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1 million inhabitants based on the data from Sta‑
tistics Poland11), 2) assess the impact of treat‑
ment delays on in‑hospital mortality, and 3) in‑
dicate the most significant factors contributing 
to particular delays.

Patients and methods  This was a single‑center, 
retrospective study including 331 patients (234 
men [70.7%]) with an initial diagnosis of STEMI 
based on typical symptoms and specific electro‑
cardiographic patterns. The mean (SD) age of 
the participants was 63 (12.2) years. The patients 
were admitted to the catheterization laboratory 
at the University Clinical Centre (UCC) in Gdańsk, 
Poland between January 1, 2015 and December 
31, 2016. They presented to the UCC in one of 
the following ways: 1) were transported by EMS 
(n = 267 [81%]), 2) reported personally to the EU 
of the UCC (n = 50 [15%]), or 3) were referred 
from another ward (n = 14 [4%]). Each participant 
was subsequently treated with pPCI. The exclu‑
sion criteria were unknown OTDT and transpor‑
tation by EMS from another hospital. To estimate 
the 6‑month mortality risk in the patients with 
ACS, we used the GRACE 2.0 scale.12 The medical 
data were collected from the patients’ electron‑
ic documentation.

The study complies with the Declaration of 
Helsinki. The methods used in this analysis were 
reviewed and approved by the Institutional Re‑
view Board at the UCC (151/2020) and the Lo‑
cal Independent Bioethical Committee (NK‑
BBM/379–176/2018). Informed consent was 
waived due to the retrospective design of the 
study.

Delays in pre- and in‑hospital settings  In accor‑
dance with the ESC guidelines,2 the patients were 
divided into groups to analyze the following pa‑
rameters: OTDT (≤12 hours, n = 222 vs >12 hours, 
n = 72), and time from patient admission to 

Introduction  Treatment of myocardial infarc‑
tion (MI) has evolved over the past 30 years.1 
Primary percutaneous coronary intervention 
(pPCI) is the preferred strategy in patients with 
ST‑segment elevation MI (STEMI).2 According to 
the European Society of Cardiology (ESC) guide‑
lines,2 timely reperfusion is a critical factor affect‑
ing mortality and clinical outcomes of patients. 
However, the potential benefits of pPCI are con‑
siderably limited by treatment delays.3 Current‑
ly, the recommended optimal time from the first 
medical contact (FMC) to pPCI is less than 60 
minutes for patients presenting to an emergency 
unit (EU) personally, and less than 90 minutes for 
those calling emergency medical services (EMS). 
Therefore, patients with STEMI should preferably 
report / be transported directly to a center that 
performs pPCI 7 days a week, around the clock. 
In addition, they should be referred directly to 
a catheterization laboratory, bypassing the EU.2 
After 12 hours from symptom onset, no addition‑
al advantages of urgent pPCI were reported.4,5 
No time restrictions regarding pPCI exist for pa‑
tients with persistent symptoms, life‑threatening 
rhythm disturbances, cardiogenic shock, or car‑
diac arrest.6

Thorough assessment of the quality‑of‑care 
rates is pivotal for providing every STEMI pa‑
tient with the best possible treatment. The ESC 
guidelines underline the need to monitor whether 
pre- and in‑hospital delays comply with the rec‑
ommendations.2 This approach is supported by 
several studies.7-10 The most frequently assessed 
parameters are onset‑to‑door time (OTDT; time 
from the onset of symptoms to patient admis‑
sion) and time from admission to wire crossing.

The aims of this study were to 1) evaluate 
the effectiveness of health care services provid‑
ed to patients with acute coronary syndrome 
(ACS) in Tricity, Poland (an agglomeration of 3 
cities: Gdańsk, Sopot, and Gdynia, with around 
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Statistica 13.3 (StatSoft, TIBCO Software Inc., 
Kraków, Poland).

Results  Demographic and baseline characteris‑
tics of the study population are presented in Sup‑
plementary material, Table S1. The in‑hospital 
mortality rate in the whole study population was 
7.85% (26 out of 331). Mortality in subgroups 
stratified by occurrence of any delay was calcu‑
lated after exclusion of patients with unknown 
OTDT and no systemic delay (because of uncer‑
tainty as to which group such patient should be 
included in), and reached 9.6% (18 out of 189 cas‑
es) in the group with any delay and 5.6% (7 out of 
125 cases) in the group without any delay; how‑
ever, the difference between the groups was not 
significant (P = 0.21). Moreover, in the subgroup 
with cardiac arrest or cardiogenic shock on admis‑
sion, the in‑hospital mortality rate was 27.3% (15 
out 55 cases).

