
RESEARCH ARTICLE Open Access

Exploring the treatment delay in the care
of patients with ST-elevation myocardial
infarction undergoing acute percutaneous
coronary intervention: a cross-sectional study
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Abstract

Background: A short delay between diagnosis and treatment for patients diagnosed with ST-elevation myocardial
infarction (STEMI) is vital to prevent cardiac damage and mortality. The objective of this study was to explore the
treatment delay and associated factors in the management of patients diagnosed with STEMI going for percutaneous
coronary intervention (PCI).

Methods: In a cross-sectional multicenter study, the treatment delay (time between first electrocardiogram and start of
PCI procedure) of STEMI patients in seven PCI centers in the Netherlands was measured. Data were analyzed by means
of multivariable generalized linear models, accounting for a non-normally distributed outcome and clustering of patients
within centers.

Results: In total, 1017 patient charts were included. The majority of the patients (78.7 %) were treated within the
guideline recommended time target of 90 min. Overall, the median treatment delay was 64 min (interquartile
range 47–82). A significantly prolonged delay was found among patients of whom their first electrocardiogram
was performed at a general practitioner’s practice (+23.9 min; 95 % confidence interval 9.9–40.8) or in-hospital
(+9.5 min; 95 % confidence interval 2.5–17.3), patients requiring interhospital transfer (+14.6 min; 95 % confidence
interval 7.6–22.4) or presenting with acute heart failure on admission (+17.6 min; 95 % confidence interval 7.9–28.7).

Conclusions: Despite a short median delay between first electrocardiogram and PCI, the time targets are occasionally
exceeded for patients diagnosed with STEMI. To further improve the process of care, PCI centers should focus on
improving regional STEMI care networks, involving general practitioners, emergency departments and referring hospitals.

Background
There is a strong association between the time to re-
perfusion treatment and mortality for patients with
ST-elevation myocardial infarction (STEMI) [1]. Every
30 min delay from symptom onset to percutaneous
coronary intervention (PCI) increases patients’ risk of
dying by 7.5 % [2]. In contrast to other factors that in-
fluence the likelihood of dying from STEMI, e.g. heart
failure, diabetes or an anterior infarction [3], the time
to PCI can be influenced immediately by health care

providers. Furthermore, time to PCI can be reduced in
the long run by optimizing the process of care within
PCI centers and regions [4].
The importance of timely PCI treatment has been

acknowledged by the European Society of Cardiology in
their guidelines on the management of patients diag-
nosed with STEMI [5]. These guidelines recommend
primary PCI over fibrinolysis as the preferred reperfu-
sion treatment, yet only when it can be performed
within 120 min after first (para) medical contact. How-
ever, treatment within 90 min from first (para) medical
contact is highly preferred, or even within 60 min in
case the patients’ symptoms started less than two hours
ago, or they present directly to a PCI center.
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Despite these recommendations, previous studies re-
ported that a substantial number of patients are not
treated within the recommended time targets, putting
them at increased risk of dying from STEMI [6–8]. Cer-
tain patient groups experienced a longer treatment
delay e.g. patients who are transported from a referring
hospital to a PCI center (interhospital transfer) [9, 10].
Since these studies were performed, new management
guidelines for STEMI were published by the European
Society of Cardiology which recommend strategies on
limiting delay, e.g. by building STEMI care networks
consisting of PCI centers, referring hospitals and ambu-
lance services [5].
In the Netherlands, 30 out of 91 hospitals provide

PCI, serving an average population of approximately
0.6 million citizens per PCI center. Due to the good
geographical accessibility of PCI centers in the Netherlands
[11], PCI is the standard treatment for all patients diag-
nosed with STEMI without contra-indications for PCI.
Once patients contact the ambulance services and they are
suspected of STEMI, the goal is to directly transport them
to the nearest PCI center [12]. However, patients can also
contact the general practitioner or emergency department,
resulting in deviating patient routes.
The process of care for patients with STEMI going

for PCI is complex, and improving it is difficult [13]. By
identifying patients with a prolonged treatment delay,
improvements in the current strategies can be facili-
tated or additional strategies can be developed. In the
present study the degree to which patients were treated
within the European guideline recommended time targets
was explored, as well as patient and admission characteris-
tics associated with a prolonged treatment delay.

