of all deaths
among people with end-stage renal disease [3,4]. The severity of renal insufficiency correlates to an
increased risk of death from heart failure in several studies [5]. With deteriorating renal function comes an
increased risk of cardiovascular disease [6-8]. Renal impairment at the time of admission in patients with
acute myocardial infarction (AMI) should be a warning sign of a higher risk of hospital complications.
According to current recommendations, patients with renal impairment should get the same care as other
acute coronary syndrome patients, with the exception of prescription doses [9,10]. Those with renal
dysfunction (RD) may benefit from an invasive procedure more than patients without RD in terms of
absolute benefits; nevertheless, the chance of unfavorable results is also higher in RD patients [11,12]. It's
crucial to figure out what's causing patients with renal impairment to have bad outcomes. The central
treatment for acute ST-elevation myocardial infarction (STEMI) is myocardial reperfusion with primary
percutaneous coronary intervention (PCI), which must be done quickly. As a result, the time from arrival at
the emergency room to ballooning, known as door-to-balloon time (DTB), has gained a lot of traction among
cardiologists and is currently regarded as the most critical quality measure for primary PCI [13]. Other delays
in the STEMI timeline, such as the period between the start of chest discomfort and the arrival of a PCI-
capable hospital, received less attention [13]. The total ischemic time (TIT), measured from symptom onset
to the provision of reperfusion therapy, is so critical for the prognosis of STEMI patients, and it should be
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carefully considered when determining the time to reperfusion [14]. It may be a more powerful prognostic
indicator than DTB time, as an increase in microvascular blockage area has been linked to extended
ischemia [15]. Gao and co-authors found that in patients with STEMI with ejection fraction (EF) < 50%, TIT
was independently correlated with all-cause mortality in the hospital after PCI [16]. The findings of this
study also reveal that acute kidney injury, Killip, and thrombolysis in myocardial infarction (TIMI) grade are
substantial risk factors for in-hospital death in STEMI patients [16]. At a one-year follow-up, another study
found that persistent ischemia was associated with death, rehospitalization, and revascularization [17].
However, if the effect of TIT is confirmed in terms of long-term prognosis, the short-term prognosis
outcomes are conflicting. Lubovich and co-authors, for example, found no statistically significant difference
in 30-day mortality for STEMI patients based on TIT [18]. It was assumed that the combination of many risk
factors in myocardial infarction would result in increased complications. As previously said, TIT is a
predictive risk factor in STEMI patients, and the purpose of this study was to compare in-hospital
complications in STEMI patients with RD based on TIT value.

Materials And Methods
Study design and population

This is a single-center, observational, prospective study. For this study, STEMI patients with RD were chosen
and divided into two groups based on their TIT values. New evidence of STEMI on electrocardiography with
an elevation of myocardial necrosis enzymes as high-sensitivity troponins, presence of typical angina or
dyspnoea that could be interpreted as angina-equivalent, decreased glomerular filtration rate (GFR) at the
time of admission, and emergency PCI were the inclusion criteria. Patients with STEMI who underwent only
an urgent coronary angiography without PCI were not included in the research. RD was considered in

patients who had GFR less than 60 ml/min/1.73 m? at the time of admission. All eligible patients were
assigned to two groups according to TIT: Group 1 comprised 54 patients with < 6-hour TIT and Group 2
consisted of 62 patients with > 6-hour TIT. The Modification of Diet in Renal Disease (MDRD) formula was
used to calculate GFR, which takes creatinine, age, gender, and race into account [19]. The patients were all
of the Caucasian race. During the first hours after admission, all patients' demographic, clinical, and
angiographic data were collected, including age, gender, cardiovascular risk factors such as hypertension and
diabetes, and prior myocardial infarction STEMI localization (Table 7). Iohexol was used as a contrast agent.
Every factor, as well as the standards for diagnosing STEMI and acute heart failure (AHF), were defined in
the European Society of Cardiology (ESC) guideline on STEMI management [20].