Onset‑to‑door time  The median OTDT was 3 hours 
(IQR, 1.5–12), and it was prolonged (>12 hours) 
in 72 patients (21.8%; Supplementary material, 
Figure S1). The specific risk factors for OTDT pro‑
longation are shown in Table 1. The patients with 
a prolonged OTDT were older and more likely 
to be women. They were also shorter, had a low‑
er level of creatine kinase–myoglobin binding 
(CK‑MB), lower prevalence of dyslipidemia, and 
higher prevalence of renal failure.

Time from admission to wire crossing  The medi‑
an time from admission to PCI‑mediated reper‑
fusion was 92 minutes (IQR, 65–187), and it was 

the UCC to PCI‑mediated reperfusion in the cul‑
prit lesion (<90 minutes, n = 159 vs ≥90 minutes, 
n = 172). The impact of prolonged times on short
‑term prognosis was assessed based on in‑hospital 
mortality. We analyzed factors such as demo‑
graphics, comorbidities, previous cardiac events, 
family history, laboratory test results, adminis‑
tered medications, and specific clinical scales to 
identify relevant predictors. Finally, we appraised 
the pre- and in-hospital delays in subgroups strat‑
ified by age (young: ≤65 years [n = 210; 63.4%] 
vs elderly: >65 years [n = 121; 36.6%]), sex (men 
[n = 234; 70.7%] vs women [n = 97; 29.3%]), and 
time of admission to the UCC (working hours: 
from 7 AM to 3 PM [n = 153; 46.2%] vs after‑
noon / night hours: from 3 PM to 7 AM [n = 178; 
53.8%]).

Statistical analysis  Descriptive statistics were 
used to summarize the characteristics of pa‑
tients, including the baseline characteristics of 
the whole analyzed population and characteris‑
tics of the subgroups, depending on the specif‑
ic parameter. Continuous variables are present‑
ed as mean (SD) or median with interquartile 
range (IQR), according to the data distribution. 
Dichotomous variables are presented as numbers 
with percentages. Normality of the data distri‑
bution and homogeneity of variance were deter‑
mined with the Shapiro–Wilk and Levene tests, 
respectively. The t test or the Mann–Whitney test 
was used to compare continuous variables. Di‑
chotomous variables were compared using the χ2 
test. P values below 0.05 were considered signif‑
icant. Statistical analyses were performed using 

TABLE 1  Factors affecting prolongation of onset‑to‑door time and time from admission to wire crossing

Parameter Onset‑to‑door time Time from admission to wire crossing

≤12 h (n = 222) >12 h (n = 72) P value <90 min (n = 159) ≥90 min (n = 172) P value

Age, y 61.6 (12.3) 65.8 (12.7) 0.01 60.6 (11.5) 65.1 (12.6) <0.001

Women, n / N (%) 57 / 222 (25.7) 27 / 71 (38) 0.045 38 / 158 (24.1) 58 / 171 (33.9) 0.045

Weight, kg 83 (75–95) 80 (69.5–94.5) 0.1 85 (78–96) 80 (70–95) 0.02

Height, cm 172 (165–177) 170 (160–175.5) 0.02 173 (165–178) 170 (160–176) 0.03

Hypertension, n / N (%) 141 / 220 (64.1) 49 / 70 (70) 0.37 93 / 154 (60.4) 121 / 167 (72.5) 0.02

Renal failure, n / N (%) 8 / 214 (3.7) 7 / 68 (10.3) 0.04 4 / 150 (2.7) 14 / 159 (8.8) 0.02

Dyslipidemia, n / N (%) 167 / 220 (76) 43 / 70 (61.4) 0.02 111 / 154 (72.1) 119 / 165 (72.1) 0.99

Insulin‑treated diabetes, n / N (%) 8 / 216 (3.7) 5 / 69 (7.3) 0.22 4 / 148 (2.7) 10 / 164 (6.1) 0.15

Chronic lung disease, n / N (%) 9 / 216 (4.2) 3 / 71 (4.2) 0.98 3 / 150 (2) 11 / 167 (6.6) 0.047

Cardiac arrest, n / N (%) 26 / 222 (11.7) 6 / 72 (8.3) 0.42 33 / 157 (21) 20 / 167 (12) 0.042