Methods
Study design
A cross-sectional multicenter study was conducted in
the Netherlands. The study design, setting and methods
have been previously described in detail elsewhere [14]
and are briefly outlined below.

Setting and population
In total, seven PCI centers in the Netherlands, selected
by means of a multistage random selection procedure,
participated in the present study. The number of acute
PCI procedures for STEMI patients performed by the in-
cluded PCI centers ranged from approximately 250 to
more than 500 procedures per year, and five centers also
provided thoracic surgery (Table 1).
Monthly, from each PCI center patients diagnosed

with STEMI who were discharged between January 1st

and December 31st of 2012 were preselected by means
of the hospital financial system codes. The charts were

screened manually to confirm a documented discharge
diagnosis of STEMI. In case the discharge diagnosis was
unclear or ambiguous, the chart was discussed with a
cardiologist or other on-site physician working in cardi-
ology. Charts of patients without a discharge diagnosis
of STEMI, a secondary infarction (e.g. due to anemia) or
with insufficient information were excluded from the
study. Also, charts of patients with a documented sub-
acute or old infarction (e.g. patients with an infarction of
more than 12 h old, where PCI offers no clinical bene-
fit over pharmacological treatment anymore), or ST-
resolution on the electrocardiogram in combination
with the absence of symptoms on admission were ex-
cluded from the study. Finally, charts of patients with a
treatment delay of more than 6 h were excluded from
the study, as it was unlikely that the goal was to treat
these patients with PCI immediately. As a result of the
eight hour shifts of the data abstractors, patients were
included in the study in chronological order of discharge
until the researchers were practically unable to screen
additional charts on the day of the measurement.

Data collection
Data were abstracted from patient charts by six re-
searchers. Because the time of first (para) medical con-
tact was not registered consistently in all PCI centers,
the time of the first (pre) hospital electrocardiogram was
abstracted. In case patients developed a STEMI while
being hospitalized for another illness or complaint, the
time of the first electrocardiogram with ST-elevation in-
hospital was registered. In addition, the time of sheath
insertion at the catheterization room was registered as
start of the PCI procedure. As a result, the treatment
delay was defined as the time between first (diagnostic)
electrocardiogram and sheath insertion. Additionally,
demographic characteristics, cardiac risk factors, cardiac
history and admission characteristics were abstracted from
patient charts.
To ensure reliable data abstraction 80 charts (6.8 %)

were screened by two researchers independently and

Table 1 PCI center characteristics (n = 7)

Center nr Type Thoracic
surgery

Nr of acute PCIs for
STEMI per yeara

Nr of patients
included

1 Teaching No <300 127

2 Teaching Yes >500 112

3 Teaching No 300–400 171

4 Academic Yes >500 236

5 Academic Yes 400–500 139

6 Teaching Yes >500 112

7 Teaching Yes 400–500 120

PCI percutaneous coronary intervention, STEMI ST-elevation myocardial infarction
aBased on data from the Dutch health care inspectorate, categorized to guarantee
anonymity of the participating centers
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the findings were compared. Differences were discussed
until consensus was reached and adapted in the original
case report form accordingly. Interrater reliability was
calculated by means of percentages agreement for each
extracted variable and ranged between acceptable (70 %)
and perfect (100 %), with exception of the variable ‘type of
first (para) medical contact’ (68 %). As a result of the latter
variable’s lower reliability and its unlikely influence on the
delay starting from first electrocardiogram, this variable
was excluded from the analyses.