Characteristics Totaln =116 Group 1 n=54 Group 2 n =62 p-value
TIT 6.9+27 43+13 9.0+16 <0.0001
GFR (ml/min/1.73 m?) 48.2+10.4 47.9+10.2 48.4+10.6 0.79
Age, years 66.2 +10.1 64.8£10.9 67.4+94 0.17
Male 75 (64.7%) 38 (70.4%) 37 (59.7%) 0.31
Prior MI 13 (11.2%) 5(9.3%) 8(12.9%) 0.53
Hypertension 79 (68.1%) 35 (64.8%) 44 (71%) 0.48
Diabetes 26 (22.4%) 12 (22.2%) 14 (22.5%) 0.96
Anterior STEMI 54 (46.6%) 21 (38.9%) 33 (53.2%) 0.18
Multivessel disease 54 (46.6%) 24 (44.4%) 30 (48.4%) 0.67
Killip > Il class at the time of admission 4 (3.4%) 2 (3.7%) 2 (3.2%) 1.0

LV EF (%) 39.1+£85 39.9+938 38.5+7.25 0.36
Door to balloon time 1.0£0.5 1.1+04 1.0£05 0.24

TABLE 1: Baseline demography and clinical characteristics stratified according to total ischemic

time (TIT).

Presented values are % or mean + standard deviation

TIT: total ischemic time, GFR: glomerular filtration rate, MI: myocardial infarction, STEMI: ST-elevation myocardial infarction, LV EF: left ventricular

ejection fraction
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Data collection

Patients' information was gathered, including general information, vital signs, auxiliary examination results,
chest pain-related information, and information on interventional therapy and medication. The age and sex
of the participants were included in the general data. Hypertension, diabetes, and myocardial infarction
were all mentioned in the past medical history. Killip classification was included in vital signs. Infarct
localization and left ventricular ejection fraction (LV EF) were among the auxiliary examination results. TIT
was included in the chest pain data.

Hemodynamic evaluation

Patients with AMI who had no signs or symptoms of heart failure were classified as Killip I; those with left
heart failure were classified as Killip II if the moist rales of both lungs accounted for less than half of the
lung fields; those with AMI complicated by pulmonary edema and small, large, moist and dry rales of the
entire lung were classified as Killip III; and those with AMI complicated by cardiogenic shock were classified
as Killip IV [21].

Treatment protocol

The study excluded patients with acute cerebrovascular disease, cancer, severe valvular heart disease, or
other severe non-cardiac illnesses with a survival time of less than a year. Screening failed for six patients in
the first, and three patients in the second group due to exclusion criteria. In addition, patients who declined
to take part in the study were excluded (four patients for each group). Following the ESC guidelines on AMI
in patients with ST-segment elevation, primary PCI as a standard procedure through the radial artery route
was performed on all enrolled STEMI patients in two groups [20]. All of the patients were given as many
stents as the infarct-related artery required clinically. All of the patients in both groups received standard
pharmacological treatment for STEMI, which included heparin, clopidogrel, aspirin, statins, beta-blockers,
diuretics, angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and other
medications, as per current guidelines (Table 2) [20].

Received drugs Total n =116 Group 1 n =54 Group 2 n =62 p-value
Aspirin 116 (100%) 54 (100%) 62 (100%) -
Clopidogrel 116 (100%) 54 (100%) 62 (100%) -
Heparin and LMWHs 116 (100%) 54 (100%) 62 (100%) -
Statins 116 (100%) 54 (100%) 62 (100%) -
B-blockers 93 (80.2%) 43 (79.6%) 50 (80.6%) 1.0
ACE inhibitors or ARBs 94 (81%) 43 (79.6%) 51 (82.3%) 0.81
Aldosterone antagonists 39 (33.6%) 18 (33.3%) 21 (33.8%) 0.95
Calcium antagonists 26 (22.4%) 11 (20.8%) 15 (24.2%) 0.66
Loop diuretics 45 (38.8%) 19 (35.1%) 26 (41.9%) 0.74

TABLE 2: The groups were comparable in terms of received drugs.

LMWHs: low molecular weight heparins, ACE: angiotensin-converting enzyme, ARBs: angiotensin Il receptor blockers

Study outcomes

The treating physician reported in-hospital complications such as pulmonary edema, cardiogenic shock, and
in-hospital death (ID). Between groups, the incidences of in-hospital complications were compared at the
end of their hospital stays.