Hemoglobin, g/dl 14.4 (13.3–15.5) 14.0 (12.7–15.3) 0.14 14.7 (13.4–15.5) 14.1 (13.1–15.3) 0.047

CK‑MB, ng/ml 65.5 (17.4–147) 33.8 (7.7–83.7) 0.003 78.2 (22–161) 37.8 (9.4–98.3) 0.001

In‑hospital GRACE 2.0 score, points 112 (96–138) 119 (104–148) 0.08 111.5 (99–141) 119.5 (101–146.5) 0.047

In‑hospital mortality, n / N (%) 13 / 222 (5.86) 7 / 72 (9.72) 0.26 9 / 159 (5.66) 17 / 172 (9.88) 0.15

β‑Blockers, n / N (%) 56 / 191 (29.3) 18 / 56 (32.1) 0.69 32 / 128 (25) 51 / 138 (37) 0.04

Data are presented as mean (SD) or median (interquartile range) unless indicated otherwise.

P value <0.05 was considered significant.

SI conversion factors: to convert hemoglobin to g/l, multiply by 10; CK‑MB to μkat/l, by 0.0167.

Abbreviations: CK‑MB, creatine kinase–myoglobin binding; n, number of cases with analyzed variable; N, number of cases included in the analysis
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cardiology centers, the median systemic delay (de‑
fined as time from FMC to coronary reperfusion) 
was 125 minutes, with 58.1% of the patients ex‑
periencing a delay of more than 90 minutes.15 In 
our study, the median time from admission to 
wire crossing was 92 minutes, and 52% of the pa‑
tients experienced time prolongation. The rea‑
sons for such a high percentage of patients with 
in‑hospital delay is a lack of an early notification 
system and internal procedures designed for pa‑
tients with STEMI, and the necessity for patient 
transportation from the EU and to the catheter‑
ization laboratory. Currently, these problems have 
been eliminated in the UCC, which will probably 
lower the number of patients with systemic de‑
lays in the future. Blankenship et al16 showed that 
improvements in the transport system and med‑
ical procedures implemented in a single center in 
Pennsylvania, United States, allowed for short‑
ening the systemic delay to less than 90 min‑
utes—from a mean of 189 minutes in 2004 to 88 
minutes in 2008. In a study by Terkelsen et al,17 
the cumulative mortality increased from 23.3% in 
patients experiencing a delay of 61 to 120 minutes 
to 28.1% in those experiencing a delay of 121 to 
180 minutes. In our study, in‑hospital mortality 
was 5.6% in the patients without any delay and 
9.6% in the group with a delay (P = 0.15).

Evidence from the literature indicates that crit‑
ical factors associated with treatment delays are 
patient age, sex, and comorbidities.15 In a study 
by Cale et al,15 the median OTDT for the whole 
population was 105 minutes, whereas for elderly 
patients it was 133 minutes. Regarding the time 
from admission to wire crossing, the respective 
values were 125 minutes and 160 minutes. More‑
over, only 43.6% of the elderly patients received 
PCI‑mediated reperfusion therapy within the time 
frame recommended in the ESC guidelines, as 
compared with 58.1% of the whole population.15 
Another study comparing systemic delays be‑
tween young (<65 years) and elderly (≥65 years) 
patients revealed longer median door‑to‑balloon 
time in the elderly group (73 minutes vs 64 min‑
utes).18 Our results showed that the median OTDT 
(3 hours vs 4 hours; P = 0.007) and time from 
admission to wire crossing (85.5 minutes vs 113 
minutes; P = 0.067) were also longer in the el‑
derly patients. This may result from communica‑
tion issues and atypical symptoms in this group.

Bugiardini et al19 evaluated differences in de‑
lays according to sex, and showed that the time 
from symptom onset to treatment was longer in 
women than in men (270 minutes vs 240 minutes, 
respectively; P <0.001), which translated into in‑
creased 30‑day mortality in women. Cale et al15 
reported that both OTDT and time from admis‑
sion to wire crossing were longer in women than 
in men (median, 117 minutes vs 103 minutes; 
P = 0.061 and median 145 minutes vs 120 min‑
utes; P <0.001, respectively). Our results also 
showed significant differences between the sexes. 
Atypical symptoms of MI and more complicated 
diagnostic procedures in women are the possible 