Missing data
The treatment delay was calculated by determining the
difference in minutes between the first electrocardio-
gram and sheath insertion. The resulting values were
screened and negative values were set to missing.
In total, 6.8 % of the values of all variables in the data-

set were missing. The percentage of missing values per
variable ranged from 0.1 % (i.e. resuscitation, age, length
of stay) to 31.6 % (time from chest pain to first electro-
cardiogram). The variables gender, month of discharge
and weekend presentation had no missing values. To
explore the underlying missing data mechanism, associ-
ations between missing and non-missing values were
studied and Little’s test was conducted in IBM SPSS
(version 20 for Windows). The test was significant
(p < 0.001), indicating that missing values in the data-
set were not missing completely at random but either
missing at random or missing not at random [15]. As a re-
sult, the missing data were imputed with multiple imput-
ation by assuming the data were missing at random, in
which the probability for a variable being missing is
dependent of the value of other variables in the dataset.
The data were imputed following the approach of van
Buuren [16]. Prior to imputation, non-normally distrib-
uted continuous variables i.e. time from chest pain to elec-
trocardiogram, treatment delay, and creatinine level on
admission were transformed using the Box-Cox power
transformation [17]. In total, 32 imputed datasets were
created, following recommendations of White et al. [18].
The plausibility of the imputed data and the assumed
missing data mechanism were checked by exploring the
distributions of the imputed data in comparison to the
original data. In these analyses it appeared that the distri-
butions of the imputed variables were comparable to those
of the original data. It was therefore assumed that the
imputation resulted in plausible values. After imputation,
all transformed variables were transformed back to their
original units. Model estimates were calculated for each
dataset and pooled using Rubin’s rules embedded in the
mice procedure.
Data were imputed using the mice package in R (version

3.0.0 for Microsoft Windows) [19].

Statistical analyses
Descriptive statistics were used to report patient and ad-
mission characteristics as well as to determine the fre-
quency of patients who were treated within 90 and
120 min after first electrocardiogram. In addition, we in-
vestigated the frequency of being treated within 60 min
for the subgroup of patients whose symptoms started
less than 2 h ago or who presented directly to a PCI
center. For continuous variables with an approximately
normal distribution, the means with 95 % confidence
intervals (CI) are described, while for continuous vari-
ables with a skewed distribution the medians with
interquartile ranges (IQR) are described. The associa-
tions of patient and admission characteristics with the
treatment delay were tested using generalized linear
models which take into account a skewed (Gamma dis-
tributed) outcome variable. Additionally, a log link was
applied because negative time values are impossible.
The goal of the study was to explore factors associ-

ated with the treatment delay. Therefore in univariate
analyses, it was tested which variables were significantly
(p < 0.05) associated with treatment delay. Explanatory
variables with a significant effect on treatment delay
were entered into a multivariable generalized linear
model. To correct for clustering of patients in PCI cen-
ters, the variable ‘PCI center’ was added as a covariate
in all analyses. Moreover, the process of care might
differ between PCI centers, and therefore associations
between explanatory variables and the outcome variable
might differ. To correct for these differences, inter-
action terms between the explanatory variables and PCI
center were tested and added to the model in case they
significantly improved the model fit.
Additionally, because collinearity can lead to unjusti-

fied exclusion of explanatory variables, all variables not
significantly associated in the univariate analyses were
added to the multivariable model one by one. Variables
with a significant improvement of the model fit were
added to the final multivariable model. The results of
the final multivariable model were interpreted as the
minimal delay in minutes per variable, holding all other
variables constant. As a result of the underlying missing
data pattern of missing at random, all reported results
were based on analyses of the imputed data.

Ethical approval
The study protocol was approved by the medical ethical
review committee of the VU University medical center.
Anonymity of patients and PCI centers was protected by
coding patient and center characteristics i.e. no names
or addresses of patients or centers, or patient identifica-
tion numbers were recorded. Data were stored on a pass-
word protected network of the EMGO+ / VU University
medical center. All chart abstractors signed confidentiality
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agreements, and the study was registered with the Dutch
Data Protection Agency.

Results
In total, a sample of 1170 charts of patients with a con-
firmed discharge diagnosis of STEMI was selected. Of
these charts, 150 (12.8 %) patients received pharmaco-
logical treatment or non-acute PCI, and 3 (0.3 %) had a
treatment delay of more than six hours. These patient
charts were subsequently excluded from the study, leav-
ing 1017 charts for further analyses. The number of in-
cluded charts per PCI center ranged from 112 to 236.
The mean age of patients presenting with STEMI and

going for acute PCI was 62.5 years (95 % confidence
interval: 61.3–63.7) (Table 3). The median time between
symptom onset and first electrocardiogram was 81 min
(interquartile range: 20–142) (Table 4).