Statistical analysis

Statistical Product and Service Solutions (SPSS) (IBM SPSS Statistics for Windows, Version 26.0, Armonk,
NY) software was used to collect survey data and digitize it. The researcher used standard statistical
methods. All calculated p values were two-tailed, and statistical significance was determined when < 0.05.
The mean and standard deviation (SD) are used to summarize continuous variables, while frequency and
group percentage are used to summarize categorical variables. The patient data in the study were analyzed
using statistical student's t-test, Pearson's chi-square test, and Fisher’s z-test as necessary.
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Results

All 116 patients who had acute STEMI were thus included. In Group 1 were 64.8+10.9 years old on average,
compared to 67.4%9.4 in Group 2 (p = 0.17). In Group 1 there were 70.4% of males while in Group 2 there
were 59.7% of males (p = 0.31). Mean TIT was 4.37%1.35 hours in Group 1 and 9.03%1.59 hours in Group 2 (p

<0.0001). Group 1 had a mean GFR of 47.97+10.23 ml/min/1.73 m2, while Group 2 had a mean GFR of

48.49+10.62 ml/min/1.73 m> (p =0.79). A history of hypertension was present in 64.8% of Group 1
participants and 71% of Group 2 participants (p = 0.48) while a history of diabetes was present in 22.2% of
Group 1 participants and 22.5% of Group 2 participants (p = 0.96). Prior myocardial infarction was reported
by 9.3% in Group 1 and 12.9% in Group 2 (p = 0.53). 38.9% of Group 1 and 53.2% of Group 2 had anterior
STEMI, respectively (p = 0.18) (Table 7). The proportion of patients with multivessel in Group 1 was 44.4%
and in Group 2 was 48.4% (p = 0.67). The mean LV EF in Group 1 was 39.9+9.8% and in Group 2 was
38.5%7.25% (p = 0.36). When compared to Group 2, Group 1 had a considerably lower incidence of pulmonary
edema and cardiogenic shock: in Group 1 and Group 2 3.7% (2 of 54 patients) and 16.1% (10 of 62 patients)
(p = 0.034), respectively. In Group 1 and Group 2 ID was 1.9% and 4.8% (p = 0.62) respectively (Table 5).

Outcome variable Total n =116 Group 1 n=54 Group 2 n = 62 p-value
Pulmonary edema and cardiogenic shock 12 (10.3%) 2 (3.7%) 10 (16.1%) 0.034
In-hospital death 4 (3.4%) 1(1.9%) 3 (4.8%) 0.62

TABLE 3: Effect of TIT on in-hospital complications.

TIT: total ischemic time

Discussion

Numerous studies have demonstrated the connection between TIT and the prognosis following PCI in
patients with STEMI [16,22]. This study's key conclusion was the identification of a direct link between TIT
and various in-hospital complications, such as pulmonary edema and cardiogenic shock. Regardless of the
underlying etiology, chronic kidney disease (CKD) is defined as kidney damage or a GFR of less than 60

ml/min/1.73 m? for three months or more [23]. None of the participants in the current study had CKD before
admission. Age-related declines in kidney function are well-expressed by measuring GFR [24,25] and that is
why this study used the term “renal dysfunction” rather than “chronic kidney disease.” The TIT value in the
current study is significant: the mean TIT in Group 1 was 4.37#1.35, while in Group 2 it was 9.03+1.59 (p <
0.0001). The authors reasoned that there must be statistically significant variations in intra-hospital
complications across patients with various TITs if all other data were comparable. In-hospital complications
varied between STEMI patients who had renal failure and various TITs, according to the results of the
current study. This means that a rise in the TIT, in the presence of RD, affects the course of the disease and
results in in-hospital complications. Our study found that patients with TIT higher than 6 hours were more
likely to develop complications such as pulmonary edema or cardiogenic shock. Noteworthy is the fact that
there is insufficient data in the literature that would indicate the importance of TIT, especially in patients
with RD. This study suggests that TIT value deserves more attention in STEMI patients with RD to make in-
hospital complications more predictable and may catalyze for other researchers to pay closer attention

to TIT values to investigate TIT-related in-hospital complications in patients with RD.

Study limitations

There are some limitations to this study. The study's main limitations are its single-center design and small
sample size. The second limitation is that RD was diagnosed solely based on GFR calculations at the time of
admission, with no prior documentation.

Conclusions

TIT is an independent predictor of in-hospital complications. This fact is especially important in patients
with concomitant pathologies, such as RD. Our study showed that in STEMI patients with RD, a TIT greater
than 6 hours increases the rate of pulmonary edema and cardiogenic shock. These complications worsen the
patient's condition and in severe cases can lead to the death of the patient. In STEMI patients with RD,
assessing TIT may help predict in-hospital complications.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Ethics committee of
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"Erebuni” Medical Center issued approval 01/483. All subjects participated voluntarily. All procedures
performed in studies involving human participants or on human tissue were by the ethical standards of the
institutional and/or national research committee and with the 1975 Helsinki declaration and its later
amendments or comparable ethical standards. Informed consent was obtained from all individual
participants included in the study. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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