prolonged (≥90 minutes) in 172 patients (52%; 
Supplementary material, Figure S2). The specific 
risk factors for time prolongation are shown in 
Table 1. In the group with a prolonged time, the pa‑
tients were older and more often women. They 
were also shorter and had lower body weight than 
the patients without a treatment delay. The levels 
of hemoglobin and CK‑MB were also lower in this 
group, as was the frequency of cardiac arrest oc‑
currence, whereas the GRACE 2.0 score, frequen‑
cy of β‑blocker administration, and prevalence of 
hypertension, renal failure, and chronic lung dis‑
ease were higher. In the group with a prolonged 
time from admission to wire crossing, OTDT was 
also longer (median, 3 hours [IQR, 1.5–11] vs 7.75 
hours [IQR, 2–48]; P <0.001). The specific differ‑
ences in times between the subgroups stratified 
by age, sex, and time of admission to the UCC are 
summarized in Supplementary material, Table S2.

Discussion  Measuring pre- and in‑hospital treat‑
ment delays in patients with ACS is a simple and 
effective way of evaluating health care quality and 
social knowledge about basic symptoms of ACS.2 
Identification potential delays and their reasons 
is of key importance, as it may decrease mortali‑
ty and improve patient quality of life.

An important parameter evaluated in our 
analysis was OTDT. It is affected by patient self
‑awareness and ability to recognize symptoms of 
MI. In a study by Park et al,13 conducted in 20 hos‑
pitals in Korea, the median OTDT was 2 hours. 
In our study, it was 3 hours, which may be due 
to the fact that we included patients solely from 
the urban agglomeration of Tricity, where diffi‑
culties in reaching the PCI center within the rec‑
ommended time frame may occur because of nu‑
merous calls to the EMS and heavy traffic. A study 
conducted in 16 metropolitan areas in the Unit‑
ed States assessed the influence of implementing 
care protocol changes on time from FMC to infla‑
tion of the angioplasty balloon in the culprit le‑
sion. In the centers that implemented the chang‑
es, the evaluated time decreased from 98 minutes 
to 88 minutes.14 The outcomes of that study indi‑
cated that systemic improvements can result in 
a significant reduction of OTDT.

Cale et al15 investigated patient-related delays 
in a population stratified by age, sex, and comor‑
bidities. Elderly patients (≥75 years) and wom‑
en experienced significantly longer delays. Our 
study also focused on the factors associated with 
OTDT prolongation. Older age, female sex, short‑
er height, renal failure, and a lack of dyslipidemia 
were identified as risk factors. Moreover, a low‑
er plasma level of CK‑MB was related to longer 
OTDT, which is a novel finding.

Another parameter evaluated in our study 
was the time from admission to wire crossing. 
In their study involving a group of 5243 patients, 
Park et al12 reported a median door‑to‑balloon 
time of 59 minutes, and it was shorter than or 
equal to 90 minutes in 92.2% of the study popu‑
lation. In an analysis conducted in 18 Portuguese 
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not included in the study. Moreover, the study 
was retrospective, with a short follow‑up after 
the intervention, which was limited by the length 
of hospitalization. This restricts our knowledge 
of the possible future adverse events associated 
with treatment delays.

Conclusions  In summary, for most individuals 
with STEMI treated in Tricity, OTDT was within 
the range recommended by the European guide‑
lines; however, about half of the patients did not 
meet the recommended time from admission to 
PCI‑mediated reperfusion. There was no signif‑
icant impact of prolonged times on in‑hospital 
mortality. We also identified groups of patients 
with the highest risk of treatment delays. Fe‑
male sex, older age, renal failure, shorter height, 
and absence of dyslipidemia were the predictors 
of OTDT prolongation. Regarding the time from 
admission to wire crossing, the factors associat‑
ed with a delay were female sex, older age, low‑
er weight, height, and hemoglobin level, as well 
as higher frequency of β‑blocker administration, 
higher score on the GRACE 2.0 scale, and preva‑
lence of comorbidities, such as hypertension, re‑
nal failure, and chronic lung disease. Moreover, 
lower CK‑MB level on admission was related to 
prolongation of both OTDT and time from ad‑
mission to wire crossing. The aforementioned 
groups of patients may require additional cau‑
tion in terms of transportation and diagnostic 
procedures. Periodic measurement of OTDT and 
time from admission to PCI‑mediated reperfu‑
sion is a simple and effective way of assessing 
the efficiency of the health care system, and al‑
lows for maintaining treatment delays within 
time frames outlined in recent ESC recommen‑
dations. This procedure should be an indispens‑
able part of the care quality evaluation.

Supplementary material

Supplementary material is available at www.mp.pl/paim.
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