Treatment within guideline recommended times
The treatment times and ischemic times of the observed
data are presented in Table 2. After imputation of the
missing values, the median time from first electrocardio-
gram to PCI was 64 min (interquartile range: 47–82).
PCI centers were able to treat 800 (78.7 %) patients
within 90 min from first electrocardiogram with PCI,
and 918 (90.3 %) patients within 120 min. Of the pa-
tients who presented within two hours of symptom on-
set or who presented directly to a PCI center (n = 700),
312 (44.6 %) were treated within 60 min as recom-
mended by the guidelines.

Factors associated with treatment delay
In univariate analyses, of the patient characteristics, a
prior myocardial infarction (p = 0.046) and prior use of
anticoagulants (within the last seven days) (p = 0.007) were
significantly associated with treatment delay (Table 3).
Moreover, of the admission characteristics, the location

where the first electrocardiogram was made (p < 0.001),

interhospital transfer for PCI (p < 0.001), acute heart fail-
ure on admission (p < 0.001), creatinine level on admission
(p = 0.03) and a stenosis in the left anterior descending
coronary artery (p = 0.03) were significantly associated
with treatment delay (Table 4).
When looking at differences in delaying factors per

PCI center, no interactions of PCI center with patient or
admission characteristics were significantly associated
with treatment delay.
Variables with a significant association with treatment

delay in univariate models were added to a multivari-
able generalized linear model. One variable with a non-
significant association in univariate analyses improved
the multivariable model fit (stenosis in the circumflex
artery, p = 0.03) and was added to the multivariable
model. No interactions significantly improved the mul-
tivariable model fit. In the final multivariable model,
patients of whom their first electrocardiogram was per-
formed at a general practitioner (+23.9 min; 95 % CI
9.9–40.8) or hospital (+9.5 min; 95 % CI 2.5–17.3) had
an additional treatment delay compared to patients of
whom their first electrocardiogram was made in the
ambulance (Table 5). Moreover, patients who required
interhospital transfer (+14.6 min; 95 % CI 7.6–22.4),
with acute heart failure on admission (+17.6 min; 95 %
CI 7.9–28.7) or with a stenosis in the circumflex artery
(+4.3 min; 95 % CI 0.4–8.6) had a significantly longer
treatment delay.

Discussion
Treating STEMI patients with primary PCI within the
guideline recommended time frames is complex, and
strategies to achieve them have been published in inter-
national guidelines in recent years. In this study, the
treatment delay of patients with STEMI and associated
factors were explored. Despite a median treatment delay
of 64 min, the time target of 90 min was exceeded in
21.3 % of the patients. In an attempt to explain these

Table 2 Treatment delay and ischemic time in various patient groups based on observed data

Characteristic Number Missing (%) Treatment delaya Missing (%) Ischemic timeb

All patients 1017 139 (13.7 %) 64 (51–84) 330 (32.4 %) 148 (105–266)

Interhospital transfer for PCI 1009

- yes 199 25 (21.6 %) 77 (58–110) 76 (38.2 %) 173 (118–274)

- no 810 110 (13.6 %) 62.0 (49–79) 248 (30.6 %) 145 (101–219)

First ECG 874

- General practitioner 25 2 (8.0 %) 86 (68–113) 4 (16.0 %) 199 (161–341)

- Ambulance 707 55 (7.8 %) 62 (49–78) 184 (26.0 %) 141 (100–215)

- Hospital 142 10 (7.0 %) 77 (60–111) 49 (34.5 %) 189 (119–324)

PCI percutaneous coronary intervention, ECG electrocardiogram
aTreatment delay was defined in minutes as ranging from first electrocardiogram with ST-elevation to start of the percutaneous coronary intervention and is not
corrected for the effects of other independent variables
bIschemic time was defined in minutes as ranging from symptom onset to start of the percutaneous coronary intervention

Tra et al. BMC Health Services Research  (2015) 15:340 Page 4 of 8



findings, factors associated with a prolonged treatment
delay were identified. Patients of whom an electrocardio-
gram was made at a general practitioner or hospital, pa-
tients requiring interhospital transfer for PCI, patients
with acute heart failure or with a stenosis in the circum-
flex artery were more likely to experience a prolonged
treatment delay. These patients have an increased but
potentially preventable risk of cardiac damage and dying.
Several studies have investigated treatment delay pre-

viously, and found a longer median treatment delay than
in this study [9, 10, 20]. This finding may be explained
by the use of a different definition of delay, e.g. from first
(para) medical contact to PCI instead of first electrocar-
diogram to PCI. It may also be explained by the rela-
tively high number of PCI centers in the Netherlands
distributed over the country, resulting in good geographical
accessibility.
The delaying factors identified in this study are com-

parable to other studies, in which patients who were
transferred between hospitals had a prolonged treatment
delay [9, 10, 21]. Also, a prolonged treatment delay and
higher mortality were found for patients who first con-
tacted a general practitioner instead of direct contact
with emergency medical services or the hospital [22].
However, in the present study, patients of whom their
first electrocardiogram was made at a hospital also had a
prolonged delay than patients who contacted the emer-
gency medical services directly. These findings confirm
that contacting the ambulance services when experiencing
cardiac complaints is of vital importance for patients with a
potential STEMI in limiting treatment delay. While trans-
porting a patient directly to a PCI center, ambulance ser-
vices can contact the PCI center and initiate catheterization
room activation [23]. This supports the European Society

of Cardiology recommendation that the general population
should be encouraged to contact the ambulance services
instead of the general practitioner or hospital when experi-
encing symptoms of STEMI [5]. However, influencing the
behavior of potential STEMI patients is difficult [24, 25].
Therefore, new interventions to reduce patient delay are
required, but until then improvement efforts should focus
on reducing system delay (time from first (para) medical
contact to wire passage).
Additionally, there has been a call to form STEMI

care networks with which providers of STEMI care can
initiate interventions to speed up the process of care. In
the Netherlands, this initiative has resulted in a na-
tional program to improve organization of STEMI care
per region [26]. For these initiatives, it is recommended
to involve all relevant stakeholders i.e. PCI centers, re-
ferring hospitals, emergency departments and general
practitioners within the network region. Previous im-
provement studies which excluded patients who were
transferred between hospitals found no significant sur-
vival benefit of reducing the door-to-balloon time by
16 min [27]. In this study, we have shown that interhos-
pital transfer was one of the strongest predictor for a
prolonged treatment delay. These patients therefore po-
tentially benefit the most from reducing the treatment
delay, which might result in improvements in survival.
Consequently, in future studies it is important to in-
clude all patients undergoing primary PCI.
The finding that patients with acute heart failure were

more likely to experience a prolonged treatment delay
than patients without acute heart failure may be explained
by the fact that they require more elaborate stabilization
in the acute care phase. It is uncertain whether this delay
can be reduced without compromising the safety of the

Table 3 Original and imputed patient characteristics and associations with treatment delay in univariate analyses (n = 1017)

Variable Missing (%) Original value Imputed value p-value*

Age (mean (SD) years) 1 (0.1 %) 62.5 (12.5) 62.5 (12.5) 0.16

Female 0 (0 %) 271 (26.6 %) 271 (26.6 %) 0.63

Diabetes Mellitus 78 (7.7 %) 124 (13.2 %) 136 (13.4 %) 0.91

Hypertension 84 (8.3 %) 375 (40.2 %) 406 (39.9 %) 0.52

Hyperlipidemiaa 89 (8.8 %) 303 (32.7 %) 335 (32.9 %) 0.35

Obesity (BMI > 30 kg/m2) 87 (8.6 %) 80 (8.6 %) 90 (8.8 %) 0.54

(Ex-) smoker 88 (8.7 %) 526 (56.6 %) 563 (55.4 %) 0.38

Prior myocardial infarction 102 (10.0 %) 123 (13.4 %) 144 (14.2 %) 0.046

Prior PCI 102 (10.0 %) 132 (14.4 %) 158 (15.5 %) 0.06

Prior CABG 103 (10.1 %) 21 (2.3 %) 30 (2.9 %) 0.55

Prior use of anticoagulants (≤7 days) 86 (8.5 %) 183 (19.7 %) 205 (20.2 %) 0.007

Significant results are highlighted in bold
SD standard deviation, BMI body mass index, kg/m2 kg per square meter, PCI percutaneous coronary intervention, CABG coronary artery bypass graft
*P-values are calculated using the Wald statistics, comparing a generalized linear model with and without the imputed variable, corrected for clustering of
patients in PCI centers
aHyperlipidemia is defined as described in patient's history or statin use before admission
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patient, and therefore a longer delay might have to be
accepted.
Also patients presenting with a stenosis in the circum-

flex artery experienced a significantly prolonged treat-
ment delay. A stenosis in the circumflex artery might
indicate a lateral or posterior infarction. These patients
tend to present with limited electrocardiogram abnor-
malities [28], which hampers rapid diagnosis. Use of a
posterior electrocardiogram in the ambulance may speed
up diagnosis and reduce the treatment delay for these
patients. However, the difficulty of interpreting a pos-
terior electrocardiogram might result in unnecessary
activations of the catheterization room, and continuous
education for paramedics in the regional STEMI care
networks might be required.

Limitations
Some limitations of this study need to be taken into ac-
count when interpreting the results. First, the time from
first (para) medical contact to wire passage, as specified
in the European Society of Cardiology guidelines, was not
registered in all participating PCI centers. Therefore, the
time from first electrocardiogram (diagnosis) to sheath
insertion was used to determine the treatment delay. This
definition is only part of the time to reperfusion as de-
scribed in cardiac guidelines [5, 6], who differentiate be-
tween patient delay (symptom onset to first (para) medical
contact) and system delay (first (para) medical contact to
wire passage). As a consequence, the results of this study
underestimate the treatment delay of STEMI patients in
the Netherlands compared to other studies [29].

Table 4 Original and imputed admission characteristics and associations with treatment delay in univariate analyses (n = 1017)

Variable Missing (%) Value Imputed value p-value*

Time from chest pain to ECG (median (IQR) minutes) 321 (31.6 %) 78 (41–148) 81 (20–142) 0.12

Treatment delay (median (IQR) minutes from ECG to PCI) 139 (13.7 %) 64 (51–84) 64 (47–82) N/A

First ECG 143 (14.1 %) <0.001

- General practitioner 25 (2.9 %) 34 (3.3 %)

- Ambulance 707 (80.9 %) 809 (79.6 %)

- Hospital 142 (16.2 %) 174 (17.1 %)

Weekend presentation 0 (0 %) 291 (28.6 %) 291 (28.6 %) 0.92

Weekday evening presentation 152 (14.9 %) 385 (44.5 %) 450 (44.2 %) 0.15

Month of discharge 0 (0 %) N/A N/A 0.72

Interhospital transfer for PCI 8 (0.8 %) 199 (19.7 %) 200 (19.7 %) <0.001

Systolic blood pressure on admission (mean (SD) mmHg) 45 (4.4 %) 130 (26) 130 (27) 0.82

Heart rate on admission (mean (SD) beats/min) 161 (15.8 %) 75 (18) 75 (18) 0.48

Resuscitation 1 (0.1 %) 99 (9.7 %) 99 (9.7 %) 0.31

Acute heart failure on admission 54 (5.3 %) 47 (4.9 %) 58 (5.7 %) <0.001

Cardiogenic shock on admission 71 (7.0 %) 37 (3.9 %) 46 (4.5 %) 0.06

Creatinine level on admission (median (IQR) mmol/L) 112 (11.0 %) 78 (66–91) 77.8 (65.0–90.6) 0.03

Nr of diseased vessels 22 (2.2 %) 0.56

- One 555 (55.8 %) 566 (55.7 %)

- Two 264 (26.5 %) 269 (26.4 %)

- Three 176 (17.7 %) 182 (17.9 %)

Location stenosesa

- Left main 7 (0.7 %) 27 (2.7 %) 27 (2.7 %) 0.20

- Right coronary 6 (0.6 %) 565 (55.9 %) 569 (55.9 %) 0.10

- Left anterior descending 5 (0.5 %) 648 (64.0 %) 652 (64.1 %) 0.03

- Circumflex 7 (0.7 %) 400 (39.6 %) 405 (39.8 %) 0.06

Significant results are highlighted in bold
ECG electrocardiogram, IQR interquartile range, PCI percutaneous coronary intervention, N/A not applicable, SD standard deviation, mmHg millimeter of mercury,
mmol/L millimoles per litre
*P-values are calculated using the Wald statistics, comparing a generalized linear model with and without the imputed variable, corrected for clustering of
patients in PCI centers
aOnly stenoses ≥50 %. A single patient can have more than one stenosis
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Second, the treatment times registered in the partici-
pating PCI centers were not primarily registered for
scientific research. This could potentially compromise
the validity of the registered times, which would have
affected the reliability of the study findings. However,
we used automatically registered times as much as pos-
sible, i.e. times registered on an electrocardiogram or in
the catheterization room system, and checked the
plausibility of the calculated treatment delay. Also, the
equivalent time variables were used by PCI centers to
report quality indicators to the national government
and were therefore also used to make policy decisions.
Third, the PCI center in which a patients was treated

was only used as a statistical correction in this study be-
cause of size differences between the regions in which
centers were located. Consequently, in case of significant
differences in the treatment delay between centers, it
would be impossible to differentiate between differences
caused by regional size or by differences in health care
organization.
Fourth, in this study it was not possible to identify

the correlation between treatment delay and hospital
mortality. In the Netherlands, it is common practice
to transport the patient from the PCI center to their
local hospital shortly after the PCI procedure for
follow-up care. Due to Dutch privacy regulations, no
information of patients could be linked for research
purposes between hospitals. As a result, no informa-
tion about hospital mortality could be obtained.
Finally, chart review is a data collection method with a

high risk of missing values. However, it would be in-
appropriate to delete all cases with missing values as this
can introduce bias in the study population. Therefore

extensive methods were used in this study to account
for these missing values.

Conclusions
Despite a median treatment delay within guideline rec-
ommendations, patients diagnosed with STEMI who re-
quired PCI treatment were occasionally not treated on
time as recommended in the European guidelines. A
first electrocardiogram made at the general practitioner
or hospital, and interhospital transfer resulted in a pro-
longed treatment delay for these patients. To further
improve the process of care, efforts should focus on
strengthening STEMI care networks, incorporating all
relevant stakeholders in a region including general practi-
tioners, referring hospitals and emergency departments.
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Table 5 Associations of patient and admission characteristics with treatment delay in the multivariable analysis

Variable % increase in treatment delay
(95 % CI)

Minimal increase in treatment delay
in minutes (95 % CI)a

p-value

Intercept N/A 59.8 (51.5;69.4) N/A

Prior myocardial infarction 3.0 % (−7.6;14.9) 1.8 (−4.5;8.9) 0.59

Prior use of anticoagulants (≤7 days) 6.7 % (−2.3;16.5) 4.0 (−1.4;9.9) 0.15

First ECG at the general practitioner 40.0 % (16.5;68.2) 23.9 (9.9;40.8) <0.001

First ECG in the hospital 15.9 % (4.1;28.9) 9.5 (2.5;17.3) 0.007

Interhospital transfer for PCI 24.4 % (12.7;37.4) 14.6 (7.6;22.4) <0.001

Acute heart failure on admission 29.5 % (13.2;48.0) 17.6 (7.9;28.7) <0.001

Creatinine level on admission (per mmol/L) 0.1 % (−0.04;0.2) 0.06 (−0.02;0.14) 0.16

Stenosis in left anterior descending 4.1 % (−2.2;10.9) 2.5 (−1.3;6.5) 0.21

Stenosis in circumflex artery 7.3 % (0.6;14.4) 4.3 (0.4;8.6) 0.03

Significant results are highlighted in bold
N/A not applicable, CI confidence interval, PCI percutaneous coronary intervention, ECG electrocardiogram
aAs a result of the generalized linear model with a gamma distributed outcome and a log link, combining the effects of independent variables should be
performed with caution due to multiplicative effects (and not additive) effects
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